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DITROPUCTION

. From time immemorial mam has not emly fed fiber te himeelf but alse
to Mis domesticsted livestock. During times of strows aud femine, Mis
interest in sveh feeding was intensified, The end of World War I
ushared in many pstents on mmuwmmmmfwm
but slse for dietary dissase omditicus of man.

Hutritional findings leading to the development of the so called
"gynthetin® smimal diet excluded sny fiber, with a resulting decrease in
scientific interest in 1te utilisstion as & nutrient. Werld War IT snd
the tremendous Inoressed demmd for fecdstuffs mr again divected
attention 4o the possibility of isnclnding grester psrceniages of fiber
in mimel diets, Tis tools for & better understsading of its role im
the orgamism were now svailsble, Fiber, purified numypmz
sources, sould resdily be obtained. Cellulome m&ﬁm up the prise
part of erude fiber hed been diligently snd intensely studied chemically
mawmmmmmmlmmumwmm The
recsent studies on the slucidation of the msmmm of the
nutrieats with the resulting grester clarificstion of.their metabolis
roles have been adiitional alds in the experimental spprossh to this
stady. Finally tis rapld advances in the field of basteriology
smtributed valusble information as to the part played by intestinsl
misroorgmismss in the overnil noteition of the minmal. With these
methods of experimental attack st hand, stulies have been made ou Lthe
need for fiber by chickens with the use of "synthetic” dists supple-
amted with purified celluless snd degradation produsts of md
substances asscclsted with er structurslly similar to cellulose.



There has been for some time much controversy as to the need of
fiber by pouliry. The results and conclusions of previous workers, in
all cases uming practical-type raticons, varied witk the type of diet
and source of fiber. Natursl sources of feedstuffs all contain some
woody material which is supporedly nen-utilissble by some species. Yet
the composition of the purified diet, used in laboratery studies for
the chick, completely omits plant fiber without sny deleserious effects
on growth snd feathering. Same lsborstories (Bird, 1945 and Campbell,
Brown, Bird and Bmsett, 1946) beve included 3 to 5 perecent of cellulose
in purified diets for chicks without any published reasons. To dste,
there bave been no studies ex the effect of chemically purified
celliulose in "synthetie® .utima on the nutrition of the chick,

Hedeff (1928) reported that chickens ocan use 7 percent ol ost fiber
and 17 percent of corn fiber. is belleved that astnmsl digestion of the
fiber took place in the ceca because there was only a slight decrease in-
the erude fiber of the hen droppings efter cecectomy when compared with
the fiber content of the feed.

In the ssme yeer, Fraps (1928) found thet the percentage of
digeatibility of crude ﬁbor,af certain grains to be as high aw 65
psremnt. He concluded thnugh that, "poultry have 1little ability to
digest 'cru&n fiber, and that the digestibility of feeds containing
much fiber was low.® Further work by Fraps (1931) showed that the sugars
and starches were highly digested by the chicken, wherees the pentosans
bad low digestibilities npechny vhm feod :ln rw materials,

Hening (1929 ) observed that 5 to 21 wwnt of the fiber of the
various chicken feeds was digested, but filter paper m not attacked



at all. e believed that this was due to the enzymatic sction of the
grain itself, as fiber of cooked grain was not as well absorbed.

Continuing the study of fiber dizestion, Halnan (1926,30) reported
the coefficlents of digestibility of the crude fiber for com, Sussex
ground oats, and whest to be 8, 7,6 and 1l percent, respsctively. e
further stated that crude fiber depressed the digesiiom of organic
metter, and that its prineiple function was to regulate the amouwnt of
feed conswmed. He also expressed the opinion that feed passed through
the digestive system so rapidly that there was little time for active
enxymation except in the crop and the oeca. He felt that the acid
condition of the crop would in genersl prevent bacterial action there,
In addition, he was mable to find a uuwwt&ng engyme in the
alimentary tract of the fowl,

A group of investigstors at Oklaboms Agricultural snd Mechenical
College, Stillwater, Oklahoma made an extensive study of fiber in poultry
ratians over a period of 10 years. White Leghom and Rhode Island Red
chickens were used in their experiments which are reviewed in the
following paragraphs.

Ae ¥orris, Thompson and Heller (1932) found that fiber ocsn be
increased as much as 8 to 9 pereent without harmful effectes on chick
growth, mortality, feed consumption and egg production, It. was fommd
that chicks up to 21 weeks of age consumed the same average smowmnt of
feed whether on a high fiber ratism or not. The experimental period
was for two years. During the first year, the source ¢f fiber was oat
halls and during the secand, slfalfa stems., The rations contained from
3 %0 13 parcent of crude fiber,
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stems, cotbaiseed burrs, amd peanut hulls at levels from 3.65 to 14.92
percent. Lo differences in pH were fomd at any lm;ml of tszﬁr.

F. #ilby (1940} reported that Tabions m‘bainfmg large anomis of
cruds fiber from pesnut hulls gave good growth in turkeys bubh only at
the expanse of heavy feead consumpitlon per powrd of zadn. The burkeys
fed cat hulle and peanut hulls grew faster snd were heavier at market
age and had the lowest moriality when casparsd with those fed ocat straw,
alfalfa stem meal and low fibar (control) rations. Pereentages of fiber
and feed consumption were noi given.

4 report by Sheehy {1939) stated tha® introduction of extra fiber in
a concantrated diet does not reduce and probably enhauces its nutritive
valus, BHe fomd that 7 percent was excessive and that it was a factor in
preventing feather picking and cannibalism. The source of fiber was
wheat bran and beet pulp. He alsc poluted out that the sowrce of fiber
determined the effaset,

The untilization of sawdust by chlckens was investizated by (Guisti
(1939), who reperted that the coefficient of digestibility of the eellwlome
constitumt averaged 2.33 percent, and that of concentrates such as com
meal, barley and wheat bran was 42 percent.

uMiller and Bearse (1937) reported that Single Comb White Leghomn
chicks and pullets fed 80.8 percent of cats as the only cereal comsiste
ently and significantly reduced cannibalism when compared with that
obaerved on rations contalniog solely com. The arder of growth value of
the grain at & weeks was first cats, followed by corm, wheat and barley,
respactively,

Further experimentation by Miller smd Besrse (1938) showed that
when a ration was supplemented with 30 percent of oat hulls, 32 percemnt
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when 20 percent of celluloss of Cellu=flour or powdered cellophame wae
supplied in purified rations for guinea pige (Woolley and Sprince, 1945).
The utilization of wood cellulose by horses had been reported by
Hridsten (1945) and digestion of straw by ruminants (MeAnally, 1942).
Extensive rumen digestive studies in the bovine were reported by Hale,
Duncen and Huffman (1947,478).

Correlation coefficients of ~0,978, =0.808 mnd ~0,944 comecting
digestibilities and percentage cantent of lignin, cellulose and crude
fiber, respectively, to organic matter in feeds for cheep were calculated
by lacaster (1943). Be observed that these exerted a depressing
effect upon the digestibility of organic matter and individual cell wail
constituents, MoMeeksn (1943) verified lLancaster's calculations,

Hme and Smith (1926) found that irradisted sawdust exerted a
beneficial action on growth and calcification when eonsumed by rats,
Ershoff and MeWilliams (1946) did not obtain any growth effects but did
get slightly better feed efficlency values when 10 percent of Cellu-flour
was included in diets for rats. Finally, attention is directed to an
excellent review by Hoelsel (1947) on the effeet of celluleosic bulke-
formers on rat longevity and human lhemger.



Day-0ld New Hampshire chicks of mixed sexes were used in all but one
of these experiments. They were progeny of the University of Maryland
flock and their dams had received & good practical breeder ration. All
chicks were reared in electrically hested batteries with rsised soreen
floors. Feed and water were supplied ad libitum throughout the 4~week
experinental pericds. In the turkey experiment, cromses of a Broad-
Breasted Brense male and Beltaville Small-type ‘Eh:!.isa fexales were used,
A11 ehii.alm and poults were individually weighed and wniformly divided
Wm being put on experiment, A set pmudm was strictly adhered to
m order to keep the sampling error at a minimm. If one of the chicks
showed even the slightest sign of illness, the entire group was discarded.
Ocsasionally runts would be encomtered, and thess would be culled as
early as possible. Six to 10 chicks were put into each group and the
resulte were recorded as summations of a series of experimental runs,

The basal rations 113, 113s, 114 snd 24, used in the experiments,
are given in Tables I mnd IX. They contained all the nutrients known to
be required by the chick, Rations 113 and 114 were purified diets and
differed saly in that the latter contained vitamins A and D3 in & stearate
carrier whereas the use of 113 required these vitamine to be fed weekly
by dropper. Diet 113a contained I~eystine in place of Dl~msthionine.
Ration 24 was a typical all-purposs practical mash which contained
21.0 percent of protein and 5.9 pereent of erude fiber,



TABIE T

PURIFIED BASAL DIETS USED IN EXPERIMENTS

Dietary ingredient

113a 113 134
% 5 %
Glucose (®Cerelose") 61,4 61.4 59.1
Casein (ﬁm@) 18.0 i8.0 18.0
Gelatin 10,0 10.0 10.0
Salts 1 lw . 6.0 6.0 6.0
Soybem oil 4e0 400 40
Dl~Methionine —— 0.3 0.3
(Vitaming~¥G./100 gms. diet)
Thianine ML Oud Qe Ol
Riboflavin 0.8 08 0.8
wm‘ HC1l 9’06 6'6 606
Biotin _ 0.02 Q.02 0.02
Ca pantothenate 2,0 2.0 2.0
Flaein 5.0 5.0 5.0
p-Aminobenzoic acid Q2 0.2 0.2
Folic acid 0.2 02 Do
Choline chloride 200.,0 200.,0 200,0
i-Inositol 10G.0 100,0 100.0
2-Hethyl-1,4 naphthoquincne 0.1 0.1 3 % §
Alpha~tocophercl Ce5 0.5 0.5
Vitaming & and Dy 1200 I.U. and 170 A.0.A.Ce —
wmits, respectively by
Vitamins A (500 mite per gram —— — 2,0
Dy (500 mits per gram —— —— 0.3
#Salts 1 M are composed of the following ingredients by weight:

Ca 150,0 Hg304 7K 5040 &G’l Oe2
NagHPOL 730 m‘; 4l B_;Mj G.09
Caz(Pog)2  130,0 94 Out Ca30z+7H0 g,cn.
HaCl 88,0 00,0

When fed at a level of & percent, the mixture supplies l.11 gms, of
calcium, 0.58 go. of phosphorus, sad C.0l gm. of manganese per 100 gme,

of diet,

##The vitamins were added in SPAN-E5, s stearate carrier.



TABLE XX
COMPOSITION OF RATION 24, A! ALL-PURPOSE POUITRY MASH

Dietary ingredient Percent

Gromd yellow COMiessccccsssevencrcvesssscsscscesscsscsssoncssacssosseliols
Gromnd heavy 0alScccececvsccncscsncsscscsrssssecscrscasssnrsconescansle50
Wheat MiddlingB.ceecccssscocscosnsossosscssesasascsasascsscasssseel( 00
Wheat Drifiececesencesscacocescsncecoseresrssssosnccescssscnsassonreeidel
Soybaan 01l) MBAlevecc voosevresctcntscvsssasscsavescnrescccscsenssnsdlDe00
Corn gluten mBBlececs vsevevssvscecocoscsssssosssospsscconssnsssssoseesiell
£1£f21fa leal MeBlesesecrscscesesssocccntesscccsscscsscosncsccssassose el
FLfh BB8leceseccerssscscsessscosasosensrsrecsssasssescessossssssasssSell
NBAL BCrBPeccccccccocesacsascscsarasscccsccssonssssccassotcsnssssssosSelD
Dried whey or other milk productBescecscccsccocscscoceoscssecasccsasehiell
Riboflavin concentrate (80 SommB Per graM)eccccscoccsvsscesccscsesnslel’
Oyster £hellecccoscccosseccosrerecccasnsenceccsssnscccssessoscccscacals00
BON® ME8lececsvacscssescscncscacsssassscavassssscssssssssasssssscssele?s

381@, imm.‘.l......l‘.u....'.l...'.d...‘.‘..”..’.....lQ.".....O.75

- n3) BadInNg ) m m&tﬂ A per gram PeeOOONBOBIBEOERSS
Vitamin A and D £ ng&mmubpur' cessessees 0.50

mﬂmﬁ&‘ 3“1{1‘?}&“.00..-00';..'-.::ooolonocc-»clao.--ono----oooo¢o.oﬁom5
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sanples were taken, snd hemoglobin determinations made by use of the
Evelyn photoslectrie method.

A1l additions of cellulose ("Ruffex®, Teble III) to the basal
rations were made at the expemnse of glucvse ("Cerelsse”) unless otherwise
stated. Suopplemental substances were first pre-mixed, and thmm also
added to the basal rations at the expense of the utiligable carbohydrate,
Mixed sewdust, composed of white snd yellow pine, was passed through a
10 mesh scresn before ineorporating inte the diets.

Treated cellulose, used in the cellulose-niacin studies, was a
produet obtai
hour with 1.25 percent of sulfurie acid and then washed with beiling

d after chemical treatment. It was dlgested for one half

water until the effluent was neutral to litmus paper. inother half howr
of digestion was carried out with 1.25 persent of sodium hydrexide whieh
was followed by re-washing with hot water. The produst was then dried
in sn oven at 90° {., and passed through a 14 mesh screen. Analyses of
both treated snd untreated celiulose gave a value of 75.02 and 75.38
percant of crude fiber, respectively.

Apparent crude fiber digestibility wes determined by difference.
Crude fiber mnalysis of the "Euffex™ was made, snd the smownt of crude
Liber in the ration fed was calculated. A crude fiber value was also
obtained from representative samples of chick droppings for a l-week
experimental period iithé chicks per group., Crude fiber in the feed
minus the crude fiber in the droppings have an app

aation of the
crude fiber digestibility.

Bacteriological studies of the cecal and intestinal contents
of a chick fed a purified ration supplemented with 61.4 pereent of
cellulcse were made employing a medium reported suceessful in iselating
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TABLE IIX
DATA (N "RUFFEI®

Mooncuconoto.-oc.oooco..cc.--.o.conoco;-opuocoom’ﬂﬁ rice hulls
Bi80cccsveosscsrcesosccocnnoscscsssesensssnsases o..pthh 40 mash
ProtednB. eoeeescnscsscesescscsnscccecssscaconcosssecione
Fm.......n..u....“........................-u...ﬁma

:
Vitanin®.eccoosscocsscosncnconncosesssssensessssnascsssl@stiroyed or removed

(percent )
Alpha 0611 Ul080ccocostrccrncccscsssrccecsccsensoscess /O

Simple and hydrooelluloSeS.cccsssecsccsrcscsscsnssceelD

Total ASNuevecsecscscccccsscssosscscsccsccelass Shan 1,00
HILIOg®hesssescosessscsscscescsosccsscaveelons than  0.05
CaleiBlesevevocconscssscscscssccsnssncnsenelsss than 0,03
ALl URecassessvseessossccncsscossnssessceltds than 0,02
511108esvesscssscosssnsncssacsasnsaraveseeldsSs than 0,50

I ecessssavesesvesessrnonssonsesnssaseseclfplox, 0. 001

memotooowooaoooo.oo&.ttoooanoucoooooooo-ag..coo.ﬂil

14 roughage produet distributed by Fisher Scientific Co., Pittsburgh, Pa.



eellulose-decomposing mlercorganisms from the intestinal tract of wild
gallinaceocus birds by Sowmalainen and Arbime (1945). The eomposition
of this medium is given in Table IV. Shake and stab cellulose-sgar
tubes were prepared by sdding 4 grams of cellulcse to 110 cubic centi-
meters of a X percent aatmi agar solution. All medies wm'stannm
at 120 pomds of pressure for 15 minutes. Twocula were cbtained ms
sseptically as possible from the chick ceca and intestinal tracts,
Samples were taken Immediately after a chick was killed,

For the cellulope ensyme investigation, & erude extract was
prepered by grinding up the ceca and their contents with washed sand.
The chick used was fed ration 113 supplemented with 61.4 percent of
cellulose. The macerated product was then filtered snd the resulting
neutral enzyme—filirate poured into a test tube containing leosely
packed cellulose. A drop of phenol or toluol was added, and the
mixture incubasted at 37° C. At the end of 24 hours, the demarcation of
the enxyme extract and celluloss was noted, and the incubation continued
for a Mk. Pehlingt'e redusing test wasz applied to the engyme-filtrate
before and after incubation with the cellulose, PFehling's solution is
& mixture of copper am:te solution end alkaline tartrate solution.

To study the effects of a mixture of cellulsses and hemi-
cellulases in the purified ration 114 containing cellulose, the newly
batched chicks were fed ration 24 for 2 weeks. At the end of this
preliminary feeding period, tbe chicks were individuslly weighed mnd
wmiformly divided into experimentsl groups. The choice of experimental
chicks was determined by the closeness of their rates of growth., Those
with the highest snd lowest weights were discarded. The purified
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TABIE 1V

COMPOSITION OF BACTERIOLOGICAL MEDIUN USED FOR ISOLATICN OF
CELLULOSE~DECOMPOSING MICROORGAN ISKS

Ingredient Gram

MWOOOQOOOOOOCQQQOOOO oconcott....too00060...o.‘o...cocoo.......S.@
g&nzm"..‘..O...l.'.0’...‘.‘0..“""..‘0..'..0.'0.000‘;.’.000'....2.0
mm‘..QOOQC.QO'4.0.-‘000‘00‘.00’00‘0’O.'.O...OO'.Q.O.!".‘.0.'0'..1Qo
wa‘o?WQOOQt.oooQ..uwooticotoCitpo“oowo OQ..‘Q..I.....Q..OO.Q'.{’e‘z
m...-.........l...0Q.‘.O'..,C‘.00...'.....0‘...000.0QQ..Q....Q...‘G‘I

P‘B@‘Qoooo-o-au-oo.o.-oo e©0see0sscccanctsscnsscscnsstcssnsstocscocseilacns

Yeost exiract (29@ ﬂo/am [+ - P nzg)-c--.oco.-.-ooocsojooaoo.oo.ootm CCe
Ascorbic acid (1 percent Salutim)..u...........-"...............1.0 CCe

Hz{)....».......--.i. sesssescesessnssssssssscccncesssasessressseto 1000 oo,
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RESULTS, PART I
A. Gellulose Experiments with Chicks and Poults

The results of feading purified diets supplemented with various
levels of cellulose to chicks are summarised in Table V. The greatest
response in growth snd caloulated feed etf;t,gimey value was at the
5 percent level of cellulose .,Wuu@.' soalysis of variance,
given in Table VI, showed that chick growth at the 5 tlrough 15 percent
supplemental levels of celluless was siatistically significmnt to the
0.05 level when compared with the contrel groups. Individual t tests of
gignificance for the treatments showed that the 5 percent level was
highly significant and the 10 and 15 percent leovels were non-signifieant.
With inereasing additions of gellulvse over the 15 percent level to dasal
ration 113a, growth and feed efficiency decreased. Although growth was
poor, mortality wss negligible at the 50 parécnt of celinlose supplementa~
ties. Eowever, there was 100 percent mortality when all the glucose was
replaced by cellnlose.

o difference in feathsring and no feather picking or cannibalism
wers observed in sy of the experimental groups. As much as 50 pereent
of cellunlose in the ration was tolerated without 111 effects. The ckicim
fed rations supplemented with 20 percent or more of cellulose seemed to
be continuslly eating in what seemed to be a vain attempt at incressing
their caloric intake.

The droppings of the chicks on all levels of cellulose supplements
were of a drier, firmer consistency than those of the controls. Feed
consumption values and chemical snalyses of the droppings for a l-week



TABIE V.
SWMEARY OF THE RFFECT OF CELLULOSE SUPPLEMENTS IN PURTFIED RATIONS

Grovp Lsvel of cellulose No. chicks No. desd  Av. wh. Peed

Ho. added to started  at 4 wki: st 4 wks. efficiemncy
basal diet 113a
" CHICES S,
1 Kone 133 8 N2 0e550
2 2.5% 10 0 351 0,532
3 5% 9 2 349 0.565
4 10% 22 1 344 0.550
5 15 % 2 1 329 0. 526
6 20 % 16 o 288 0.434
” 30 ¢ 12 o 268 0.311
8 40 % 12 ° 200 0.312
9 50 % 12 1 140 0.215
10 61.4% 20 20 — —
11 None 6 0 268 0.464
12 5% 6 2 2z 0.506




TABLE VI

AALYSYS OF VARIANCE FOR CHICK GROWIN DBTAINED BY
CELLULOSE ADDITICHS PO RATION 113

Souwrce of variatiom De fo Verimoce
Treatmant 3 25,422,001
Error 255 7:401.60

1significant to 0.05 level.

+ TEST OF SIGNIFICANCE FOR TREATHENTS

Supplament

to Re1}13a - P

5% Cellulose 2.93 greater than 0,01
10% Cellulaose 1.33 lesn thmn Q1%
15% Cellulose 062 less than 0.5

#P vaine Loy de Lo of 20.



experinental period gave spparent digestibilities of 53.9, 27.9 and 34.3
percent of the erude fiber fed at the 5, 10 end 15 percent levels of
ceallulose, respectively.

The results of feeding ration 1132 alone and with additions of
cellulose at the 5 percent supplemental level to turkey crosses are
given in Table V. There was a definite incresse in poult growth and
feed efficiency on the cellnlose supplemented ration when compared with
the eamtrol group. The poults fed purified ration 113a developed stieky
heads snd featbers resulting in a bald hesd-like awm. The presence
of celluloss seemed to somewhat diminish this sticky effect. “Pendulous
urm”'. m not observed in these experiments, .

Recoxrds of feed consumption for the 4-week experimental peried
showed that the comtrol poults consumed 464 grams each while those on
the gelliulose supplemmnt ate 517 grams,

The results of feeding sulfasuxidine, chick droppings, cotten flocks
and ground corn in diet 113a are given in Table VII. Crude fiber analyses
of droppings of chicks fed 1 percent of sulfasuxidine plus ration 113a at
the 5 and 15 pergent cellulose supplemental levels were 23,06 and 38,85
percent, reapectively. The correaponding values for chieks receiving
¢cellulose supplements without sulfesuxidine were 15.72 and 33.67 percent.
The effecte of feeding corn starch in place of glucose and cellnlose plus
ration 24, the practical ration, are swmmerised in Table VIIXI. little
or no growth response wks obtained with these supplemsnts. Actually,

5 percent of cellulose plus ration 24 ptadmd & slight depression in
chick growkh,.



TABLE VII

EFFECT QF SULFASUXIDINE, COTTO! FLOCEKS, GROWND YELLOW CORN ARD CHICK
DROPPINGS SUPPLIMINTS O CHICK mm m; FEED EFFICIERCY

Group - supplmt ‘t.a No. chicks i&v. wt,

Hoe E=113a &b 4 wenh st 4 weeks ammey
1 None | D & ?2"; 0.586
2 5% Gellulose n 37 0,601
3 10% Cellulose 5 354 0,532
4  15% Cellulose 10 327 0. 526
5 50% Cellulose 5 167 0.239
€ s (1) % 1% sulfaswxidine 5 347 0.553
7 s (2) 4 1% sulfasuxidine 5 355 0. 520
8 A3 (3) 4 1% sulfaswcidine 6 358 0.534
9 s (4) 4 1% sulfasuxidine 6 201 0. 549

10 As (5) ¢ 1f sulfaswxidine 6 152 0,285

1 Az (1) 4 5% ecellulose |

droppings 6 344 0. 569

12 m (1) + 5% mm-mzum |

5 360 0. 580
13 0.1% Acid extract of pine
sawdast 9 325 0.582

1% Kone 20 31 0.538

15 5% Cellulose 9 365 0.549

15 2.5% Cotton flocks 9 319 0. 504

17 5% Cotton flocks 10 327 0.547

18 s (4) 4 25% gromd yellow

corn 6 338 0.517
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B. Nutrient Variation Experizents with Chicks

In order to determine the effect of cellulose additions to purified
rations for chicks on the concentrations of the nutrients in the diet,
exparizents diluting and concentrating the nutrients were set up.

Tables X and X 1llustirste the effects obtained: (1) when cellulose was
sdded to ihe basal ration 113 at the expense of glucose, {(2) when
eellulose was added to the complete bazsal ration and, (3) when diets with
graded omissions of glucode were fed., Concentration of the nutrienis by
graded omiscions of glusose did not result in grester chick growth. In
fsct, 10 percent of glucose emission produced a slight growth depression.
Replacement of the same levels of glucose omiasion by celluloss resulted
in an incresse ir chick growth when compsred with the contrel groups,.

Dilution of the effective nutrients with 20 percent of more of
cellulose resulied in decressed chick growth snd feed efficiency values,
Galenlation of 4-week fsed consumption per chick showed that with
increaged dilution of the nutrients with 20 percent or more of cellulose,
more feed was eaten per unit weight gzained per ehick than when &
concentrated ration was fed.- The data showed that for the 4-week
experimental period those groups on the diluted diets received lecs of
the nutrients, and thereby gained proportionately less weight. In other
wards, growth was dependent on the caloric content of the ratiem. .Bi’eh
increased dilution, the specifie gravity of the ration obviously

decressed,



TABLE IX

SUMHARY OF THE EFFECT OF GRADED GLUCOSE (MISSIONS FROM BASAL RATION 113
AD TTS REPLACEMINT BY CELLUTOSE O CHICK GROWTH AND
FEED EFFICTSNCY

Group Ration No. cidoks Av. wbt.  Feed  Av, 4 woek

Fo. 13 at at afficiency feed
4 wouks 4 weeks omeumption
‘ per chigk
. £ O e
GLUCOSE CELLULOSE
OMITTED
1 Hone 0 15 m 0. 553 490 -
2 2.5 0 8 318 0. 56 495
3 5,0 0 1% 317 C.552 459
4 7.5 5] 4 304 . 564 467
5 10.0 (] 6 265 0559 404
6 2.5 2.5 10 351 0.532 567
i 5.0 5,0 10 350 0. 576 538
8  10.0 10,0 1% 340 | 0.560 547
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Ce Sawdust Experiments with Clicks

A2 sn inexpensive source of cellulose for laboratory dists, mixed
pine sewdust was added to retien 113. The suamary of results, given by
Table XI, showed that the 10, 15 sad 20 percent supplemental levele
resulted in the grestest growth responses when compared with the contrel
groups. The incressed growth was fownd to be highly signifieant by
analysis of variance and t tests of sismificance of the treatments, The
multﬁ are given in Teble XYY, Further additions of sawdust with
correspondingly greater reductions of the available metabolizsble simple
carbolydirate resulted in poor growth and lowered feed efficiency values.
Avtopsies revealed partial packing of the gissserds with sewdust particles.
Tre welizhts of the gigzard conmtents ranged from 4 te 5 grams each., Wo
wood particles were observed in the ceca but could be readily detected in
the droppings, which were of a firm consistency., Crude fiber mmalysis of
the sawdust was 60.62 peroent.

At 4 weeks, the festhering of the chicks on the sawdust supplemented
rations appeared to be of a better quality than those of the control
groups. Bo satisfactory scoring system could be set up. Feather piecking,
perosis, and mortslity were nsgli@bie at the saﬁplémmial l' levels fed in
these experiments.

Table VIY shows that no comparable inerease 1un ghick growth was
obtained with 0.1 percent of the sawdust acld extract supplement.

. Celluloss-tincin Studies wilth Chicks

Ration 113a, made up with 5 and 20 mg. of nlacin per Klogram of feed,
which i@ less than the dietary requirement, was fomnd to give growth



PABLE XI

STMMARY OF THE EFFECT OF MIXED PINE 3AWDUST SUPPLINERTS IN FURIFIED
RATICNS FOR CHICKS

Group Isvel of sawdust. Fo. chicks kve Whe Feed

Boe - pdded to B-113 at 4 weeks at 4 weeks efﬁveimey
1 Eene R 331 0,59
2 5% 9 339 0496
3 10% 30 n 0.553
5 158 10 366 0.520
6 20% 9 367 0.491
7 30% 10 345 0u345




TABIE XII

mmm CF VARTANCE FOR Gmﬁl GHONTR ﬁmmw BY
- PIHE SAWDUBT ADUTTIONS TO RATION 113

Source of varistie P. £. Varisnce

Treatment 3 10,343,001

1&1@13:%@'& to 0,01 lavel.

+ TEST OF SIGNIFICANCE FOR TREATMENTS

Supplenent

to R~-113 1 r
108 Sswdust 571 greater than 0.01
20% Sawdust 2.85 0. 3=

P value for 4.f. of 9.
w.mw for d.f. of 8,



n

responses proportional to additions of graded amownts of cellnlose. The
naa-supplemented diet produced the typlcal inflamed Mngu and buccal
cavity, salivation and diarrhesl symptoms. With increased cellulsse
supplementation of sush low nisein dists, the black tengue syndrome wes
fomd to be less severe end resulted in.lowsred mortality. Supplemental
levels of cellulese range from 5 through 50 peromt., A cempletely
deficiext diet in niaecin supplemented with 15 percent of aellnlm .
selluloss gave mimilar effects in offsetiing the syndreme in eompletely
deficient niacin diets. Table XIII gives the results obtained with
‘these deta.

B. Eosymatic and Becteriological Studies
i

Pebling's reduction test was negative for the freshly prepared
Mammmtmﬁfwtmwmmwr‘mm
-m:x«*wmwmzmnwa. Beithber was there su observsble
mnmtam«w (muaummamzt»o)
mmuumtmémmm

81ides were prepared (Bsker, 1mawmmmm
intestinal tracts of celluluse fed chicks. Crem staining showed large

$111) and smsller gram negative rods snd cocel

The cellulose-sgar stab tubse md plate diluticas showed no
cansplonons discolered aress. Tacubation, st 37 G. for 1 week, of the
cultured broth with filter paper in petri dishes resulted in mo break-
domn of the cellulose.



TABLE XIXI

JARY OF THE EFFECTS OF AUDING CEI

'HIACIN DIETS

32

ILOSE TO LiWe D DEFICIENT=

®w & &6 & 6

10 None

11 0,088 Niactn
12 15% Celluloss
0.05% Niacin

&

p ¥4 5% Trested sellulose
15 A (14) & am (13)

16 s (13) 4 5% cellulone
(mtrested)

| Mm@«

A SR SR . NS

“ N O W O

Mo eon
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TABLE XIV
THE EFFECT OF BIZTHE SUPF

VTS TH PURTFIED RATIONS POR CHICKS

Sroup | Fo. chicks Av. wh. Feed Av. feed
Xo. Supplessnt to 8t 4 weeks at 4 wesks offi- consuaed

0. 586

50.601 "—

Nene

5% Cellulose

508 Cellnlose

as (3) 4 5% dietame
B=114

0.239
0.202

o w B E
S83% P

Nane
a8 (5) 4 10% Inact. 19APH
A8 (6) - 5% glusose 10
a8 (7) 4 5% cellulose 10 e 54
As (8) but 10% act. 19AP 10 0.518
ss (8) but 5% set. 1947 9 274 0ukE?
As (8) but 2.5% act. 19AP 10 27 0.503

0,531
0.510
0.510

EF B ovaswow
g »

¥R ERY
IEER R TR

#194P is s mixture of purified cellulases snd hemlicellulsses., Its
reported protein emient is sppraximately 25 peroent.
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'DISCUSSION

.utglmnmcﬂwﬁnuammtatmswlﬁmt
plensntal levels. mwMMWWﬁwswmt
1%“% ﬂWwﬁM%ﬁmmmﬁmmh
mmmﬂm,mmmm@mﬁmm,m
‘fuammnmmtm-amimmﬂumm«
wﬁhm:mnw mmmmmnsm,umrm
mm embsined G0 psremt or less of the nutriete, the
me‘zamnm&mhmcwﬁ‘mwmmmm
rorth, The chicks ste mre per Wit weight gulsed With incressed
;mwmnth uuﬂm,mmmmma m&ymm
hmm«rmnmsumwmm mu.aww
M@ha%?);mwmmgmthnmmmmﬁ
-wm. MW,HMWB#&MMMWM
mmmdmtmmnnunm,mmmﬂwm
 ebbained, mmﬂaﬁmnmmuwwmmo
sawdust but not by cotten floeks. mmammnumtm
MmafuMwnmummgmm&uWh
for the incressed growth, but Shat it is ratber scmeiling within the
'mmimmumwmmnmmamun
mmmumm:mmmmmmanmm
muwmmm-mwﬁmmb). This is shown by
a docreass in the arade fiber valus frum 75.38 peroent to 63.88 peremt
after three hour scid-alkali digesticn. The produst(s) is solubls in




1.25 peromnt of both sulfuric seld md sodium kydirexide. The filhrwte
from sush trestment still gave & negetive Fehling's test. It cam thare-
svallable wtilisable mmww of the diet, i.s. glucuse.

mmumammwmmsmm
xmmumnmmmummmmmmmn,
mmwmnnummmmmmmum o
mwmwwmm«. mﬁvnmmf
mm,ummm,mmum‘
Mgmmumnmmwmm
by the seoal contents. |

nwmmm‘nmxfggf of the alphe selluloss
mwmmmwﬁ»mummwwumm
mg&mmummwamwmah
mmwumwwamm,wmmuww
nummw MW&W&MM%W

is to complatimn. The short pariod of Ajme that nutrients

mmm»m&mm(m,msué}wuamh
Produsing frossplete hydrolysis,

It 38 Imomn that owrtsin mlerosrgemisms produes cellulese-splitting
mames. Suker (1942) md Hmgate W)m:mmm
mmsﬁMuwwummﬂmnm Elvehjen and
MW)mmmmwmwwmmmmha
purified diet will grestly influsnce intestinel syk
Lfastors, wwmdwmﬂmwwpﬂmm'd
mmmmwwmwummm




From the data obtained, it sppesrs that the presence of the relessed
stimslent(s) can readily be detected by increased ehick growth anly whem
callulose replaces the glucose of the diet st low lavels, snd there 1s &
mﬁm :lnm of the etfmzre nutrients other

nammhhtmmmpwmmammm
wumﬁnmm. mmmgiummwm
smounts eould aid in the intestinsl sbsorption. This mmh-a.mm
inmam*bmx:m mmr,mm;mmvmmmﬁ,
mmmwthnhuunmmmwwnmuM
aﬁm&immgmhnamm xm—asmnwmn:am
ﬂ%MlmatwnmmWMWﬁmm-

WWMMIWMQIMW“MM&%%
the feeding of the 20 tixough &1.& peromt levels of ¢ellulose were
Mmmw;mmmmzuwwmm

The source of cellulose msy be another factor sinee no growth
structure of the fiber from rise hulls and pine sewdust may be of such
ncmmnmetmmmmmmmm These fibers
may pessibly be faverabls for mmd;mmtm of
intestinal flora which may produce effective growth atimulants as by-
preoducts of thelr metabolims.



kmwmmmwmmmm
mm&mmﬁ%uummﬁa,lmi
usMMmmmmm mmamunw
"';hmdi&W%h&ﬁMﬂiﬂnﬁmﬁmgm ‘,j
flors of the intestinal tract. me(ﬁ&}mn&m
sy ohick growth respenses with s purificd dlet sentedntng 0,025 g
mmtu&'{'.’_’m'f ' ﬁMnt,Wﬁtkata
Ifesuxidine, Noore ot al. (1947) reported that 1 peroest of
mwnu in & purifisd ration containing 0.5 mg. peroent of folis soid,
mwwm,mmmazmmmﬁmm
tv restrieting its mumm,mmammmwm.
.;mmmmamm «mm:m Iuﬂ%mmh
bers, the drug was sdded te cellulese suppleninte mmmu
MWMWMSWMMMWW
Aumwumwmwm Uader thess
(e tal senditions, the Mﬁm of 1 Wt of sulfwsn ’
mawmm,maeamma.ﬁmmsarmmmm
-mumammmmmm mmmmma:m
MdknWhnmw“tMWWnémm(%)
‘who found that the inclusicm of 2 puroet of sulfssuxidine in purified
dists, defivient in folic acid amd biotin, irrespesctive of carboiydrate
source, cwused a vosbined folie acid and biotin deficisacy in vats.
,mmwmmmmamauummmm
Mnmmmmmmmmwhmmm
this way. m:nmmwmams.uwmmmt
ammzmmwwmmnmunm




in the micrebisl pepulstisn which is possibly synthesiming the growth
stimimt(e)s L |
Chlek mings from S pcrmt eellulose amm mﬁma; m
mngafmmmmmmmxmmum
suxiding 41 m pugeent normal growth when fed &t 5 pamt mgphu-
\mm:'.mh‘ mmnwmmmwmmm Q
-mﬁm&m ﬁmmmm Mﬁwm
vrcrmdrap;aa@ of. emthmmmmc Wﬁl Mm
‘ Luilose-decs '.?gmmmmhwuh ma!
aley M)memmmmm '
5mtafw(ﬁﬂmmm)anw6£Mgm
WM%WMthQMarmmm mm
ot ali, mw)rmmaitmmw(‘mne}mmmm
?ﬁhﬂmﬂ,ﬂﬂ., Mma%ﬂatmn!mm%muﬁ
mmmzm(u)mmmmm The rations
‘sed by these workers were of a prectissl Sype containing eppe
'SmtofMﬂm mun&:aawmw
Mk growth. mmxa,nm fomd that ehisk droppings frem
1 pareent of sujfaswxidine plus $ pereant sellulose supplemented
uﬁmnm%m—cmmumnm%
WMM&&W}W%&W#&%&&W&
trast, The results in mmwwm the more insoluble m
mm@mman,mmmmmm.mﬁaaﬁm
mammtuﬁhmrmﬁtanw'hwummm




diet was wed for I weeks, and nv growth respmnee resulted with
muw supplementation. Tt cen be inferred that there was msximum .
miercbial activity of a particular type of flora on the cern starch
basel end no pditive eﬂiﬁ was induoed Yy cellulewe.

The addition of 25 pereent of grownd yellow corn to a 15 percemt
of veliulose supplemented ration did not give @ very large growth
respemse, probably because he wmm fiber oomtent of the combised
supplemsnts effset the beneficlal effects. |

Mmumms.*?mtafmﬁbw mﬁt&%ﬂiﬁﬂuﬂ
5 pereant of cellulese dfluted the nutrients mémmtheﬁm
_mmz of the retion sufficiently $o make it growih promoting amﬂw
nagngi&u. | o f R

m« et al., {1947) rmmw mut corn starch replacement or )
glmﬂ :!n a purified turkey ration muw prevent the cccurrende as‘
stickiness of head end wings wm&mﬂh resulted with such diets,
It msma that on & cellulose supplemented purified chick diet there
was an incresse in poult growth. There was wlse somewhat less of the
aticky effect on the eesllulose supplemented ration. The sellulose
 probably agted es a drying agent in the feed. In additiom, there is
the pmi&uty‘w the oellulose may have centalned minute quantitles
of the midentified factor referred to by Jakes et al., (2947).

¥ixed pine sewdusi as um of cellulose was found to give
highly sigaifiesnt increames in chick growth at the 10 through 20 per-
omt supplomantsl levels. The 10 pereemt level resulted in the
grestert effeet. It was felt that possibly a ceucentreted acid
axtract of the wood would yeplace the 10 peroent of the sawdust, but
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a

Guerreat aad Dutcher (1934) fowd that Gell¥ flour added st 2, &, &
sad 8 pereent levels to a rat diet at ihe expense of susrose produced &
sparing effsot ou vitemins B mnd G.  They believed this was due to more
favorable oouditiens for the growth ef miyoorgeniswe. These findings
cun now further be explained by & desrease in the utilizable carbehydrate
aod a proporticnate increase of the vitamins in the retien. ‘

In % uwxmn,mmmaaamtmm
mnmmwmm Mmmmw
m:&ag- {m%)WMMWmMmm&;

practics poultry ratios Mgh fn fiber
mmu mawmmmaxy available sad wmm
Matane, such an ensyme, possessing asbout the ssme poteney as the
product uwsed in Eastings’ werk wes non-sffective as a @ ot
agent when fed at the 5 percent level of & SO perceat celluloss supple-
mented dlet. Tt was thought that %k: ensyme might possess csllulane
or/md hemicellulase sctivity. The high mortality obtained ecewnot be

‘The growth responses obtained with rstien 114 supplemented with a
purified mixture of cellnlsses aud hemicellulases were not apprecisble.
Tt is possible that the ensymes were partially destroyed in the gastro-
intestinal tract snd that additions greater than 10 percest would have
been more effective. The mea weights of the control chicks fed

equivalent amounts of insctivated ensymes showed that the somewhat
grestar growth was not osused by the increased level of protein or the



slightly sltered levels of the nutrients other than zlusose. Only
further work with these engymes will determine thelr effectiveness in
zaking avallsble pessible cellnlosic growth stimulants for the chick.
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TABTE XV

EFFECT OF XYLAIS AND d-XYTOSE ATRITIONS TO 4 PURIFIED DIET O
CHICK GROWTH ASD FBED BFFICIENCY

Growp Supplement to Ho. chicks Avre Whe Feed

¥oe E-113 at 4 weeks at & weeks afficieney
-
1 None 45 nz 0. 589
2 0.05% 10 310 0. 590
3 0.1% 26 301 0o 580
4 0.3% 24 307 Q.563
5 0.5% 32 303 0589
6 0.8% 10 320 0.599
7 1.0% 16 317 0.519
g 2,0% 10 325 0.608
ETLANS
9 0e05% 12 300 De 572
10 0,13 6 306 04549




TAELE XIVI

C STEMATY OF THZ EFVECT OF TEVULINIC ACTD SUPPLIMENTS IX
PURIFYIED RATICRE FOR CHICKS

Group level of Bo. ohdcks  Ave. whe Feod Homo=-
Kos levulinic acid at 4 weeks uat 4 weeks efficlency globin
added to
2 0.005% at 301 © 0.514
3 0.05% 21 307 0.559
4 0.1% Iy 342 0e542 8498
0. 5% 26 263 0549
& 0.8¢ 30 285 0,540
7 1.0 13 258 0842 £.32
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eontrols show statistically that the weight differences are highly
ai@aiﬁsmt. Tha ﬁatistiml malyaia is ziven in Table xm:. Hemo
Zlabin values st the 0.1 and 1 peorm% of levulinic seid awlmtm
mmwitkin the normal rage. wmamrmmm |
valm per mﬁ.t walight per chiek r“ﬁl’ﬁﬂﬂ in thc ﬂm umm fm' bo&h
the wn}inic md contrel fed chicks.

Wmlmdsofmétobcaﬂmaammtﬁ
the Ol md 6.§ pmmt supplemen Sal hwlm. The grestest E‘W was
ebbaimdsﬁ the O.1 persent lsvel utm in m:un*m. um«
tiosl aalysis was attempted. cht mawmmm mm
mmmwmmmmam, ittmlﬁtmmaMh
w}m'; mwwmmmuwmm.

| Hittle or no growth activity was obtained with dtoellobiese or

furfurenide. Susmstions of the results sre given in Teble XIX.
sutopsies of eiicks on all levels of furfuramide showed extensive gimsard
arosims. |

To determine whether there was sugmentatien of cbiek growth, with
the chemicals tested, furfuramide, levulinic acid, snd furfural were
individually addied to sellulose supplemented ratien 113. The resulis,
given in Teble XX, showed that 0,5 percent of furfural was pwbiallr
cﬁmcwmm to the diet supplemented with 15 percent of cellu~
lose, and that 0.1 pereent of levulinie zeid and 0.1 percent of
furfuremide when added to the ration supplemented with 5 perveent of
cellulose were non-effective in growth sugesctatiom.



TABLE XVIX

& TEST OF SIGETFICANC TR OSOMPARIDQGE ”32‘ OTs CETAINED BY TIVILINIC
ACTY SUPPLEAER 'f.ﬁ"fl@* T RATION 113 WITH THAT OF COITROL CHICES

Supplement ¥umber D, £ Yem wt, Sus of

%0 k=113 of chicke at 4 weeks squares
- m.'
Ve 60 59 301 87,004
Qo}f Iﬂvﬂz&i@ : ! )
acid 47 46 42 90,590
TOTAL - 107 105 d=41 177,614

t = 5.12 P = grester than 1% level.



SUMMARY OF THE EFFECT OF FURFURAL SOPPLEMENTS IN

PURIFIED DIBTS FOR CHICES

Ro.

ma

Ko. shiake
at 4 weoks

v, who

st 4 woeks mmmu

@ 2 & uam,»y

0.08%
0.1%
.38
058
0.8%

- 1.0%

2.,0%

B o B BEFEESB S

EEERRERE

o588

0.578 |

0.57
0.517
2.555
0.597
0.5%




0.005%
0.05%
0.10%
0.30%

0.05%
O.1%
0.3%
C. 5%
0.8%
208

is

10

B

5 B o 8 8

.53
0.553
0. 575
0.578
0.5%3

Do 549
0.534
0. 570
0.556
o.525
0.526
0. 526




TABLE XX

ELLULOGE  SUPPEENENTED WITH FURFURAMIDE, LEVULINIC
PURFURAL TH PURIFIED RATTONS FOR GHICES

Supplement to
B=113

- fio. ohickn

at 4 woaks ab 4 wesks th

Ave Whe

> W OB M

e

5% Cellulose

0,1% Foxfuraside

. 28 (3) # 5% oellulone

o wm oo

one
am
346
ags

ousts
ou599
0.8

® a4 O

e
0e1% Ievulinie acld
M (7) 4 5% esllulose

B o v @

315

8¢

0.538
0. 549
0,556
0.559

E 8 v

Hone
As (10) # O.5% furfurel

v BB

#YE

o.5m
0.526
0. 538




B. Isvuliaic Acid in Vitamins i~ and By~ Deficimt Ratimas

zperizental groups of chicks fed a purifisd ratiom
d with 0.8 percent of lewulinic acid exhibited leg wealness
and gmersl emaclation. wmumm;mmmmmm
aﬂmawamm,mmum aané.‘

The results of feeding 0.8 paresnt of levulinic acid to chieke
deficient in vitexins A md By, recorded in Table IXI, showed thet the
he mortality. mmmammmm@mam:mmm
mﬁm&um:.mmmmw Bation 114 was used in
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Yhe exact reasen for the growth respomse with 0.1 peromss of
mmwmnummwmmwm
cmtain eslluless 15 &5 yet minem. The fact Ahat the feed conewned
per mit weight galned per chick Was spprexinstely the same for levs
mmmmmmmmmemm
palataM1ity of the levelinic sctd swpplemsuted Teed with & resulting
Wumm mmmmmm.,mmh
omeluted that the piysielogicsl eapmcity of the chlek gastre-
hmmum ompletel mmmmm
.,mm W&M%wharmmmw
.mmmmummmm |
“ ‘umMMmammwrm.mm
"‘Mwmmmmwumum mnm,m
mnm:mmmw mwsmmummm
mmwmmumwsmmmuu
reparied that levulinie sold war an excellent starting substance for
the synthcsis of heterneyelic compomnds in vitro. Ne pointed sut that
such & product wes m mslogue of thismine, bub the results reported
here showed thet there was no obosrvable replassment of the vitamin by
mhmeuwm uummw.m

Wammmmtwwsdndmm”
y the ssme ss that of the gmmtrel ehicks,
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If levulinie scid is the growth stimulant or, possibly, sne of the
mwmmmmmmwawmﬂm,
mmsmmwwmmmammmtmw
‘Mzaﬁuzdfawﬁwm mmmw

‘mmmmmmmtummmw
vmmm

Mwﬁmﬂmmwmmwmmw
mm. Therefore, ﬂm ,m%ﬁwaﬂmgm o
mmmm&mmmmm.mmwmm

tial growth sngesntation of 15 pereent eellulose supplemented
Mu&msm%mumnw Using the
mmmmmmmwmmmm,
mmm mwmwm 1y experineatal
mﬁﬁmuﬂlmsﬂmqﬁumwww‘amm.

Gmtinusiian of sush studles with chemleally pure substances would
add mnch in mderstending the rele af fiber in powltry nwiritios. Frem
s practicel point of view, the finding that inexpensive md prevalent
substanoes suoh as plat fibers e be incorporsted in s purified diet
ﬂ-m.wﬁaﬁ.m’mmwmamﬁmﬂglm
(" Cerelose®) with beneficisl effscte an the growth md geeral welle
being of poultry is of great valnes. AL some future date, the "smtletic
diet* for chickens and turkeys may possibly be in wide use mnd thess




A study bas mm-&a mg chicks m Ahs nﬂﬂﬁwm of
cellulose. Purified diets compused of a1l the nutrients newn %o be

1. ‘”“" 5, 10 md 15 peront cellulose mplmwmuﬁm P1ed
ration for chicks added at the expemss of glucoss resulted in statis~
WW@&%MW m*mﬁﬁniﬁmam
that enly the 5 pereent mewmmt.

2. mm«r«nmuwm.wmmma
g&maamanwmmmwm

3. Chick growth and fesd of:t‘mw degressed when the nutrient
sencentretion war dilubed with 20 pereent or more of cellulose. In=
woit welght gained per ehieck st 4 wesks. When the nutrient coccentration
wes £0 percent or lees, gprowth was dependent upmn the potential energy
otih_uﬁm;

4« Additiens of mived pine sewdust at the 10, 15 mxd 20 percent
lﬁmwmtmeMMMw&mmm
content,

5. Crude fiber aalyses of both feed and droppiogs sad the sbsence of
deteotabls reducing substances indicats incomplete degradstion of the
sellulose in the chiek slimentary trsst. The data obtained indicate
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that the stimvlatory substance(s) is relessed during this partisl bresk-

6. Wm&&m wmmm”ummmmmw
sfmmm W@MMWMMhW
m cegative m‘we}u m M&. | o

Te asuxidine, M&W, WM Llocks and gromd yel
_m wglmta in am&ﬁﬁmﬁm d4id sot produce meu‘
miﬂmm%myw%#ﬁmhﬁm obtained with a corn M
Mmﬁ%amwmwwmumwm

8,  Crosstred tarkey poults m s purified diet supplemented vzm
.5m$a£mnﬁme WW mﬁamwzmmnm
then M fod the m—cm};mm ﬂt&m

aigninm‘k growth response compared with the sontrols, Furfural st
0¢1 mad 0.3 percent lovels was also offective as & growih stimulant,

growth activity.

13. levulinic acld ab the 0.8 peromt level did not aggravate or
comteract Lhe deficieney symptoms of either vitemins A o B.

12, Ievulinis acld and furfursmide, both at the G.1 persent level,
Mszthmmaummwm-zm

5 peromt of cellulese. mmammswm}.mn
partial sdditive grewth effect.
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