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AnsTeacr—Twenty-three forage sam-
ples wero fermented i ¢ifre to doter-
mine the cffect of soluble carbohydrate
content on cellulose digestion, To oh-
serve the effect of soluble sugar content
ont lag period (differential rate in ihe
beginning of celluloge digestion), two
groups of samples, one group contain-
ing 6% and the other 10.5% =soluhle car-
bohydrate, were fermented in vitro for
six hours. No gignificant diference
could be shown in the extént of cellun-
lose digested between the two groups
of forages. Similar analyals also show-
ed there was no gignificant difference
in cellulose digestion (at 12 or 24
hours) due to seluble carbohydraté con-
lent.

Nitrogen fertilization significantly in-
creased cellulnse digestion at hoth 12-
and 24-hour fermentation times. Initial
cellulose content in the nitrated forages
wag significantly lower than-in the non-
nilrated forages. )

The animal agrienlture in much
of southern [llineis and adjoining
sonth eentral states depends in large
measure o0 erazing ruminants (cat-
tle and sheep). The efficiency of
cattle and sheep production is de-
pendent upen the production of
high quality forage. Many forage
erops have been studied singly and
in mixiures in an cffort to produce
maximum forage yields, In many
cases the leguimes in legume-grass
miztures arve short-lived and thus
the establishment of pure stands of
grasses i common, Orchardgrass

{Dactyhis glomerata) i3 one of the
most popular high producing peren-
nial grasses used. Little informa-
tion is available on the nuatritive
value of orchardgrass especially 1m-
der grazing conditions.

" Progress in the development of n
vitre techniques has stimulated in-
terest in the application of this
method in the evalpation of forage
quality. Reeently, many workers
have found forage ecellulose diges-
tion ¢n witro to be highly corrclated
with the digestibility of various for-
ame constituents #n vive (Baumgardt
et al., 1959 ; Hershberger ef al., 1959 ;
Donefer ef al., 1860; Le Favre and
Kamstra, 1960; Reld ef al, 1960;
Baumgardt ef al., 1962 ; Simking and
Baumgardt, 1963). There ig little
doubt that in vilro rumen fermenta-
tion technigues offer a method of

studying the digestibility and thus
“nutritive value of forages.

Crampton (19567) suggestad level
of intake (voluntary consumption}
of a forage may be of primary im-
portance in deseribing its feeding
value. This observation was extend-
ed and in 1959 Macdonald College
workers (Crampton et ol, 1039,
Donefer ef af., 1959 introduced the
use of #n vitre cellulose digestion as a

possible means of estimating the

total nuatritive value of forages.
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Donefer et al. (1923} observed lag
periods In the start of cellulose di-
gestion of 2 to 6 hours between for-
ages, This differential rate of fer-
mentation was reflected in 12-hoar
cellulose digestion which in turn was
highty correlated (r = 0.88) with ad
tibitamn consumption 4 vive. Cellu-
lose digestibility at 24 hours was
highly eorrelated (r — 0.87) with in
vive energy digestibility.

Sinee rimen misroorganisms bene-
fit (in lerms of cellnlose digsstion)
from a readily available sonrvee of
carbolydrate, it could be postulated
that a close relationship existz be-
tween level of solnble carbohydrates
in forages and the initiation ol rapid
in vitre cellulose digestion. If a ¢lose

-, relationship does exist it may be that

level of solubie cavbohydrate could
be uszed to predict voluntary intale
of the forage, '

A sories of trials was conducted
by Reid ef al. (1964) to determine
the influence of growtlh phase (first
ve, regrowth), stage of maturity,
nitrogen fertilization (60 1b. N vs,
240 1b. X)) and euntiing managemont
{eontinuous growth vs. interval clip-
ping} on digestibility of Kentucky
bluegrass. Tn Reid’s study il was
noted that higher levels of nitrogen
fertility incressed ccllnlose digesti-
bility én vitro and #n vive in the {ret
growth phase of grass. It ¥ possi-
ble that this effect due Lo nitrogen
iz related in part to the amonnt of
nitrogen available to the mieroor-
ganisms.

Lo the study reported in. this pa-
per i vifro fermentation is used to
aspess the effects of the soluble car-
bohydrate and nitrogen content of
orchardgrass on cellulose digestion,

123

MATHRIALS AND
ExprrIinENTAL PROCKDORES

Orchardgrass  (Daectylis  glomerata)
gamples used in this Investigation were
obtained from the Lawlence area of
land at the Dixon Hprings Agriecul-
turad Center, Simpeson, Illinois.

The Lawrence tract, consisting of 40
acres, is of the Grantsburg-Grenada silt
loam soil type. Alter being in corn and
winter wheat, the arep waz sceded in
the spring of 1959, The field waz cut for
hay onees in 1959, twice in 19680 and onee
in 1961, The area became a permanant
pasture in the fall of 19681, After heing
divided into two equal parls, ammoninm
nitrate waw applied al the rate of 209
pounds per acre in the spring of 1862
and 106 pounnds per acre in the tall to
ihe morth half. In October 1962, soil
tests indicated the pH to he 6.57 for the
south hall and B.83 for the north half,
the latter value apparently a result df
fertilization, since thes pH pricr teo di-
viding the feld was 633 Lime wasd
applied at the rate of 0.8 ton per aecre
Lo the south half and 2.3 ton per acre
to the north half, In 1983 fertilizer ap-
plications were: 225 pounds amnionium
nitrate per acre to the north half on
April 12 and 111.6 pounds per acre . on
Aungust 20; 2044 pounds of super phos-
phate per acre on the north hall and
207.7 pounds per acre on the south half
on AngusRt 29, _ )

Orchardgrass samples were collecied
weakly from two locationd {epst and
weat ends) in each halt of the field.
Forame samples wero obtained dircetly
trom the grazed aren by clipping a four
toot sgquare plot. Plots were Incatod
at random within each end of the field.
Only selected samples taken from the
west onds, represonting tho peoried trom
Ootober 2%, 1962, to December 30, 1963,
wera nsed In the present study, A
wignal estimate indicates there was very
little variation in the Corage stand and
that B0-96%, of the growth was orchard-
gragg, There was no attempt made fo
ovaluate the extent or tvpe of dizecasc.

The grazing season includes the pe-
riod from the third weck of April to
the third weelk of October. During the
162 grazing gmeason, “put and take’
animals were nsed fo ingure an equal
degres of grazineg on bhoth halves of the
field. ) .

Forage samples weve dried in a forced
draff oven at 60° €, and dry matter
content calenlated. Iacro - Kjeldahl
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techniguas wore used to determine pro-
tein gontent. In prepuaralion for sugar
extraction and in vitro digestion work,
forage samples were ground using an
intermediate Wiley mill, equipped with
a 6i-megh screen.

Two basic approaches wefe used in
cvalnating the effect of =eluble carbo-
hydrates and protein content of or-
chardgrass on celluloge digestion, The
firgl involved an cxtraction and ecolori-
metric  determination of the soluble
sugars in forage samples. 'The second
phase of this study was the use of an in
vitre technigue to determine cellulosc
digestibility.

A number of techniques for the ex-
fraction of sugars present in forages
are reported in the IHterature. Tech-
nigues involving the use of ethanol as
the extracting solvent have heen com-
monly used. With this is mind a modi-
fileatlon of a method used by Gilmore
(19G4) wus chosen for thig study. Mol-
lowlng a 6-hour extraction with 70
ethanol and removal of impurities and
color pigments, hydrolysis of the di-and
oligosaecharides (non-reducing) was
carried out  enzymatically with a 1%
diastage golution. After standing over-
night, the colorimefric method for de-
termining sugars, described by Duboiy
et . (1986), wag nged.

That phage of the study to be re-
ported in this paper involves three fac-
tore: (1) the effoct of soluble carbo-
hydrate level on the initial lag period
in forage celluloge digestion; (2) the
effecl. of nitrogen fertility on the rate
and extent of cellulose digestion; (3)
the relationship between level of =olu-
ble carbohydrate and extent of cellulose
digestion,

With these interests in mind, a care-
ful gelection of materialg for sindy was
necessary &ince the sample- zize, repre-
senting each date, was small, Twelve
samplos, six having arcund 6% =soluble
carhohydrate, and six containing around
109 were selected to study lag phase.
These geloctions contalued enongh for-
age material to earry oul duplicate in
witro digestiong at 6, 12 and 24 hours.
Donefer et al. (1959) observed lag po-
riods of 2-6 honrs in the start of eellu-
loge digestion. Thus differences in the
length of lag phase between iforages
would be reflected in the f-hour diges-
tion time. To study the effect of nitro-
gen fortility eight pairs (2 samples
collected on the same date, one from
the north half of the fleld, receiving
nitrogen, and one from the south half)
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wore gelected. In wifro cellulose diges-
tion wag dolermined at 12 and 24 hours.
The combined selections {samples from
parts 1 and 2) are used to study the
third relationship. In all, 23 samples
were selected for in  witre digestion
atndies,

Cellulose dipestion i «ifre wag de-
termined by the lermentation technigue
degeribed by Bentley ef of. (1955}, with
moedifications introduced by Johngon ef
al. (1958), Quicke et al. (1B58) and
Donefer et al. (1960). For the sake of
completeness and clarity the modified
technigue used in the present study is
deseribed,

Fermentation was coarried ont In 32
x 200 mm, (125 ml) pyrex test tuhés
placed in a water bath thermostatically
controlled at 89° €. Tubes were equip-
ped with rubber stoppers fltted with
glass inlet and outlet tubes to permit
the puggage of €O, thronghout the fer-
mentation pericd.

Approximately 1 gm. of the airdry
tesl tforage wag placad in each tube.
fn witro cellulose digestlon was deter-
mined on each forage in duplicate for
all fermentation times (&-, 12-, 24-hour},
within the same fermentation run. The
tubes were located throughout the fer-
mentation system at random,

The buffer-mineral solution used in
the present study wag that used by
Baumgardt, et «l. {1862} and wag sim-
ilar to the syuthetic saliva sugpedted
by MelDougall (1948). The compoailion
is ghown in Table 1. Before each fer-
mentation run this solution was bubbled
vigorously with €0, untii the pH was
approximately 6.9,

A mature ewe, fitted with a perma-
nent ruminal canula and maintained
on good quality, doarsely ground or-
chardgraszs hay, served ag the source of
rumen microorganizms for all fermenta-
tions. Inoeculum prepavation was ac-
cording to a modification of the me-
thod described by Johnsgon et al. (1955).
Tigquor, firel expressed from fhe rumen

Tante 1. Buffer-Mineral Solution for
I'n FTitro Termentation

Component . Per Lifer

NaHCO0, : 9.8

NagH PO, TH,O 7.0

KCl1 0.87

NaCl 0.47

CaCl2H,O 0.063
0.12

MgS0,TH,0
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contents through several layers of
chessecloth, was discarded. The remain-
ing pressed pulp was extracted with
phosphate buffer (2.000 pm. Na,HT'Q,*
TIHLO, 0436 gm, KH.PO, per liter, pH
7.0, prewarmed to 40° C) in the ratio of
454 grams presged pulp to 3756 ml of
buffer. This mixtnre was re-expressed
through c¢heegecloth and the fluid thus
obtalped put immediately into pre-
warmed thermos jugs. Thiz phosphate
buffer extract wasz used as the inocu-
Tuim. :

Inceulum pil values ranged from 7.0
to 7.23 over tho fermentation perinds.
The tubes swere fnoculated as rapldly
as possible (about 10 minutes) with 10
m:, of the phosphate buffer extract.
The €0, =supply was adjustgd so that
modetate bubbling oecurred in the
tubes. The pH was determined follow-
ing each fermentation. KEven though
ol adjunstments were not made pTT did
nct drop helow 6.4 in 24 hours. It is
generally considered cellulose digestion
takes place efficiently down to a pH of
6.5 (Barnctt and Reid, 1961)., The pH
level reporfed lhere presumably would
nct have any marked effect on bacterial
activity.

At the end of the fermentation period
the microbial activity wag stopped by
addition of 1 ml, of 4N H,80, to each
tuhe.

Cellulogse was determined by the grav-
imatric method of Crampton and DMay-
pard (1938) ag modified hy Hershherger
at b, (1855), “Where posgible all celln-
lase determinations were carried out i
deplicute, ie, inftial eellulose and resi-
dual celbiloge -affer fermontalion 4
ritro.

Te account for variationsg hetween in
»itro fermentation periods a reference
forage (Teseue) was fermented during
each period. .

The data were statistically analyvzed
Dv the mothod of least sguares. Both
gimple and multiple regressions were
aldo run on seclectod data.

Resurms anp DIsCUSsION

A total of 116 orchardgrass sam-
ples, collscted during a perind from
Oatober 29, 1962, to December 30,
1863, were analyzed Tor soluble ear-
bohydrate content, Marked fluctua-
tionsg in level of soluble carbohy-
drate content in the forage were ob-
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sorved during the period studied.
This observation is in agrecment
with that of other investigators {(Sul-
livan and Sprague, 1943 ; Crampton
and Jackson, 1944 ; Barneit and Mil-
ler, 1850; Sprague and Sullivan,
19507 Bly eof al., 1953; Waile and
Boyd, 1953a, b; Waite, 1957; Van
Riper and Smith, 195%; and Stod-
davdt, 1964). Although several
trends in forage soluble carbohy-
drate content due to the clfect of
ammeninm nitrate applications wero
observed, no significant differences
could be shown, . :

The results of 23 4r wvifro fer-
ientations are presented in Table
2. Percent protein, initial cellulose
and soluble carbohydrate for each
satnple are included. Statistical an-

alvsis of the data for the 6-, 12-.

and 24-hour fermentations revealed
no significant effeet on G-honr eellu-
lose digestion due to the level of
soluble carbohydrate in the forage.
Qimilar analysis also showed that
there was no effect at 12 or 24 hours
although the ¥ value at 24 hours
was approaching signifieanee. The
mean soluble carbohydrate and 1w
vitre  celluloge  digestibilities and
standard deviations arve presented in
Table 3. Although there was no sig-
nificant effeet of lovel of soluble car-
hohydrate on the extent to which
cellulose was digested dn wifvo it
should he noted that ai all time pe-
viods greater amounts of ecllulosc
were digested in forage samples con-
taining the higher levels of soluble
carbohydrates. It can be comeluded
from these results that a sonrce of
readily available energy was appar-
ently not a limiting faetor so far as
wicrobial activity was concerned in
the forages studied,
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Tarnu 2.—Fn Firo Cellulose Digestion —23 Orchardgrass Samples.

! Cellulose Digestion
. i Soluble
Vaaca- | Protein cLTﬂI‘iiLJ ﬁfdr::)c; 6-our | 12-Hone 24-TTour
Date of Cutting tion | (%) (%) (%) (%) (%) %)

12562, Ns| 2135 | 2539 | 6.36| 24.90| 38.93 | 56.95
- 362,00 $14| 14.00 i 31420 4.91)........ 1945 34.00
1-02-62. . N1g| 20650 2184 | 8.2 |....... 22.05 | 49.62
TA262. Si4| 16.45| 27.64| 6.31| 16151 23.87 | 39.24
12006200 N1g| 16.80| 25.5 | 678 ... 32.47| G55.02
1241062 oo S5 | 13.83 | 2703 | 639 13.88 . 19.60 | 40.29
I- 763 Nlg| 1593 | 27.94 | 630 17.02| 27.89 | 38.12
12163 Nig| 17.85 | 30.82 | 6.18 1 13.27| 30.90 | 45.54
12163 oo Sig| s.40| 36.72| 6.5 1138 | 23.07
12865 . ... TP Nig| 16.45 ! 32.26 | 6.87 |........ 5.8 42,33
12863, o S14| 13.13 - 41.30 | 5.67| 2.3L| 860, 16.11
415-63. oL N1g 23,08 | 2086 1279 ... 51.94 | 7081
42065 N5 2520 | 2539 840 ... 54.80 | 69.69
42263, Sig| 15.58 | 2677 ] 10.76 1221 28.98 | 51.35
42963, | Sis| 1190 26.83 | 10,03 1444 19.31 | 49.33
G163 L N1g| 20048 | 30.63 | 835 ... 47,19 63.33
5-R3-63 . o e S3g! 1190 | 3136 | 9.67 ... 20,79 49.30
520-63 . .ot Ni¢ 19.78 1 27.85| 10.92| 18.06 | 35.950 | 37.05
520-63. Sig 1278 094 | 10085 | 1563 | 2605 | w24
6- 363, .. ... e NY| 2293 27.91 10.30 | 22.81| 41.01| 53.04
TA563. . CSY | 35.50 10,16 | 12.33 | 21.29 | 40.20
81963, ... N 35.16  R.95 ... 20.60 | 35.03
81063, S8 . 1969 B.S5 ... 3382 | 45.59
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TapLe 3.— Influence of Level of Soluble Carbohydrates on In Fitro Cellulose Digestion at

6, 12, and 24 Hours,

Cellulose Digestion

Level of | _ _
Soluble .
Carbohydrates a-Hour 12-Honr 24-Hour
% % %
Mean S Mean ‘ 5 Mean 8 Mean I 5
P | i :
6.2 | 0.8 4.6 7.3 25.0 10.3 39.3 13.3
10.5 0.4 ! 15.9 4.0 28.4 5.4 49.0] 6.5

2 Hrandard deviation,

Other workers have noted various
responses in digestibility due to the
applieation of nitrogen levtilizer on
geveral forages. Hall ef of. (1938)
compared utilization of nitrated
{120 1b. N per A} and non-nitrated
forages at two stages of matuarity us-
ing in vitro cellnlose digestion and
ohserved that nitrogen fertilizer at
the pasture stage did not affect the
utilization of millet or piper sudan,
whereas it had a marked negative
cffect on the utilization of sweet su-
dan, No differcnces in utilization
were observed at the hay stage.
Markley of of. (1999) found in-

ereased apparent digestibility eo-
efficients in vive of protein and en-
crgy of bromegrass and orehardgrass
when at least 200 lb. of niirogen per
acre were applied. In in vitro work,
Reid et ol. (1964) showed a signifi-
‘sant inerease in cellulose and pro-
tein digestion due to nitrogen fer-
tility, The cffect of nitrogen on cel-
lulose digestion én vifro ean be found
in Table 4, Nitrogen applieation did
have the effect of significantly in-
ereaging cellulose digestion of or-
chardgrass at both 12- and 24-hour
fermentation times. TReid ef al.
(1964) made the snemgestion that

Tasrn 4. Influcnee of Nitrogen Fertilization on the fa Fitro Digestion of Cellulose at 12

and 24 Hours.

Level of ‘

Cellulose Digestion

Level of [
! Crude Soluble T
: Protein i Carbohydrates 12-Hour | 24-Hour
) ] % : %
—_— |
Nitrogen i oo I i
Tertility - Mean B Mean § - Mean |- 8 . -Mean |- S
- ; — i [P P :
T 198 25| 7.78| 155 360| 1097 s9| 93
0 1321 245 765| 238 29| 65 0| 121
a SL&ll';dt;lrd o o

deviation,
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this effeet may be related in part to
a limitation in nitrogen availability
for cellulose digestion in the in witio
growth medium. Other workers
(Chalupa ef of, 1963) have noted
significant stimulatory eflcets on cel-
luloge digestibility when low levels
aof urea were added to a Tumen
fluid phosphate buffer medium. Up-
on further examination of data ob-
taived in this investigation, it was
noted the ecllulose content of the ni-
trogen series was significantly low-
er than in the non-uitrogen series.
Thiz would sogoesi the possibility
the level of cellulose present or other
materiale associated with  various
levels of celluloge in forage may he
an Important factor governing ita
rate of digestion. The authors gunes-
tion that the levels of cellulose per
tube usod in this study would cause
the differences observed. -

It was alse of interest to obtain
the relationship hetween level of sol-
uble ¢arbohydrale and cxtent of eel-
hdose digestion. Correlation coeffi-
cients at three @n wfro digestion
times are presented in Table 5. It
will be noted rather low correlations
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were obtained, especially at 6 and
12 houry, between pereent solnble
carbohydrate and percent cellnlose
digestion. The correlation improved

as formentation time inereased (r =

0.60 at 24 hours)., Aceording to
Donefer et al. {1959) cellulose diges-
tion at 12 hours is closely aszociated
with ad lbdfwm consumption and 24-
hour cellulose digestion is clogely as-
sociated with forage digestibility.
Bowden (1964), reported simple cor-
relations of (.60 to 0.69 between sol-
nble carbohydrate content of or-
chardgrass and 48 hour i vifro dry
matter digestion., This report ap-
pears to agree closely with the pres-
ent results at a 24-hour digestiom
time,

Simple eorrclations between per-
ceni nitrogen and percent cellnlose
digestion werc high at all three di-
gestion times (r=1072 to 0.87).
Also from the correlations made it
appears that there was a definite
negative association at all digestion
times studied between initial ceilu-
lose and perecont eellulose digestion
{r=-53 to -78). These resnlts
would indicate the nitrowen content

Tapiw 5.—Correlation Coefiicients Between 3 Forage Components and Cellulose Digestion

In Fitra.

Factars Correlated

— ;
12-IIour
Digestion

t-Hour
Digestion

24&Hour
Digestion

{11 samples)|T(20 samples)|r(20 samples)

% protein AND % cellulose digestton. . ..., ...
Initial cellulose AND % celluloze digestion. ... .
% soluble c'arbohydrﬁte AND 93 cellulose digestion.

Multiple correlation coefficient...............

0,72 0.87%* 0. 774
U R — T3k

0.24 | 0.44 0, B0
..... 0.91%+ 0., o+ 0.90%*

e =001
P o= 005
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and the amount of initial cellulosc
have a greater effect on digestion of
cellulose fn wdfro than the amount of
soluble carbohydrate present in the
forage, especially enrly in the for-
mentation period. It fnrther ap-
pears that nse of ull three dependent
variables prediets cellulose digestion
more accurately than any one varia-
ble alone ginee a mmltiple correlation
woefflelent provided valnes of 0.90 for
all three digestion times, This means
that approximately 81% of the vari-
ation in cellnlose digested can be ac-
counted for by including the varia-
tion in soluble earbohydratle, nitro-
gen and initial cellulose. Bowden
{1964} found he could account for
approximately 605 of the variation
in dry matter digested n vitro when
water soluble earbolhydrate, protein
and Iruetose were inelnded in g mul-
tiple regression analyvsis.

Close examination of Table 2 sug-
geals that there may be other fae-
tors involved which influence celin-
lose digestion in vitro. For example,
gsamples collected on Novembor 132,
1962, (N 14) and May 13, 1963, (N
14} have approximatcly the same
protein and soluble carbohydrate
eontent. Even though initial cellu-
lose was hizher in the May sample,
it was digested to a greater extent
in 24 hours. Generally, cellulose di-
pestion values wepe observed to be
higher in forage samples collected
duritig the spring and summer than
in those collected Trom November to
Januwary. This wonld imply that, in
addition to the inflionee of the for-
age eomponents studied on collulose
digestion, there may he eonfounding
of this response due to scason. This,
guite possibly, is assoeiated with the
degrec of lignification in the forage.
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Kamstra ef «f. (1958) reported a
negative relationship between lignin
content and cellnloge digestion in
vitro. In the present study, deter-
mination of the Hgnin content of for-
ages, may have been extremely use-
ful in explaining varialions in cel-
lulose digestion <n vitra; however,
limited sample precluded this.
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