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INTRODUCTION

Linseed o0il meal represents one of severzl oil meals com-
monly used in supplementing roughage and grain fattening
rztions fed to beef cattle. The protein, energy and minersl
nutritive properties of these oil meals (linseed o0il mezl,
soyoean 01l meal, cottonseed meal, etc.) have been well estab-
lished in the past in cettle experiments and in Teeding prac-
tice. In 2ddition to these nutritional properties, certain
othér nutritional properties for linseed o1l meal have been
cleimed by some and disputed by others. In perticulasr, lin-

seed oil mesl hzs been claimed To possess properties bene-

Ticial to the appearance (sleekness or '"bloom") of the hair-
cost of cattle and this in turn has been inferred fo be sn
indicetion theat cattle fed linseed mesl possess fatter and
superior beef carcasses. These claims heve been further ex-
tended on the cvasis that the relstively lszrge content of mucin
present in linseed mesl is the active materisl responsible for
the improved sleekness of the heircost of cattle (Hayward,
52). However, no ssztisfactory quantitetive data has been
developed in substantiating this premise.

In contrast to the mucin theory, the theory has been held
by many feeders that the oil present in linseed mezl is the

active constituent responsible for superior hairccst "bloom'.

For example, some feeders stlll express & preference for



hydraulic or expeller processed mezls to solvent mezls on the
basis that the former contasins larger amounts of residual oil.

The effect of linseed oil mezl upon hair coat "bloom" of
cattle has not previously been criticelly evalusted. The
evaluation of haircoat "wloom" has been accomplished in the
pest by visual compesrison zlone. This method of evsluztion
has been satisfectory in establishing large differences in
haircoat "bloom", tut remeins too insensitive to determine
smell differences often encountered in experimental research.
A technique weas therefore needed to guentitatively mesassure
small differences in the degree of "bloom" of experimentel
animals. ‘

The objectives of this study were three-fold. The first
otjective was to develop a technique and/or an spparatus to
quentitatively measure the gloss or "bloom" of an animsl's
heircoat. A second objective was tc quantitztively measure
the degree of '"bloom", if eny, imparted by linceed oil meszl
and to determine the fzctor or fectors responsible for this
conéition of "bloom". The third objective was to determine
the relstive merits of linseed oil mesl and frections of lin-
seed 0il meal in ruminant rations upon fesdlot performasnce and

carcass cuality of mezt producing ruminants.



REVIEW OF LITERATURE

The literature concerning the feeding of o0il meal supple-
ments is so voluminous that no attempt will be made To give 2
complete review. Only the literature that is most closely
relzted to this study will be reported in order to give the
reader a more complete knowledge of the subject.

Growth and "Conditioning! Properties of Linseed
01l Mezl in Ruminant Rations

It haes been shown by many workers (Wilson and Wright
(104); Guilbert and Rochford (48); Weaver and Oderkirk (102):
Blackman {14); Nevens (83)) that linseed o0il meal contained
growth and “conditioning" properties not normelly found in
other oil meals. Studies at the Michigan Experiment Station
by Branaman (19) indicated that linseed oil meal when added
to a ration of corn or other grain, corn silage and hay,
greatly increzsed the rate and efficiency of gains made by
steers. Linseed oil meal was also shown to be associsted
with higher market finish, highef selling price for the fin-
ished cattle and greater returns over the cost of calf and
feed.

Morrison (80) has made a czreful analysis of 36 cattle
experiments and found that linseed oil meal produced gbout 10
per cent more efficient gains and a higher finish and selling

price than cottonseed oil meal. The geins on linseed oil meal
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end cottonseed oil meal were equal, but because of the higher
selling price the net returns were higher for csttle fed lin-
seed oil meal than for those fed cottonseed oil meal. In con-
trast, Osland et al. (86), in a two-year cattle feeding test
found that cottonseed o0il meal ceke produced slightly gregter
and cheaper gains than linseed oil meél czke. Linseed cake
increased the dressing percentage and carcass grafe, but did
not increase tke selling price.

Wilson and Wright (104) found that tankage was not as
palatable as linseed oll meal or cottonseed oil meal in cattle
rations and did not produce as rspid gains. A 50-50 mixture
of tankage and linseed oil meal was more palatsble and im-
proved gains over tanksge alone, but did not ecual linseed
0il mezl fed azlone.

Watson (101) found that linseed oil meal wes eguel in
feeding value to cottonseed oll mezl for feeding cattle but
was more expensive feed. Ground flaxseed produced more
"vbloom" and finish, but was not practical because of the lim-
ited quantity svailasble. Similarly, Guiltert and Rochford
(48) found that linseed oil mezl, although lower in protein
than 45 per cent cottonseed oil meal, gave results in cattle
feeding experiments equal to or superior tc cottonseed oil
meal. Linseed o0il meal was slightly laxative, appeared to
have a "tonic"” effect and was particularly credited with the
properties of "bloom" and fine condition of hzair.

Culbertson et sl. (35) in comparing linseed oll meel,



tankage snd soybean oil mezl found that steer calves geined
spproximetely the same on sll the protein supplements. Hinmen
et 21. (57) found that linseed cil mezl geve 2 slight in-
crease in gezins over corn gluten mezl, soybean oil meal and
ground soykeens in z series of four yearly tests.

Culbertson (34) when compering = linseed oil mezl sup-—
plement conteining verying amounts of ures found that steers
recelving a supplement in which 211 thé linseed o0ill meal hed
been replaced by ureaz made the lowest gainé. The grezatest
gains were made in lots where uree replaced hszlf of the lin-
seed oil meal.

Morrison (80) hss stated that linseed oil meszl is of
verticularly high value for fettening cattle beceuse it pro-
duces repid geins and eXcellent finish. Cattle fed linseed
cil mesl usually haeve =z trifle sleecker heir cozt than those
fed other common vrotein supplements. These cattle tend to
sell for =z sligntly higher price though the sctuzl velue of
Ttheir carcesses may be no greater. Becsuse of this condi-
tioning effect, linseed oil meesl is commonly included in con-
centrate mixtures for cattle that sre teing fitted for show or
for sale.

Linseed 0il mesl was found by Robbins (20) to be worth =
little more in the rations of czttle than soybean 0il mesl or

cottonseed oll meal because it ovuts & smoother finish or
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"“vloom" on the cattle. A mixture of one or both of these
feeds with linseed oil mesl, in gbout ecgual proportions, gave

about the same result zs linseed o0il meal zlone.
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A progressive decrease in the zrparent digestibil
the carbohydrate fraction was observed by Watscn et 21. (100}
when steers were fed increzsing esmounts of linseed oil meesl
(1-5 kg) in combination with timothy hsy (3.0 kxg). The pro-
tein and ether extract fractions showed no significent change
in eppserent digestipility as the level of linseed oil mesl
was lncreased, however, the egpparent digestibility of dry
matter and organic mstter was significently lowered.

Burroughs et gl. (24) in comparing linseed oil meszl with
end without stilbestrol found that linseed o0il meal without
stilbestrol performed well, but poorer than other supplements
containing stilbestrol. Adding stilbestrol to linseed oil
mezl trensformed it into a top performing cattle supplement.
AGding stilbestrol to linseed oll meal increszsed gains of
cettle by 10.3 per cent.

Culbtertson (33) in comparing new process linseed oil mesl
To 0ld process linseed oil mezl fed five lots of eight steers
for 218 days. It was found thst linseed oil or linseed oil
fractions were not the fractions in linseed oil méal respon-
sible for its Tine conditioning properties. The new process
linseed oil mesl without 2dded linseed oil was as effective

in promoting livewelght gains and producing finish as the o0ld



process linseed o0il meal. In further work, Iowa workers (33)
found that there wes no difference in the growth of steers
fed for 210 deys on either hydraulic, expeller or extracted
linseed oil meals. Similarly, Nebraskz workers (82) found
no difference in average daily gein or selling price of
heifers receiving either expeller or extracted linseed oil
meel for 184 deys.

Workers at the Colorado station (29) have compared lin-
seed 01l meal pelleTs processed by the extrzction or solvent
method with linseed oil mezal pellets processed by the expeller
method when fed to steers receiving 2 fazttening retion of ber-
ley, corn, dried beet pulp end alfalfé hey. ©No significent
differences were noted in rate of gein, however, the smount
and cost .of feed required per unit of gein were slightly less
for the steers fed the expeller linseed cil meel vellets.
Carcass yields &and grades for the steers fed the extrscted
lirnseed oil mesl pellets were higher than those fed the ex-~
reller pellets. There was no difference in grade on foot and
all lots of cattle sold for epproximetely the same price. In
further work two lots of 10 steers each were fed by the Col-
orzdo worker (30) in comparing expeller linseed oil meal pel-
lets and extracted linseed oil meal pellets. After 133 days,
no difference was found in average deily gein or éressing per
cent, however, the cost of the extracted linseed oil mesal

pellets was slightly higher. Alexsnder (1) found that the



performance of extracted linseed cil meal pellets was as
satisfactory as expeller linseed oil mezl pellets for fatten-
ing lambs.

In describing rations for wintering steers, a Nebraska
circuler (81) has steted that of the protein feeds of plant
origin, there is little difference between linseed oil megl,
cottonseed oll meal 2nd soybean oil mezl. Relati&e price
should te the determining factor.

Weaver and Oderkirk (102), Blackman (14), Davis (38) and
Nevens (83) highly recommended the feeding of linseed oil meal
to dairy cattle because it was palatable, laxative and pro-
duced sleek pliable hides. Because of these merits, linseed
oil meal has teen especizally valuable for animals being fitted
for show. Weaver and Oderkirk further stated that linseed
oll meal was one of the few feeds in which the protein content
could not be employed as a definite criterion of the feeding
value. Linseed oil meal possesses advantages not measurable
by chemicel analysis.

Nevens (85) found that linseed oil meal offset the un-
favorable effects of poor quality roughage while Blackman (14)
recommended that linseed oil mezl should be included in the
grain mixture for 211 dairy cattle. Bohstedt (16) recommended
that at midsesson dairy calves should have two to three pounds
cf linseed o0ll meal plus one to two pounds of bran daily to

meke up for lack of good pasture 2t this part of the seascn.
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vLihseed 0il meal was eGual to, but not superior to soy-
bean oil meal, ground soyceans, whitefish mezl, corn gluten
feed, or urea as 2 protein supplement for dziry cattle in
studies by Monroe and Krauss (78), Bohstedt (16), Rupel et al.
(92, 93), Hilton et al. (56), Cunningham and Addington (38)
and Hunt (62). Hunt (62) mentioned thzt linseed oil meal fed
cattle had sleeker coats and appeared to te in the best condi-
tion.

Russian trials by Denisov (32) showed linseed oil meal
to be 28.5 per cent and rape oil cske only 88.5 per cent zs
good as a standard Germen cake for milk production. Brouwer
(20), however, found linseed oil meal and pesnut mezl to have
equal value for milk production.

Weaver and Oderkirk (102) found that 0ld process and new
process linseed oill meal were sbout equal in feeding value,
but the protein of the old process linseed oil mesl was more
digestitle. These workers also found that the old process
linseed 0il mezl was more palateble and hed a2 more pronounced
laxative effect. Honcamp ég 2l. (59) disproved this by show-
ing that extracted linseed o0il meal was equal to the old proc-
ess linseed cake for milk and butterfat production. They
found the digestibility of the two meals to be about the same.
In similar work, Loosli et al. (71) showed that solvent proc-
ess linseed oil meal could be successfully fed to dziry cattle

but milk production was increased when fat was added to the
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ration.

Espe and Cannon (42) reported gains of one pound daily
per head when calves were fed from three to nine weeks of age
on reduced amounts of milk products supplemented bty a gruel of
ostmeal and linseed oil mesl. Morrison {80) has mentioned the
palatability of linseed cil meal as favoring its use in czlf
nutrition. |

Miik yields, fat content znd quality of butter were
studied by Davidov and Aristova (37) on three groups of cows
receiving O, 140 grams and 240 grams of linseed oil meal cake
per kilogrem of milk produced over a £5-day period. Milk
yield and fat content increased progressively as the level of
linseed oil meal céake increased. Buttér from cows receiving
the 240 grams of linseed 0ll meal cake was yellower in color,
nad a lower viscosity, &z lower szponification number znd 2
higher lodine number than butter from cows receiving 140 grams
of linseed oil meal cake. It was recommended that the amount
of linseed o0il meal cazke should not exceed 140 grams per kilo-
gram of milk produced.

Frye et al. (47) found that there was 2z significant dif-
ference in the ilodine values of the miik fat from cows fed
linseed o0il mezal and from cows fed cracked soybeans continu-
ally at the rate of 11.1 per cent of the concentrate mixture.
The lodine values of the milk fat from cows fed the linseed

0oll meal ration were generally higher than were those of the
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milk fat from cows fed the cracked soybean rationf

As observed by Huffman and Moore (61), the hardness or
softness of the feces of dairy cows was not altered by chang-
ing rapidly from e heavy cottonseed oil meal ration to a heavy
linseed oil meal ration. These workers found that cottonseed
0il meal was not a constipating feed for dairy cattle or was
linseed oil mezl found to be a laxative feed for deiry cattle.

The dry fodder of deiry cows was supplemented with 5, 10
or 20 kilograms of carrots per cow per day by Kieferie and
Seuss (67) to enrich the winter milk with carotene and vitamin
A. When 1 kilogrem of linseed oil mezl was 2dded an increase
of 12 per cent of vitamin A was found in the milk over the
carrot fed group. The minimum 1limit of 50 micrograms per cent
of vitamin A in summer milk was not cquite resched by the 5,
10 or 20 kilogram supplement, however, the linseed oil meal
group gave an average of 51-6% micrograms per cent.

Feeding 7.8-2.0 pounds of cottonseed oil mezl or 6.0-12.5
pounds of linseed 0il mezal with timothy hay and corn silage
to Holstein heifers had little effect on hardness or softness
of the feces as reported by Moore (79). The consistency of
the feces was not affected materially by the amouant of either
cottonseed o0il meal or linseed oil meal with or without =z
succulent roughage such as corn silage.

Studies by Jordan and Peters (65, 66), Brown (21), Brown

and Blgkeslie (22) and Willman and Morrison (103) with fatten-
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ing lambs shcwed that linseed oil meal produced grester aver-
age daily galns than other protein supplements, such as cot-
tonseed oil meal, corn gluten méal, soybeens or soybean oil
meal, distillers dried grains, or brewers dried grains. On
the other hand, studies by Alexander and Weber (4), Alexander
(3), Dunn and Evvard {(40), Cox (31, 32), Watson (101) and
Jones et al. (64) pointed toward no difference in weight gains
produced by any of these supplements.

Miller and Morrison (75), Miller et al. (76) and Miller
(74) determined the zpparent digestibility and biological
value of linseed o0il meal, soybean oil mezal and corn gluten
meal when fed to lambs. These workers found that urea alone
was not well utilized by lambs, but when used in a 50-50 com-
bination with linseed o0ll meal, the lambs utilized the nitro-
gen of urea as well as any of the other protein supplements
tested. They also concluded that lambs aprperently utilized
the protein of linseed o0il meal zbout 2s well as other species
ofvanimals since the biological values determined in these
studies renged from 56-68 per cent for lambs on linseed oil
mezl as compared to 88-73 per cent for lambs on soybean oil
meal. In similar work it has been observed by Hamilton et 21.
(50) that rations containing 16.2 per cent protein (63 per
cent protein equivalent from urea) were less efficiently uti-
lized than those containing 11.4 per cent protein (46 per cent

protein equivalent from urea). Nitrogen from urea was as well
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utilized by growing lambs as was the same amount of nitrogen
from dried skimmllk, dried skimmilk plus cystine, gluten feed
and caseln or czsein plus cystine provided the protein equiva-
lent did not exceed 14 ver cent and at least 16 per cent of
the total nitrogen was from preformed protein. The nitrogen
from linseed cil meal weas more efficiently utilized than that
from urea. |

The nitrogen retention of lembs was increased by the
addition of 0.2 per cent methicnine to 2 raztion in which 40
ver cent of the nitrogen was supplied by urea as reported by
Lofgreen et al. (70). The lambs utilized egg protein more
efficiently than linseed oil meal protein or that synthesized
from urea. The biologiczsl value of the protein from uresz,
urea and methionine, linseed o0il meal andidried egg were 71,
74, 76 end 80, reSpéctively.

Although most experiments show that linseed oil meal is
equal, but no better than other protein supplements for pro-
ducing weight gezins in fattening lamcs, there are certain
other advantages which linseed 0il mezl possesses over other
protein supplements. Willman and Morrison (1G3) have indi-
cated that lambs fed linseed 0il meal had better "bloom" and
finish than those fed other supplements. Because of this bet-
ter appearance these lambs sold for a higher price. Martynov
(72) reported that a mixture of linseed oll meal with the fer-

mented feeds usually fed gave a more aromatic and palatable
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feed for lambs than did 2 mixture of grain wastes with fer-
mented feeds.

Bell and Weir (12) have found that rapeseed oil meal and
mustard oil meal compare favorsbly with linseed oil meal ex-
cept in palatablility. No differences were observed by Burkitt
(23) in the zpparent digestibility of dry matter in rstions
consisting of .grass hay and linseed oil meal and grass hay and
rapeseed oil meal. |

TIowa workers (63) have found that a lamb supplement made
up of linseed oil meal, soybean oil mesgl, urea, minersals and
vitamin D 4id not increase lamb gains over those ottained when
only linseed oil meal was fed on a prctein equiﬁalent'basis.
The cost of the supplement, however, was in favor of the sup-
plementél blend rather than in favof of linseed o0il mezal
alone. To further study the effects of additional protein
supplementation, these workérs fed en additional four léts of
lambs. The control lot was fed a raztion conteining 2.5 per
cent linseed oil meal. Another lot wes fed twice as much
linseed 01l mezl, while & third lot received 2 blend of equal
parts by weight of linseed o0il meal and mest and bone scraps.
The fourth lot received avsupplemental blend of urea and min-

erals along with linseed 0il meal. The lambs fed the blend
of linseed oil meal and meat and bone scraps gained more than
those fed the lesser amounts of linseed oil mesl. The lambs
receiving the special supplemental blend which contained lin-

seed oil meal, urea and minerals made the best showing as far
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as gains and feed requirements were concerned.

Four lots of 30 lambs each were fed by the Minnesota
workers (77) in comparing hydraulic, expeller and extracted
linseed oil meals. No differences were observed in average
daily gains or selling price. Alexander (1) in a similar com-
parison found no difference in average daily gain even when

silage was fed with the three types of linseed oil meals.

Mucilaginous Properties of Linseed 0il Meal

It has been mentioned by Morrison (80) and Watson (101)
that cattle fed linseed oll meal possess a greater degree of
"tloom" or have a trifle sleeker coats than those fed other
common protein supplements. Hayward (53) has inferred that
ell the favorable funciions contributed by linseed oil meal
are due to the mucilage or "mucin" contained in linseed oil
meal. .Hayward has also stated that extracted linseed oil meal
is as good as expeller linseed oil meal in its sbility to con-
fer "bloom" and top condition to livestock. Culbertson (33)
in 2 similar comparison found that the oil content of linseed
0il meal is not responsible for its "bloom" promoting prop—
erties.

It has been reported by Ewing (43) that no other feed of
vegetable origin comes close to linseed oil meal in respect
to 1ts mucin content. The mucin content of linseed oil meal
according to Ewing is around 10-15 per cent. Hayward (51) has

stated that the mucin in linseed oil meal is important not
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only because of its "oloom" promoting effect but 2lso because
it protects the digestive system against harmful lrritents

and toxins. The mucin in linseed o0il mesl eccording to Hey-
ward hes improved the performance of dairy cows either direct-
ly or indirectly by the following ways:

Incressed milk flow.

Sharpened appetites end meintained enimels on full

feed.

. Produced "bloom" znd gsve z sleek sppesrsznce to
the animals.

. Promoted good health.

Created good physiological conditions in the

rumen beczuse of its bulking and water-holding

properties. _ ‘

Increased contractions of the intestine.

Soothed znd healed mucosa cof the intestinal

trect.

. Deleted the enimal of irritants and toxic nroducts
of digestiocn.

. Promoted repid .growth of czlves znd young dairy
‘enimals. (51, p

[ AV

O

O

W

O

2

Hayward (52) has further ststed that mucin éids in the
elimination of waste products without irritation. This
accounts for the conditioning effect of linseed oil me2l and
for the "bloom" it impsrts to the znimel.

The hulls of the flaxseed contzin & mucileginous sub-
stance which hes had extensive medicinal use throughout the
ages according to Oncken (85). Steeping flaxseed or linseed
0il megl in water causes 1t to give up 2 mucilage which
amounts to 15 per cent of the weight of the seed or 25 per
cent of the weight of the meal. This materizsl cen be dried

and will again take up water. Its lubriceting znd bulk form-
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ing properties are not injured by drying.

Andre (9) has mentioned the preparétion of a mucilage
from solvent process linseed oil mezl. He states that the
powdered kernel of the flaxseed, which has been separated from
the hulls by screening, is rich in phosphorus znd nitrogen,
and is a good feed for cattle.

Tipson gt zl. (95) and Kobseff (68) have described proc-
esses and equipment for extracting mucilage from flaxseed and
linseed oll meal using the technique of sozking in wafer,
Mason and Hall (73) have described a similar technique for
obtaining & colloidal gum from linseed o0il meal.

The biologicael effects of mucin have been tested in a
few cases. Most of the work has been done with humans, since
mucin has been considered a drug. Fogelson (45) has reported
that over 70 per cent of 494 patienté with.peptic ulcer re-
ceived benefit from gastric mucin treatment. This was not
flaxseed mucin, but Oncken (85) has stated that flaxseed mucin
has been used successfully for the same purpcse.

Bradley and Hodges (18) and Henning and Norpoth (55) have
reported that the peptic digestion of protein is retarded by
the presence of gastric mucin. The effect of flaxseed mucin
on protein digestion was not investigeted in these studies.

Anderson and Fogelson (8) reported that when purified
gastric mucin was fed to young rets as a source of nitrogen at

a 20 per cent levél, the average blological value was 60.5 per
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cent and the apparent digestion coefficient was 71. The ani-
mals did not gain weight and showed only an insignificant
nitrogen retention.

Ewing (43) has found that the mucin in linseed 0il meal
aids in feed pelleting operations when used at substantizl
levels in formuls feeds. Mucin becomes viscous in the pres-
ence of either hot or cold water, znd this seems to give the
pelleting mixture good adhesion. felleté confaining modest
to appreciable levels of linseed oil mezl have zn sttractive
appearance because of the smooth, glossy surface, snd minimum
of checking.

Bartley (11) has used linseed oil meal effectively in
preventing bloat in cattle grazing pasture. Bartley postu-
lates that it is the mucin in linseed oil mezl that affords

this protection.

Analysis of Linseed 0il Meszl and
Linseed 0il Meal Mucin

A flaxseed mucilage suitable for use in medicinal prep-
erations, water paints, and the manufacture of soluble fibers
has been prepared by Bolley and McCormack (17). The flaxseed
was separated into kernel and hull fractions, the kernel being
high in protein and the hull teing high in mucilaginous mate-
rial. The hull fraction, containing 11.0 per cent protein,

was mixed with water in a ratio of one part of hull to 30
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parts of water. The pH was zdjusted to 4.5 and the mass was
heated under agitation st 60-80° C for one hour. The liquid
was extracted by centrifugirg and adjusted to pH 7.0, concen-—
trated by evaporation under reduced pressure, and spray dried.
The dried mucilage was substantizlly protein- and fiber-free.

Fractionation of purified, ash-free mucilage by Easterb?
and Jones (41) into a water-insoluble calcium (45 per cent)
salt and é.water‘s5lub1e fraction (55iper cent) with csleium
acetate, and paper psrtition chromatography of the scid hy-
drolysis products of the soluble fraction, suggested the
presence of 12 per cent galactose, 12 per cent zrabinose, 27
per cent xylose, a2 trace of ribose and 22 per cent rhamnose.
Similar methods utilized with the insoluble frazction indicated
the presence of 8 per cent galactose, S per cent afabinose,

25 per cent xylose and 13 per cent rhamnose.

Vessel (©8) has found that the mucilaginous substance
present in flaxseed could be completely removed by scaking in
C.3 N hydrochloric acid or 0.3 N sodium hydroxide at tempera-
tures below 100° C. The seed could then be dried, the oil
extracted, and the resldue treated with a dilute alkali-metal
hydroxide solution. This could be filtered and the extracted
portion could be removed by neutralizing the residue to a pH
of 3.5 to 4.0.

Anderson and Lowe (7) have prepared flaxseed mucilage and

the free acid of flaxseed mucilage (linseed acid) directly

from flaxseed. The procedure involved & hot water extraction,
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heating with dilute hydrochloric acid and precipitation with
alcohol. A yield of around 5.8 per cent linseed a2cid was ob-
tained from the seed. The flaxseed mucilage and linseed acid
contained molar equivalent amounts of d-galacturonic acid,
«I;rhamﬁose, l-gzlactose, and d-xylose. During hydrolysis of
the mucilage, d-xylose was the first and l-galactose the
second sugar to bte liberated. Also isolzted from the mucilage
was an aldotrionic acid composed of molar equivalents of
d-galacturonic acid, l-rhamnose, énd l-galactose. Anderson
stated that flaxseed mucilage seemed to be a slat of a poly-
merized aldotetronic acid composed of molar equivalent of
d-galacturonic acid, l-rhamnose, l-galactose, and d-xylose.
The physical properties of the mucilage sﬁggested a branéhed-
chain structure. Tipson et al. (95) in similar work isolated
an aldobionic acid from an ash-free flaxseed mucilasge. Tipson
found thet this ecid was a methyl ester of pentamethyl 2-4-
galacturonido-methyl-l-rhamnoside and could te hydrolyzed
with a mineral acid to give equimolar proportions of 3,4-
dimethyl-l-rhamnose and 2,3,4-trimethyl-d-galacturonic acid.
Anderson and Crowder (6) have isolazted an zldobionic acid
during the partial hydrnlysis of flaxseed mucilage. These
- workers found that thiS'particular aldobionic acid contained
one molecule of d—galacturonic acid Jjoined through its alde-
hyde group to a molecule of l-rhamose.

A yield of 6.3 per cent mucilage was obtained from
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flaxseed by Neville (84). This material was a greyish-white
powder having 2n eguivalent weight of 710. The a&sh portion
of this mucilage contained cslcium, potassium, magnesium,
iron and phOSphorousQ In analyzing this mucilage material,
Neville found thet it was slowly hy@nolyzed by boiling min-
eral acids, but wés not attacked b&ihot 8lkali. The materizl
gave no coloration with iodine, did not reduce Fehlings solu-
tion and gave no reaction with phenylhydrazine. The material
did not melt below 250° C znd was unchanged by hesting for
some time at 150° C. When hested above 200° C for a long
period of time 1t becsme brown and decomposition took plzace.
Neville found thaet the heat of combustion of one gram of the
mucilage was 3925 caloriés,WWhich compared with cane sugar,
starch and cellulose. The mucilage contained 41.96 per cent
carbon and 6.37 per cent hydrogen. Neville likewise found
that certain enzymes such as Toka diastase, barley dizsstase,
"zymine", salive, and pepsin had no effect on the mucilage.
Approximetely 75 per cent of the mucilage passed through the
rat undigested.

Painter and Nesbitt (87) have obtained protein yields as
high as 65 per cent of the total hitfégen'by sodium hydroxide
 eitracti6n of flaxseed. The yield was not as high when sodium
chloridé;was useé. Thé protein yields from flaxseed were
1limi ted because approximately 20 per cent of the nitrogen was

non-protein-nitrogen.
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A mucilage similar to flaxseed muciiage has been isolated
from cress seed by Bailey (10). This particulsr cress seed
mucilsge contained l-zrebinose, d-gelactose, l-rhamnose,
d-glucose, end d-galacturonic acig.

Ewing (43) has steted that perhaps the physicel

o]

roper-
Ties of linseed ¢il meal are additional to its other advan-
teges as an ingredient in feed supplements. Linseed oll mezl
has an extremely high water-holding capacity of 8.1 parts of
weter to 1 part meal &s compered to 1.75 for cottonseed oil
meal and 3.25 for soybean 0il meazl. Ewing states that this
high water gbsorption of linseed oil meal is associzted with
its conditioning properties znd probestly due lzsrgely to its
mucin content.

In z study of the protein, minerals and #itamins of oil
cakes, Ferrando (44) found that linseed oil mesl cake was
deficient in nmethionine and lysine for which to support normal
rat growth. Ferrando found thet the oil cekes were rich in
phosphorous and low in cslcium so thet the calcium:phosphorous
‘ratio wes not biologically adjusted. The oil cekes lscked
vitemin A, C, and D entirely but contained vitamin & and the
vitamins of the B group.

Fraps (46) found that linseed oil mezl contazined 56
therms of productive energy per 100 pounds znd £2.5 per cenﬁ
of digestible protein. '

olmes (58) has found that in comparison to whole egg
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protein, linseed oll meal was deficient ih isoleucine and
methionine.

Haywerd and Witz (54) have found that linseed oil meal
processed from Northern-grown flaxseed contains epproximately
34.5~36.6 per cent protein, 1.1-4.3 per cent fat, 8.3-8.5
per cent crude fiber, 56.6-37.4 per cent nitrogen-free ex-
tract and 5.8~5;9Aper cent ash dépending upon whether the
linseed oil meal was processed by the expeller or solvent
method. Anderson (5) has found that solvent-processed lin-
seed oil meal contains approximately 10 per cent more pro-
teln, 76 per cent less fat and 9.5 per cent less crude fiber
than expeller processed linseed oil mezl. Hayward (53) has
observed tnat linseed oil meal as commonly produced in the
United States by mechanical methods of oil extrasction con-
tains 28-39 per cent protein, 3.5-5.0 per cent fat, 7-12
per cent crude fiber, 34.5 per cent nitrogen-free extract,
5.0-6.5 per cent ash and 10-15 per cent mucin.

The zmino 2cid composition of linseed oil mezl cake ex-
pressed 2s a per cent of the cake was found by Yolichnickov et
gl. (105) to be as follows: tryptophene, 1.13; lysine, 5.15;
arginine, 9.37; tyrosine, 1.32; c&stine, 1.98; histidine,
1.52. Block and Mitchell (15) have found that the most com-
mon amino acids found in linéeed 0il meal protein were argi-
nine, phenylalanine, tyrosine, threonine, leucine, valine,

isoleucine and lysine.
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Mason and Hall (73) have obtained a collodial gum from
linseed o0il meal by water—extraction and alcohol precipita-
tion. kYields as high as 15-19 per cent have been obtained.
The finished collodial gum contained 5-5 per cght ash, 3-4
per cent total nitrogen, 18-25 per cent protein (N x 6.25),
87-65 per cent-nitrdgen4free extract. and no crude. fibeér-or
reducing sugsrs. The'ash contained 8.0-8.5 per cent PgOs
and 0.78-1.00 per cent chlorides. The pH of a one per cent

solution was 8.7.

In Vitro Cellulose Digestion As Affected by
Water Extracts of Naturazl Feedstuffs

Burroughs et 21. (25) improved the digestibility of corn-
cob dry matter from 34.4 per cent to 48.2 per cent by the
feeding of a water extract of dehydrated aifalfa mezl to
four Hereford steers over a 30-3ay pericd. Each steer re-
ceived the extract from four pounds of z21lfalfa me2l daily.
Using the artificial rumen technique Burroughs et 21. (27)
have demonstrated az stimulation in urea utilization znd cellu-
lose digestion by the addition of z water extract of dehy-
drated clover. These stimulatory influences were more evident
in fermentations beyond five days, prpbably4du§ tb-the dis~.
appearancé or diluting out of nutrient substances cérried
into. the artificial rumen with the.large volume (450 ml) of
inoculating material.

Bentley et al. (13) using the artificial rumen technique
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found that cellulcse digestion was significsntly increased
when water extracts of glfealfa leaf mesl, timothy hay, fresh-
cut ladino clover, ground yellow corn, ground corn cobs, corn
silzge, veef muscle, yesst, or iiver were added To the erti-
ficizl rumen tubes. The factor(s) responsible for this stimu-
lation in cellulose digestion seem to be especially rich in
glfelfa leaf meal, molasges, yezst and rumen juice.

It has been reported by Burroughs et z21. (28) thzt an
zutoclaved water extract of manure increased the cellulose
digestion in the srtificial rumen over a 35-~hour fermentstion
period. Tais was confirmed by Ruf et 21. (91) when studying
unidentified factors thet stimulete cellulose digestion in
the artificisl rumen. Ruf and associetes found thzt s water
extract of soybean oil meal would likewise incresse the diges-
tion of cellulose in the ertificiel rumen. The stimuletory
factors studied by Ruf and associates were found to be hest
stavle, water solutle, and solutle in dilute ethsznol. They
were ebsorbed on Norite znd were eluted with acetone znd
ethanol. These eluates were not es 2ctive as the original
meterial. Since these factors were not absorbed on ion-
exchange resins and ashing was found to destroy them, it was
concluded that the factors were orgsnic resther than minersal
or inorgsnic. PFrecipitation of the profteins in water ex-
tracts of meanure and yeast with hydrochloric acid or szlks-

line-zinc sulfate did not remove the active principle indi-
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cating that they were non-protein.

Tosic (28) studied the effect of smsll quentities of =
yeestl preperation on the recovery of sppetite in sheep.
& water extract of beakers' yeast conteining 2.3 grams of &ry
matter end 247 milligrams of nitrogen wes introduced into
the rumen of a sheep whaich hed lost its eppetite end consider-
able weight 2s well. Soon after the ysest treatment, this
sheep almost doubled its feed inteke snd regsined its body
welght. Two other sheep in z similar condition were also
trested with équal effectiveness, however, attempts to ex-
perimentally induce a loss of appetite in sheep so that this

problem could te studied more extensively failed.
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EXPERIMENTAL AND RESULTS

Preparation of Flaxseed Extract and
Linseed 01l Meal Mucin

The flaxseed extrzct and linseed oil mezl mucilage or
"micin"* u1sed in the following experiments were prepared by 2z
modification of the method described by Mason and Hall (73).
This method consisted essentizlly of 2 hot water extraction
of flaxseed or linseed oll meal and precipitation of the
"mucin' by ethyl alcohol. Flaxseed was used in all of the
experiments reported herein 2s the starting mesterial for ob-
taining flaxseed exfract and mucin primerily because of its
high mucin content and larger particle size which facilitated
better separation of the perticles from the water in the
water extraction process.

A steam-jacketed kettle with 2 capacity of approximately
55 gallons was used in the water extraction process. An 18
mesh cOpper-wire basket was molded around a steel frame and
'fitted within the kettle so that only 1-1 1/2 inches remained
between the wall of the kettle and the basket. This baskest
wes used to hold the flaxseed during extraction. A rubber air
hose with holes spaced at approximately 3-inch intervals was

2ttached to the underside of the basket znd was used to

: *“he term “muecin' will hereafter refer to the mucil-~
aginous material in flaxseed or llnseed 01l meal which con-
tains about 57-60% true mucin.
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agitate the flaxseed during extraction. The kettle was
equipped with 2 drein a2t the bottom so that the water extract
could be dreined into e conteiner, lezving the flaxseed in
the btasket. The extraction apperatus is shown in opersation
in Figure 1.

Two not water extractions were mede on easch cuantity of
flaxseed that went into the kettle. During the first extrac-
Tion spproximately 10 pzrts of weler by weight wes 2dded to
one part of flaxseed by weight. Due to the capeacity of the
kettle this amounted to 42 pounds of flaxseed and 50 gellons
of water. The temperature was brought to 20-75° C 2nd mein-
Teined for one hour. The flexseed-water mixture wes kept
under gentle zgitation by the elr hose previously describved.
After tne water extract had teen drsined from the first ex-
traction, 25 gsllons of water were added to tne flaxseed re-
meining from the first extrzction. The ratio of water to seed
by weight during the sccond extraction was epproximetely 20:1.
The second extrection wass conducted similarly to the first
extracticn. Approximetely 60 gallons of flaxseed extract
were obtained from the two extractions. Around 15 gesllons
cf water were atsorted by the seed znd was retzined in the
kettle. The water extracts from the two extrections were
then homogenized and comprised the flsxseed extrzct used
either in the preperation éf mucin or used in feeding experi-

ments. ~The homogenized flaxseed extract wes stored in 2 milk



Figure 1. Flaxseed extrsction eguipment in operation
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cooler at 15-18° C until used.

The homogenized or blended flaxseed extract from the two
extractions was analyzed and found to contaln 0.1 per cent
protein, 0.82 per cent dry metter and 0.77 per cent mucin.
The flzxseed extract had a pH of zpproximately 5.0. Using
a2 velue of sround 12-15 per cent as the content of mucin 1in
flaxseed, the two extractions account for approximately 75-80
per cent of the total mucin present.

An ecuzl volume of cooled flexseed extrect wes mixed
with either 25 per cent ethyl slecohol or methyl elecchol for
the preperation of mucin. This mixture wes agitated vigor-
ously for approximately one minute and allowed to settle for
three to five minutes. This precipitated the mucilaginous
carbohydretes and alcohol insoluble proteins which we heve
termed mucin. The mucin was then sepserated from the mixture
by filtration through four layers of cheese cloth under suc-
tion. The mucin was then dried in a forced air oven &t 70-74°
C for a period of 24-38 hours. The dried mucin was then
ground by the use of a2 Waring blender.

An analysis of the dry matter fraction of the blended
-flexseed extract is presented in Table 1. An analysis of
the mucin from the btlended flaxseed extract is presented in

Tatle 2.
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Tavle 1. Composition of the dry matter fraction of flaxseed

extract

Component Per cent
Moisture 5.11
Protein 12.50
Ash 15.70
Celcium 1.71
Phosphorus 0.34
Thizmin= 3.21
Riboflavin® 10.75
Non-protein-nitrogen -—
pHP 7.65
Muecin £22.20

@listed as parts per million.

PDetermined with a 10 per cent solution in distilled

water.

Teble 2. Composition of mucin from flaxseed extreact

Component Per cent
Moisture 5.22
Proteln 18.30
Ash 7.80
Thismin® 0.580
Riboflavin® 4,50
True mucin 58.580
Ether extract -
Non-protein-nitrogen -=
Crude fiber | -
Organic matter 83.21
Nitrogén-free—extrect 65.61

®listed as parts per million.
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Lamb Experiments

Methods and results

The effect of flaxseed extract uvon ecrowth rate end feed

efficiency (Lemb Triel 1). Burroughs et 2l. (25) have shown

that the digestibility of corncob dry mstter could be in-
creased by Teeding steers a water-extrect cf dehydrested
elfzlfe meal. Other workers (Bentley et sl., 13; Burroughs
t 21., 26; Burroughs et 2l., 27; Ruf et 2l., 91) heve shown
That water extracts of various plant feeds would improve in
vitro celiulose digestion. To accurately determine the merits
of iinseed 0il meal end frections of linseed 0il meel in
ruminent rations, a pilot triesl was conducted with sheep to
determine the total consumption of flexseed extresct znd to
determine the effect of the flaxseed extract upon feed.con-
sumption znd body weight gains.

Twenty-four western crossbred wether lambs weighing
eround 94 pounds were randomly assigned to four lots of six
enimels each. All the enimals were individuelly fed the
ration shown in Table 3 for 2 period of 42 days. The indi-
vidual feeding stalls used were similar to those described
by Preston (88). The lambs were fed in the individusal pens
for approximately two hours twice 2 day. Licuid was consumed
by each lot of lambs a2s a group. Iodized szlt wes kept in

front of the animals st 211 times. Two of the four lots of



34

= s . . . 4.8
Teble 3. Composition of rastion used in Lamb Triesl 1

Ingredient ' Per cent
Corncots 40.
Chopped a2lfzlfe 20.
Molzsses 10.
Ground shelled corn 2:

Soybean o1l meal

CaHoPOy
NaHzPOé

OO MU O OO
DO OO OO

®Ration contained 2.5 per cent total protein. Cobalt
was fed as CoS04 at the rate of 0.1 ppm of cotalt. Vitemins
A end D were a2dded to meet the National Resesrch Council's
recommendations.

lambs received water as their deily liquid, while the other
two lots recelved a flaxseed extract zs their deily licuid.
Feed consumption, liquid consumption znd body weight gains
were measured taroughout the trizl. The esnimals were weighed
at 14-day intervels, at which time feed refussls were weighed
end discarded. The lambs were veccinated for enterotoxemie
end sore mouth prior to the start of the experiment. Approxi-
mately seven days wes allowed for the enimels to Ttecome 24-
Justed to the ration and to the feeding stalls before the
trial was initiated.

The results of this 42-day lzmb trisl sre shown in Table
4. The oral consumption of flaxseed extract increased the
averszge dally gains of the lambs by 100 per cent while lower-

ing the feed required per pound of ga2in by 44.2 per cent.
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Table 4. Feedlot performence of lesmbs in Trisl 1

Averzge Feed per '
deily pound of Daily feed Dzily liquid

gain gein consumed consumed
Treatment (Ips.) (1ts.) (los.) (1bs.)
Control 0.22 15.86 3.20 5.42
Flaxseed extract 0.44 g.7 2.1 5.00

The control lambs consumed 0.29 pounds more feed per dsy and
0.42 pounds more liquid per day. None of these differences
were sTatistically significant a2s analyzed by the methods of
Snedecor (94).

The effect of flsxseed extract in 2 12 ver cent protein

ration with and without stilbestrol upon growth rate. Teed

efficiency and carcass dguality (Lemb Trisl 2). The increased

gains end feed efficiency observed in the pilot triel made

it seem feasible to test the merits of flexseed extract for
ruminants against z substance known to stimulete geiﬁs and
increasse feed efficiency in ruminsnts. Stilbestrol wes chosen
for this substance. Observations by Preston (88), Hale et

al. (42) end Light et 21. (69) indicated that two milligrems
of stilbestrol deily would increase the asverage deily gains

of lambs without producing serious side effects.

Thirty-six crossbred wether lambs weighing eround 96

pounds were randomly assigned to six lots of six animals each.



A1l of the snimzls were individually fed in reeding stealls
similar to those previously described. The stalls were housed
in an environmentzlly controlled barn in which the Temperesture
wes maintained at 60-85° F.

Helf of the animels received the besgl retion shown in
Table 5 and helf of the znimals received the ration shown in
Taevle 8. The statistical design of the experiment wes 2
completely randomized 2 x 3 factorizl. This design is illus-
trated in Table 7.

All the animals were egllowed to est in their individual
stalls for one hour three times 2z day. They were tnen turned
into & compunily pen and received water and iodized salt free
choice. At the morning =nd evening feeds, each animel weas

limited to 1.5 pounds of retion per feeding plus either water

Teble 5. Ccmposition of ration fed one-nezlf of the lambs
in Trigl 28

Ingredient Per cent

Corncobs (finely ground)
Chopped alfealfe

Soybtean o0il meal

Ground shelled corn
NaHoPOy

.

(VRN SN

[©IENVEIVE OV
OO aWw

@Ration contained 12.0 per cent total protein. Cobzlt
wes fed as Co80, at the rate of 0.1 ppm of cobalt. Vitamins
A 2nd D were 2dded to meet the Netionel Reseerch Council's
recommendations.
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Table 6. Composition of rstion fed one-helf of the lambs
©in Triel 27

Ingredient Per cent
Corncobs (finely ground) 33.300
Chopped zlfalfe 16. 700
Soybean 0il meel 12.233
Ground shelled corn 37.800
NeHoPOy 0.200
StilbosolP 0.087

®Ration contained 12.0 per cent totsl protein. Cobslt
was fed as Co304 2t the rste of 0.1 ppm of cobalt. Vitamins
£ 2nd D were zdded to meet the National Resezrch Council's
recomzendations.

bContained one grem of diethylstilbestrol per ovound.

Teble 7. Experimental design of Lemb Trisl 2

#11ligrems of stilbtestrcl  Pounds of flexseed extract doily
daily 0 3 e)

or flsxseed extrazct which waes mixed witnh the retion 2t the
time of feeding. Approximetely one-third of dry feed was
mixed with two-thirds of liquid &t this time. The treatments
and amount of feed and 1liquid received deily ere listed in

Table 8. Water was mixed with the rstions contsining no
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Tabtle 8. Amount of feed and liquid given daily in Lamb

Trisl 2
Pounds of feed end liguid given deily
Treataent per enimsl
1 3.0 pounds of besal + 5 pounds of water
2 3.0 pounds of basal + 3 pounds of weter
+ 3 pound of flaxseed extrzct
3 5.0 pounds of baszl + 6 pounds of flax-

seed extrect
3.0 pounds of basal + stilbestrol +
& pounds of water ‘
5 3.0 pounds of basal stilbestrol +
3 pounds of water 3 pounds of
flaxseed extract
6 3.0 pounés of basal + stilbestrol +
6 pounds of flaxseed extract

s

+

+

Y

flaxseed extract to egqualize the deily licquid intske. A third
feeding was made at noon &t which time the enimzls were fed
free choice thelr respectiive rations mixed only with weater
in the 2forementioned 1:2 ratio. The lambs remeined on this
triel for 2 period of 56 desys. Feed consumption and body
welght gains were measured throughout the trial. The

animels were weighed a2t l4-dey intervels. Feed refussls

were weighed and discerded dszily. The lembs were vaccinzted
for enterotoxemla 2nd sore mouth prior to the start of the
experiment. Approximstely 10 days were 2llowed for the lambs
fo become accustomed to the rations end théir feeding stalls
before the trial was initisted.

The results of this triszl are given in Teble ¢. Statis-



Teble 2. Results of Lemb Trial 2

Feed per
pound of
A.D.G.2 gain Dressing Carcasg
Trestment (1bs.) (1bs.) ver cent gradeo
No stilbestrol, no FEC  0.41 S.0 43.7 7.6
No stilbestrol,
3 pounds FE 0.37 c.8 50.3 7.3
No st%ilbestrol,
6 pounds FE 0.36 10.4 50.5 7.6
2 mg. stilbestrol,
no FE 0.44 £.8 48.2 7.7
2 mg. stilbestirol,
3 pounds FE 0.44 7.2 50.3 7.7
2 mg- stilbestirel,
€ pounds FE .38 14 .4 8C.8 2.0

@Aversge dally gein.
CPrime = 10, choice = 8, gocd = 6.

CFlaxseed extract.

tical enalyses of the data by the znalysis of verience method
es described by Snedecor (©94) is listed in the Apvendix.
Stetisticel enalyses of the detz revezl that the =24di-
Tion of stilbestrol had no significant effect upon avereage
daily gein, feed efficliency, dressing ver cent or carcass
grede, slthough a2ll of these guelities were imoroved slightly
by the feeding of stilbestrol with the exception of feed
efficiency. The feeding of flaxseed exXtract significantly
(P<0.08) increased dressing vercentage, but had no signifi-

cant efrect upon esverage dally gain, feed efficlency or car-
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cass grade.

The effect of flaxseed extract in =z ration fed 2t two

levels of oprotein uwon growth rate, FTeed efficiency &nd

cercass duality (Lamb Trizl 3). There was an sgpperent in-

crease 1in average deily geins end feed efficiency in the

(85

first triel when flaxseed extrsct wes fed with an 2.5 per
cent protein retion and a lack of eny significsnt difference
in zverage daily gein, feed efficiency and cercass quslity
when & 12 per cent protein reation wes fed. These results
indicated thet perhaps the level of protein might heve en
effect upon the response from feeding flaxseed extract to
ruminents.

A completely rendomized 2 x 2 factorizl experiment was
set up es shown in Tekle 10. Twenty-four crossbred wether
lambs weighing around 62 pounds were rezndomly assigned to
four lots of six znimezls esgch. The lembs were kept in indi-
vidual pens with weter and salt svaileble et a2ll times. All
the animsls were fed three times 2 day zs descrived in the
previous triael. Flaxseed extract wses included in the retion
only at the morning znd evening feeds. The treaztments znd
amount of feed and liquid received deily ere listed in Tsble
ll.v

The retions used in this trizl ere listed in Teble 12.

Urea was added tc the rations to which no flaxseed extrsct

weas added to meke the reotion at eazch protein level isonitro-
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Taecle 10. Experimentzl design of Lamb Trial S

Pounds of flzxseed extrect deily
Per cent protein 0 S}

i2

Table 11. Amount of feed and liguid given dsily in Lamb

Triel 3
Pounds of feed snd liquid given dzily
Trestment ver animal

1 3 pounds of © ver cent protein retion +
8 pounds of flaxseed extrasct

2 3 pounds of © per cent protein retion +
5 pouncs of water

3 3 pounds of 12 per cent vrotein rstion +
& pounds of flexseed extrsct

4 3 pounds of 12 per cent protein retion +

6 pounde of water

Teble 12. Composition of retions fed in Lemb Trisl 3%

Treatment
1 2 3 4
Ingredient 1b. lbs. ibs. 1bs.
Corncops (finely ground) 53.3 33.3 33.5 33.3
Chopped alfalfe 16.7 18.7 16.7 18.7
Soytezn oil meesl 3.5 3.5 11.8 11.8
Ground shelled corn 45.3 46.2 38.2 38.1
NeHoPOy 0.2 0.2 0.2 0.2
Uresz - 0.1 -— 0.1

8Cobelt wes fed as CoSO4 at the rete of 0.1 ppm of co-
balt. Vitemins & end D were a2dded to meet the Nationsl Re-
search Council's recommendastions. ’
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genous . The rations were mixed with either flaxseed extrect
or water at the time of feeding as previously descrited. The
lemts were on trial for a perioc of 70 deays.

The znimels were weighed st l4-day intervals. Feed re-
fusals were weighed and discarded deily. The lazmbs were vac-
cineted for enterotoxemia and socre mouth prior tc the start
of the experiment. Approxima2tely 10 desys were gllowed for
the lazmcs to tecome accustomed to the feed and their surround-
ings before starting them on trisl.

The results of this study are given in Teble 13. The

Teble 13. Results of Lzmc Triczl 3

Feed per
pound of
2.D.G. gain Carcess Dressing
Treatment (los.) 1bs.) grade” per cent
1 0.34 7.7 5.7 45.7
2 0.50 8.7 4.7 47.5
5} 0.28 10.1 4.2 48,5
4 0.33 7.7 3.0 47.2

@Low-good = 5, high-utility = 4, average-utility = 3.

feeding of flaxseed extract increazsed average desily geins on
the low protein ration, but either depressed average daily
gains or hasd no effect on the high protein ration. Feed

efficiency followed the same pattern ss average deily geins.
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Carcass gredes were increased by the feeding of flaxseed ex-
tract on the nigh rrotein retion but were depressed on the
low protein reticn. Dressing per cent was decreased by the

feeding of flesxseed extract at both levels of protein.
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tical sznalyses of the dets is listed in Teble 52 in the
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tween protein and flesxseed extract on feed efriciency result-
ing in an increase of 18 per cent 1n the pounds cf feed re-
guired per pound of gain. There was a significent interac-
tion (P<L0.05) between protein znd flaxseed extract on car-
cass grade, lowering carcass grade by 1l per cent or 2pproxXi-
metely 0.18 of 2 grade. There was 2lso 2 significant inter-
action (PL0.05) between flaxseed extract and vrotein causing
avercge Gally geins Tto be lowered by 13 ver cent. Feed con-
sumption was approximstely the szme for 211 treatments, now-
ever tne consumption wes very low, averaging only 2.6 pounds
deily for all treatments.

Tne effect of flzxseed extract in & nine per cent pro-

tein ration with and without stilcestrol uvon growth r=te,

feed efficiency and carcaess quality (Lamb.Triel 4). Results

from previous trials indiczsted that the feeding of flaxseed
extract lowered azverage daily geins, feed efficiency and cer-
cass grade when fed with a 12 vper cent protein retion. Trial

2 was re-run to re-evaluzte the merits of flaxseed extrazct for
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ruminants against the gein stimulstor, stilbestrol, using 2
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nine per cent protein r han =2 12 per cent pro-

A}

teln ration.
Twenty-four crossbred wether lambs welghing sround 88
pounds were rendomly divided into six lots of Tfour znimels

esch. A4 completely randomized 2 x 3 factoral design we

]

used for the experiment as shown in Tsble 14. All the animsls

Table 1l4. Experimentzsl design of Lemb Triel 4

Milligrams of Pounds of flaxseed extrazct deily
stiltestrol daily 0 3 8
0
2

were 1lndividually fed three times a dey for 2 period of 68
days by procedures previously described. The rations and
treatments are shown in Table 15. Rations conteining no flax-
seed extract contained urea to account for the nitrogen added
by the flaxseed extract in the other rations, meking all
retions isonitrogenous. The feeding technique eand the mixing
of the feed and liquid wes conducted as previously descrited.
The trestments and deily feed given to the lamts are shown in
Table 16. Veighing of thé animals, handling of refused feed

and pre-trizl treztment were similzr to thaet described for
%
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Taeble 15. Composition of rations fed in Lamb Trisl 4%

Treztment
1 2 3 4 5 8
Ingredient ilbs. lbs. lbs. lbs. ibs- 1lbs.
Corncobs
(finely ground) 233.30 33.30 33.30 33.30 33.30 33.30
Cnopped elfelfe 13.70 1£.70 1£.70 16.70C 1&6.70C 16.70
Soybean 0il meal 3.47 3.47 3.40 3.41 3.53 3.53
Ground shelled corn 48.25 46.29 435.40 46.24 48.16 45.20
NeHoPOy 0.20 0.20 0.20 0.20 0.20 0.20
Stilbosol” - — 0.07 0.07 0.07
Ures 0.08 0.04 - 0.08 0.04 -

2Cobalt wes fed as CoSOy at the rate of 0.1 pom
cobalt. Vitemins A 2nd D were zdded to meet the Nati
Research Council's recommendsations.

PConteined one grem of diethylstilbestrol per pound.

~

Table 18. Amount of feed and liguid given ceily in Lemb
Triel 4

Pounds of feed and licquid given deily
Treztment per animal

pounds basal + 8 pounds of water

Py

pounds btasszl + S pounds of waler + 3 pounds
of flaxseed extract

pounds basal + © pounds of flaxseed extract
pounds basal + stilbestrol + & pounds

of water

pounds basal + stilbestrol + 3 pounds

of water + 3 pounds of flaxseed extract
pounds btasal + stilbestrol + & pounds

of flaxseed extract

AV
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(@3]
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previous trisals.

The results of this triél are presented in Teble 17.
The feeding of stilbestroi resulted in a 2.5 per cent in-
cregse 1n average delly gein, 1.7 per cent increzse in dress-

ing per cent, 1.4 per cent increase in feed efficiency, but

Table 17. EResults of Lamb Triel 4.

Feed per

pound of Daily
A.D.G. gain Dressing Carcass ccnsumption

Treatment (1lbs.) (Ibs.) vper cent grade® (1pe.)
1 .30 11.7 50.5 5.3 3.56

2 0.27 12.4 48.¢ 4.8 3.34

3 0.33 10.4 49.3 5.3 3.38

4 0.30 1C.8 52.2 4.8 3.20

5 0.27 15.1 49.1 5.3 5.10

6 0.38 10.1 50.¢ 4.9 3.48

80tility = 2, good = 5, choice = 8.

resulted in 2 3.3 per cent decrease in carcass grade or gtout
0.07 of & grade. The feeding of flaxseed extract signifi-
cantly (P€0.05) incressed aversge dsily geins. Six pounds
oI Tlaxseed extract daily increased averege daily gaihs 20.0
per cent. The feeding of flaxseed extresct slightly decressed
dressing per cent, slightly lowered cercess grede, increased
the feed required per pound of gain when fed 2t the three

pound level, but decressed the feed required ver pound of gain
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at the six pound level. The feeding of flzxseed extract in
this experiment showed up very favorsbly in comparison to
stilbestrol when fed in a rstion containing only nine per cent
total protein.

The effect of flaxseed extract, stilbestrol, end level of

protein upon growth rate, feed efliciency and carcess guality

(Lamb Trial 5). Flaxseed extract, stilbestrol and level of

protein had been fed in previous trials in combinstions of
two factors, tut had never been fed in a three-factor experi-
ment. Significant intersction between flaxseed extract end
protein has been previously shown. & triazl was designed in
which all three of the aforementioned factors were present,
to see if there was any significent interection among these
factors when in combination.

Twenty-four crossbred wether lambs_weighing around 72
pounds were randomly divided into eight lots of four znimals
each. A completely randomized 2 x 2 x 2 factoral design wes
used for the experiment as shown in Tsble 18. All znimsls
were individually fed for a period of 93 days by procedures
previously described. The rations and treatmenté are shown
in Teble 18. -Rations to which no flaxseed extract was added
contained urea to account for the nitrogen added by flaxseed
extract. Thus, all retions at each protein level were iso-
nitrogenous. The feeding technique znd the mixing of the

feed and liquid were conducted as previously described. The



Tecle 18. Experimental decign of Lamb Trial 5
¥illigrams of Pounds of flaxseed
stilbestrol deaily Per cent protein extract deily

0
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treatments and delly feed given to The lambs e listed in

dling of refused feed

3

Tavle 20. Veigning of the animals, haz

0Q

(o))

nd pre-trial treatment were similer to that descrived for

11y

previous triels.

Tne results of the trigl sre presented in Tsble 21.
Thne feeding of two milligrems of stilbestrol had no signifi-
cant effect upon everage delly gesins, feed efficlency or
cercass cquality, howgver the feeding of stilbestrol d&id in-
crease gains 12 per cent and decreased the feed required per
pound of gain by 3.8 per cent. The feeding of stilbestrol
likewise decreased dressing per cent 2.7 per cent and lowered
carcass grede 5.5 per cent or epproximately 0.2 of a greade.

The feeding of protein gt a2 level of 12 per cent had no



Table 12. Composition of rations fed in Lamb Trial 5%

Treatment

1 2 3 4 5 8 7. 8
Ingredient ' 1bs. lbs. 1lbs. lbs. lbs. los. 1bs. lbs.
Corncobs (finely ground) 33.30 33.30 33.30 33.30 33.30 33.30 33.30 33.30
Chopped alfalfe 16.70 16.70 16.70 16.70 16.70 16.70 18.70 16.70
Soybean oll meal 3,49 5.80 1.38 2.99 11.57 12.09 10,74 11.28
Ground shelled corn 46.25 46.00 48.26 46.74 38.156 37.71 38.91 383.45
N8H2P04 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

Ureea b 0.08 - 0.08 —_— 0.08 - 0.08 -
Stilbosol — - 0.07 0.07 - — 0.07 0.07
Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

8Cobelt was fed as CoSO4 at the rete of 0.1 ppm of cobalt. Vitemins A end D
were added to meet the Nationsl Research Council's recommendstions.

BContained one gram of diethylstilbestrol per pound.
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Teble 20. Amount of feed and liquid given deily in Lamb

Trisl S

Treatment®

Pounds of feed and liquid given daily
per enimal

(O I 1 ¢ =

m

(VAR

(@]

(9]

)]

Ul

pounds of 9 per cent protein besal +

6 pounas of water

nounds of @ per cent protein bzsal +

6 pounds of flsxseed exiract

pocunds of @ rer cent protein bssal +
stilbestrol 8 pounds of water

pounds of 9 per cent protein basal +
stilbestrol + 6 pounds of flaxseed extract
pounds of 12 per cent protein basal +

8 pounds of water

pounds of 12 ver cent proteln basal +
pounds of flaxseed extrect

pounds of 12 per cent protein tasal +
stilbestrcl + & pounds of water

pouncds of 12 per cent protein tessl +
stilbestrol + 6 pounds of flzxseed extract

¢

Id +>

[6)]

Teble 21. Results

pound of _
4.D.G. gein Dressing - Carceass
Treatment (1ts.) (Ics.) per cent grade®
1 0.20 14.1 42.2 5.8
2 0.25 i1.8 42,2 6.2
3 .21 12.6 80.3 5.0
4 C.2¢ 11.0 47.3 5.0
5 0.25 11.5 4.5 £.0
6 0.25 12.0 4¢.0 5.8
7 0.21 14.5 47.7 3.8
8 0.3¢ c.8 43.5 7.0
8U%ility = 3, good = 8, choice = Q.
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effect upon carcass grade and dressing per cent, but did in-
crease average dalily gains 12.5 per cent and decreased the
feed required per pound of gain 4 per cent. The feeding of
flaxseed extract increased gains 12.5 per cent, decreased

the feed required per pound of gain 15 per cent, increased
carcass grade by 7.4 per cent, but decreased dressing per
cent 1.8 per cent. There was a significant (P<£0.05) inter-
action between protein, stilbestrol and flaxseed extract on
dressing per cent, decreasing this value 1.3 per cent. There
was also a significant (P<0.05) interaction between protein
and flaxseed extract and a2 significant (P<0.01l) interaction
between protein, stilbestrol and flzxseed extract on car-
cass grade, increasing this value 5.1 per cent znd 11.35 per
cent, respectively. Flaxseed extrzct in this trizl performed
ecuzally as well as stilbestrol or increasing the proteln

content of the rztion from nine to 12 per cent.
Discussion

The liveweight gains of lambs were inereased by the
feeding of flaxseed extract when incorporated into 2 ration
containing nine per cent total protein. This did not occur
when only three pounds of flzxseed extract was fed dailly

nor did it occur when eilther level of flaxseed extract was
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fed in 2 12 per cent protein rzstion. The feed required per
pound of gain followed a2 pattern similar to liveweight gains
when flaxseed extract was fed. The feeding of flaxseed ex-
tract tended to lower carcass quality which was messured
by dressing per cent and carcass grade. The feeding of
flzxseed extract increased the carcass dquelity of lambs as
evidenced by an increzse in dressing per cent and carcass
grade when fed in a 12 per cent protein ration, however car-
cass grade and dressing per cent were lowered when flaxseed
extract was fed in a nine per cent protein ration.

Although the feeding of two milligrams of stilbestrol

daily consistently increased average dsily geins, a depress-

=

ng effect was cobserved upon dressing per cent and carcass
grade. The feeding of stilbestrol resulted in 30 per cent
greater gains on a high protein ration (12 per cent protein)
than on a low protein ration (nine per cent protein). This
was not in complete agreement with the results of Preston
(88) in which stilbestrol was found to stimulate liveweight
gains to a greater extent when fed in rations containing a
low, but azdeguate level of protein.‘

Average daily geins were satisfactory in all trials,
however, they were considersbly lower than those normelly ob-

tained on a standard lamb-fattening ration. These lower geins
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were probably due to 2 lower consumption of feed due to feed-
ing a wet ration.

The increased gains obtained by the feeding of flaxseed
extract could not be explained through the additional nitro-
gen added by the flaxseed exXtract. This was supported by
the fact that rations containing no flaxseed extract contained
urea in amounts ample enough to mzke the rations isonitro-
genous. Flaxseed extract would seem to afford a slight
protein-sparing action because of the increased geins on the
low protein (nine per cent protein) ration. This was not sup-
ported however by a significant (PQC0.0S) interaction between
the high level of protein and flaxseed extrasct which resulted
in a decrease in average daily gain. There was also 2 sig-
nificant (P<0.01) interaction between vrotein and flaxseed
extract decreasing the efficlency of gains and significantly
(PL0.05) lowering cercass grade and dressing ver cent. This
was not completely repested in a later trisl in which there
were significant protein-flexseed extract and protein-flax-
seed extract-stilbestrol interactions increasing carcass grade
and decreasing dressing per -cent. The results of these inter~
actions were inconclusive and could not be explained.

Perhaps the increased gains and feed efficiency obtained
by the feeding of flaxseed extract could bz explained as being

due to the factor or factors studled by Burroughs et al. (25,
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uf et z1. (21) in which

26, 27), Bentley et al. (13), end
T

they found that water extracts of verio

=

g8 plent feeds would
improve in vitrc cellulose digestion. The effect of flexseed
extract upon the livewelght gains of lambs 27 this tTime can
be attrivuted To an unidentified fector or factors other than

additional nitrogen in the retion contributed by flaxseed ex-

tract.

Summary

The results of five lamk feeding trials indicested that

thne feeding of six pounds of flaxseed extract weuld result

4y

n 2 12-18 per cent increase in the liveweight geins of lambs

fed z relatively low protein (nine per cent protein) ration.
The feeding ol flaxseed extract in a 12 per cent protein
retion had no effect upon geins or feed efficiency. The in-
corporation of flaxseed eXtract in 2 nine per cent protein
ration resulted in lower carcass.quality_as mneasured vy
dressing per cent and cercass grade. Carcass quality wes
seemingly increased when flaxseed extrzct wess fed in a 12
per cent protein retion. The feeding of two milligrems of
stilbestrol daily consistently increased aversge daily geins
3-12 per cent, but had an adverse effect upon dressing per
cent znd cercass grade. Thirty per cent greater geins re-

sulted when stiloestrol wes fed in 2 12 per cent protein



ration than when fed in e nine per cent protein retion. In-
crezsing the protein content of lamb retions from nine to 12
per cent resulted in 12.8 per cent fester geins end four per
cent more efficient gains. The fzctor or factors present in

flzxseed extrzct thet increessed liveweight gains of lemts are

8

et This time unidentified, however it is cuite certazin thst
the additional nitrogen contributed by flaxseed extrect had

no erfect.
Technique for Measuring Haircost "Bloom"

Several workers (Watson, 101; Hunt, 62; Morrison, 80;
Roctins, ¢0; Haywerd, 53; Culbertson®) have stated that the
feeding of linseed o0il mesl imperts z certain gloss or '"tloom"
to the heir coet of cattle. This hss 2lso been reported many
times from cattle feeders in the field, especlslly from
feeders who groom show cettle. Previously, this measurement
of "cloom" was done by visual comparison which resulted in
very erratic observations and differences. A device or method
wes needed to guantitatively messure the degree of "bloom'
imparted by linseed oil mezl to the hairccet of enimels, par-
tlculsrly ceattle.

The term "bloom" was thought to descrite only the glossi-

*C. C. Culbertson, Animal Husbandry Depesrtment, Iows
Stete College, Ames, Iows. Feeding linseed oil me2l to
cattle. Privete communication. 1E58.
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ness, or in essence, the amount of light reflected from the
haircoat. To overcome this, an extremely sensitive light
meter was developed to accurately measure this condition
known as "blcom".

The light meter was housed in a rectangular 4 1/2 x §
inch metal box with 2 one square inch opening in one end.
This opening was closed or cpened by an attached door azs shown

in Figures 2 gnd 5. A sensitive cadmium-cozted semi-conductor
was located within the box zbout 1 1/2 inches back of the
opening to the outside. Placed zpproximetely 1/2 inch beack

of the opening and in front of the photoelecitric cell were

two 2.535 volt bulbs which were focused on the opening. A
microammeter with a scale of 0-800 was used as the recording
device and was powered by two 67 1/2 volt dry cell bastteries
located within the box. The internsl light source was powered
by two 1 1/2 volt betteries within the box znd 2z booster six
volt dry cell battery which was plugged into receptacles
located on the side of the box. Seperate switches for the
power to the meter znd to the light source were attached. A
powerstal was located beneath the meter to control the voltasge
to the light source. Around 300 microamperes was determined

to be the most sensitive part of the microampere scele. A
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A - bl . - !
Figure 3. Inside view of "bloom" meter
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schematic circuit disgrem of the meter and light source is

i1llustrated in Figure 4.

Hzircozt "bloom" in the following experiments was measur-
ed on cattle, guines pigs 2nd rats. The following procedure
was used in recording these measurements:

1. Turn power on to both the meter znd the light source.

2. Close door to opening to meter box.

3. Adjust powerstat control until a resding pf 300
microamperes is obtained.

4. After base reading of 300 microzmperes is recorded,
open door to meter Tox and place zgeinst the heaircost
oT the animel msking sure the hzir mekes z light-
Tight seal.

5. Record the reading on the scale.

Three readings were Teken 2t verious positions on the

heircoat of guines pigs or rats and six readings wer

\

4}

teken

at verious positions on the hezircozt of cattle et any one
time. Measurements on the guines pigs were made every seven
deys and were made every 28 deys on cattle. Readings being
made on a guineea pig and on & steer are illustrsted in Figures
5 end 6, respectively.

After recording the readings, they were then compared to
the baese reading of 300 mlcroemperes as a percentage. The

following is 2n example of this nrocedure for a2 guinea pig:
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Schematic circuit disgram of "vloom" meter
and light source
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Figure 5. T i
g Technique for recording '"bloom" readi
on guinsz pigs cHes






Figure 6. Technicue for recording "tloom" reesdings
on cattle
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Base reading = 300 microamperes

Reading 1 = 110 microamperes divided by 300 x 100 = 36.7
Reading 2 = 112 microamperes divided by 300 x 100 = 37.3
Reading 3 = 10S microamperes divided by 300 x 100 = 356.5

Aversge = 36.8

Thus, the "tloom" value for the zbove example would be 36.8.

In utilizing the "bloom" measurements just described, it
was decided thet the units of change from the start of en
experiment fo the end described "bloom" tetter than the
actual readings taken. This was primarily due to the differ-
ence in shades of color observed on the animzls. Msny times
a light-colored animel would reflect more light, giving 2
highef "vbloom" reading than a dark colored animel, even though
possessing no more "bloom". Using the units of change in
"bloom" over & given length of time seemed to cancel out this
difference in shade of color. The light meter just described
will hereafter be referred to in the text as the "bloom"

meter.
Lzboratory Animal Experiments

Methods and results

The effect of linseed oil meal upon the erowth rate, feed

efficiency and haircoaet "blocom" of rats {(Rat Trizl 1). Quan-

titative data had not been tsken gt this time to substantizte

esrlier reports that linseed o0il meal would incresse the
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heircoat "bloom" of enimels. A trisl wes designed to test
several levels of linseed oll meal to determine their rels-
tive "vloom" producing effects.

Thirty-two grey-black rats of mixed breeding weighing
sround 225 grems were rzndomly divided into fcur groups of
eight animals each. Eaca group of eight animels wes rendomly
assigned to four cages, giving two enimsls per cage. The 186
cages were noused in an air conditioned room mgintained 2t
& tempersture of around 70°F. Feed end water was given free
choice. Feed consumption, liveweight gains znd feed effi-
ciency were measured throughout the trisl. Hzircost "bloom"
date were taken 2t the teginning and st the end of the trisl.
The animals were weighed 2t 7-day intervals =% which time
feed refusals were weighed and discerded. Approximotely
seven dzys were allowed for the enimels to tecome sdjusted
to their cages 2nd diets before the triel wes initlsted. The
animals remained on trizl for a2 period of 28 days.

The treatments and diets received by fthe znimesls sre pre-
sented in Table 22. The three levels of linseed oil meal
used in the diets supplied zpproximately one-eighth, one-
fourth end one-half of the totzl protein in the diets. The
results of the trisl are presented in Table 23.

The results of the triazl revesl that the addition of 10
per cent linseed oll meal incressed gzins over the control

group 36 per cent, while the addition of higher levels of
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Teble 22. Composition of diets used in Rat Triel 1

Treatment
1 2 3 4

Ingredient 1bs. 1lbs. lts. ics.
Casein 27.00 23.25 12.43 11.85
Vegetable oil (Crisco) 14.00 14.00 14.00 14.00
Selt mix® 3.00 5. 00 3.00 3.00
Soyceen oil meel 5.75 5.75 5.75 6.75
Sucrose : 4C.23 43.00 36.77 24.30
Linseed oil mssl - 10.0C 20.00 40.00

Totel 100.00 100.00 100.00 100.00

@521t mix wes USP XIV from Genersl Riochemicsls, Inc. -
The vitemins 2dded in grems per pound of diet are s follows:
alpna Tocopnerol, 0.102; calcium pentothenste, 0.020; vitemin
A, 28,200,000 I.U.; choline chloride, 2.724; Inositol, 0.138;
menadione, 0.001l; niacin, 0.272; pryidoxine, 0.010; ritoflsvin
0.010; thismin, 0.010; vitemin D, 12,000 I.U.

Table 235. Results of Rat Trigl 1

Feed per
Gain® "Bloom" 100 grems
Treatment (gms.) chenge of gein
1 188.2 0.10 583.2
2 214.5 0.20 E30.0
3 144.7 0.37 872 .7
4 120.7 0.85 €583.0

2Represents gain of one cage containing two znimels cver
tne entire experimentel periocd.
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linseed oil meal (20 znd 40 per cent) feiled to stimulste
gains. Feed efficiency followed 2 similer psttern in that the
addition of 10 per cent linseed oil mezl significantly (P &
0.05) reduced the Teed required per 100 grems of gain six per
cent.

The acdition of linseed o0il megl, es mezsured by the
"wloom" meter, increased the haircoat "bloom'" of rets. The
addition of 10 per cent linseed 01l mezl increszsed halrcoat
"bloom" over the basal group ty around eight-fold, while the
eddition of 20 and 40 per cent linseed oil mezsl increased
naircoat "bloonm" only three-fold znd seven-fold, respectively.
The "vloom" change value for the 20 per cent linseed oil meal
trezatment, which is much below The values for the 10 znd 40

per cent linseed oll mezal treatments, could not te explesined.

§

T

ese data indicated thaet the z2ddition of linseed o0il mesl

5

n retions 4id increszse the '"bloom" of the heircost of rzts.

H'

The effect of linseed o0il meel and linseed oil meal mucin

upon growth rete, feed efficiency snd heircost "bloom" of

guinez pigs (Guines Pig Trigls 1 and 2). The large content

of mucin in linseed oil mezl made it reassonzble to pestulate
that perhaps tne mucin frection of linseed oil meal was the
fector imparting hsircoat "bloom" to cattle. Large animsls
sucn as cattle were not feasible to use for experimentation
wita mucin, since mucin was obtained in such smell quantities

at great expense. Lzboratory animsls, such as the guinea
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plgs, were chosen as the proper experimental znimels. Solid
black znimels were chosen for 21l of the laborastory snimal
experiments beceause there was less difference in shades of
color. This hes been justified in a2 previous section. Rats,

as used in the previous triel were very veried in shede of

ct

color 2s they varied from light grey to tlack. Guines pipg

were tnougnt to very very little in sh

Q
o
-4
0
3

de of

sV}

Forty solid black guines pigs of mixed btreeding weighing
on the average of 700 grams were randomly divided into five
groups oI eight animsls each. Eech group of eight snimels
wes ithen randomly assigned to four cages, glving two animals

per cage. The pattery of 20 cseges of znimals was housed in

B

an environmentally controlled room in which the temperature
was mesintained at around 70° C. Feed and wster were given
free choice. Feed consumption, livewelght gains, feed effi-
ciency end heircoszt "bloom" dsta were taken throughout the
trial. The enimals were weigned end the heircozt "bloom"
mezsured at seven-day intervels, at which time feed refusals
were welghed znd discarded. Approximately seven d2ys were
allowed for the animels to become zdjusted to their diets
and cages tefore the experiment wzs initiated. The snimsls
remained on tne experiment for a period of 42 days.

The diets znd treatments for the animals sre shown in

Table 24. The low and high levels cf mucin 2dded to the diets

were gprroximately ecqual to the mucin azdded by the high znd



Teble 24. Composition of diets fed in Guinee Pig Triel 1

Trestment
1 2 3 4 5

Ingredient 1bs. lbs. lcs. lbs. lbs.
Casein 30.00 22.00 22 .80 13.20 22.80
Sucrose | 47.00 33.70 45,228 20.5 45,57
Solka floc 15.00 18.00 12.0C. 15.00 15.00
Selt mix® 4.00 4.00 4.00 4.00 4.00
Soycean 0il mezl 4.00 4.00 4£.00 4.00 4£.00
Linseed oil meezl —-- 21.50 - 42.350
Linseed oil.meal mucin -~ - 0.e2 - 1.83

Totel 100.00 100.0C 100.00 100.00 100.00

2321t mix recommended by Hubbell et gl. (60). The vite-
mins sdded per 100 greams of diet were: thiamine HCL 1 ng;
rivoflavin 1 mg; pyrlaoxine HC1 1 mg; calcium pentothensie
3 mg; niacin 5 mg; choline chloride 100 mg; inositol 1OO mg;
folic acid 0.6 mg; biotin 0.02 mg; vitamin Byjo 0.003 mg
ascortic zcid 50 mg; slpha topcopherol 2 mg; 2-methyl- I- 4
nephtnoguinone 1 mg; vitamin & 2000 I.U.; end vitemin D 285
I.U.

low levels of linseed oil meal. The low and high levels of

linseed o0il me2l used in the diets supplied zpproxim

h \1

15tely
one-fourth and one-half of the total protein in the diets.
Tne results of the trisl are presented in Teble 25.
Statistical analyses of the data indicate thet 21l treat-
ments significently (P<L0.05) incressed total gesins over the
tzsal or control group. Likewise, 2ll treatments signifi-
cantly (P<0.01) increzsed "bloom" azs mezsured by the "bloom"
meter. Gains, as will be noted, were extremely low in the

control group. This 1s explained by the fact that some of
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Table 25. Results of Guines Pig Trial 1

; Feed per 100
Gain® "Bloom" Visual® grams of gein
Treatment (gms.} change “vloom® (gms.)
1 22.3 1.40 2.22 3863
2 210.8 2.88 1.72 8158
3 115.8 3.25 1.83 755
4 157.0 2.87 1.58 1457
S 100.7 3.20 1.45 1265

&Represents gein of one cage containing two snimszls
over the entire experimental period.

CHigh = 1, medium = 2, low = 3.

Ay

the essentiel 0ils necessary for normal growtn of the guinees

o}

ig wes deleted through error from the diet. Severszl deaths
resulted from this in the control group.

The addition of linseed oil mezl produced 7C per cent
better gains than did the addition of mucin. The low level
of linseed oil mezl (21 per cent) produced 34 per cent better
geins tnan did the addition of 43 ver cent linseed oil meeal.
The low level of linseed oil mezl (21 per cent) significantly
(»<0.05) increassed gains over the low level of mucin (0.¢
per cent) by 81 ver cent end over the high level of mucin
(1.8 per cent) bty 111 per cent.

The addition of btoth linseed oil mez2l 2nd linseed oil
meel mucin incressed haircost "bloom". The sddition of lin-

seed oil megl, &s messured by the "tloom! meter, incressed
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"cloom" 10 per cent, while the sddition of mucin ilncressed
"bloom" 13 per cent. There was esgsentially no difference in
either the level of linseed oil mesl or the level of mucin

te indiceted that the mucin

a3

in producing "bloom". These 3
fraction of linseed o0il mesl could vossibly be the factor
producing or centributing to the condition of the hsircost
known as "bloom".

This trial wes repested usin

(3

exactly the szme prdcedure
because of tThe death loss znd poor geins ocvserved on the basal
diet in the previous trizl. The dlets were changed slightly
so thzt they contained the essentlal nils that were deficient
in the first triel. The diets usged in the second trizl zre
shown in Teble 26. The trigl lssted for 2 period of 42 deys.

Destn loss was completely overcome by the modified beasal

[o]]

iet use

O

[0}

in this trizl ss were the low geins mede on 2 sim-
{T‘,ﬂ

iler diet in the previous trizl. The results of this trial

are presented in Teble 27.

V]

Statisticel enelyses of the dete indiceted that the lin-

P

seed oil mesl trestments significantly (P&£0.01) incressed
gains over the control group. The a2ddition of mucin feiled
to stimulzte geins in this trial. The sdditicn of 21 per
cent linseed oil meal incressed gseins over the teszl group
by 34 per cent while the 2ddition of 43 ver cen?t linseed oil
meal resulted in a 22 per cent increzse in gains over the

tesal group. Feed eflficiency followed a pattern similar to
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Table 26. Composition of diets used in Guinea Plg Triel 2

Treztment _
1 2 3 4 5
Ingredient 1lbe. iks. 1lcs. 1bs. lts.
Casein 30.00 22.00 £22.80 13.20 2C.860
Sucrcse 43.00 2¢.70 42 .28 15.50 41 .57
Solke flcc 15.00 15.00 15.00 15.00 15.00
Sglt mix® 4.00 4.00 4.00 4.00 4.00
Soybean 01l mezsl 4.00 £.00 4.00C 4.00 4.00
Linseed 0il mezal - 21.30 - 42.50 -
Linseed 0il meel mucin - —_— 0.22 —_— 1.83
Corn oil 4.00 4.00 4.00 4,00 4.00
Totel 100.00 100.00 100.00 100.00 100.0Q0

2521t mix znd vitemins were zdded as described for Cuines

Pig Triel 1.

D

t

Teble 27. ZResults of CGuinea Pigz Triel 2

Feed ver 100

Gzin® "“Bloom" Visuel grems of gain
Trestment (gms.) chenge "Eloom"P (gms.)
1 217.6 5.1 2.5 54%2.6
2 282.7 7.2 1.5 724 .5
3 210.3 7.7 1.7 ¢el.2
4 267.0 S.4 1.6 c64.8
S 194.7 7.2 1.8 €02.6

®Represents gain ol one cage containing two animels
over tne entire experimental period.

Pdign = 1, medium = 2, low = 3.
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The addition of linseed oil meel, zs meszsured by the
meter, increased "wloom' 41 per cent wnile the 2Gdi-
tion of mucin resulted in 2 22 per cent increese in "bloom".
Linseed 01l meal in this trisl produced 16 per cent more

—

"tloom" then did mucin. This is in contresst to the previous

@

trial wnere mucin produced 13 per cent more "sloom!" th

iy o

)

I

Q

linseed o0il meal. These differences between linseed o0il
meel and mucin were not statisticelly significent.
The eddition of linseed oil mesl and mucin, as messured

vy visusl comparison, likewise increased hzircost ‘'"bvloom™.

3
0]

™
o

The measurement of haircoat "tloom" by the mete n y visusl

compsrison were in close egreement. 1T is concluded ss in
the Tirst trial thet the muclin fraction of linseed oil mezsl

gcpesrs to be the fector responsible for hesircoat "bloom".

in "obloom" aspperently occurred in the last week of the triesl.
toperently, a longer trizl would be needed for greater differ-
ences in haircoat "bloom'.

The effect of the level of linseed 0il mezsl upon growth

rate, feed efficiency and heircozt "bloom" of guinesz vigs

(Guinea Pig Trial 3). The differences obtained tetween veri-

ous levels of linseed oili meel in their effect upon growth

and hezircozt "bloom" in previous triesls necessiteted an
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Teble 28. "Bloom" change by veriod for Cuines Pig Trial 2

Treatment

Pericd 1 2 3 4 5
lst week -0.8 ~-0.4 0.5 -0.2 -0.7
Znd week 1.8 2.0 2.3 1.1 1.7
3rd week 1.5 -1.4 ~1.2 2.1 2.8
4th znd 5th week 1.2 4.2 5.0 3.9 2.8
6th week 2.4 2.8 0.1 2.5 1.0

Totsal 6.1 7.2 7.7 c.4 7.2

)

attempt To try to repest these effects in similer trials to

see i tne diiferences were valid. |
Thirty solid-black guinea pigs of mixed breeding weigh-

ing eround 650 grams were randonly divided into three groups

of 10 enimels each. Eazch group of 10 animels wes randomly

battery of 1 cages wes nouced in the ssme room used for
orevious trials. Feed consumption, growth and heircozt
"bloom" date were ﬁeasured &S previously described. Seven
days were allowed for the animals to tecome adjusted tc the
dieTs and cages. The trial lasted for 2 period of 42 days.
‘The tresztments 2nd diets used in the experiment ere
presented in Teble 22. The two levels of linseed oil mezl
used in the diels supplied sgpproximetely one-Tourth and one-

half of the total protein in the diets. The results of this

trial esre presented in Table 30.

[8V]
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Teble 22. Diets used in Guinees Pig Trial 3

Treatment
1 2 3

Ingredient ibs. lts. lcs.
Ceasein 30.0 22.0 g.¢
Sucrose 43.0 22.7 20.5
Sclka floc 15.0 15.0 18.0
Salt mix® 4.0 4.0 4.0
Soybean o0il meesl 4.0 4.0 4.0
Linseed o0il meel - 21.3 42.6
Corn oil 4.0 4.0 £.0

Totel 100.0 100.¢ icec.e

%21t mix end vitzmins were added 2s described for
Guinea Pig Triel 1.
Teble 30. Results of Guines FPig Triesl 3

Feed per 100
Gain® "Bloom™" Visual | grems of gein

Treatment (gms.) change "ploom"® (ems.)

1 125.6 g8.20 2.10 10585.2

2 312.2 .26 1.83 416.4

3 372 .0 10.¢2 1.84 821.3

&Represents galn of one csge conteining two animals
over tane entire experimental period.

bPHigh = 1, medium = 2, low = 3.
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Stetistical analyses of the date revezl that the addition
of linseed oil meal significantly (P&L0.0l) incressed geins

o

and feed efficiency. The e2ddition of 21 per cent linseed oil

3]
ct

mezl increzsed gesins over the bsszl group by 14% per cen

whnile the addition of 43 per cent linseed oil meeal resulted

4]

in & 200 pes

Y

cent increase in gsins over the basal group. The
addition of 43 per cent linseed oil meal produced 21 per cent
better geins then the 2ddition of 21 per cent linseed oill

mezl whicn is in contrest to previous results. The 21 ver
cent linseed oil mezl treziment resulted in 80 per cent more
efTicient gains than the tesal group while the 43 per cent

linseed 0il mesl tresiment resulted in only 44 per cent more

efficient geins. The 21 per cent linseed o0il mezl tresiment

ct

agreed witin previous results by producing 30 per cent more
efficient gains than the 45 per cent linseed oil mesl treat-
ment .

Hezircoat "oloom" was increased by the 2ddition of linseed

01l meel, ss messured by the "bloom" meter. "Bloonm! was in-

[O]
3

crezsed over the tasal group 135 v cent by the acdéition of

21 per cent linseed oil mezl a2nd 335 per cent by the 2ddition

S per cent linseed oll meal. The 43 per cent linseed oil

>

of

mezl treztment resulted in 18 per cent more "bloom" then th

(0]

21 ver cent linseed o0il mezsl treatment which was in contrast
to the results obteined in previous trisls. "Bloom" was also

increased by the linseed oll mezl trestments as measured by
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visual comparison. Compargble results were obtzined with the
"cloom" meter and by visual comparison. The results indicated
in this trizl, as in previous trials, that linseed o0il mezl
would increase the haircozt "bloom" of guinez pigs.

The effect of linseed oll meszl mucin snéd fractions of

linseed o0il meal mucin upon the growth rate, feed efficiency

and haircoat "bloom" of guinez vigs (Guines Pig Trial 4).

Previously it hes been determined that the 2ddition of linseed
0il mesl mucin would increase the haircoat "bloom" of guinea
pigs from 15-22 per cent. These data made i1t seem desireble
to determine the factor or factors in linseed oil mezl mucin
causing this effect. The large amounts of pentose sugars znd
ash present in muecin were the factors chosen to study.

Forty solid tlack guinea pigs of mixed breeding weighing
around 650 grams were randomly divided into five groups of
eight animals each. Each group of eight animals was randomly

assigned tc four cages, giving two animzls per cage. The 2

C

ceges were housed in the same room as the cages of the pre-

vious trials. All feed efficiency, growth and "bloom" datzs

were measured z2s previously described in earlier trials.

Seven days were allowed for the animels to become adjucted to

the diets and cages before the trizl was initizted. The

treatments and diets for the trial sre listed in Tzble 31.
The sugars used in the diets were added in amounts

to equal those added by the 1.8 per cent mucin. The
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Tsble 31. Composition of diets fed in Guinea Pig Trial 4

Treatment
1 2 3 4 5
Ingredient lbs. lbs. 1bs. 1lbs. 1lks.
Casein 30.00 2¢2.60 30.00 30.00 30.00
Sucrose 43.00 41.57 42.12 42.80 42.88
Solke floc 15.00 15.00 15.00 15.00 15.00
Salt mix® 4.00 4.00 4.00 4.00 4.00
Soybean oil mesl 4£.00 4.00 4.00 4.00 4.00
Linseed oil mezal mucin - 1.83 - — —-—
Corn oil 4.00 4.00 4.00 4.00 4.00
Sugars from water- '
soluble mucin fraction —_ - .88 —_ _—
Sugres from water-
insoluble muecin fraction - - - 0.40 -
Ash of mucin —— -— - - 0.14
Total 100.00 100.00 100.00 100.00 100.00

8531t mix and vitamins were zdded =2s described for

Guinez Pig Trial 1.

mucin agsh was added in z similsr manner.

The sugar mixtures is given in Tzble 32.

The composition of

The results of this trial are given in Table 353.

Statistical znalyses of the dztz reveal that the addition of

the sugers found in the water-soluble and water-insoluble

fractions of linseed oil meal mucin increased gains over

the group of animals receiving mucin by 38-42 per cent.

The addition of mucin or the zsh of mucin fziled to stimulate

gains over the basal group. The addition of the sugars
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Teble 32. Composition of sugers used in the diets of
Guinea Pig Trizl 4

Water-soluble Water-insoluble
fraction of frection of

mucin mucin

Sugars (1bs.) (1bs.)
Galactose 0.13 0.08
Arebinose 0.13 0.07
Xylose 0.30 0.18
Rhamnose 0.32 0.0%
Total 0.88 0.40

Table 33. Results of Guines Pig Trizsl 4

Feed per 100

Gain? "Bloom" grams of gain
Treatment (gms.) chenge (gms.%
1 213.6 2.1 62¢ .4
2 18¢.7 4.4 1088.0
5] 280.1 -1.5 888.7
4 £62.0 4.0 722.5
) 1856.53 3.9 1086.7

®Represents gain of one cage conteining two animals
over the entire experimental period.

Slightly increased gain over the control group but not sig-
nificantly. Feed efficiency values followed closely the
pattern of gains.

The zddition of muein, the sugars found in the

water-insoluble fraction of mucin snd the =zsh of mucin
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inereased haircoat "ploom! over the basal group by 109, 91 and
85 per cent, respectively, 2s measured by the "bloom" meter.
The sugars found in the water-soluble fraction of muecin
actually lowered hzircozt "bloom”. There was essentially

no difference between the sugsrs found in the water-insoluble
fraection of mucin, the ash of mucin 2nd mucin in their ability
to promote haircoat "bloom". These data confirm previous re-
sults that mucin increased haircoat "bloom" and indicated

that the factors responsible for this are perhaps in the ash
of mucin and/or in the combinstion of sugers found in the
water-insoluble fraction of mucin.

The effect of linseed oil meal mucin and diethylstil-

bestrol upon growth rate, feed efficiencv and haircoat "vcloom"

of guinez pigs (Guinea Pig Trigl 5). Observetions by Cul-

bertson* as well as reports from the field have indicated
that diethylstilbestrol might 2d4d additionzl gloss or increase
the "bloom" on the hsircoat of cattle. A trial was conducted
with guinea pigs to verify these reports znd to further sub-
stantiate the "bloom" data previously obtained by the feeding
of linseed o0il mezl mucin.

Eighteen solid black guinea pigs of mixed breeding weigh-
ing around 700 grams were rendomly divided into three groups of

six enimals each. The six animals of each group were randomly

#C. C. Culbertson, Animal Husbandry Department, Iowa State
College, Ames, Iowa. Stilbestrol in cattle rations. Private
communicztion. 1958.
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zssigned to three cages, giving two animals per cage. Feed-
ing, housing, messurement of date znd pre-triesl treatment of
the animels were conducted as previously described for esrlier

trials. The trisl lsst

M

4 for = period of 21 deays.

The diets and treatments sre presented in Table 34. The

method of mixing was similsr to thet reported by Preston (82).

ot

The results of this triel sre presented in Table 35.
Statistical anslysis of the datz revealed thet the 2ddi-
tion of stilbestrol st the rate of 0.0l microgram per grem OF

diet significently (P<&0.01) incressed total geins 32.35 per

Treztment

1 2 3
Ingredient 1bs. lcs. lbs.
Cesein 30.00 22.580 30.00
Sucrose 43,00 41.57 43,00
Solka floc 15.00 15.00 15.00
Selt mix® 4.00 4.00 4.00
Soybean o0il mesl 4.00 4.00 4.00
Corn o0il 4,00 4.00 4.00
Linseed 0il mesl mucin - 1.83 -
Stiltestrol — _— 2ddedP

Totel ‘ 100.09 100.00 100.00

2321t mix end vitemins were added as described for
Guines Pig Triel 1.

bDiethylstilbestrol added et the rate of 0.01 micrograms
per gram of alev.
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Teble 35. Results of Guines Pig Trisl 5

Feed per 100

Gain® "Bloom" grams of gain
Treatment (gms.) change (gms.)
1 110.2 3.87 368.5
2 82.7 .23 487.8
3 148.2 2.87 310.6
an 5

Represents gain of one cage conteining two animels
over the entire experimental period.

cent and resulted in an 1l1.3 per cent feed savings over the
control group. These results were compsarscle to those ob-
tezined by Preston (28). The feeding of linseed oil mesl
mucin did not stimulete geains or Ieed efficiency over the
control group es wes iThe cese in previous trisls.

The eddition of 1l.£ per cent linseed oil mesl mucin in

the diet resulted in 2 £2.5 per cent incresse in hzircost

|

"ocloom™ although this was not stetisticelly significant. The
addition of diethylstilbestrol made no improvement in heircoat
"cloom". This did not confirm previous reports Irom the

field that stilbestrol would increase haircoat "bloom". A
longer experimental period, as has been pointed out previous-
ly, might have produced different results as the largest in-
crease in "bloom" in guinez pigs seemed to occur after the

55th day of trial.
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Discussion

Results from trizls with lsboratory animsls (rats and
guinez pigs) indicated that the addition of linseed oil meal
to the diet increased haircoat "bloom". This increase amount-
ed to as much as 10-40 per cent. When linseed o0il mezl sup-
plied approximetely one-half of the totsl protein in the diet,
more "bloom" was added to the haircoat than when linseed oil
meal supplied only one-fourth of the totsl protein in the
diet. The dats indicated that linseed oll mesl conteined a2
factor or factors that inereased hesircost "bloom". This
factor(s) was apparently much more effective in promoting
"bloom" when supplied in large quentities of linseed oil meal.

The addition of both 0.2 and 1.8 per cent of linseed o0il
meal mucin to lzboratory animal diets increased haircost
"“sloom". This increase in "oloom" wss almost equivslent to
that observed when linseed oil meal was fed in amounts to
supply thése same levels of linseed o0il mezl mucin (0.9 and
1.8 per cent). The results of Guinea Pig Triel 2 reveal that
there was 1little or no effect upon haircost "oploom" by in-
creasing the level of linseed oil meal mucin in the diet from
0.9 to 1.8 per cent. Apparently the factor(s) responsible for
the ability of linseed oil meal to confer "bloom" to the hair-
coef was present in the mucin fraction of linseed oil mesl.

Results from later studies (Guinea Pig Trial 4) indicated
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that the sddition of the sugesrs found in the water-insoluble
fraction of linseed oil meazl mucin and the ash portion of lin-
seed o0il meal mucin increased the haircoat "bloom" of guinea
pigs almost equivalent to thet observed when mucin was in-
cluded in the diet zlone. The sugsrs found in the water-
solutle fraction of linseed 0il mezl mucin fziled to increase
"bloom". The data indiceted that linseed oil mezl mucin con-
tained the factor(s) responsible for "bloom" and that this
factor(s) might have been present in the ash of mucin and/or
in the combination of sugars found in the water-insoluble
fraction of mucin.

More quantitative data were obtained by using the "bloom"
meter for measuring haircozt "bloom" a2s opposed to the method
of visual comparison. Although the two methods compared
favorebtly, the '"bloom" meter was much more sensitive and was
able to detect smaller differences. This was evident in those
trials in which a direct comperison between the two methods

of measuring haircoat "bloom" was made.

Summary

Results from five guinea pig trials and one rat trial
indiczted that the feeding of linseed oil mezl at levels of
21 to 43 per cent of the diet increzssed haircoet "cloom"
10-40 per cent. Twenty per cent more "bloom" was azdded to

the haircost of guinea pigs when linseed oil mezl was fed at
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a level of 43 per cent of the diet than when fed gt a2 level
of 21 per cent of the diet. Likewise, the feeding of linseed
01l meal mucin to guinea pigs resulted in 2 13-22 per cent
increasse in "bloom" indicsting that the fector(s) responsible
for the effect of linseed 0il meal upon "bloom" anparently
was present in the mucin fracticn. The addition of 2z com-
bination of sugers found in the water-insoluble fraction of
linseed oil meal mucin and the zddition of the =2sh portion of
linseed o0il meal mucin increased the haircoat "bloom" of
guinea pigs 109 and 91 per cent, respectively. These data
indicated that the factor(s) in linseed oil mezl mucin re-
sponsible for increased haircoat "bloom" might be present in
the combineation of sugars found in the water-insoluble frac-
tion of mucin end/or in the zsh of mucin. The feeding of
linseed o0il mezl, linseed o0il megl mucin, ash of muecin and
the sugars found in the water-insoluble fraction of mucin zll
gave comparable results zs to their effect upon the haircost
"bloom" of guinea pigs. The sugsrs found in the water-soluble
fraction of linseed o0il mezl mucin had no effect upon "bloom".
The feeding of diethylstilbestrol zt the rste of 0.01
microgram per gram of feed was without effect upon haircozat
"ploom" for the short trial in which it was included, but did
result in a 53 per cent increase in gains and an 11.3 per cent

increase in feed efficiency. The feeding of linseed o0il meal



to guinea pigs resulted in a 20-30 per cent increase in gsins
anéd & comparetle feed savings. The feeding of linseed o0il

mezl mucin had no effect upon gains or feed efficiency-

Cattle Experiments

Methods znd results

The effect of flaxseed extract upon the growth rete,

feed efficiency and haircost “ploom" of cattle (Cattle Trisgl

1l). The feeding of flzxseed extract to lambts had previously

(98]

been shown to increase average deily gesins 12-12 per cent with
e comparsble feed saving. A desire existed to test not only
the effect of flaxseed extract upon the gzins of cetile, but
alsc To see if flsxseed extract would incresse the haircost
"vloom" of cettle znd to see if there wes any correlztion
cetween "bloom" and finish. Linseed o0il mezl mucin could not

te obtained in quantities lerge enough to feed cettle, however

N

the flaxseed extract fed conteined around 0.75 per cent mucin.
Thirty~six Hereford steers weighing around 1131 pounds

were assigned by weight and previous trestment to six lets

of six eanimels each. These animels were on & previous trizl

with e compareble numbter of lots end trestments, therefore

the lztin squere method was used to 21d in assigning these

animals to trestment znd lot. There were two lots of six

steers each on esch trestment.
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A1l eznimels recelved 2 full feed of crecked shelled corn,
4 lpos. of 2 specially fine—groun& corn cob meesl, 2 1/2 pounds
of 2lfelfa hay znd 1 1/2 pounds of supplement ver steer dsily.
The cattle were full-fed corn twice a day, receiving the sup-
clement a% the morning feed. The hay was fed at the evening
feed after the animals had clesned up thelr full feed of corn.

The corn cobs were mixed with either water or Tlaxseed extract

n

©

t the time of feeding, similer to the procedure previously

ced for the lamt trizls. The czttle received this wes

(9]
[

es

(¢]

r
corn cob mix at the evening feed. The cobs were thoroughly
mixed with the corn at this feeding.

The trestments, supplements and liquid zdditions ere
presented in Teble 36. The composition of the Iowa 10-10-~

10-15 supplement used is presented in Teble 37. Stilbestrol

'_h

was included in 211 retions at levels to permit sach znimal
to receive 10 milligrams daily. The flaxseed extrsctywas_fed
to supply epproximately the emount of mucin supplied bty the
linseed 0il meal Supﬁlement.

The cettle were weighed every 21 dzys 2t which time any
feed refusals were welghed and discarded. The triel lasted
for a period of 74 days or until it was thought that the
cattle had reached a slsughter condition of high-choice to
low-prime.  Live grades and estimeted dressing percentages

were determined at this Time by 2 commitiee of three packer

buyers from packing plents in the state of Towa. The cattle



Teble 36. Dealily supplement end liquid zdditions for
Cettle Triel 1

Supplement deily Licuid edditions to
per steer 4 pounds of corncobs
Treatment (1lbs.) (1lbs.)
1 1.0 pound of Iowa ., 12 pounds of water
10-10~10-15 + 0.5 pound
of soybeen 0il meal
2 1.5 pounds of linseed 12 yvounds of water
01l mesl + 10 milligreanms
of stiltestrol
3 1.0 pouné of Iows 18 pounds of
10-10-10-15 + 0.5 pound flexseed extract

of soytezn oil mesl

Table 37. Composition of the Iowa 10-10-10-15 supplement
fed in Cettle Trial 1

Ingredient Pounds per ton
Cozrse ground corn cobs 1240
Molesses 310
Ures 200
Picelcium phosphate 110
Limestone 75
Selt i 40
Stilbosol™ 20
Trzce minerel premix 5
Totsl 2000

2Conteined one gresm of diethylstilbestrol per pound.
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were Tfollowed to the pscking plant where slaughter znd cer-
cess evaluations were mede similer to Those described by
Preston (88]).

Averege dsily gein, Teed efficiency values znd heircoat

()

"vloom" scores sre presented in Tsble 33. The "bloom" scores

Tatle 35. Feedlot performence znd "bloom" dzte from
Cettle Trigl 1 '
Feed per pound
A.D.G. of geain "Bloom"
Treztment {1lbs.) {(1bs.) score®
1 2.17 10.¢ 1.5
2 2.09 11.3 1.8
3 2.28 10.3 1.8

ligh = 1, medium = 2, low = 5.

presented in this triel ﬁere obtained ©y visusl mesne by 2

comnittee of three members from the steff of Iowa Stete CTol-
lege. At this time the meter for messuring heircost "bloom"
hed not been developed. There were no significent diifer-
ences in gein, "bloom" or feed efficiency due to trestment
nowever The cattle receiving flaxseed extract geined 0.11

pounds more ver day than th

¢V
o
o)

sal group of enimels. The
linseed 011 meal treatment feiled to stimulste gains. Feed
efficlency velues followed 2 similer pattern. There wsas

little difference in heir coszt "bloom" due to Ltreztment



2lthough both the addition of linseed oll meal and flaxseed
extract were superior by 6.7 per cent.
The carcsss data from this triael are presented in Table

39. Most 21l of the csttle graded averzge-choice in all of

Tstle 3%. Carcass date from Csttle Triel 1

Rib eye Fet thickness
Carcass area over rib eye Dressing
Treatment grade®  (sg.in.) (mm.) per cent
1 8.60 12.5 34 61.5
2 8.42 13.0 38 82.0
3 7.59 13.8 34 62.7

8low-choice = 7, average-choice = 8, high-choice = 9.

the lots. There was some suggestion that the cattile receiv-
ing linseed o0il meal and flaxseed eXtract had more finish than
the cettle of the basal group because of the higher dressing
percentages obtained. The cattle receiving linseed oll mezal
dressed one per cent higher and the cattle recelving flaxseed
dressed two per cent higher than the control cattle. This
suggested difference in finish was substantiaﬁed by the lin-
seed o0ll meal fed cattle but not by the flaxseed extract fed
cattle on the basis of thickness of fat over the rib eye
muscle. Fat thickness wes increased 11.8 per cent over the
control group by the feeding of linseed oll meal, but no dif-

ference was observed when flaxseed extrasct was fed. The



arez of the rib eye muscle wes increesed over the controls by
four per cent by the feeding of linseed 0il mesl while the
feeding of flexseed extract significantly (PL0.05) increesed
the szres of the rib eye muscle by 10.4 per cent. The feeding
of flaxseed extract significently (P<&0.03) increesed the ares
of the rit eye over the cettle fed linseed oil mesl.

These results with respect to hair coet “bloonm"

differed
from the results ottzined with linseed oil meel in 2 previous
trizl by Burroughs (24) where the csitle were fed for z longer
time. It was therefore interesting to speculate that the
length of the feeding veriod might have been of importence in

the influence of linseed oil mezl upon heir cost "bloom™ in

fattening cattle. CGezins and feed required ner pound of gein

were satisfactory considering the hot-weather season in which
the trizl was conducted and the finish on the ca2ttle. These

cattle were in approximetely high-gocd to low-choice condition

al.

’_h

2t the start of the tr

The effect of linseed oil meegl uvon growth rete, feed

efficiency and haircost "bloom" of cottle (Cettle Trisl 2).

1

Even though it had been shown thet linseed oil mesl would im-
prove the haircoat "bloom" of guinez pigs, this h2d not been
determined quantitatively in cettle. Aberdeen Angus cattle

were cnosen for the following experiment because of the small

.

difference in snade of color es has cveen previously discussed.

Eight yeerling Angus steers weighing around 770 pounds



were randomly assigned by weight to two groups. One group
received a supplement conteining linseed oll mesl ss the Dbasse
protein while tne other group received 2 supplement contain-
ing soyctean 0il megzl es the bese vwrotein. All animels were
individuelly fed = full Teed of cracked sheiled corn twice 2z
day, three pounds of slfelfe hay 2t the evening feed and
either 1.8 pounds of soybeen o0il mezl supplement or 2.1 pounds
of linseed 0il me=l supplement equslly divided over the morn-

Y,

ing end evening feeds. The supplements were fed et different

it}

rates so tnst 21l znimals would receive sn soulvalent emount
of nitrogen providing z11 the supplement was esten. Th
enimels were zllowed to remzin in their individusl feeding
stzlls for spproximstely £ 1/2 hours twice 2 da2y. They re-
ceived water free choice. The supplements used in the triel
are snown in Teble 40.

The cettle were welghed every 28 days ot which time feed
refusals were weighed and discerded. Haircoat "bloom" evalus-
tions were slso mede at this time by the use of the "tloom"
meter previously cdescritved. A committee of three Iowa Stete
College staff members visuzlly measured heircoat "tloom" at
the beginning and 2t the end of the triel, to make 2 compari-
son with the results obtazined by the meter. The trisl lzsted
for a period of 13% days.

The results of the feedlot performesnce and "tloom" date

are shown in Teble 41. There wes essentislly no difference in



Teble 40. Supplements fed in Cettle Triel 2

Pounds per ton

Ingredient 1 2
Soytean o0il 1808 -—
Linseed o0il meal - 1387
Salt 22 1e
Trece minerel premix 3 2
Vitamin A% 11 S
Vitsmin DY 2 2
Dicalcium phosphste 154 111

Total 2000 2000

Tabtle 41. Feedlot performence znd "bloom" datz from Cattle

Triel 2
Feed per vound
A.D.G. of gain "Bloom" Visuel
Treztment (lts.) (1ts.) change "wloom"®
1 2.31 7.77 4.5 2.25
2 2.28 7.73 25.1 1.¢2
8High = 1, medium = 2, low = 3.

eversge daily gain or feed efficiency, however these cualities
were slightly in favor of the cattle fed soybean oil mesl.
The feeding of linseed oil mesl incressed '"bloom" 2.5 ver cent

- - f - - e
2s measured by the "bloom meter. Compsreble results were



obtained by the method of visuel compsrison.
The change in heircozt "bloom" by 28-dey periods is

presented in Teble 42. Maximum hzircoet "bloom" wess spper-

ently observed during tae first and second 25-day period with

Tskle

1
I\)

"Bloom" change by period for Cattle Trizl 2

reatment
i

Period Soybeen 0il meel nseed oil meel

First 28 dzys 5.00 .13
Second 28 deys 7.18 T.23
Third 28 days 1.83 1.25
Fourth 28 deays 4.80 4.85
riftn 27 deys 4.82 4.43

Totel 24.50 25.0€

> compensating lesser ”bloom" incresse the following 28 dsys.
"Bloom" was ags n incressed after 84 days indiceting thet per-
heps msximum incresse in "bloom" mey not te obteined unless
cattle 2re on a long feed.

Carcess evezluation data sre presented in Table 43. There
were no significent trestment differences in csrcass grade,
dressing per cent, area of the rit eye or thickness of fat
over the rib eye muscle. The linseed 0il meal-fed cattle
did grede 3.5 per cent or gpproximetely 0.1 of 2 grade nigher
than the group fed soytean oil meal. The soybeen oil mesl-fed

pa

cettle appeesred to be fetter besed on the slightly higher



Table 45. Carcass date from Cettle Trizl 2

m

Thickness of
Arez of fat over rib
Cercess Dressing ritc eye eye
Treatment grade® per cent (sg.in.) (mm.)
1 7.0 81.7 13.13 31.5
2 7.75 680.8 11.72 30.¢

alow-choice = 7, eversge-choice = 8, high-choice = C.
2 b 2 s

dressing percentage znd thickness of fat over the rib eye.
ifhe ares of the rit eye was also slightly lsrger for the
cattle fed soybean meal. All of the c2ttle graded from low-
choice to average-cholce condition.

Tne effect of the level of linseed oil meel uvon the

nzircost "bloom" of cattle (Cattle Trizl 3). A 2 x 2 x 3

Tectorial experiment being conducted with 72 heed of yeerling
Hereford csttle by the Iowa State College Animel Hustendry
Department weas used to octein heircoat.”bloom" deta with the
2id of the "bloom" meter. Linseed oil meal wes used ss the
protein supplement znd was fed 2t levels renging from 0.05

to 1.4 pounds of linseed oil mezl per steer daily.

Haircoat "bloom" data were obtained on these cattle to
see 1f & difference could ©ve detected on different levels of
linseed o0il meel. "Bloom" &2tz was tsken 2t the sazme time
the cattle were weighed, which was 2t 28-dey intervels. Hair-

. 1" = - Y -
coet "bloom data were tazken for 2 period of 84 days. There
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were 12 lots of six animels ezch involved in the triszl. The
statisticel design of the trisl and the pounds of supplement
fed per steer daily is presented in Tzble 44. The composi-

tion of the supplements is presented in Table 45.

Teble 44. Statistical design end pounds of supplement fed
per steer deily in Cattle Trizl 3
Linseed 0il meal , Linseed 0il megl-uregz

No TQ% TQ Ne TQ TQ
Low Let 1 Lot 2 Lot 3 Lot 4
protein (0.5 1b.) (0.5 1b.) (0.25 1t.) (0.25 1b.)
Medium Lot & Lot & Lot 7 Lot 8
protein (1.0 1t. (1.0 1v.) (G.5 1b.) (0.5 1t.)
High Lot & Lot 10 Lot 11 Lot 12
protein (2.0 1t.) (2.0 1t.) (1.0 1t.) (1.0 1kt.)

27Q represents tranquilizer.

The urea in the linseed o0il meal-urea supplement fur-
nished epproximetely 30 per cent of the total nitrogen in the

supplement. The three levels of protein fed were spproxi-

mately 8.5, ¢.0 and 9.5 per cent of the total ration czlculated

upon 2 constant inteske of hay, grein znd supplement. All
cattle received three pounds-of hay end a2 full feed of corn in
eddition to the supplement.

The suthor wes only interested in the effect of the

level of linseed oil mezl upon neircost "bloom", therefore



Table 45. Composition of supplements fed in Cattle Triel 3

Lot number

Ingredients 1 2 3 4 5 6 7 8 ©

Linseed oil meal 33.5 32.5 9.2 7,2 277 275 11.5 10.5 280.5 9.0 5.0
Urea - - 7.8 7.8 w«= - 7.8 7.8 —- 6°.0 62.0
Dehydrated corn cobs - - - — 67 57 14.2 14.2 86.5 86.5 173.0 173.0
Omeles 5.0 5.0 10.0 10.0 20 20 5.0 6.0 1lo.0 20.0 20.0
Dicelcium phosphate 5.0 5,0 10.0 10.0 20 20 6.0 5.0 10.0

Limestone 5.0 6.0 10.0 10.0 20 20 6.0 6.0 10.0 0 20.0
Stilbosol? 1.0 1.0 2.0 2.0 4 4 1.0 1.0 2.0

Trece minerel premix 0.3 0.3 0.5 0.5 1 1 0.3 0.3 0.6

Vitamin AP 0.2 0.2 0.5 0.5 1 1 0.2 0.2 0.5

Tranguilizer premix® -- 1.0 == 2.0 --= 4 -- 1.0 --

Total - 50.0 50.0 50.0 50.0 400 400 50.0 50.0 400.0 400.0 400.0 400.

8Contains one gram of diethylstilbestrol per pound.
PConteins two million I.U. per pound.

CContains 800 milligrams per pound.

10T
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the trizl wes analyzed only z2s 2 2 x 3 factoriel. The feac-
tor, tranqullizer, was omitted from the design as it had no
effect upon haircoat "bloom" and was not considered as en

important objective in the author's part of the experiment.

The results of the trizl =re presented in Table 46.

Taole 468. Haircoat "bloom" dzta obtazined in Cattle Trizl 3%

Linseed o0il meal Linseed 0il mesl-urea
b
Low 10.6 11.1
protein Q.54 pounds 0.05 pounds
Medium 14.6 » 10.8
protein 0.62 pounds - 0.12 pounds
High 15.1 11.2
protein 1.4 pounds 0.25 pounds

@Haircoat "bloom" is presented 2s units of change in
"cloom" .

bUpper figure represents hsircost "bloom" increase.

Lower figure represents pounds of linseed oil mezl received
per steer per day.

Heircoat "ploom" was increased zs the level of linseed oil
meal fed daily per steer was incressed. "Bloom" was in-
creased approximstely 36 per cent by the feeding of 1.4 pounds
of linseed oi; meal per steer'daily as compered té 0.05
pounds. As the level of protein in the ration increased,

haircoat "pbloom" was incressed, while the addition of urea
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to the linseed oil meal supplement decreased haircoat "bloom".
There was a significant (P<£0.01l) interaction between the
supplement fed and the level of protein fed. All of these
effects were primarily due to a difference in the level of
linseed oil meal fed per steer daily.

Haircoat "bloom" change by 28-day periods is presented

in Table 47. The largest increase in "bloom" apparently

Table 47. Haircoat "bloom" change by 28-day periods
obtained in Cattle Trial 3

Iot Period 1 Period 2 Period 3 Totzl
1 6.7 2.2 2.1 11.0
2 5.6 4.1 0.4 10.1
3 5.8 3.4 1.1 11.1
4 10.7 4.0 ~-3.7 11.0
5 10.7 2.4 2.1 15.2
6 10.1 2.4 1.5 14.0
7 7.0 3.2 0.8 11.0
8 8.3 3.7 -1.5 10.5
e 9.2 3.6 2.2 15.0

10 6.3 4.0 4.8 15.1

11 8.9 2.4 0.0 11.3

12 6.5 1.6 2.9 11.0

occurred during the first 28 days with a2 generzl slacking
off during the following periods. This is in partial sgree-
ment with previous results, however maximum differences

might have been obtained if a longer experimental period had
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been involved. A longer experimentzal period has been indi-
cated in the results obtained in Cattle Triazl 2 and from the ’

trials with lzboratory animals.

Discussion

The feeding of flaxseed extract to cattle resulted in in-
creased average dalily gains, more efficient gains and a sleek-
er haircoat. The feeding of flaxseed exﬁract likewise improv-
ed feed efficiency over the control cettle and the linseed oil
meal treated cattle. These results are similar to those pre-
viously obtained when flaxseed extract wes fed to lambs.

The feeding of a linseed oil meal supplement containing
stilbestrol failed to stimulate gains over control cattle re-
ceiving a soybean oil meal supplement contzining stilbestrol
or over animals receiving flaxseed extract with stilbestrol
added. The poorer performance of linseed 01l meal in this re-
spect did not agree with previous work by Burroughs et al.
(24) in which linseed oil mesl containing added stilbestrol
compared favorably with other supplements containing added
stilbestrol. A direct comparison of soybean oil meal and
linseed oil mezl, both containing no zdded stilbestrol, pro-
duced no significant differences in aversge daily gain or feed
efficiency. These results are in agreement with Culbertson

et al. (35), but are in contrast to the work of Hinmen et 2l.

——
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(57) who found that linseed oil mezl would increase gains over
a supplement of soybean oil meal. The poor results obtained
with linseed oil meal containing stilbestrcl in the first
trial might be attributed to the fact that stilbestrol was
omitted from the supplement through error the first 13 days
of the trial. During the first 28-Gzy period the gains were
extremely low for the cattle receiving linseed oil mesl, 2l-
though they were comparable to the gz2ins made on the other
treatments throughout the latier weigh periods.

Both flaxseed extract and linseed oil meal seemingly
increased the finish of the cattle in the first triél ss
was borne out by an increased fat thickness over the rib eye
in the cese of linseed oll meal, but not in the case of flax-
seed extract. Linseed oil meal increased fot thickness over
the rib eye in the first trial 11.8 per cent and increased
the arez of the rib eye 4 per cent.

In contrast to the above results, linseed oil meal failed
to increase dressing per cent, rib eye area or thickness of
fat over the rib eye in the second trisl. The soybean oil
meal fed cattle in this trial dressed higher, had lsrger rib
eyes and more fet over the rib eye than the linseed o0il meal
fed cattle. Linseed oil meal, however, 4id increzse carcass

grade over the cattle receiving soybean oil mezl.



106

The feeding of both flaxseed extract and linseed o0il
mezal resulted in increased haircoat "bloom". This increase
ampunted to as much as 2.5 to 6.7 per cent. The smallest
difference in "bloom" was obtained in the first trial where
comparisons were made visually. There was no difference be-
tween flaxseed extract and linseed oll mesl in their effects
on '"bloom". Linseed o0il meal mucin has been assumed to be
the factor responsible for haircoat "bloom", therefore larger
differences might have been obtained if the muecin could have
been fed directly raether than being fed zs a part of the flax-
seed extract. The effect of the mucin present in Tlaxseed
extrzact could have been obscured by other factors present,
however the level of mucin in the flaxseed extract weas
approximetely equal to thzt fed in the linseed o0il mezl treat-
ment. Perhaps larger differences could have been obttained
if z longer feeding period was used and if the cattle were
fed to a higher grade.

Results in the second trial illustrated that even though
1.8 pounds of soybezn oil mezal and 2.1 pounds of linseed oil
mezl were given to the animals, only 1.43 and 1.32 pounds,
respectively, were actually consumed. No explanation could
be given for the feed refusal of these supplements. Results
obtained in the third trial indicated that an increase in
the level of linseed oil meal fed per steer daily would in-

crease haircoat "ploom". The largest increase in "bloom" in
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Cattle Triel 3 was ovtazined in the first 28 deys with 2
progressive decrease in "bloom" during the following 28-day
periods. The meximum increase in "bloom" in Cattle Trizl 2
wes also obtTained in the first ané second 28-dsy periods

with a subsequent decreszse in "bloom” during the following

28 deys, however "vloom" wes esgsin incressed during the lstter
vericds of the trisgl. The large increase in '"bloom" during
the first znd second 28-day periods might heve been due to

stress upon the animals in shipment causing them to hzve e

poor hairccst or very little '"bloom" 2t the beginning of s

trizl. Similsr observetion

4]

heve been made zlong this line

el

in respect to gesins 2nd feed consumpltion which sre quite
“high the first 28-5% dsys of a triel. A large increzse in
"cloom" 2t tne veginning of a trisl seemed to te ccmpensated
by the lesser "bloom" increese during the third end fourth

N

£28~day period. Results in Cattle Triel 2 indicated thsat

)

"pleom" was increased in the latter vpericds of the trisl.

This indiceted thet true maximum "oloom" may not be ettesined
in short experimental periods other thzn the lerge incresse
in "bloom" observed in the first 28-56 days. Moximum heir-

cozt "bloom" may not be asttained until cattle have been fed

longer then 84 deys-
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Summery

The results of three czttle feeding trizls indicsted
thet the feeding of either flaxseed extrzct or linseed oil
mezl would increase nsircoat '"bloom" as much s 2.5 to 6.7

per cent. The feeding of flaxseed extract resulted in 5.1

e

er cent Iaster geins and 3.7 per cent more efficlent gsins

then control cattle, while the feeding of linseed 01l meal

-y

[¢)
i

to stimulste average da2ily geins or feed efTiciency.

oz
a1l 4

-4

The results were inconclusive as to whether Tthe feeding o
linseed o0il mezl would increszsse cercsss grade, dressing ver
cent, area of rit eye or thickness of fzt over the rib eye.

-

The results indiceted thst meximum heircost "bloom" wes ob-

n
jon

erved in the first or second 28-day veriod followed Tty e

lesser "clcom" incresse the following 28 deys. '"Bloon" sgain

=

incressed after 84 days.
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Metnods

The effect of flaxseed extrzct, flaxseed extresct éry

metter, linseed o0il meal mucin end fractions of linseed oil

meel mucin upon cellulose digestion in vitro. The purnose of

these studies was to evaluate the effects of 2 weter extract
of flaxseed end verious fractions of this extract upon cellu-

lose digestion by rumen microorgsnisms in vitro. Previously
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it had been shown by Burroughs et 2l. (25, 27), Bentley et
al. (13) and Ruf et 21. (21) that water extracts of feed
materials would increase the cellulose digestion by rumen
microorganisms in vitrp. A postulation was that perhaps the
factors causing increased gzins in sheep and cattle receiv-
ing flaxseed extract could be partially expleined by studies
in the artificial rumen.

The in vitro technique as described by Cheng et 21. (28)

was used in this series of studies. The procedure was s
follows:} the inoculum wss obtained from a fistulzsted steer
maintained on 2 daily ration composed of four pounds of ground
corn cob, 1.5 pounds ground corn, 0.5 pounds soybean oil meal
and five pounds of zlfalfa hay. The ingesta was removed from
the rumen and the liquid strained through four layers of
cheese cloth into pre-warmed thermos bottles. The micro-
organisms from two liters of this rumen ligquid were used to
inoculate one liter of the basal medium shown in Tzble 48.
The rumen liquid was centrifuged at 2000 RPM for two minutes
in a Servall angle centrifuge to remove small feed particles.
The supernatant was then centrifuged at 25,000 RPM in 2
Sharples centrifuge to remove the microorgsnisms from the
rumen liquor. The microorganisms were removed from the

Sharples barrel and suspended in COo saturated distilled

water which had been warmed to 32° C a2nd then the suspension

was re-centrifuged in the Sharples to remove the micro-
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Table 48. Basel medium for in vitro fermentation

Constituents Amount
Cellulose 10.0 gm.
Urea 2.0 gm.
KHoPO 0.5 gm.
NaoHpPOs - 7 HgO 1.2 gm.
NarC0Oz 5.5 gm
¥C1 4.0 gmn.
NeCl 4.0 g .
¥g80 0.1% gm-
CuSCsa - & HgO 0.002 gm.
¥nSCy - 5 HgO 0.0004 gr.
ZnS04 - 7 HpO 0.00008 gn.
FeSC0s4 - 7 Hg?D 0.075 gm.
CoCls - 6 EHpO 0.002 gm.
CaClg 0.55 gnm.
Distilled weter 2.0 1liter

orgénisms. After this second centrifuging, the microorgan-
isms were suspended in the Ttesel medium. This susvpension of
microorgenisms end cellulose wes placed in the water beth
end COo was bubbled through the suspensicn. After 10 min-
utes, the pd was adjusted to 6.2 snd 20 milliliter zlicuots
were distributed to 75 milliliter fermentation tubes.

The flaxseed extract was added to tne fermentztion tubes
s a lioguid. If there was less than one milliliter zdded to
any of the tubes, no correction wes msde for this slight

dilution. ‘%hen more than one milliliter had to be a2dded,

the volume of the other tubes was adjusted. Flaxseed extrsct
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dry matter was dilssolved in water and

a

:Cded to the digestion

-

*
+

tubes. The water was then eveporsted a Torced-gir oven
- 0 : 3 s . < . PR

at 7C-75" C. Linseed oil mezl mucin end frections of lin-

seed o0il meal mucin were also added to the digestion tubes

in & weter solution =nd the water evapcorated.

Results

The effect of verious levels of flaxseed extract upon

in vitro cellulose digestion by rumen microorgsnisms 1s shown

LY

3

in Table 4°2. The per cent cellulose digested in 24 hours

was significently (P<0.01) lowered in both Trial 1 znd Triel

<3

2 by the oddition of flaxseed extract. There seemed to be

l_J
‘.J
ot
ct
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ffect upon cellulose digestion by levels of flaxseed

extract lower then one milliliter. Although levels of flax-

Tatle 48. Effect of various levels of Ilexseed extract upon
in vitro cellulose digestion by rumen micro-

Additions of
xs

Tlaxseed extract

per

20 milliiliters Per cent cellulose digested in 24 hours

(milliliters) Trial 1 Triezl 2 Averzge
0.0 42.8 41.2 4£2.0
0.1 43.8 41 .4 492.5
0.5 43.2 40.3 41.3
1.0 32.7 38.1 38.¢
2.0 40.8 38.86 32.8
3.0 41.0 38.7 40.4
4.0 41.2 38.2 3C.7 .
5.0 3¢.1 37.7 38.4
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seed extract above one milliliter lowered the per cent of
cellulose digested, there was little difference between these

higher levels in their

[¢]

ffect upon cellulose &lgestion.

ct

Apperently a water extract of flaxseed contained no factor
or factors that would stimulate cellulose digestion in vitro
unless these fzctors were inhibited by other fectors that

Y

might have been present.
The effect of verious levels of flaxseed extrect dry

matter upon in vitro cellulose digestion by rumen micro-

organisms is shown in Table 50. The five and 10 milligran

additions of flaxseed extract dry metler lowered the diges-~

Teble 50. Effect of verious levels of flaxseed extract dry
matter upon in vitro cellulose digestion by rumen
microorganisms

Additions of
flaxseed extract
dry matter per

20 milliliters Per cent cellulose digested in 24 hours

(milligrens) Trial 1 Trial 2 Averege
0 358.¢ 47.1 42.0

5 1i7.4 47.3 32.4

10 23.1 43.8 33.5

15 18.7 16.3 17.5

20 23.5 10.5 17.0

25 1.8 8.3 13.0

30 21.5 5.7 13.8

35 i3.2 10.8 11.¢

40 24,2 15.5 18.¢

45 12.1 3.¢ 8.0

50 11.4 12.5 12.0

7 g.0 7.4

55 6.
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Ttion of cellulose ©ty 22.9 per cent an 0.2 per cent, re-
spectively. Levels of flaxseed extract dry metter higher
than 10 milligrams continued to lower the digestion of cellu-

lose until only 7.4 per cent of the cellulose wes digested in

o

wurs. This occurred when 55 milligrems of flsxseed ex-

n)

4

¥

ct
H

4523

(e}

t dry matter were present.
1t was thought that perheps en effect from any factor

N

ight heve been present in flaxseed extract

=

or fectors that
could hsve been masked or ocvscured by inhibitory fsctors thet
might have been present. HNore purified fresctions of flaxseed

extract were next investigeted.

solated linseed oil mezl mucin upcn in

h
o

The effect o
vitro cellulose digestion by rumen microorgenisms is shown
in Tektle 51. The addition of linseed oil meel mucin increased
The digestion of cellulose in vitro wihich was & statistically
significent (P&€0.05) increase only in Trisl 1. There was
little effect upon cellulose digestion up to spproximetely
the 16 milligrem level. Levels of linseed 0il meal mucin
above 60 milligrams hed either no effect or 2 slight depress-
ing effect upon cellulose digestion. The greatest incresse
in cellulose digestion occurred 2t the 20, 40 znd 60 milli-
gram levels of linseed o0il mezl mucin. These were rather
hign levels as compsared to other substances known to increase
cellulose digestion in vitro {(Trenkle, 27), such as certezin

amino acids which zctively increase cellulose digestion when
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Teble 51. Effect of linseed oil meel mucin upon in vitro
cellulose digestion by rumen microorgenisms

Additions of
linseed oil mezl

mucin per Per cent cellulose digested in 24 hours
20 milliliters Lverage of
(milligrems) Trial 1 Triel 2 Triel 3 Trisls 1 znd 2
0 30.2 35.1 38.5 32.7
1 32.0 34.1 - 33.1
2 30.4 35.8 - 33.1
4 33.¢2 54£.2 - 34.1
3 22.3 34.8 - 32.1
16 34.8 34.8 - S54.82
20 - - 48.5 -
32 35.5 34.4 - 35.5
40 - - 44.C -
60 - - 40.5 -
54 37.3 40.2 - 32.0
g0 - - 34.¢ -
100 - — 37.1 -
120 -— - 34.3 -
140 - - 55.4 -

added 2t levels of 2-4 milligrams.

An zpperent stimuletion in the digestion of cellulose
in vitro by the 2d4dition of linseed oil meel mucin deemed it
neceésary to determine the factor or factors present in lin-
seed 0il meel mucin ceusing this effect. The large cquantity
of certohydrate in linseed oil meegl mucin indicated that it
would ve desirable to see if 28ditionel csrbohydrate would

give an effect similer to mucin itself. The effects observed

in these studies are presented in Teble 52. The carbohydrate
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Taeble 52. Effect of various levels of dextrose and linseed
0il meel muecin upon in vitro cellulose digestion
ty rumen microorganisms

Additions of mucin

and dextrose per Per cent cellulose
20 milliliters digested in 24 hours
(milligrems) Trizl 1 Trigl 2
0 4.8 42.8
20 mg. mucin 5%2.2 38.8
40 mg. mucin 51.8 32.9
50 mg. mucin 48 .4 -
1 mg. dextrose 47.2 43.8

2 mg. dextrose
20 mg. mucin +
20 mg. nmucin +

+
+

*
.

mg. dextrose
mg. dextrose
mg. dextrose
ng. dextrose

40 mg. nmucin
40 mg. muecln

.
.

oM

> oven on
WD = AN O
mca;Jm»b
CA QY Gl s
HNIBROO
oYy 3 0O

mg. dexXtrose

o

mg. dexTrose

60 mg. mucin
80 mg. mucin

+

+

N
>
> O

>

(dextrose) was =2dded to the fermentation tubes 2t 2 level

found by Cheng et 2l1. (28) to incresse in vitro cellulose

digestion (one milligram). Twice this level of cerbeohydrete
(two milligrams) was 2lso used in pert of the fermentation
tubes. The levels of linseed oil meszl mucin used were the
ones that gave maximum cellulose digestion in previous trials,
winich were 20, 40 2nd 80 milligrenms.

The addition of linseed oil meal mucin in these studies
increased cellulose digestion in vitro only in Triel 1. The

20 and 40 milligrem levels of linseed oil meel mucin in Triel

1 significantly (P<0.01l) increased cellulose digestion 8.7
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per cent and 5.9 rer cent, respectively, however the 60 milli-
gram level lowered cellulose digestion slightly. Both the
one and two milligram levels of déxtrose lowered cellulose
digestion in both Trisls 1 end 2. There wes some suggestion
in botn trials that linseed cil mezl mucin and dextrose in
combinetion lowered the per cent of cellulose digested. This
was probably due To an cover supply of avellable cerbohydrete
for the rumen microorgenisms. The microorgenisms probably
utilized the resdily sveilesble carbohydrate (dextrose) in
preference to cellulose, resulting in z lowering of cellulose
digestion in comperison tc other trestments.

The factor or fzctors in linseed 0il meal mucin that
might stimulste cellulose digestion in vitro were further
studied by conducting two triels in which the water-soluble
ané water-insolutle frazction of linseed 0il mesl mucin were
added to in vitre fermentation turves. These factors were
added in emounts eguivalent to tne esmount of these fractions
thet would pe a2dded by 1.3 rer cent mucin. The results of
these studles e2re given in Tsble 53. Linseed o0il mesl mucin
was epproximetely 63 per cent water-soluble and 37 per cent
water-insoluble.

Linseed o0il meal mucin feiled to stimulete cellulose
digestion in vitro in both of these triesls, excert =zt the 20
milligrem level. The 20 milligrzm addition of mucin stimu-

lated cellulose digestion 6.4 per cent. It should be noted
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Teble 53. Eifect of frections of linseed oil mesl mucin
upcn in vitro cellulose digestion by rumen
microorganisms

Additions of frections of

linseed 0il meazl mucin Per cent cellulose
per 20 milliliters dirested in 24 hours
(milligrams) Triel 1  Triel 2 Averasge
0 25.5 42.8 34.2
20 mg- mucin 25.3 47.4 36.4
12 mg. water-scluble fraction 25.7 3¢.8 52.8
g€ mg. water-insolutle fraction 24.53 44.5 34.4
40 mg. mucin 24.2 37.3 30C.8
24 mg. water-soluble frzction 21.7 41.8 31.8
16 mg. water-insoluble fraction 27.7 35.3 31.5
60 mg. mucin 24.5 25.1 £5.2
386 mg. water-soluble fracticon 23.8 40.4 32.1
24 mg. water-insoluble fraction 22 .2 44.0 58.1

thaet the weler-insoluble fracticn of linseed oil mezl mucin
geve results compareble to the linseed oil meel mucin addi-
Tione. The water-insoluble fraction of mucin zdded at the
nigh level (24 milligrems) incressed cellulose digestion
over the baszl 5.8 per cent. One might conclude frcom these
results Theat when the a2déition of linseed o0il mezl mucin in-
creased cellulose digestion in vitro, the Tactors responsible
were gpprarently present in the weter-insoluble frection of
the mucin. The weter-solutle fraction of mucin either de-
creased or hed no effect on cellulose digcestion in almost

211l csses.



Discussion

The per cent cellulose digested in vitre in 24 hours was

<

found to te significently (P <0.Cl) decrezsed by the addition

ct

of verious levels of flsxseed extract zbove = one milliliter

addition. This wee not zn effect similer to those otserved

Ny

on other plent extracts by Burroughs et zi. (25, 27), Bentley

t 21. (13) end Ruf

D
ct

gt 21. (€1l). The 2ddition of flexseed
extract dry metter also Gecreased in vitro cellulose diges-
tion in a 24-hour fermentation pericd.

The =ddition of iinseed cil meel mucin significantly
(P<L0O.05) increased in vitro cellulose digestion when levels
cbove 1€ milligrems were used. Meximum cellulose digestion
was oblained st 20, 40 2nd 60 milligrem levels cf linseed
o1l meel mucin. The results obteained by the addition of mucin
veried considerebly, giving e stimulstion in cellulcse diges-
tion in some triels end hsving no effect in others. Mucin
did not zppeer tCc have an effect upon cellulose digestion

similar

ct
O

thet of dextrose, however, more promising results
might heve been obtained if the pentose sugars normzlly found
in mucin were used instead of dextrose a2s & carbohydrete
source.

The factor(s) tast sre responsible for the response ob-
tained by mucin mey be found in the water-insoluble frzction

of mucin. All levels of the water-inscluble fracticn and
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especially the high level (24 milligrsms) gave results com—

pareble to tne addition of mucin =zt & 80 milligram level.

-3
5
(¢

water-soluble fraction of mucin appesred To hsve no effec?t
upon ceilulose digestion in vitro. Perhsps there were some
innibitory factor(s)'present in the flaxseed extract eand flax-
seed extract dry metier tahet prevented the fsctor(s) in lin-
seed oil meal mucin from stimulating cellulose digestion.

One might slso postulete Tthet perheps mucin did not stinu-
late cellulose digestion 2% ell, due to the varisble results

obvtsined. It seems best toc say et this time, thet if 2 tru

[¢]

stimulation in cellulose digestlion did occur by the 2dditio

3

-

of linseed oil mezl mucin, the factor(s) responsivle for
this effect epvearently were in the wzter-insolutle fraction

of mucin and must remein unidentified st this time.

Summary

The results of nine in vitro studies indicated that the
gddition of linseed oil mezl mucin stimuletes the digestion
of cellulose in vitro. This stimulstion smounted to 14-25

per cent. The factor(s) responsible for this effect spvar-

ently were in the water-insoluble frection of mucin, however

ct
[
0]
[
H,
H

ect of this factor(s) wes somehow inhibited when either
Tlaxseed extrazct or flaxseed extract dry matter was szdded %o

in vitro fermentetion tuces. The 2ddition of flexseed extrect
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and flexseed extrazct dry matter resulted in 2 20-23 per cent

decrease in in vitro cellulose digestion. ’
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DISCUSSICN

The overzll results reported in this thesis demonstrate

-

thet linseed o0il meel when incorporated znd Ted in ruminant

()]

¥

rztions possesses gt least two nutritionel properties in
addition to the zvailsble en=rgy send conventional protein

(nitrogen per se X 6.25) it supplies. The virtues of sup-

o= M. D

t

plying energy and sufficient nitrogen in ruminant rztions,

Pl

either as a part of the major feeds commonly fed (roughages
eand cereal grains), or as supplementary prctein {oil mesls,
1

urez and mill by-product feeds) hes been well estszvlished by

previous lnvestigetions. By contrsst, tne two addéditionel

3

1
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ritionzl properties of linsee 1 meessured in this
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study hsve been suggested in one menner or enother in the
pest (Haywerd, 52), but no gquantitstive measurements confirm-
ing thelr significence in cattle 2nd sheep have previously
teen reported. These two sdditional nutritionel properties
can only be described in generzl forms szt this time. The
first relates to a growth stimulastory property cf linseed
0il meal other than the eveilstle energy 1t supplies, or the
ammonia nitrogen it supplies as a result of fermentztion
processes in the forepart of the ruminznt digestive tract.
The second additional nutriticnsl property relates to 2z hair-
coet sleekness condition ("bloom") in cattle fed linseed oil
meal which is plessing to the eye of livestock producers and

those engesged in the buying and selling of cattle.
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The demonstration of the growth stimulating rfsctor in
linseed oil meel wzs evident by the improved liveweight gains
in lampcs fed & water extract of flexseed added to 2 ration
supplying a mergineal smount of protein (nine per cent). The

improved liveweignht geins in the lambs cculd not be explained

3

on the basis of the smell nitrogen content ne

'se present in
the extract since this was compensated for in the besszl ration
by an ecual amount of nitrcgen supplled by urea. Nelther
could the zvailsble energy vpresent in the extract te expected
To eppreciebly influence growth rate due to the emell amount
avalleble energy in the extract sndé the adecuscy of energy
in the basal rztion fed to compsarzble groups of lembs.

+

The nature of the zctive Ffactor(s) in the flexceed ex-

tract responsible Tor thls livewelgnt gein stimulation in
lamts cannot e predicted from the experiments conducted.
Since mucin was present in the extrect, this msteriel could
have exerted such an influence. On the other hand, the active
fector(s) may have been constituents present other then mucin.
This latter possibility seems more likely since water ex-
tracts of a number of otner feeds not conteining mucin have
exhibited the presence of unidentified factors stimulatory

to liveweight gains in ruminents (Burroughs et 21., 28, 27).
Algo in this respect, it seems likely thet similer growth

responses might be obtained from wafler extracts of other oil

meals and that this particular property is not unlcue with
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linseed oil meal. Support for this azssumption is evident
from the artificial rumen experiments resulting in celluicse
digestion improvement by water extracts of linseed oil meal
fractions similer to the improvements noted by other (Bur-
roughs et al. (25, 27); Bentley et 21. (13); Ruf et z21. (91))
when extracts of other feeds inecluding other oil meals brought
about similer improvements in cellulose digestion in arti-
ficial rumen experiments.

The results obtained in the present investigation leave
little doubt thzat linseed oil meal improves the sleekness of
haircoat not only in cattle, but also in cther animals in-

clusing such latoratory animals as the guinea pig znd the

ct

rat. This improved sleekness in haircoat in s number of ex-
periments wes readily visible by the eye and could be quanti-
tatively measured by the light meter developed for this pur-
pose. The present experiments further demonstrated that the
active principle in linseed oil meal in producing sleekness
of haircoat was associsted with its muein end/or zsh con-
stituents. More specifically, the active factor in mucin

was primarily the water-insoluble portion as demonstrated in
guinea pig experiments. Thnis study further suggests that it
is the particular combination of sugars present in the water-
insoluble fraction of mucin which causes a large part of the
"oloom" or sleekness of haircoat condition imparted by lin-

seed 0il meal feeding.
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The finding later in tne experimentzl work that the ash
of the mucin fed to guinea pigs hed a favorazble influence
upon sleekness of halrcoat was interesting, btut unfortunately

t

}_b

did not permit further studles concerning the exact min-

o

rels responsible Tor this influence. The asnh principle in
the mucin preperation fed, appeszred to te much less influ-
ential on asircoast sleskness than the comobination of pentose
sugars present.

The development of zn aspperatus snd technicque sufficient-
ly criticel to cuantitatively messure differences in s;eek~

- s

ness of heircost a2s ceused by refion influences would szoppesr

«

to be an importent contritution of the resesrch revorted in
this thesis. The apparatus and tecnnigue, or modification

of same, should zllow future investigators to cuentitatively
amezsure other nutritionzl and non-nutritional factors re-
sponsible for producing 2 sleekness or a "cloom" to the hair-
coat of animels. This would eppeer to be of importance not
only in fettened beef czttle sold on the open merket, but in
2ll types of livestock groomed for show purposes as well as
possible gpplicztion in the fur-besgring industry and in house-
hold pets (dogs 2nd cats) where a plessing haircost is &
desireble featur

Tne light meter apparstuse used to record haircost

"oloom" in these studies geve comparzble but more precise re-

sulte then visual evaluation. Using the light meter resulted
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in an accurate measurement of the change in haircoat "bloom"
over 2 given period of time. The recording of hairecoat
"vloom" in units of change over a period of time seemed to

te a more desirsble technique than actual meter readings re-
coréed 2t any one time since 2z light-colored animsl would
coﬁsistently give higher readings than a dark-cdlored znimal
even though there was no difference in "blecom". A constent
base reazding sbout in the center of the microampere sczle
(300 microamperes) was found to be essentiai before taking
the haircocat readings. The haircozt of the animsls used in
this study were darker and zbsorbed more light than the
metallic surfaces on the inside of the instrument. There-
fore, a drop of 150-200 microampereé occurred when the meter
opening was placed sgainst the animal than that which occurred
when the meter door was closed. When measuring haircosats
reflecting more light then the inside surfaces of the instru-
ment, 2 lower base reading such as zero could be used.

The identity of the physical characteristic relating to
haircozt "bloom" which was measured by the "bloom" meter used
in this study 1s uncertain. One such characteristic could
have been & change in pigmentaztion of the hairccat, however
other possibilities might also exist. Although the "bloom"
meter 1s not properly designed to separate light reflected
from the surface from that which is scattered or diffusely

reflected from the material investigated, it should be noted
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thet in this particulsr set of experiments there‘éfé'cértsin
features which meke it likely thet there is some correlétion
between gloss or '"bloom" znd the meter readings. This cor-
relation is supported by the close agreement of the results
obtained when haircoat "bloom" was evaluated by both the
"bloom"” meter and by visual appreissl.

Finally, in discussing the results of this thesis, the
nutritional merits of linseed oil meal as a cettle supple-
mental ingredient &s compared\with other oil meals such as
cottonseed meal or soybean oil mezsl should be reappraised.
Since feeding triels in the past have on the average shown
atout equzl liveweight gain performaznce in cattle receiving
linseed meal ss compzared to other oil mezl supplements, it
seems only falr to conclude that 211 of these oil meals are
roughly equally effective in supplying nitrogen, energy and
unidentified factors concerned with stimulating growth or
liveweight gains in fattening beef csttle. On the other
hend, since linseed oil measl contzins an azbundant amount of
mucin in contrast to essentially no mucin being present in
other oll meals and since the present research has Jemon-
strated the significance of mucin in improving the gppearance
of haircoat in cattle, it seems logical to also conclude that
linseed 0il meal excels 211 other o0il meals with respect to
producing cattle with more attractive haircoats. This con-

clusion is based on: the assumption -that other oil meals do
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not contain nuﬁrignts 6ther thaﬁ ﬁﬁcin which iﬁéértﬁa~similar
haircoat "blooﬁ" to fattening cattle. Evidence supporting
this assumption wes obtained in certain of the cattle experi-
ments reported in which those receiving linseed oil meal had
superior hairccats as compared to those receiving soybean

oil meal.

That mucin in linseed oil mesl and not the residual oil
in linseed or other 0il meals is primarily respongible for
the improvement in haircoat “ploom" seems worthy of mention
since the oil content of 0il meels have often, without proof,
been regarded in the past 25 the azctive constituents primar-
ily responsible for haircoat "bloom" in csttle. Data from
this study hes indiceted that the oll content of linseed oil
mesl hes no effect upon "bloom" since linseed oil mezl mucin,
which contzins no oil, incressed "bloom" equivalent to lin-
seed 0il meal. These results asgreed with those of Culbertson
(33) who found that solvent linseed oil meal without added
0il wes gs effective in promoting haircoat "bloom" of csttle
as hydraulic linseed oil meszl.

The economic value of producing superior haircoat "bloom®
in fattening beef cattle with linseed o0il meal supplements
cannot be fully appraised by the results of the present re-
search. Often in the past this superior "bloom" has been

claimed to be correlated with the degree of fatness cf cattle.
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‘That is, cattle receiving o fattening ration supplemented
with linseed o0il mez2l will not only show more haircoat
"bloom", but alsc will be fatter at market time than cattle
receiving a similar ration supplemented with a different kind
of 0il meal. This claim, if true, has not been completely
estevlished since some experiments in the past have failed %o
show & clear cut superiority in fatness of cattle due to lin-
seed meal feeding over the feeding of other oil meals. It is
possitle that the haircoat "bloom" advantage of feeding lin-
seed oil meal to cattle is largely an eye appeal advantege in
the live animal and not an advantage in the edible beef car-
cass once the hides azre removed from the animsls and the

beef is processed for humar consumption. Even though a
linseed meal specific fattening influence fails to be clearly
established in future czttle research, this eye azppeal condi-
Tion in cattle does have economic importance where cattle

are bought and sold on a visual apprsisal bassis 2nd not upon
a carcass basis, since those cattle having superior eye appesl
command a higher price on the market than cattle with & hair-

coet having less eye zppezl.
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SUMMARY

S

et

udies involving 132 lambs, 118 cattle, 188 guinea pigs,
S22 rats and a series of in vitro experiments Were conducted
to determine the merits ol linseed o0il meal and fractions of
linseed 01l mezl in ruminant rstions. ©Special emphasis was
placed upon linseed oil mezl mucin beczuse of the relativel
nign content of mucin in linseed oil meal.

Tne feedin

(o]

2lly increased livewelght gzins of lamts when fed in 2 restion
conteining nine per cent totel protein. The feeding of 18
pounds of flaxseed exXtract per steer dzily resulted in en
increase in livewelght gains of cettle 2nd = reduction in the
pounds of feed required per pound of gzin. Gains were not

stimuleted in lembs when flaxseed extract wes fed in o 12

rer cent protein ration nor were they stimulzted when only

4

fte

three pounds of flaxseed extract were Ted dally in z nine per

cent protein retion. These increased lsmb and cattle gains
could not be expleined througn additional nitrogen from the
fiaxseed extract becsause all the retions were cazlculated to
te isonitrogenous, whicn was zccomplished by the addition of
urea in the retions containing no flaxseed extract. There
was some indication that the feeding of flaxseed extract in-

cressed the carcass quelity of lambs, but not the cercass

quelity of cattle besed upon dressing per cent, carcass grade

« - hd



130

end thickness of fat over the rib eye muscle. Cgrcess grade

)
]

¢ dressing per cent of leambs were increased by the feeding

.

T flaxseed extract in = 12 per cent protein ration, tut not

O

n

(=l

nine per cent protein restion. Czttle receiving flzxseed

U]

-

extraect dressed zprroximetely two per cent higher thsn con-

j—t

trol czttle, however, the fatness of the csttle zs measured

by the thickness of fst over the rit eye was considersbly

-

less than control cattle. The feeding of flaxseed extract

O

did result in &n ineresse in th

()]
t_\;

ez of the rib eye muscle
of czttle.

The feeding of two milligrams of stilbesircl per lamb
dally increased average daily geins, but lowered dressing per
cent and cearcass grade. Thirty per cent grester geains were
made by lambs when stiltestrol wzs fed in 2 12 per cent pro-
Tein ration than when fed in 2 nine per cent protein rztion.
Increasing the protein content of lamb retions from nine to

12 per cent resulted in faster gsins end more efficient geins.

Results from a series of nine in vitro studies to 2id

'...h

n determining the fzctor or factors responsible for increas-
ing lemb and cattle gains when receiving flaxseed extract
indicated that the 2ddition of either flaxseed extract or

flaxseed extrzct dry metter had no stimulating effect upon

in vitro cellulose digestion. Further results indiceted that
The addition of linseed oil meel mucin would stimulate in



131

vitro cellulose digestiontwhen added ot levels from 16-80
milligrams. Maximum cellulose digestion was observed when
linseed oil meal mucin was added 2t a level of 20 milligrams.
Higher levels had no effect upon cellulose digestion. Later
observations indicated that the factor(s) responsible for
this stimulation in in vitro cellulose digestion was apparent-
1y in the water-inscluble fraction of linseed oil mezl mucin.
The factor(s) in flaxseed extract responsitle for in-
crezsed lemb and cattle geins and the factor(s) in linseed
oil mesl mucin responsible for the stimulation of in vitro
cellulose digestion must remain unidentified at this time.
The feeding of 18 pounds of flaxseed extract per steer
daily or the feeding of linseed oll mezl a2t levels from
0.05 to 1.4 pounds per steer dally increassed haircozst "bloom".
Studies with laboratory animals indiczted that the feeding
of linseed oil meal muecin at levels of 0.9 and 1.8 per cent
of the diet would increase the haircoat "bloom" of guinesa
pigs from 13-22 per cent. This increase in "bloom" was
comparable to that observed by the feeding of* linseed oil
meal at levels to supply these same amounts of mucin (0.9
and 1.8 per cent). The feeding of a combination of sugars
found in the water-insoluble fraction of linseed o0il meal

mucin and the ash of mucin incressed the haircoat "bloom" of
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”guiﬁéa;pigguaﬁega per cent, giving resul&smcbmééreﬁle,tozthd&e
observed whenll.é péf’béﬁt”linSéed’oii mesl mucin was fed in
the same experiment. The feeding of dlethylstilbestrol &t

the rate of 0.0l microgram per gram of feed had no effect

upon haircoat "bloom" of guinees pigs, but did result in an
increase in gein.

Tne length of the feeding period seemed to play a mejor
role in the smount of hzircost "oloom" observed in toth cattle
and guinez pigs. Haircoat "bloom" in cattle apreared to in-
crease greatly during the first 28-88 deys with a lesser
"oloom" increase being observed during the 58-84 dsy period.
"Bloom" was again increased after 84 days and up to 2t leest
140 deays.

Lné fzetor(s) in linseed oil mezl responsible for an
increese in heircoat "cloom" of animals zppesrs 2t the present
Time tTo be present in the mucin fraction of linseed o0il mezl
end more specificelly in the comoinetion of pentose sugars
found in the weter-insoluble frection of mucin and/or in the

ash of nmuecin.
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Table 54. Analyses of variance of the feedlot performance
data obtained in Lamb Trial 1

Source of Degrees of a
variation freedom M.5.7 L MBe M.S. -

j““ff“:”§“”~i' " Daily Feed per Daily feed I

geins 1b. gain consumption
Total 18
Treatment 1 2.25 236.67 0.40
Remainder 18 2.26 104 .34 0.42

8Mean square.

Table 55. Analyses of varisnce of the feedlot performance
and carcass data obttained in Lamb Trial 2

Degrees
Source of of

variation freedom M. S. M.S. M.S. M.S.

Feed
Delly per 1lb. Dressing Carcass
geins _geain per cent _grade

Total 35

Treatments S 0.008 34.35 1.44 0.37
Flaxseed extract . 2 0.01  55.70 3.39° 0.10
Stilbestrol R 18.73 0.01 1.14
‘FE X 8 S .. 20.81 0.20 0.45

Error 30 82457 0.95 0.95

@Mean square.

PSignificant at the P<L0.05 level.
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Table 56. Analyses of variance of the feedlot performance
and carcass data obtained in Lamb Trial 3

Degrees
Source of of a
variation freedom M.S. M.S. M.S. M.S.

' . Dressing Carcass
L pericend:. . grade

Total

Treatments
Protein-
Flaxseed extract
P X FE

Error

tc.\JN

(O RN ol R W

.81  13.37 3.7 5
.0 5.01 .33 o
@ . 8.31 $.38 o]
03D 51.24C 1.58 33
.0 1

r 4
004 4.30 4.12

D

8Mean square-
bsignificent at the P<0.05 level.
CSignificant at the P<0.01 level.

Table &7. Analyses of variance of the feedlot performence
and carcass data obvtained in Lamb Trial 4

Degrees
Source of of a _ _
vaeriation freedom M.S. ¥.S. M.S. M.S.

Feed : '
Dafly per 1lb. Dressing Carcass
gains _-gain per cent _grade

Total 23 - BT

23, .- .0idd
11 ° 0.38
.12 0.05
.91 0.87
.87 2.71

Treatments 5 0.05. . -5.70 -~
Stilbestrol 1 0.01:° 0.15

... Flaxseed extraet. - - 2.°..,70.11P 12.82

~"'§ X FE 2°  0.005  1.35

Error 18 0.03 7.85

ICEERNE S

8Mean square.

bSignificant at the P<0.05 level.
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Table 58. Anglyses of variance of the feedlot performsnce
and cesrcass data otteined in Lamb Trial 5

Degrees
Source of of a
vaeriation freedom M.S. M.S. M.S5. M.S.
Feed
. . Daily per 1lb. Dressing Carcass -
°. ceeii. ° i . gains  _gain per. cemuy:mgredvfi;gpgﬂ
51.7' f’i?fifngT{fif{r" . :

7 0.0008 ©9.89 5.050 3.80°
Proteln _ 1 0.0072 2.31 0.08 0.28
Stilbestrol 1 0.0066 1.90 1.62 2.53
Flaxseed extract 1 0.0385 33.21 8.84 3.78
P XS 1 0.0001 - 3.78 2.92 0 .02
P X FE 1 0.6001 . 0.07 ©.20 5.28
S X FE 1 @.0118 €.47 @.* 1.54
P XS XFE 1 0.0068 17.10 4.97b 13.77¢

Errer 24 0.0034 6.52 1.34 0.8
Mean sguare. )
bSignificant ot the PLD.05 level.
CSignifiecent a2t the PL 0.0l level.

Teble 52. Analyses of veriance of gein, feed efficiency znd

heireoat "oloom" &eGs abtalned in Rat Triel 1

Source of Degrees of

variation - freedom ¥.8.%2 - :M,S;_ ) . M.s.
RTINS :ﬁ:ﬂ;“gtﬁ;fv ”vains 100 ems. ggin change

Total .~ 15 b

Treatments 3 6328 178693 0.823 .

Error 12 2222 25004 1.02

8Mean square.

bSignificsnt at the PL0.05 level.
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Table 60. Analyses of variance of gain and haircoat "bloom"
' data obtained in Guinea Pig Trial 1

Source of Degrees of
variation freedom M.s.2 M.S. M.S.

o

S Totade. .E_'Bloo‘.r_n»"..v"}-; sisvisuals

e Lt e S g g B Tgo R e,

Treatment 4 18195.81°  2.30° 0.358
Error 15 4463.55  ©0.31 0.133

&Mean square.
bsienificant at the P <0.05 level.
CSignificent at the P<0.01 level.

Table 61. Apalyses of variance of gain, feed efficlency and
haircoat "bloem" data obtained in Guinea Pig
Trial 2

Source of Degrees of

variation freedom M.S.2 M.S. M.S. M.S. e e

Feed per _ .:-..07
Total 100 gms.:. ."Bloom" Visual
gains —gain ' change "bloom"

Total 19 b
. Treatment 4 11007.93° 1060729 5.70  0.353
“CEpror... . .. 15 ... 11654.00 984631 2.88  0.139

@Mesan square.

bSignificant at the P £0.01 level.
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Analyses of variance cf gain, feed efficiency and
haircoat "bloom" data obtalned in Guinea Pig
Irial 3

Source of
variation

Degrees of a
M.S. M.S. M.S. ., M.S.

freedon . :

”

Total
Treatment
Error

Feed. per =
100 gms. "Bloom"
gain__ change

Total
gains
14 b

2 157379.30
12 6905.73

550617 .6
34110.07

0.322
0.150

5.76
5.@‘9

Visual
Jbloom"

gM&&n

sgquere.

bsignificant at the P £0.01 level.

ﬁmalyses of variance of gain feed efriciency and
heircoat "bloom" dsts obtalmed in Guinea Pig
Trial 4

Source of -

Degrees of

variation freedom M.s.? M.S. M.S.
Total Feed per- "Bloom"
s gains 100 gms. gein change

Totalv..“?

Treatment
Error

19
4 8166.9

W 10.61
s 3048.0

7.89

235701
85567

8Mean

square. - SRR
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Analyses of variance of gein, feed efficlency and
haircoat "bloom" data obtained in Guinea Pig
Trial 5

Source of
variation

Degrees of

freedom u.s.2

¥.S. M.S.

Total
Treatment
Error

: Total Feed per "Bloom®
gains 10C gms. gain change

2656.26°  26020.00P . 5
3

51.38 39.10

Mean

bsignificant at the ??fbid;~1gy§ixlweif777'

Table 63.

square.

e e

Analyses of variance of feed ot'pe’fb
halrcoat "bloom" data obtainean_n Catt

Source of
variation

Degrees of
Treedon

Total
Treatments

Replication

Error

Feed per 5} fiﬁiSﬁgﬁéid
1b, gain . - <{"bldom"

hd

' :,_gainsl

0:0192- ~  0.3969 0.0243
0.0264 0.5520 - 0.0
020110 0.2701 0.0243

O =N o,

square. - -
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Table 66. Analyses of variance of carcass data obtained in
Cattle Trizl 1

Degrees
Source of of
variation freedom M.S.% #.S. M.S. : M.S.
Thickness of
Carcasg Dressing Rib eye fat over
_grade per cent areg - rib eye
Total 5 b
Treatments 2 0.345 0.785 0.23 ‘ l1o.28
Replication 1 3.070 1.040 0.24 0.38
Error 2 0.145 0.170 0.015 2.94

8Mean square.

bsignificant at the P<0.05 level.

Table 67. Anszlyses of variance of feedlot performance esnd
’ haircoat "bloom” data obtained in Cattle Trial 2

Source of Degrees of a
variation freedom M.S. M.S. M.8. M.S.

Daily Feed per Bloom" _ Visual

gains 1lb. gain change "bloom™"
Total 7
Treatment 1 0.0013 0.0036 0.69 0.2244
Error 6 0.1091 0.04¢6 2.52 0.6565

%Mean square.
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Table 68. Analyses of variance of carcess data obtained in
Cattle Trial 2

Degrees
Source of of a
variation freedom M.S. M.8. M.S. M.S.
Thickness of
Carcass Dressing Rib eye fat over
grade per cent aresg rib eye
Total 7
Treatment 1 0.25 1.13 3 .80 0.01
Error 6 0.29 4.43 1.50 0.43
@Mean square.
Tzble 62. Analysis of variance of hzircoat "bloom" date
octzined in Czttle Trisl 3
Scurce of Degrees of
variation freedom ¥.5.8
Total 11 b
Treatments 5 5.45
Linseed oil meal 1 17.52
Level protein 2 5.¢¢,
ILsM X P 2 5.39P
Error 5 0.22

8Mean square.

OSignificant at the PL0.01l level.
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Table 70. Analysis of variance of the effect of flaxseed
extract upon in vitro cellulose digestion by
rumen microorganisms in Triel 1

Source of Degrees of s
variation freedon M.S.
Per cent cellulose
digested
Total 25 b
Treatment 7 8.52
Error i8 1.78

@Mean square-

Psienificant at the P<0.01 level.

Table 71. Analysis of variance of the effect of flaxseed
extract upon in ¥itiro cellulose digestion by
rumen microorganisms in Trial 2

Source of Degrees of

variation freedom A M.S.a
Per cent cellulose

digested

Total 25 b

Treatment 7 . 7.67

Error i8 1.28

aMean square.

Psignificant at the P <0.01 level.
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Table 72. Analysis of variance of the effect of flaxseed
extrect dry matter upon in vitro cellulose
digestion by rumen microorganisms in Trial 1

Source of Degrees of
variation freedon M.S.7
Per cent celluliose
digested
Total 37 /
Treatment 11l 243.19
Error 26 175.29

2Mean square.

Table 73. Analysis of variance of the effect of flaxseed
extract dry matter upon in vitro cellulose
digestion by rumen microorganisms in Triasl 2

Source of Degrees of
variation reedom M.5.2
Per cent cellulose
dicestion
Total 32
Treatments 10 823.70

Error 4 z2 474 .11

8Mean squsre.
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Table 74. Analysis of variance of the effect of linseed oil
meal mucin upon in vitro cellulose digestion by
rumen microorganisms in Trial 1

Source of Degrees of a
variation freedom M.S.
Per cent cellulose
digested
Total 27 b
Treatment 7 33.82
Error 20 13.25

8Mean square.

bSignificant at P<0.05 level.

Table 75. Analysie of variance of the effect of linseed oil
meal mucin upon in vitro cellulose digestion by
rumen microorganisms in Trial 2

Source of Degrees of
variation freedom M.s.2
Per cent cellunlose
digested
Total 23
Treatment 7 12.26
Error 16 11.64

@Mean square.
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Tgble 76. Analysis of variance of the effect of linseed oil
meal mucin upon in vitrg cellulose digestion by
rumen microorganisms in Trial S
Source of Degrees of a
variation freedom M.S.
Per cent cellulose
digested
Total 25 b
Treatment 7 76.85
Error 18 £25.68

8Mean square.

b31gnificant at the P<0.05 level.

Table 77. Analysis of variance of the effect of dextrose
and linseed oil meal mucin uponr in vitro ecellulose
digestion by rumen microorganisms in Trisl 1
Source of Degrees of a
variation freedom M.S.
Per cent cellulose
digested
Total _ 36
Treatment 11 18.85b
Mucin 3 46.32
Dextrose 2 4.88
MXD 6 2.73
Error 295 6.70
2Mean square.

BSignificant et the P<£O0.01 level.
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Table 78. Analysis of variance of the effect of dextrose
' and linseed o0il meal mucin upon in wvitro
cellulose digestion by rumen microorganisms
in Trial 2
Source of Degrees of ‘ a
variation freedom M.S.
Per cent cellulese
digested
Total 28
Treatments 8 87.75
Mucin 2 227.31b
Dextrose 2 43.71¢
MXPD 4 -0.018
Error 20 .26
2Mean square.

BSignificant at the P<0.01 level.
CSignificaent at the P<0.05 level.

Table 79.

Ansglysis of variance of the effect of fractions
of linseed o0il meal mucin upon in vitro
cellulose digestion by rumen microorganisms

in Trial 1.

Source c¢f

Degrees of

variation freedon M.s.8
Per cent cellulose
digested
Total 31
Treatment 9 142.39P
Error 22 6.38

aMean sgquare.

Psigniricant at the P<0.01 level.
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Table 80. Analysis of variance of the effect of fractions
of linseed oil meal mucin upon in vitro ceilulose
digestion by rumen microorganisms in Trial 2

Source of Degrees of a
variation freedom M.S.

Per cent gcellulese

digested
Total 30 -
Treatment g 109.35"
Error 21 18.74

8Mean square.

Pgigniricent at the P<0.01 level-



