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The Relation Between Cheriical Composition of a
nation and its Feeding Value for Sacon Hogs.

Abstract

This paperpreports a study of tie relation
petween tiie daily gain .f bacor hogs frow weaning to
market weight, and tTie individual feed fractiong of
the standard cine dcel analysis (protein, ether extract,
ash, crude fiire, and unitrugen-free extract) as comparad
to tne fractions uf tihe wodified scheme pro.osed by
Crampton and .laynard (rrotein, etuher extract, =sh,
cellulose, lignin, ani other carbohvdrates).

T'ne d=ata was ~nalyzed statistically by two
methods, (1) partial regressions using tie error
variance, and (2) partial correlations using the
between-1lot variance.

The metinod of partial regression was [ound

to be unsatisfactory for this type of data.

Partial correlations vere calculated between
galn and percent of tiie fecd fractions, independent of
level of food intake. llegatlve correlat. ons existed
with ether extract, ash, celluloge, and lignin, and
positive correlations with protein, nitrogen-free

extract anit oti=r carbohydr:=tes.



INTRODUCTION

In view of the ma jor importance of pasture
lands in the Prﬁ;ince of Quebec, Maédonald College has
for the past ten years carried out a great deal of
investigational work in connection with pasture improve-
ment. Concurrent with this research in pasture improve-
ment, the Department of Animal Nutrition has made a speciél
study of wvariations inthe nutritive value of pasture herbage.
The work had not progressed far when 1t was realized
that the standard method of chemical analysis (i.e. protein,
fat, ash, cruvde fibre, and nitrogen-free extract) was no
gulde to the nutritive value of forage grasses. Crampton
and Finlayson (1935), working with young growing rabbits,
noted a marked increase intheir growth rate when fed
fertilized as compared to unfertilized herbage. This
improvement in nutritive value, they concluded, cbuld not be
satisfactorily accounted for on the basis of the higher
protein level of the fertilized herbage alone. Cameron (1936)
reports intra-seasonal changes in the nutritive value of
pasture herbage when fed to growing rabbits; but again in

this study, the standard chemical analyses bore no relation-

ship to the gains observed.
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Cramptgn.and Forshaw (1940) made a study of
the nutritive value of pasture grasses, using two systems

of analyses, the standard method mentioned above and the

3

modified scheme of analysis proposed by Crampton and
Maynard (1938), which divides the carbohydrates into three
fractions instead of just two, i.e., cellulose, lignin,
and other cariohydrates versus crude fibre and nitrogen-
free extract. Their results siowed a definite negative
mcorrelation between live welznt gain of raboits and percent
of lignin in tihe grasses fed.

All of this wo rk, ca}ried out at liacdonald
College with forage grasses, has shown that the stardard
metirod of analysis does not afford a very precise index
to tie nutritive value of pasture herbage, and that the
modified method 1s a def%nité‘imﬁrovement-in predicting
growth rates with this type of feed. With such results
‘at hand, it was felt that this study of the two methods
of analysis could, quite profitably, be extended to include

concentrate feeds corresponding to those found in a typical

swine ration. Thls thesis reports a study of the relation

between the chemical composition of a ration and its feeding

value for bacon hogs.



REVIEV OF LITERATURE

A review of the literature reveals that it is
full of rsports on differences in chemical composition of
ffeeds Of’various types, For example, lorrison (1936) lists
20 analyses under tire heading of alfalfa alone, which are
gathered from a total of 2,422 samples. Somewhat fewer
dligestibility trials have been carried out on such feeds,
but even here the numbers are relatively great. Some
workers even record live weight gains without a knowledge
of the gquantity or éuality of feed ingested. All in all,
very little work has been reported which attempts to deter-
mine the effects of changes in chemical composition on
nutritive value as measured by some nhysiological activity
such as milk production, ,wool growti, or live weight gains,

The first report of 1importance on this subject
was published in 1912 by ﬁall and Russell., 'hey observed
that the feeding value of pasture grass 1s determined in
.part by floral type and habit of growth. Habit of growth
is governed essentially by soll fertility, and floral type
by climatic factors. These workers found a leafy habit of
growth in the fatting fields and 2 stemmy habit in the
poorer flelds. They also noted tiat, although the diffefence
in feeding val ue was great, the differences revealed by the

ordinary methods of chemical analysis was very small. They

conclude that the ordinary methods are clearly inadequate

for dealing with past re grasses.



Feagan and Jones (1923) state that a determination
of the chemical composition is but a small contribution fo
a knowledge of the nutritive value of grasses as pasture or
nay. They observed that the leaf poftion 1s distinctly rioher
than the,stem, and that a knowledge of the proportion of leaf
to stem would be a fair guide to the nutritive value of =

pasture at any periocd of the year.

.

'hat quality of protein may be a factor in thse

nutritive value of pasture grass is reported by Crampton
(1934), who found that by adding casein to a grass diet,

the growth rate of}rabbits was:inoreased. However, later
work by”Crampton and Forshaw (1940) gave evidence that
protein was not a limiting factor for growth, but rather

that increases in procein probably representmerely increases
in avallable energy. Th§y.aiso observed tﬁat herbage from
different species of plants has an intrinsic nutritive value
characteristic for each sbecies. I'hey found that the protein
content of pasture grasses 1s highly correlated with gain in
weight of animal.

Woodman, Norman, and French'(1951) Qbserved that
not only does maturity or drought produce a lowering of
protein, but the digestibility of protein is lowered likewise,
Nutritive value and digestibility of the grasses were invefsely

related to the degree of lignificatlon.



In feeding hay and mangels to steers, Watson
et al., (1938) found tat the level of the plane of nutrict-
ion had no significant effect on the dipestibility coeffic-
ients of the different nutrients, although at a maxium level
the digestibllity of t e protein was probably slightly
depressed. In a later paper (1939) these samne workers observad
that when hay and corn silage were fed, differences in the
digestibility of the protein at different planes of nutrition
was not statistically significant.

ﬁayward, Steenbock, and Bonstedt (1938) observed
that heating soybean meal to 15093, for 2.5 minutes prac-

L

tically doubled the nutritive value of the protein. In

thls case they lound that apparently the heating caused the
cystine fraction of the protein to become avallable.

lMorris, Wright, and PFowler (1936) report tiat
blood meal proteins prepared by a high-tenperature process
have a lower nutritive value than those of blood meal
prepared Dy a low-temperature process. They observed that
tne proteins of spring srass are markedly superior to those
of autumn grass as regards thelr nutritive wvalue for milk
production. No significant differences were found between
the nutritive values of the proteins of three types of grass
silage.

Isaachsen, Ulveslli, and TMusby (1935) report

considerable differences between digestibility of protein



in grass, hay, and straw as determined "in vitro'" and
"in vivo" with wetners. ‘The higcher the protein content,
the closer were the two sets of results; and for protein
feed of animal origin, the agreement was ~ood.

Horwitt, Cowgill, and liendel (1336), after a
study of the known in vitro digestion techniques, failed
to find a practical method that mig-t be used to determine
the utilizable nitrogen in tre green leaf.

Wright (1938) found that wihen pigs were fed
cafeteria st:le they consumed nore tankagze wnhen fed light
we ight barley (27-29 1bs. per bus.) than when fed heavy
vweight barley (47-49 1lbs. per bus.), even though the 1i:ht
barley had a higher percent of protein than the heavy. ''1is

would suggest that the protein of the low quality barley

was very poorly utilized.

Adolph and Wwu (1934) observed no effect on
digestibility of food ovrotein when cellulose (filter-paper)
was fed to rats, snowing that added fibre has no effect on
digestibility.

Woodman, Bvans, and lorman (1934) state that
alfalfa resembles grass in displaylng its nighest digest-

ibility at the earliest stage of growth, the main distin:tlion

between tire two being the readiness with which the young
alfalfa plant produces fibre, and the early stage of growth
at which the fibre begins to display signs of lignification
and diminished digestibility. Alfalfa in bud and in flower
is comparable in nutritive properties to a superior coarse

fodder rather than to the pasture cuts, the dry matter of



which has the character of a concentrate. However,
Woodman and Qosthuilzen (1934) found that stage of
growth 1s not the sole factor that determines com-
position.anédigestibility of pasture nerbage; meteor-
ological conditions, particularly in relation to theilr
effect on the rate of growth must also be taken into
ébcount. They found that, if the growth rate has been
checked by cold and frost, the digestibility and feeding
value are lowered, despite the fact that the grasses have
not progressed further than the leafy stage.

Woodman, liorman, and French (1931), working in
England, report that, under a system of 1l-, 2-, or S-weekly
cuts, pasture grass never reaches the stage of growtnh at
which lignification sets in with consequent decline 1n tne
digestibility of not only the fibrous constituent, but also
of the other organic ingredients.. On the other hand,
Crampton and Forshaw (1939) observed that marked differences
in nutritive value may exist between herbage representing
only ten days growth, No doubt, climatic factors produced
this condition, in part at least, as it 1s mentioned that
the herbage injéertain clippings, even though only of ten
days growth, was rapldly approaching maturity.

Enzymatic methods for determining nutritive value
are theoretically more sound than stralght chemlcal analysis,

|
and several have been suzgested, (Coleman '20; woodman and

Stewart '32; williams and Olmstead '35; Horwitt, Cowgill,



and liendel '36aj; Davis and'Millerd}59; and Olson and
Palmer '40)., However, tie procedures are lonz and tedious,
requiring one to two weeks or more for one analysis.

A true determination of the nutritive value of any
feed or ration 1is normore accurate than the reliability of
the methods of chemical anglysis. Such 1s the situation with
crude fibre. Norman (1935) states that, while crude fibre
6btained by the Weende method may be taken as an indication
of the amount of "bulk" or "roughage" in the material, it
does not bear any relationshiz To any particular plant
constituent or group of consiituents; nor does crude fibre
have a constant chemical composition. Tnis fact, according
to Williams and Olmstead (1835), was known even to the original
investigators, Henneburg and Stohmann, and many reports since

have shown this to be true.

Although the feed fraction termed "crude Fibre"

is theoretically indigestipble, ¥Woodman, Blunt, and Stewart
(1926) and (1927) have found that when pasture _.rass is fed

to sheep the crude fibre is 804 digestible. On the other

hand Mitchell %pd Hamilton (1933) claim that the crude fibre

of oatrhulls and of alfalfa meal, as well as pure cellulose,
pass through the digestive tract of the plg slmost, if not
entirely, untouched by bacteria or other agencies of digestion.

Mangold (1934) states that in the plg, wide variations

are found in the digestibility of fibre. The reason for tlese
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Horwitt, Cowgill, and liendel (1936a) state that
progress in the chemistry of carbohydrates of feeds has
advanced slowly, not for lack of efforts in this field,
but rather because of the absence of relatively simple
methods. lany investigators have carefully fractionated

the carbohydrate portion of a few feeds into tre wvarious

components, bat each sucn attempt has constituted a complex

problem in itself, and tne techniguae used has been too

involved to find favour in routine analyses of feeds. T[hey
state tnat enzymatic determilnation of crude fibre =zives
results three times as great as the official A.0.A.C.

method.,

There seems to e no doubt that the only
reliable technique for evaluating the nutritive qualilty
of a feed or ration is by a feeding test. Unfortunately,
feeding trials are slow, requirin: much labour and

expensive equipment, and a very large sample for the

trial, which seri.ously 1linits 1its usefulness. In an
attempt .at. using the rabbit as a "pilot animal®™ for
digestibility trials with steers, Crampton, Campbell,
and Lange (1940) found that the digestibllity of the
carbohydrate fractions, isolated by the present feeding
stuffs analysis, does not appear to be predictable for
one species from the behaviour of tne other. 8Since the

rabbits and steers do react comparably with respect to

gains in body welight, when fed spring grown as compared
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to mid-summer grown herbage, they conclude that a scheme
of chemical analysis that isolated fractions of the carbo-
hydrates which are more nearly biological units, would
facilitate thie usefulness of the rabbit as a "pilot animal®.
As proof of this theory, they polnt out that there are hich
correlations between the two speclies in the case of crude
protein and lignin.,

Manyard (1940) presents data to show that when
rabblits, guinea plgs, and lambs were fed tie same ration,

the digestibility of cellulose zrd lignin was as follows:

Digestibility
cellulose Lignin
Rabbit 28% 005
Gulnea Pig 415 7
Lamb 587 289

That lignin is absorbed from the alimentary
canal in part, at least, is considered to be a fact by
most workers. The process by whlich this 1s accomplished
is not agreed upon by all, Cosonka, Phillips, and Jones
(1929), and Fhillips (1934) state that lignin is broken down
in the stomach by an enzyme, probably in the gastric juice,
Maynard (1237) points out that lignin is not attacked Dy
bacteria, and in (1940) tﬁat there are no enzymes secreted
by mammalian tissues that will digest lignin. Probably
1its solution is accomplished by the alkaline medium of
the rumen or larcze intestines.

Woodman and Stewart (1932) observed that it is

not necessarily the amount of ligno-cellulose which determines



the running off in digestibility, but rather the intimacy
of its associstion with the cellulose of the cell walls.
In an experiment on sheep, tThey found that 19 gms. of
ligno=-cellulose 1n every 100 gms. of food-fibre rendered
unavailable to the animal 3Y.7 gms. of digestible cellulose,
eacn gram of which 1s equal to one gram of digestible starch
for production in the ruminant. Also llaynard (1937) observed
that a slizsht increase 1n lignin content may pe responsible
for a large decrease in nutritive value., Since lignin 1is
arparently unattacked by alimentary bacteria, the higher
1ts proportion in crude fibre, the lower the digestiolility
of this fraction. The diminutlon of cellulose breakdown
in turn ~inders tne action of tne dicestlve enzymes on the
starch, protein, and fat contalned in the »lant cell,
Campbell and Booth (1930) and(1930a) report that
when wood i1s oven-dried there 1is an increase of lignin and
a slight amount of hydrolysis of tie carbohydrate components.
W#hen wood 1s air-dried, 1ilgnin 1s enhanced at tne expense
of the furfuraldehyde ylelding complexes, and celliulose 1is
enhanced at the expense of the water soluble material of
the green wood. ‘“hether the drying ol foragze grasses
under similar conditions would have similar effects is
problematical.
Prjanischnikow and Tormue (1936) treated rye
straw with chlorine dioxide (0102) and got a marked

increase in the digestibllity of fibre and pentosans
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in rabbits, which was attributed to a definite lowerin:
of its lignin content bLy te treatment.

In determining lignin in plant materials
containing considerable am>unts of protein, it has Dbeen
found tist the isolated lignin residue contalins some
nitrogen. Several workers calculated the crude protein
in the sample (W x 6.25) and subtracted it from the lignin,
thus assuming that all the nitrogen 1s present as protein.
Norman and Jenkins (1954) believe thst this correction is
useless and likely to introduce 1in some casés an error
greater than that caused 0Oy thé presence of nitrogenous
material,

In the method of Gram?ton and ‘aynard (1935),

a pre-treatment with persin-HCl 1s used whlch removes,
according to Crampton and Campbell (1938) 94,455 of the
protein of forage grasses.

Many workers have criticized the use of nitrogen-
free extract, chilefly because it does not represent a single
constituent, but a residuum of numerous undetermined sub-
stances of variable nutritive value, the calculation of
which by difference is rendered faulty Dbecause of the
errors involved in the methods for determining the protein,
fat, fibre, and ash. For instance, protein 1is generally
calculated by multiplying the total nitrogen content by

the factor 6.25, which assumes that the nitrogen makes up
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16% of the protein and that all of tne nitrogen is in
the form of protein. Both assumptions are known to be
erroneous, and in order to partially eliminate this
error, Jones (1931) has presented a list of feeds with
a factor for each, to be used in place of the v.25.
Just as crude fibre was considered to be indigestible,
S0 the nitrogen-free extract was originally assumed to
be completely digestible, but now it i: known to contain,
besldes starch, such substances of low digestibility as
hemicellulose, lignin, pectin, and Inulin,

Maynard (1940) reports an experinent in which
a fishmeal fed in a digestion trial was found to contain
0.9% nitrogen-free extract., This figure was not surprising,
considering tirat 1t 1s determined by difference. But, when
the feces obtained from the feeding of a given quantity of
fishmeal was analyzed, the output was found Tto contain ten
times as much nitrogen-ffee extrasct as was consumed. The
author concludes that, although 1t 1s cnemically correct
by the difference metiod, 1t 1s pnysiologically impossible.
For the sake of comparison, i1t might be noted that analytical
work performed in connection with this thesis showed that the
fisnhmeal used had 1l.3 nitrogen-free extract,

lither extract, commonly termed '

'crude fat', may
include many substances other than true fats. Horwitt et al,

(1936a) observed trat in some green leaves the pigments.alone

may account for as much as 50% of the ether extract. This
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method of "orwitt's for the determination of true fats
has oeen applied to digestibility trials at Ilacdonald
College with interesting results. Lessard (1941) reports
tnre following data:

htner nxtract Fatty Acids

6 Coup. App. Dig. % Comp. App. Dig.

L

Soybeans 23.19Y 98, 9% 16 .65 99, 1%

Grass YRS H4 ., L9308 62 .

From the above data it may be seen that the ether extract
of soybeans 1is practically as digestible as thne fatty acids
fraction, wihereas in the case of grass tlere is a definite
difference in favour of the fatty acids.

'latson et al. (193%¢) observed that when hay and

corn silage were fed to steers, increasing the plane of

nutrition had no statistically significant effect on the

digestibility of the ether extract.
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SCURCE OF DATA

'ne data used in this study were obtained from

a feeding experiment carried on in the Departmert of

v

Animal Nutrition at. .‘acdonzld College, the outline of
wihich is given below:

Animals -- Bixty purebred Yorksnhire pigs were put on test
at an average age of 70 days and weighing at that time
not less than 35 1lbs. each. 7Tiese plgs were all sired by
the same Doar and out of dams ti:at are closely related,

all of them beling either full or half sisters.

Allotment -- The pigs were allotted at random to six
groups of ten -isgs eacn witiy tie restriction that tne
sexes were equally divided within each group. All pigs
were housed indoors in individual pens during the trial,
Feeding Periods -- A groﬁing ration was fed from tne start

of the test until a Weight of 100 to 110 lbs. was reached

'by the pilgs, afterwhich a fattening ration was used. This
18 the practice followed in the Feeding Stations for the
Advanced Reglstry of Swine.

Rations -- '‘'he rations congisted of (1) a mixed protein-
mineral supplement and (2) a basal ration. The supplement
was of the same composition for all lots and constlituted
15% by weight of the growing rations and 10% of the

fattening rations.
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g
The supplenent consizted of tue following:
507 Tankace
205 Linseed Qilmeal
155 Fisinieal (non-oily)
S/ rine Salt (iodized 1.6 oz. yer 100 1lbs.)
5% Ground Limestone
O reedling sonernesl
Tne basal feeds 101" tre gsixx groups are described in
lTable 1.
'eeding Practice -- All pigs were individually fed.

puring the growing perrod thew vrere fod thres tiies per

g

L]

day, and triereafter twice daily. AT scaclk fcedi:g, the
drv meal aiiowarice was 1leas.red into tie feced trougu
an. about tlhree pounds of vatvter poured over 1t. ‘Whe
pligs vere fed ags nwucen as trey would rcad.ly conswpe.
During the growing period, all olgs received 1o cc  of

"Alohadol" cod liver oil dailv. T1his 0il carricd a

T

e

gvarantecd jpotency of 13800 I.UL. of vitamin A and 400

I.U. of vitamin D.

Data recorded -- Records ~wcre kept fcr e:scii pi., of
feed consumed and live weight gains. Tiie design of tie
experiment and indiviiual records made possible an
analysis of variance for easch item listed in Table LI1,
into the fractions indicated in Tavrls 11, The data

for tie third pig in Lot I (*) was deleted from the



Table I -- Description of Feeds in RBasal Ration

-y Sl s A

e —
Lotl Grain Description as to Quality
———————-1-——-—_____--——--—____.__... e EEEETE—=———

e A L e o e el el vt e W - =l S v ity

emteuiily v sre-aiied— v e S S e

} I l No.l Feed Barley | A typical sample of this grade as ,
i shipped from terminal elevator. |
i
i
i
!

II! No.5 Feed Barley ! A sample carrying the usual | ’
!

quantities of doclage, and with the |

barley itself of 1Lg¢t welght per
bus=el

el . Sy il i

il ey i v Sl —

-l 2 el -——__-—H-———-a“ Al - s

I e

L1l No.l Feed Barley

_ quantity of the I'o.1l Feed Barley
+ Dockage.

I
’ used in Lot I was recleaned to
' obtain a pure barler of standard |
weight per bushel. ''o thils was
added the arounts of wild oats (17%)
and Weed Seeds (35) found in No.3
Weed Barley. Thus the mixtures in

Lots 11 and III differed only as to
Ghe quality of barley,

-——-—--———__-_‘—--4
| -

!
.2 C.WsAmber | Llypical saaple.
‘ Durum Wheat |

-—-—-—-——————-——-—-—--—-—-"-"——————————-—- .ﬂ-%“m_um

Feed 'lheat lypical sample as sold from terminal
- elevators to grain trade.

e s

e s .

__T___,ﬁ__________u___
L

e L L )

hnad

No.l Recleaned

Typical sample, largely broken
Wheat Screenings

wheat kernels and wlild buckwheat,

b, T )

L R T
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able I1 -- Analysis of Variance - Dailly Gain to llarket Welght
' ] 1
t ITT) Lot Iﬂ

;__.;_____.__ R —

!
l
I
I .
K | 1.63 | 1.75
1,

61 | 1.49 1.55 5 1.79

* 1.76 | 1.79

11 75 | 1.29 1.86 ! 1.71
Al 1.66 | 1,07 1.688
I, | 1.91 | 1.66 1,37
v | 8,56 | 7.26 .22

Zx | 17.39 ‘15.65 i16.55
. |
|

i e ————
Source of Variation ! D/F ‘Mean square S.Dev.l F-va lues

|
i
Between 12 Sub-groups l . 06 t l
Between 6 lots ‘ O . 09 i l 4.06'2.41
Between 2 sexes 1 e 15 | 5,301 4,04
Interaction Sex x Lot 5 | .02 | -- 2,41
‘ §
calculated wvalue t 1 |
| i
Remainder (Error) | a7 ,023 . 152 |
. l !

-+ - e S = I A . A L Sl -

Total l 59
R _ __M___ﬂ__L__“-m;“_u_u_m_____

scessary Difference between Lots %%gé,x Ve x 2,008 = ,137 1lbs.
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CHEMICAL ANATLYSHS

I're chemical analysis of the rations is given
in Table IV and V. The two schemes of analysis are presented
in the table, (1) the standard aralvsis, comprising moist-
ure, crude protein, ether extract, ash, crude fibre, and
nitrogen-free extract, ard (2) a modifled scheme proposed
by Cramtpton and llaynard (1930), consisting of moisture,
crude protein, ether extract, ash, cellulose, lignin, and
other carbohydrates. “he "nitrogen-free extract" and the
"other carbohydrates" are the résiduai fractions of the
total feed, in their resvective systems of analysis; that
is, they are calcunlated by subtracting the other fractions
from 100,

Chemical Frocedures:

vMolsture, etner extract, ash, and crude fibre
were determined by the official A.0.A.C. methods,

F'or crude protein, the official A.0.A.C. method
was used, except that 200 cc. (approx.) of 4/ boric acid
was used in tne receiver woen distilling instead of a
stardard hydrochloric aclid solution. The 1ndicator used
was made up as follows: 100 mgms. of methyl red and 30 mgms.
of methylene bine dissolved in 60 cc. of 95, ethanol, then

made up to 100 cc. with distilled water. A ,02/N sulphuric

acid solution was used for titrating. The calculations



are as follows:

- % crude protein = cc.acid x normality x 14 x 6.25

wt. of sample

Cellulose was determined by the Crampton and

lMaynard (1233) method, except that a Gooch crucible was

used for filtering instead of an alundum crucible, and a
small quantity of acid-treated Gooch asbestos was mixed
with the material to aid in filtering.

I'ne procedure used for lignin was fundamentally
the same as proposed DY Gramptqnand ‘laynard (1938),
Howeﬁer, slignt modifications have been added from time to
time, (Crampton and Campbell '38; and Crampton, Campbell,
and Lange '32) such tnhat, it seemed in order, to compile
these modifications axd rewrite the procedure for future
reference. 'he procedure is as follows: Dry a 1 gram
sample and extract witi an ethanol-benzene solution (1:2).
Transfer the dry saaple to a o0 cc. Erlenmeyer flask. :
Moisten the material with water, stopper with a cotton
plug and autoclave for 1lo minutesﬂat 10 1lbs. pressure,
IlLinseed meal, apparently becaunse of 1ts muclnous nature,
persisted in bolling over wﬁen in the autoclave., 'Lhis
was avoided by autoclaving it, in a 250 cc. beaker covered
with a watch-glass. Crampton and Campbell (1938) found
that wnhen grass samples were autoclaved some of the protein

was rendered insoluble, and not removed by treatment with
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pepsin-=C1,. In‘%he case of cereal grains in this
invéstigation, the starch was not completely dissolved
by thezacid unless the sample was autoclaved first.

Add 40 cc. of pepsin-lCl solutlion (0.2% pepsin
in N/10 HC1), stopper and digest for 12 hours at 40°9C.,
shaking hourly for the first four or five hours. Thoroughly
mix a small quantity of acid-treated Gooch asbestos with
the material in the Erlenmeyer flask, and place a small
quantlity of pre-ashed diatamaceous earth on an acid-
hardened filter pacer in a Buchner funnel, and wash around

to form a thin layer- Filter tile material with suction.

Wash successively with 100 cc. portions of hot water, hot
ethanol, hot benzene, hot ethanol, and ether. Transfer the
dried residue to a 100 cc. beaker ( the material is easily

removed from the filter paper with a metal spatula, as the

thin layer of dilatamaceous eart: prevents the sample from

-1

sticking to the filter pdper) . MlMoisten this,materia“ with

6 cc. of 40% formaldehyde. 1hen add 6.cc. of 72% sulphuric
acid, and allow it to penetrate £16 sample by slowly mixing
with a stirring;rod. Add Y9cc. of concentrated sulphuric
acid, and stir vigorously to ald in solution of the sample.
Do not let the temperature rise above 70°C. However, 1t
was found desirable not to let the temperature get much
below 70°C. TFor some feeds it was necessary to rewarm

the mixture before solution of the sample could be accom-

plished. Because of the additlion of asbestos and
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diatamaeceous eartr to tne sample, it was found necessary

to add slightly larger quantities of sulphuric acid and

formaldehyde than recommended by _rampton and Maynard (1935%).
\When dissolved, stir in 35 cc. of a chloroform-

glacial acetic acid granulating mixture (1:6 by voluwmue).

I'hen wash tiie miXture into an 800 cc. pneaker and dilute

with 500 cec., of distilled water. 3Solill gently until the

chloroform has been driven off, or till t:e suriace
scum breaks., Iilter on a Gooch with suction. ash
in not less than 200 cc. of 5% HCl., Dry at 110°C. and

determine lignin by the loss on igrition.



Table IV -- Chemlcal Analysis of Growing Ration (Air-Dry Basis)
(Weaning to 110 Lbs.)

N T ) Y R
| Lot 2olst- Crude Lither Crude **N-Free
ure Protein Lxtract Hibre Ash Extract
7 g 0 /o
| I 11.86 17.21 1.97 4,99 6 .26 o7 .71
| IT 11.42 17 40 o4l 5.60 6e30 06,82
| TTT | 11.47 16.26 2, 52 5.57 | 6.57 | 55.51
IV 11.00 20 .56 1.46 2. 87 5.69 | 53.62
|V 11,47 204 208 2e 63 5.05 PRSP D4 4 20
| VI 11,97 18,76 Se 13 4,97 O0.35 0D.67
| - ——————

* Nitrogen-free extract = 100-(moisture+protein(nNx6.25)+ether extract+ash+crude fibre).

##% Other carbohydrates- = 100-(moisture+protein(iix6.25)+ether extract+ash+cellulose+lignin),



fable V -- Chemical Analysis of Fattening Ration (Air-Dry Basis)

#:0ther carbohydrates

* Nitrogen-free extract

oy
A

PR
Ay

100-(moisture+protein(iNx6.25)+ether extract+ashtcellulose+lignin).

S i ot

(110 1lbs. to Market Weight of 200 1bs.)
- Lot | Molst- Crude Lither ' » Ash | *N-Free
ure Protein Extract 1 kxtract
|| T e e TR
5 “% “ P g
I 12.05 15.43 1.73 5.01 60,58
I 11.58 15.64 2, 04 5.10 59.65 2.99 5.42 57 .03
ITT | 11.85 14,43 2, 47 5 4 34 59.09 3433 6.1%7 56 , 40
IV 11.13 18,98 1.24 2.70 4,40 61,55 0. 94 2. 41 60,89
|V 11.64 18.68 2.53 5.74 4,54 56 .37 3.62 4,77 54.22
VI i1.74 17,07 3,06 5413 4.57 | 58.43 5,12 4,23 54,20 |
{
r
RS R S A S

R

100=- (moisture+protein(Nx6.25)+ether extract+ash+crude fibre).
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STATISTICAL ANALYSIS OF THE DATA

Two systems of statistical analysis were
applied in this investigation, (1) Standard partial
regressions as described:by snedecor (195552 These
coefficients were calculated for the daily‘intake'bf
each of the feed fractions oﬁ the dally gain in order
to evaluate the relative weicht of each of the feed
fractions in causing daily gains. (2) Partial
correlations (Snedecor '37). These were calculated

between gains and the several feed fractions.
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RESULTS AND DISCUSSION
The individual data for feed intake énd gains by
the pigs are given in Appendix Tables I to X. From this

data, the means and standard deviations were calculated

(Table III). As might be expected, the coefficients of
. $
~“ .
variability for daily feed intake and for each of the eight
feed fractions were almost identical (6%). |

Partial Regression:

In computing the standard partial regressions of
the dally intake of each feed fraction on daily gain, the
error variance was-used as a means of evaluating individual
pigs after removal of sex differences and differences in
chemical make-up of the rations. The simple correlation
coefficients obtained are shown}n Table VI. As in the
case of the coefficients of variability, the relationship
exlsting between the feed:fractions 1s agaiﬁ evident. The
simple correlation coefficients of dally gain with dailly
feed intake and with daii& intake of each feed fraction all

approximate +-4000; while the correlations of the daily

consumption of one feed fraction and another give coef-

ficients very close to perfect. .

fultiple correlations were calculated for the two

systems of analysis (lable VII).



Table VI --

e

| Protein Fat

Galn IS . 4006
Protein . 9785
at

Ash

F'ibre

A oFﬂEi

Cellulose |

[Lignin
|

3% All correlastions are positive.,

Simple Correlation Coefficlents

Ash Fibre

e 4235 o 4062
« 9789 . 9723
« J7O3 o 9897

| 9704

A e il B — ol i e - b A - » g g~ Ol i il il .y Al i - -

N.F.E:‘

Cellulose

L4117
. 9604
. 9821
L 97T

Lignin

¢ D80S
. 9672
e 9936

. 9571

. 9740

e T b i . S B v R, fe el e e

Other
Carbo.

e 0954
o 9893

. 9705

,9795 |

2
. 98433 S

« 96735



Table VII. Multiple Correlations.

Method of Analysis R* R2

Standard Analysis 4432 L1964
Modified Scheme™™ 4439 . 1970

. P
»

" To be significant at P.05, R = ,509
~~Crempton and Maynard (1938).

The multiple correlations in neither case were
significant. The values of R® indicate that only about
205 of the variability found between the gains of pigs
after sex and lot differences are removed can be traced to
differences in daily intake of the feed fractions.

From the simple correlations, the beta (3) values
and partial regression coefficients were calculated as
shown in Tables VIIT and IX. Since the rations were con-
sidered to be nutritionally satisfactory, it 1s doubtful
that any one feed fraction would be a limiting factor for
growth. such a condition, however, if present, would no
doubt enhance the value of the limiting fraction. When

due account is taken of the fact that the rations were
nutritionally balanced, it is impossible to justify such
velues as are found in the column headed "Relative Weight."
Although it 1s qulte feasible that protein should account

for 35% of the 20% variation in gains (lable VIII), 1% 1is

not reasonable that ash, an inert material, should account



Table VIII -- Standard Partial and Net Partial Regression
Coefficients (Standard iethod of Chemical Analysis)

A ——

otandard Relative Net rartial
Feed Fraction Partial deight Reg.Coeff.
Reg.Coeff. <o (b - wvalue)

(beta-value)

= O - ek e -2y~ e

rrotein . 6460 390 1.6803
Ash . 98435 03 8.2420
mther Extract 0301 2 . 6504
Crude r'ibre . 1477 3 1.1386
liitrogen-free mxtract . 0390 & . 0296
Table IX -- Standard rartial and net rartial Regression

Coefficients (liodified Schene - Crampton and i:aynard '38)

T L Y e

Feed Fraction Standard Relative liet rartial
Partial Weight neg.Coeff.
Reg.Coeff. % (b-value)

(beta-value)

Protein .651§r 27 1.6416
Ash | .897i 39 7.5103
Ether nxtract e 3607 16 6.7761
Cellulose . 0922 & 7916
Lignin . 2801 12 373383
Other Carbohydrates . 0301 & 0277



for 53% of the variability. Since similar relationships
exist in both systems of analysis, it may be concluded
that, although such beta-values are statistically correct,
hthey are physiologically impossible, and that the method
of partial regressions is unsatisfactory for this type of
datsa.

The reason for the incongruous nature of the
results probably lies in the fact that the various feed
fractions are not independent of each other, since each
fraction is a definite portion of the total daily feed con-
sumption.

Partial Correlations:

The partial correlations were derived from sim-
ple correlations calculated between percentage composition
of the rations, daily gain, and dally feed intake. A
simple correlation between two variables measures the total
extent to which one responds to a known change in the
other; but in this investigation, there was also a third
variable, level of feed intake, to be considered. Hence
it would not be correct to base conclusions on the separate
simple correlation coefficients, calculated independently.
In order to ascertain the effect of each feed fraction on
daily gain, independent of daily feed intake, partial cor-
relations (Snedecor '37) were computed. Since percentage
composition was to be studied, the between-lot varlance was

used rather than the between-pig (error) varliance.

The simple and partial correlations are shown



Table X -- Simple and rartial Correlations using
Between Lot Variance

-t

. ﬂ“--ﬂm ~ 2y e e el S e e % sl U e S et St . =T —rar i

e S -

Silitole rartial
Correlations Correlations
= == -Intake held
Daily Daily constant*
Feed Galn
Intake I
]
Protein +,5184 +,.,8233 +.8194
mther BxXtract +.1519 =-,0669 -+ 3450
ASh +.,0102 =.4432 -.3083
Fibl‘e "01806 - 5708 -07602
LN.BP.I, +,7430 +,6702 +,1632
Cellulose -—e231l2 =-.06731 -.8788
Otier Carbo, +.,4980 +,6019 + o 3890
Gain +,8258

*Necessary rartial Correlation to he significant
P = .05 18 .g73.

in Table X. Correlations of dally galn and percentage
composition of the rations are plotted graphically in
Figures 1 to 8. The mean dally gain for each lot and the
mean daily gain, ad’‘usted by simple regression, for feed
intake 1s shown in Table XI. The percent of the feed

fraction, shown in each curve, 1is the mean of the two

analyses in Tables II and IIfI. The curve ol the non-

adjusted galns is comparable to the simple correlation in

Table X, and the curve of the adjusted gains 1is comparable

to the partial correlation.



Table XI. Mean Daily Gains and Galns Adjusted
for Feed Intake for the 5ix Lots

- e 1 - _
Lot T IT ITIT IV Y VI ]

1bs. | 1bs.| 1bs. | 1bs. | 1bs. | 1bs. |
Mean Dally Gailn 1.74 1.906 1.60 1.80,
fean Gain Adjusted
for Feed Intake 1.70 1.62 1.68 1,77

The necegsary partial correlation to be signi-
ficant, at P.05, is .878, which means that of all the
fractions, cellulose is the only one that has a statistic-
ally significant effect on the daily gain 1n live welght
of bacon hogs. Due to the small number of degrees of
freedom (3) avallable for the test of significance, the
partial correlation needed for statistical significance 1s
abnormally high. This does not mean that the other
fractions are of no importance. On the contrary, most of
the fractions are essential for growth, even bulk in the
form of cellulose and lignin is necessary for proper
alimentation and well being of the animal. If the number
of degrees of freedom were increased by the addition of
more lots to the experiment, all fractions might fall into
the category of statistical significance.

Ccrampton and Forshaw (1939) and Woodman et al.

(1931), who worked with forage crops, found a high negative
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correlation between the percent of lignin in grass and
‘live weight gains of herbivorous animals. The theory for
this, suggésted by WOOdman and Stewart (1932), is that
the lignin, which inhibits bacterisal éction, is intimate-
ly associated with the cellulose of the cell wall, thus
preventing cellulosic digestion of the wall and utillza-
tion of the food nutrients iﬁside. But, since Mitchell
and Hamilton (1933) have shown that cellulose is not
digested by swine, and since cellulose makes up a greater
percent of the ration than lignin, the anti-bactérialnpro-
perty of lignin is not apparent, and as a result the part-
1al correlation of lignin would be expected to be lower
than for cellulose.

As is shown in Figure 6, the only lot that did
‘not follow the trend of inverse relationship between gain
and percent of cellulose -in the ration.was Lot IT1 on the
extreme left of the graph.ﬂ This ?ation.was a mechanical
mixture of high grade recleaned barley with 1Y% wild oats,
and 3% of weed seeds addéd. I'he wild oats‘wefe respons-
ible for the high cellulose content, while the plump, high
quality barley, no doubt, had a favourable influence on
the observed daily gains. Wwhat might be concluded from
the papers of Adolph and Wu (1934) and Wrlght (1938), who

worked with omnivora, has been confirmed; that is, when

cellulose is an lmmate part of the grain, a slight
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incfease will lower the nutritive value of all the feed
fractions; but when the cellulose is added from an extran-
eous source fhis inhibiting effect 1s not prevalent.

It seems apparent, therefore, that for the
general run of rations or for individual feeds, the per-
cent of cellulose might be a good index to the nutritive
value. However, the fact that the specially prepared
ration of Iot III does not follow this trend, shows that
cellulose as determined chemically cannot be conslidered an
infallible guide to nutritive value in the feeding of
bacon hogs. This would hold, particularly in the case of
commercially mixed rations, where the origin of the vari-
ous feed fractions is mnot known.

Although cellulose was the only statistically
significant partial correlation, protein undoubtedly plays
a very important part in determining live weight gains of
pigs; but, since the rations were all adequately supplied
with protein, a rise or fall of 2% would not affect the
growth of the pigs, and hence would not affect the partial
correlation coefficient to any great extent. The regres-
sion curve for percent protein in the ration on galn 1s

shown in Figure l.

A high negative partial correlation is noted for

ash, which was the case in the experiments of Crampton and

Forshaw (1940). They concluded that it was due to the
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diluent effect of this inorganic material, since it made

up from 10 to 17% of the total dry matter. Although the
ash content of the swine rations in this study was only 5
to 6%, there is the possibility that its diluent effect
may account for the high negative correlation in this case
also. The more likely explanation, however, is that it
1s associated with one of the fractions of low digestibi-
1ity such as cellulose or crude fibre. FEther extract

too shows a negative partial correlation as was observed
in the rabbit trials of Crampton.and.Foféhaw (1940). The
partial correlation for crude fibre was higher for swine
than with forage grasses in the case of rabbits. T'his
may be accounted for by the fact that, according to the
work of Crampton and Forshaw, crude fibre is about 20%
digestible, while Mitchell and Hamilton (1933) found it to
be bnly 2% digestible With swine. Since 1t is known that
most.of the lignin is found in the nitrogen-free extract

fraction of the standard chemical analysis, by separating

lignin from the digestible carbohydrates, the partial cor-
relation was raised from +.1632 (nitrogen-free extract) to
+,3890 (other carbohydrates), leaving lignin with a

partial correlation of -.490l.
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SUMLARY ALD COLCLUSIUNS
owine feeds were analyzed chemic=lly l'or the
various reed fractions in the standard method of analysis

and for the Ir=actiouns in the :.0dified schere proposed by

Crampton and iarnard (1.33) as follows:

otandard Analysis Modif ied GSchene
Prctein Protein
ather Zxtract dther fixtract
Ash Ash
Crude 'ibre cellulose
Nitrogen-frece pmxtract Lignin

Other Carbohydrates
The dailly int=xe of eacii feced fraction, which
na<es uv the wnole of each ;vstem, ana tiie observed dailly
gain.in live weight of eacl. pig was analyzed statisticelly
by two metiiods, partial re ression,and partial correlation.

In an attempt toe evaluate the importance of the

daily intake of eaci dietaryv frection in produclng gains,
indevendent of tne othner fractions, the method of partial
regression was applied and found to be unsatisfactory for
thie data used, presumably because the variates were not

entirely independent.

The procedure of partial correlatlons between
percent of each feed fraction in the ration, dally gain,
and feed intake, indicated negative correlations between

cain and ether extr-ict, ash, ceilulose, and lignin.



Positive correlations existed betiieen g-in and protein,
nitrogsn-free extract, and other carbohydrates. The
only statistlczlly signigicant correlation was Between
galn and percent of cellulose. This nesative trend
did not hoid, hovever, vwuien the cellulose was added

to an otnerwise highly di.estible ration in the form
of wild oats ard weed sseds. 4t micht be concluded
that /hen cellulose is an 1nnate part of the grain a.
slignt increase will lower t.ie nutritive value of all
the feed Tractions, but, when tne cellulose 1g added
from an extranecus source, this inhibiting efrect 1s
not prevalent.

Similar parvisl correlations of the other
feed fractions were found to trose observed by Crampton
and Forshaw (1940),; namely, negative correlations for
ash and etacr extract, and a high positive correlation
for crude proteln.

In order to galn mure reliable knowledge of
the problem, it is sugcsested that further work be
perforned, that would include =z greater number oI
different rations, thus increacing tie nuuber OF
degrees of frecedow for lots, wilch in turn will

reduce the estiuate “ur significance. -
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