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INTRODUCTION

The conflicting problems involving the herds of mule deer (Odocoileus
hemionus) are of major interest throughout Utah. Individuals who are
affected the most are sportsmen, ranchers, fruitgrowers, sanitation en-
gineers, home owners, federal administrators, and big game managers.
Mainly, the problems arise as 2 resuvlt of insufficient forage, especially
on the winter range. Here, factors such as increased deer numbers, de-
creased range productivity, severe winters, and expanded agricultural
activity make more acute the problem of a naturslly eritical season.

Restoration of forage by artificial measures may be necessary as
a menagement solution for certain areas, Range rehabilitstion, rather
than winter feeding during eritiecal periods, has much in its faver, for
it can lead to 2 proper balance between deer numbers and a sustained fore
age supply. By contrast, feeding leads to further unbalance.

If plants are to be established on the ranges as a source of deer
food, more gqualitative and quantitative information as to their nutritional
value should be had by the game manager.

Studies of forage preference and chemical composition of plant parts
have been the most popular means in the past by which to obtain knowe
ledge of deer-forage relationships. Few investigators have resorted to
digestion trials for measurements of nutritive quality and daily cone
sumption of forages consumed by deer.

Certein advantages favor the digestion trial over other epproaches
used by animal mutritionists in determining forage mutrient values.
Hevertheless, eriticism still preveils owing to the methods of



pertitioning forage into chemical fractions. All ¥mown digestion trisle
with deer to dste have used the wmethod of proximate chemical analysis
called the Weende method, whereby the forage is partitioned into protein,
ether extrect, ash, crude fiber, snd nitrogenfree extract, with the
letter two constituents containing the carbohydrate frections A ree
finement in technique which may prove useful in deer nutrition is to
partition the carbohydrate fraction of ingested forsge and feces into
lignin, eellulose, snd “other carbohydrates®. The technique is called
the modified method of proximste analysis.

The lignin fraction of the modified smalysis is regarded as indie
gestible. By the Weende method crude fiber is considered as the portion
resistent to digestionj an sssumption which is often unjustified, since
ocrude fiber may be digested as much as or more than nitrogen«free extrsot.
Digestion coefficients for lignin as determined from livestock studies
indicate no digestibility of this complex organic substance whiech is pree
sent in all forage. However, owing to the anatomical differences in doe
mestic ruminents and deer, it is possible thet digestion of lignin may
take place in the latter,

Lignin has recently been used as & "tracer® material for detersining
the digestibility and consusption of forsges The technique is besed on
the sssurption that if lignin is completely indigestible a ratio may be
made between lignin snd any other constituent in the feed and feces from
which the digestibility of the constituent under consideration mey be
calevlateds The lignineretio technique is widely used in livestock nue
trition research snd has advanteges over conventional digestion trials,

the main adventage being thot animals nced mot be confined to oretes.
Rather, they are free to grese in a more natursl manner, and hence,



the results secured may more ¢losely approximate actusl digestion,

It wae the purpose of this investigation to find out if lignin
present in species providing winter forage for desr is digested to
any degree by them,



REVIEY OF LITERATURE

Stoddart end Rasmussen (b8) describded aress in Utah where deer
have increased beyond the cspscity of their winter renge, ceusing death
t0 hundreds ss 8 result of leck of forage. Smith (L6) reported that
rehabilitetion of winter ranges will be necessary if they are to support
& continuous high number of deer., Furthermore, he stated the need for
more precise knowledge ss to palatability and mutritional value of plants
vhich are important in naturel deer rangs improvement, amd those which
mey be of use for artificial revegetation.

Smith (LS) fed captive mule deer the common winter browse plents
which are present on the renges of northern Utsh. The feeds were weighe
od and fed outdoors in deer pens. Forage preferences and average daily
consumptions were determined, Curlleaf mahogeny (Cercocarpus ledifolius)
proved to be the most preferred plant, showing the highest daily consumpe
tion.

Nichol (39) fed captive deer in Arigona to determine daily feed cone
sunsption necessary to meet maintenance requirements. He reported 2.2
pounds per hundredweight to be sufficient to keep the animal in good
condition, Metabolism crates were not employed, the animsls being fed
in pens.

Among investigators studying the chemical content of deer foods,
Hellmers (27) working on whitetail deer range in Pemnsylvania found the
mtritive value of browse to decline from winter to spring, Einarsen
(14) found the protein content of blacktail deer forage to decline from
summer to winter. He also reported higher protein contents of forages



growing on burned aress and logged openings. FHeynolds and Sempaon

{L2) disecovered that the water, minersl, snd protein content of the
Wmtmwmummuwtummm.
fldous (1), working in Hevada, found that twig tips and leaves of bittere
brush were more mutritious than the stems. Atwood (3) tested whitetail
deer food with rats, and suggested & possible shorteut for eppreising
the value of deer forsges. Swift (90) observed thet desr grezing on
Pennsylvania grein and hay fields singled out aress where planis proved
to be higher in fat, caloium, snd phosphorus.

WMMu#Mmmmmwa
yeers. Wutritional studics of deer, on the other hand, are recent in
origin with prectically ell resesrch techniques obtained from knowledge
scerued through livestock experimentetions Maynerd (3h) reported nine=
teenth century work including respiration studies, digestion trials,
erude fiber studies, and chemical anelysis of feeds, The method of proxe
imate chemical enslysis of feedstuffs has been a popular means of detere
wining the latter and hes been in use for over 75 years. Merrison (37),
howsver, cites exmwplss for certain feeds whers crude fiber has & higher
digestibility than nitrogenefree extract.

Other criticism of the partition of carbohydrates into erude fiber
snd nitrogenefree extrect hss been velced (38), (35), (12), (15), end
(3s)s Crampton and Maynard (10) proposed & method of partitioning of
cellewall carbohydrates into lignin, cellulose, and other carbohydrates.
They felt this method %0 be blologicslly more sound than the ieends
method, regardless of the difficulty in determining lignin,

Meynerd et als (35) working with whitetail deer in Wew York wea
the first to conduet digestion trisls with deer. The animals were
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confined in metabolism crates, and common livestock feed composed the
bulk of the diets tested, Forbs et al. (17) later performed digestion
trials in the same manner. It was found that goate were more efficient
in the digestion of crude fiber than deer, whereas rsbbits were the least
effieient,

The first digestion trials using mule deer in metaboliem crates
were reported by Smith {(kh). Digestion coefficients wers determined
for diet consisting of leaves and twigs of bly sagebrush (Artemisia
tridentata subsps typlce)s The diet was found %o be of high mutritional
valuej however, all animals lost weight during the trials. Later, Smith
(e} reported digestion triasls for curlleaf mshogany, bitterbrush (Furshia
tridentata), Utah Juniper (Juniperus osteosperma), and alfslfa hay,
Curlleaf mahogany proved to be superior to bitterbrush in both quality
and quantity of digestible nutrients. Juniper appeared to be the poore
est of the three.

Hagen (2)) ran digestion trials in California using Columbian blacke
tailed deer. The plant fed was buck brush (Ceanothms cuneatus)s The deer
were not caged in metabolism crates but fed in pens 1t feet by & feet.
With exception of protein, digestion of buek byush proved to be as effiw
clent by deer as digestion of good hay by cattle. Hagen also compared
the nutritive value of feeds based on chemical composition, e found
plants which are ccnsidered as good forage to be consistantly high in
protein, while those considered as emergency planis were low.

Digestion coefficients may be determined for grasing acimals if a
tracer material in the plant is indigestible and totally recoverable in
the feces. bergeim (L) recognized the possibilities of this procedure
and ueed ferric oxide as the tracer material., Although the method appears
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satisfactory for rats, it does not meet the rcquinmu for grazing ani-
mals. The use of naturally occurring iron in the plent was proposed by
other investigators (20), (25), and (29), but was found to have the same
ciiserepancy as Bergeim's method; a failure of the iron in the feed to
M unifornly through the digestive system. Many investigators (20),
(21), (22), (23), and (39) used silica as the tracer material., However,
Enott (29) found the silica method impractical, owing to the contamination
of the feed with dirt.

Reid et al. (k1) proposed the chromogen method which employs the use
of naturally occurring plant pigments that absord light at 406 milli-
mierons as the tracer substance. Cook et al. (8) found the chromogen
method to be unreliable whon applied to winter renge forage, since less
chromogenic material was recovered in the feces than wes consumed.

Many investigators (15), (16), and (18) have proposed that lignin
apperently meets the requirement as a tracer substance. Their theory
is supported from evidence that lignin is an indigestible plant consti-
tuent to livestock.

Hibbert (28) mede an extensive review of the literature on the cheme
ical and physical properties of lignin. Although much has been learned
since, its organie structure still remains a mystery. Maynard (3l) states
that the woody parts of plants contain a complex, indigestible substance
ealled lignin, The substance is composed of carbon, hydrogen, and oxygenj
the proportion of carbon being mueh higher than in carbohydrates.

Brauns () defines lignin as that incrusting materisl of the plant
which is built up mainly, if not entirely, of phenylprepene building
stones, snd carries the major part of the methoxyl content of the y’
Duteher et al. (13) describes lignin as a substance of unknown ¢/



which 1s in combinetion with cellulose in woody tissue.

Quantitative determinations of lignin heve resulted in much diffie
eulty over the yeers. In 1935 Phillips (LO) reviewed methods of lignin
deterninations for the Associstion of Officisl Agriculturel Chemists
and reported that umtil further studies could be made, no method could
be recommended.

Much controversy hes arisen over the digestibility of lignin by
herbivorous animals. Zmong the many investigstors who found an appree
elsble degree of digestibility, Csonka et ale (11) working with cows,
noted an increase in bensolc aeid in the urine when lignin was fed, and
8 loss of the methoxyl group from lignin in the fecess Their conclusion
was thet lignin must have been broken down by the digestive processes,
by some enzyme or gastric juice rather than from bacterial aetion,
Crampton (9) found digestibility coefficients for lignin as high as 3i
pereent in pasture grasses fed to steers. Maynard (33) reported digeste
ibility of lignin near sero for alfalfs hay fed to rabbits and guinea
pigs, whereas 2 lemb digested 28 percent of the lignin. Louw (31) report-
ed sheep that were fod grass of one month's growth to yield digestion coe
efficients for lignin of 2L4.5 percent, whereas grass of four months!
growth wes 11,5 percent. However, Louw suggests that no reliasble digeste
ibility coefficient of lignin can be determined until the method of de-
termination has been perfected., Heller and Wall (26) report the utilie
setion of lignin by sheep as high as L9.3 percent, snd Sullivan and
Carber (49) found lignin digestibility to be 245 percent for sheep on
pasture plants. Coefficients renging from 35.1 to 6L.0 percent were
obtained from work done by Bondi and Meyer (5) frem the lignin eontent
of green roughages fed to herbivores.



Lancaster (30) working with sheep in NHew Zeslend obtained many
negative digestive coefficients for lignin, one as high as ~k0.S pere
cents fe also found positive coefficients ss high as 32.4 percent.
High verisbility between individusl shecp on the same feedestuffs was

Cravpton end Maynard (10) concluded, after studying pravicus work,
thot some form of the 72 percent sulphurie scid methed was the most
satisfectory quentitative estimstion of the lignin content of animel
forages. They found 97.0 and 99.3 percont of the lignin consumed in
the forage to be recovered in the feces of rabbits snd steers respecte
ively.

Many investigators accepted Crawpton snd Maynardta (10) conclusions
that lignin is not digested to any spprecisble degree by herbivores.
These investigstors (15), (16), (18), and (7) show thet digestion coe
efficients for lignin fluctuste slightly sbove and below sero, and
the average spproaches sero. The method of lignin determinstion for
the above work was the 72 pereent sulphuric seid method proposed by
Fllie et als (15) who attridute many of the early imconsistencies deal-
ing with digestibility of lignin to the chemiecal procedures used in
isolstion of 1ignin from the feed end feces.

Woodmen snd Stewert (S1) reported that lignified plant tissues are
not attacked by alimentary bacteris.
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METHOD AMD PROCEDURE

Material and date used for this study were obtained from digestion
trisls conducted with mile deer (Jdocoileus hemlomus) during the winters
of 19481949, 1952+1953, and 1953«195L, The scene of the feeding setivity
wes et the Utsh State Fish and Game Department deer pens, locsted four
miles northeast of Logan, Utah.

The 19481949 triels were conducted Ly others, wheress the trisls of
19521953 and 1993«195) were by this investigator. '

Plents fed during the trials were all netive species except alfalfe
hiye The species tested were eurlleaf sahogaty, birehlest mshogeny

and Utsh juniper,

Deer History

- The deer used verisd in spe from under & yoar to meture animels.
The relative sge, sex, snd identification numbers are given in Table 1.
£11 of the trials included st least one fawm or yoarling as & test anie
m,Mmm-ﬁmumm-mmmmmm.
M#%MWmmu,mrmmtutMuhm
females. o

Five deer were tested with curlleaf mehogany, cliffrose, ganmbel ocak,
MMMW;WMW-MI“WW, chokecherry,
and elfalfe hay.

Hash deer wes weighed just prior to being placed in the metabslisa
cage and welghed agedn st the end of the ecllection period.



Teble 1s Identifica relative age, and sex of deer used in
. ﬂmﬂum. .

Year end Ear tag number Relstive age Sex
deer mimber st time of test

W -1 8k Adult Hele
W -2 és Adult Male
o - 3 162  Adult Female
W -k 2384 Adult Hale
Wy -5 2386 Yearling Hale
63 « 9 230 Fawn Female
153 « 20 2362 Fawn Female
S3e1d 2396 Adult Pemale
53 - 12 239 Adult Nale
153 « 13 2393 Adult Male
S 11 Untagged Fawn ale
- L 1133 Vawn Male
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Notsbolism Cage

Four metabolism cages were used for the digestion triels, although
on occasion only two or threo were in use st one time, owing to the lack
of snimals,

The wooden cege vsed was fiveefeet square and of suffivient height
“within to sllow plenty of reos for & stending deer (Figure 1)s #n anie
mal could move sbout freely within the cages The floor was mede of heavy
steel mesh wire, under which wee & slanted mesh soreen for the intercepe
tion of feces. A pan served to cotch the feces. mmmmu
tilted metal trough for the fummeling of urime inte a receptacles. & box
for containing a water can wes supported on one sida of the cage, and &
mmmmgm-mammmnmm-mnm Opanings
between boards of the cago wers covered with eardbosrd, 5o es to darken
the interior. The animals were nore docile when in the derk,

The native plants were collscted from their natursl sites in the
mounteing, foothills and cunyons, and brought in to the feeding sites
Here, the folianpe smd current yesr's growth of twigs were hand clipped
into lengths varying from two to0 three inches (Figure 2). Owing to the
growth form of the folisge, Utsh jJuniper was cut into longer sections.
Figures 3,4,5,6; end 7 show the forages used in the 195241993 and 1953«
1%%&%%“;@%%%“-*

#11 deer were given the feed to be investigeted for a prelinminary
period of five to seven days prior to thelr being pleced in the metabe
olisn cages. !Mtnﬂﬂfﬁuinﬁummﬂﬂ%imttﬂw
to judge how the animels might teke to the feed after being placed in
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Current year's growth of birchleaf mahogany as 1t appeared
elipped and ready to be fed
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Figare b, Ourrent year's grovth of cliffrose as 1% sppeared elivped
and ready to be fed
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5. Curvent ‘s growth of chokecherry as it arpesred elipred
end ready S0 be fol

Pigare
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of gandel oak as &% sppesred elipped
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the cagese This prelizinary feeding permitted the enimals to become
sccustomed to the feed and free the digestive trect of previous feed
eaten, After the deer ware placed in the cages, the preliminary feede
ing was continued from two to five days befors the collection peried
began, the duration depending on the length of feeding in the pens.

The collection period for the 19,9«1950 trials wes ten days, where-
as the collection period for the 1952.1953 and 1993-195L trials was
seven days.

The enimels were presented feed each morning and afternoon, feeding
time being about the same for esch day. In addition, the animals were
fed st irregulsr times during the day if necesssry in order to assure
an sveilsble supply of feed at all times. The feed wes welpghed to the
nearest gram at the time it was presented to the animgls, Feed which
mmnmmmmmmmmrmm
and weighed and ssved for chemical analysis, uster wes availeble st all
times.

Collection of Sesples

Samples of the feeds, feces, orts (welgheback materisl), snd urine
were soved for chemicsl anelysis from each doer,

Just prior to feeding, & representative sample of one tenth the
feed woight ves saved, At the end of the collection peried the efcumu-
lated sample metorial wes mixed together and a composite sample was taken,
This composite sample was placed in an oven &t &0 degrees centigrade for
a period of 2 hours. It wes then loft exposed for a period of 2l hours
in order to allow the molsture contained in the feed to come to equilie
brium with the moisture in the air at room temperature,
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The orts which were ususlly present in the feed box and removed
each afternoon were weighed, composited, and dried in the same manner
a8 was the feed sample.

The feces were collected from the pen et the end of each dey and
wvere weighed before being preserved against putrefsction and mold with
10 es04 of & mixture of hydroghloric seid and aloohols The feces
collected in 1953195k were placed in a refrigerstor each day with no
addition of a preservetive, At the end of the eollection period the
total amount of feces were weighed sgain for the determination of molse
ture loss. After being weighed and thoroughly mixed, a composite sample
ves teken and dried in the same manner as the feed sample.

After drying, the semples of feeds, orts, and feces were ground
through a Wiley =ill to a fineness which would permit the ground maters
1al to pase through a oneemillimeter screen, The ssuples wers then sent
to the chemical laboratory for analysis.

Anslyticsl Methods
For the method of proximste analysis (Weende method) plent and fecal

sarples were snalyzed for nitrogen (from which crude protein was caloue
lated), ether extrect, orude fiber, snd ash. Nitrogenefree extrsct wes
determined by difference. For the modified method of proximate analysis
presented by Oraspton et el. (10) end Louw (31) lignin and cellulose de-
terminations were msde and other carbohydratss computed by difference.

Hitrogen, ether extract, and ash velues were available from the Weende

method,

¥itrogen was determined by the Cunning method as described by the
Associetion of Officisl Agriculturel Chemists (2) except that the tie
tration process ss outlined by Secales and Herrison (L3) was used. BSorie
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acid was employed to hold the ammonis distilled in the process. Crude
protein was obtained by multiplying the amount of nitrogen determined
by the factor 6.25, Ether extract was determined by extracting the dry
sumple with anhydrous ether for 8 hours in a Goldfisch apparatus. Ash
wae determined by the Association of Official Agricultural Chemists
(2) method, cellulose by the method of Matrone et al. (32), and lignin
by the methed suggested by Kllis et al. (15), with a modifieation by
Forvs (19)s A modification in the riltering process taken from Stamm
and Harris (L7) was employsd for lignin determinations for the 1953
1954 samples. Crude fiber was determined by the method of the Association
of Official Agricultural Chemists (2).

Bitrogen-frec extract and other carbohydrates were determined from
the following formulas:

Hitrogenefree extract = 100 percent oven dry basis -~ (Frotein percent
+ Ether extract percent + Ash percent + Crude fiber percent),

Other Carbohydrates = 100 percent oven dry basis -« (Protein perceat
+ Ether extract percent + Ash percent + Cellulose percent + Lignin pere

cont).

Caleulation of Digestion Coefficients
The percentage of a nutrient in a feed which is utilized by an
snimal is known as a digestion coefficient. 7The following equations
wore used in determining the digesiion eceefficients,
(Percent nutrient in feed X Daily dry weight of feed) » (Fercent
nutrient in orts X Daily dry welght of orts) = Daily dry weight
of nutrient consumed,

Daily dry weight of nutrient consumed « (Percent nutrient in feces
{::ﬁly dry welght of feces) = Daily dry weight of nutrient uti-
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= ® Hatrient digestion
coefficient

200 X ﬁ,l. i

Lo

Lignin-Ratio Technigue |
Por comparisons of feed intake and mutrient digestibility between

the actuel messured feed and that calculated as a ratio to lignin, the
following equations of the lignineratio technique as proposed by Forbs
and Oarrigus (18) end Ellis et al. (15) were useds

- el f
Weight of forege consumed moxﬁ%ﬁg_&

wmmswdtmmmm'm*(

Resnalyses of Sexples

Owing to the epparemt difficulty in obtaining consistent velues for
lignin in the chemical leborstory, reanslyses were conductod with one
each of samples from two spocies (Table 2)s Eight separate snslyses were
completed for lignin from the feed, orts, end feces collected from deer
nusber 11 feeding on cliffrose and deer number 10 feeding on chokecherry.
The first analysis wes made in May, 1953 with the rest of the 19521953
samples; the second in August, 1953; the third, fourth, fifth, end sixth
in Jenasry, 1954; end the seventh end eighth in February, 195L.

&mmrmmmmumwmu-
ported on the same day. The fifth and sixth snslyses were duplicate
laboratory sazples tested & day later. The seventh snd eighth anslyses
were duplicate laboratory samples tested at a later day.



Teble 2. Fight separate chemicel anslyses for the percentsge of lignin in the feed, orts, and feces collected

from two trisls
- i ——— = et s ——
and
- n-m
2nd 3rd Sth &t Tth 8t
P Awumawuwmmuwm
Forage August anuary January February

z Feed 16.3 18.9 177 17k sels 1h.9 13.3 131  15.5 13 te 18,9
.
1] orts 1.5 22.9 250 2h.8 22.1 22.3 221 i 21,9 1hS to 25.0
£ ¥ .Y

Feces N.9 3.3 33k 33.6 32.4 32 n.A 33.0 32,5 3.3 to 33.6
g Feed 277 275 284 28 25.8 2645 2k 2heS 2648 2545 to 28.4
3 Orts 26,9 2642 272 27k 2hie? 27 23.0 23.7 255 23.0 to 27.4
5

e



RESULTS AND DISCUSSION

Response of Deer to Confinement
The anomaly of deer obtaining a diet in confined state, and heving

but one forage to subaist on resulted in a loss of weight Ly most of the
animals tested. Chenges in welghts for the total collection period are

shown in Table 3. The deer lost weight from gll feeds except alfalfe hay,
to which two onimals responded with geins, the highest being 2.5 pounds

by a yearling bucks 7The greatest loss for an individusl trisl was eleven
pounds by & meture buck feeding on gambel oak.

A fow of the deer did not adiust well to confinement in the erates,
and consequently, consumed small smounts of forage daily (Table L) 4
fawm feeding on birchleaf mshogany, s meture buck feeding on curllesf
nahogany, end & mature buck feeding on Utah juniper were especially low
in congusptions In the cases of chokecherry and Utah juniper consumption
was relatively lows however, for the purpose of this study sufficlent
amounts were eaten, All deer fed c¢liffrose and gambel oak equaled or
exceeded & consumption of 2.2 pounds per hundredweight per day.

Chemlcel Anslyses
Comparisons of the mean percent composition of the nutrient wvalues

a8 determined by the Weende method of chemicel snalysis and the modified
method of chemicsl anslysis are shown in Tsble 5. Protein, ether extrsct
and agh are the seme for both snalyses.

The percentages for nitrogsnefree extract and other carbohydrates
would be identiecsl if meterial isolated as erude Fiber by the Weende
method were the equivelent of materisl which eppears ss cellulose plus
lignin by the modified method.



Table 3.

Weights of doer during ecllection periods

Leer
nunber

3

L=l
L2
49«3
Lol
495
53«9
5310
53«11
5312
$3-13

_ohntg!

Initial weight

Final welght

Tnitisal weight

Final weight

Tnitial weight

Final weight

Initial weight

Final welght

Initisl weight

Final weight

Initisl welght 50,0
Pinsl weight  L6,0
Initial weight AL.S
Final welght 5940

Initiel weight 121.5

Vingd weight 116.5
Initial welght 11lk.5
Final weight 107.0
Initial weight
Finsl weight

Initizl welght

Final welght

Initial weight

12040
115.0
119.0
11640
87.5
8345
100,0
92.5
62,0
She0

60 62,0

6l.5 5240
11ke0 111,85
113.5 10240
110.0 101.5
1075 9745
14340 138.0
141.0 12740

11L.0
112.0

57+0
5340

6840
6545
12040 105.,0
116,0 96.0
108,85 94O
1060 9.5
135.0

-



Table he Average daily forege consumption, lbs./cwt.

Forege

SRR

{
e
b

Lge1 1.97 o1  1.02
L9=2 1.7

9«3 148 : 1,88
L9l 95 2,32
L9a5 1.52 1.89 2485
53=9 1.0

5310 1.94 2,90 1.26 2,26

53<11 2.32 2,58 2,02 2.29 1.4

§3-12 2.h0 2,50 1.h3 2,280 1.52

Sl=13 2,20 1.31 2,38

Sl 2.68

Shel5 2.89
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Teble 5. Mean chemicel composition determined hy the Weende method
of anslysis and the modified method of analyeis

e 80t cOnStituent

SR Liéé 3{

Brchloaf mahogany 7.2 3he7 5241 2143 25.2
Curlleaf mehogany 11,0  9.h 343 191 57.2 1647 12642
Cliffrose Bl 1048 5.2 2340 5246 1646 22,7 3643
Chokecherry Pe9 2k 540 2041 536 1649 2645 3743
iambel osk Seli 342 6.5 3he0 51,0 204 26,1 374k
Uteh juniper 662 el lek 2hed 503 1842 16,2 L0o9

Alfalfa hey 1%.2 243 1046 2hef U3.3 181 7.6 4242
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However, there is more lignin and cellulose together then there
is of orude fiber, and & reduced amount of other carbohydrates as conm-
pared to nitrogen«free extract, since the last two are determined by
dirferences

Lignin or eellulose, or both, then, contain meterials whioh eppesr
a8 both orude fiber and nitrogenefree extract in the Weende methods The
decrease in other cerbohydrates does not indicate an estimation of lower
quality of the feeds. Indeed, the opposite may result as shown in Table
fis Here, the mean digeation coefficients celoulated from percent come
position values are showm for the two methods of analysis, The coeffie
cients of gll feeds show thet other carbohydrates are digested to a
greater amount than nitrogenefree extrsct. Therefore, it eppears that
the refined method separetes the carbohydrete fraction into more oritie
cal components from the standpoint of digestibility.

Since both eellulose and lignin proved to be digested for =ost of
the feeds, the inherent digestibility sppears to be as much disguised
85 with the divisions obtained by the Weende method. Teble 7 shows a
conparison of the mean digestible mutrients per hundred pounds of fore
age consumed emlculated from date obtained by the two methods of anale
yois. The values were calculated by summing the produets of specific
nutrient composition times the corresponding digestion coefficients,
followed by caleulstion of a mean, Fther extract percentsges were mule
tiplied by 2.25, owing to a higher energy content than other nutrients.

The date show that the refined (modified) method ylelds results
prectically the seme as for the Weende method, when measured in terms

of total digestible mutrients. The higheat deviation noted between
methods is only 1.3 pounds for cliffrose. PFurther, there i3 no evidence



Table 6, Mean digestion coefficients caleulsted from the chemlcel
composition determined by the Weende method of analysis
end the modified method of enalyesis

Flant constituents
il o whild uf
346 318 80,0 L3sh 31.9 6L

Curlleaf mahogany Shed 5249 35.9 7643 Ll.2 18.9 96,3

Cliffrose - - 39,8 L7.7  hek 59k 16446 7.2 7O
Chokecherry bBeh 2343 048 56,1 2142 26,5 56,3
Gambel ok 1047 384l 1646 5346 2347 2347 Sheb
Uteh jumiper 1648 5849 3347 70.h 3903 19,7 8heS
4175188 hay 7760 1649 L9040 8249 5943 5.8 67,6



Table 7« Mean digestible nutrients in pounds per hundred pounds,
calculated by the Yeende method end the modified method

of proximaie analysis
e e e e e
ieende Modified
Eorage s IRGNSRNEATIRRE
Birchleef wahogany 1946 5045
Curllesf mahogany 6748 6645
G1iffrose 5247 5246
Chokecherry 30.6 39.8
Gambel osk 3643 i 3646

Utah juniper 6345 Elie7
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of either of the two mothode ylelding & greater smount of totel Algeste
ible nutrienta, Hence, no inerensed precision 1w noted for the vefined
method besed on the celeulation of totel ddgestidle matrients,

On the ether hand, the low digestibility of ligain in alfalfs hay
indigutes that mainly cellulose and other orrbohydrates ocontain the 4l
gestidle portien of the earbohydrates, Thus, if the earbohydrate fraction
of fead aan be setiefnctorily ostadlished inte thres classes dlstinguioh~
shle as poorly dignubible (lignin), mederately digestidle (oollulose), mmd

eizion mey be poasible,

The chemicsl percent wslues for cellulose ani the corresrending di
gestion soeffictents ave 1lkely to Do more mocurste for alfslfs, since
giffieuity in deternining sellulose as woll as lignin wes noted by the
chendst for the highly lignified native feeds,

It esn be concluded fyom this study thet the modified method of
proximste smalysis hes 18ttle adventage over the Woande method for deer
mtrition work except possibly for fesfs low in lignin content, such ns
slfalfe hay,

Lienin hgestibUlity

Pigestion coefficlionts of lignin for all trials are shown in Table
8. With the ald of stetisticel analysss shown in Tsble 9 & glearer wun-
Gorstending can bo weoured, C14ffrose is wost interesting, vhere & low
mean of 7,2 might indloste very 1ittle digestibdility. Howewer, the high
standerd deviotion, widespresd fiducisl linite, eand high coefficiont of
varietion indleaton the vardadllity of the dete and veduces the walue of
the mean, Further, the feet thet results differed grestly in the two



Teble 8. Digestion coefficients of lignin for sll trials (percent)

e e == S

Yorage b9 k92

Birchleaf mshogany 31.0 23.8 30.5 k2.1 N.9 23.8 to k2.1

Curllesf mahogarny 2640 15.8 19.9 21.7 11.2 18.9 11.2 to 26,0
- Qiffrose | “Te2 w27 =l 32,8 13.0 742 <742 to 32.8

Chokecherry 16.8 35,2 35,8 17.0 26,5 16,8 to 36.2

Cambel oak 26,7 2.9 bk 30:2 15.5 23.7 15.5 to 30.2

Utah juniper 1649 93 27.6 25,1 19.7 9.3 to 27.6

A1felfs hay 1.8 7e5 3.9 1 . 5.8 1.8 to 1N

(11



Table 9« Statistical analysis of digestion coefficients of lignin

SRS

Humber Hean Coefficient
of digestion Standard Fidueisl of
Eorsge trisls coefficient ___dovistion Limitas veriation

23.7 5e5 2 72 23¢3
19.7 8ok 21n.s L2.6

L
5
5 :
Chokecherry k 2645 11.0 2 17.5 k1.5
5
b4
h
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winters in which tests were mede suggests some procedursl errors.

The trials with birehleaf mshogeny, curlleaf mehogany, chokecherry,
gambel oak and Uteh juniper produced positive digestion coefficients whiech
oan be token with a higher degree of confidence then those for cliffrose.
Iignin in these feeds appears to be digested to en apprecisble degree by
dear.

The low meen of 5.0 percent, low stendard devistion, and narrow fie
ducial interval for ths digestion coefficients of alfalfa hay suggests
thet 1ittle digestion of lignin took place, a finding which is in line
with studles msde with domestic livestock,

Lignin-fatio Technique

Daily feed consusptions calculated by the lignineratio technique
are shown in comperison with messured comswsptions in Teble 10. The cale
culated consurptions ers considerably lower than the messured amounts for
the feeds which shows some degree of digestibility of lignin, since the
ratio is based on an sssumption of equal amounts of lignin in the forege
and feces,s Animals 10, 11, and 12 feeding on cliffrose are low in lignin
- digestibility and therefore, have calculeted consumption velues close to
whet was octuslly measured. Conversely, a high lignin digestibility sueh
as 2,1 percent for deer number 12 feeding on birchleaf mshogany accounts
for a little more then helf of what was consumed daily.

The mean digestion coefficients of the feeds celoulated by the
ligninerstio technique are also shown in Table 10, Here again the sppare
ent digestibility of lignin affects the results, & reduction in digesti-
bility of the nutrients resulting, Accordingly, the digestion coeffie
cients for animals 10, 11, and 12 feeding on ¢liffrose are the only ones



Tadle 10, Dally feed consumption and digestion ceefficlents caleulated
by the lignin ratio technigue and daily feed consumption
meagured from digestion trials
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sporoximating the mutrient digesiibility deternined from measured cone
sumption,

The spperent digestibility of lignin ceuses forsge consusption and
nutrient digestidility celculations to be in errory where those are cale
sulated by the ligninerstio, since the retio is based on no digestibility
of the tracer msterisl. Mereover, if lignin were not digested for any
of the feeds tested, mmmw«rmunm deterninations in
mmwmmummammwwm.

Until laborstory deterainations ere more eesily snd securatsly mede,
there may be question ss to the relisbility of the digestion coeffieients
secured for lignin. However, there is strong ovidemce from these data
that lignin 1is not an indigestible material for deer.

In order for lignin %o be of use in estimsting forape consumption’
and matrient digestibility, snd as a tracer material, the reliability of
the chemiosl anslysis is important., 1If the percentege of lignin present
in feeds cannot be determined scourstsly, lignin is of 1ittle value in
rmtrition work, since mxmm results would unavoidably oceurs Dise
cussion with the chemist who made all the enslyses for this study dise
elosed that the sepsration of lignin from woody meterials is done with
diffieulty. Table 2 illustrates the varisbility of percentages of lignin
present in the feed, orts, and feces of the sesples which were resnalysed.

The most consistent results were obtained from laborstory duplicate
values reported on the same day, such se the feed, orts, snd feces of the
.mumrmmamtmn). & day leter the same
duplicate samples were reanslyzed, and sgain the percentages were consistent,
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However, between deays the percentages veried greatly. The minimum and
mexizum velues obtained from the eight analyses show a merked difference;
the high and low percentsges of sll homologous samples vary as much as
2.1 percent or grester,

then a chemigal determination for lignin deviates only 2 or J percent
from the sctual peroentage, no greal error results. liowever, a renge of
percentages from 13.1 to 10,9 for deer 11 feeding on c¢liffrese iz & cause
for concern end casts doubt on the practicality of the chemicsl determie
netion of lignine Therefore, the use of lignin as & base for the fractione
stion of a feed sample is questionsble. Time and expense prohibited a
complete reanalysis of all semples, but the results observed tend to illuse
trate the need for a comprehensive chemical and statistical eppraisal of
the feasibility of determining the percentage of lignin present in highly
lignified foreges.



SUMMARY

The parpose of this study wes to determine the dligestibility of lige
nin by mule deer, Lignin is & complex organic constituent present in celle.
wall materiel of plents and is believed to be indigestible by dorsstic
livestock, When found to be indigestible, lignin serves well as a irsoer
neteriel in sstimeting dipestibility and forage consusption of animsl
forages,

Digestion trials using mule deer (Odocolleus hemionus) were eonducted
neer Logen, Uteh, for six of the common netive winter browse species and
alfelfe hay, Nutrient digestibility end forsge consusption were deterained,
The species tosted were birchleaf mahogany, curlleaf mshogany, c¢liffrose,
chokecherry, gembel oak, and Utsh juniper. The forsges were collected in
mnm-ummmatumrmy.mum. ‘here current yeasr's
growthi®s removed and fed, Old leaves of Utah juniper were included with
current year's growth as the portion fed. MNetebolism cages were employed
to measure the welght of ingested forage and egested fecal msterial.

The plant and fecal samples were chemically analysed by the Weende
method and the modified metiod of proximate analysis to include protein,
ether extract, ash, orude fibder, cellulose, and lignin. Nitrogen-free
extract and other carbohydrates were detersined as remainders.

Lignin present in all of the browse species except cliffrose sppeare
ed to be dipgested to an apprecisble degree by mule deers The digestion
coefficients for lignin in cliffrose indiceted low digestibility; however,
the resulis were highly veriable for this species. Alfalfa hay was also
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low in lignin digestibility with the digestion coefficients being low
in variation, |

The modified method of proximate snalysis was found to be of no
advantage over the Weende method for deer nutrition work except possie-
bly for feeds low in lignin content, such as alfalfs hay. Total di-
geatible nutrients per hundred pounds of forage consumed were calcu~
lated by both methods and found to be prectically equal for each browse
species, thus indicating no gain in precision.

Natrient digestibility and consumption for each forage wes com-
pered by digestion trial wmessurements to values caleulated by the lignine
retic technique. The celeulated results were much too low for the feeds
which proved to be high in lignin digestibility. Three trials with cliff.
rose provided velues which spproximated actual measured samounts. In these
instances the digestibility of lignin was negligible.

The lignin composition of the plant and fecal samples from a trial
nm'dtﬂmom;muﬁchﬁMnuWamm
in the chemical laboratory. Difficulty was encountered in obtaining
consistent results for the highly lignified homologous samples.

The results secured suggest that the lignin ratio technigue is not
mlmwﬁwtmmﬂthmhmvmﬁd;ofmm“.
plants. It is not entirely clear from these data whether this is due to
inacourscies of ligain determination or whether lignin is indsed digested.
The welght of evidence suggests that the latter is true. In either case
the lignin ratio offers no advantage a8 a line of investigation.
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AFFENDIX

Scientifiec and common names of plante discussed

Selentific name Common_name
(Cercogsrpus ledifoluis) Curlleaf mahogany
(Artemisia tridentata subsp, typica) Big sagebrush
(Purshia tridentata) Bitterbush
(Juniperus ostegeperma) Utah juniper
(Ceanothus cuneatus) Buek brush
(Gercocarpus montanus) Eirchleaf mahogany
(Cowanta stensburiana) CLifrrose

(Prunug virginiana var. melanocarpa)
(Quercus ganbelii)

Chokecherry
Gambel oak
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