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" Effect of ruminal ammonia c0ncentration on microbial growth ruminal

fermentation characteristics and degradation of feed ingredients by
rumen microorganisms was examined in a series of in vitro and’ in_vivo
studies. Feeding valuetof ammoniated barley silage was also evaluated.

Ammonia concentration did not.influence the proteolytic activity of

frumen microorganisms in vitro. Removal of protozoa by centrifugation o
reduced (P< 05) the extent of protein degradation. Increasing ruminal ; v
" ammonia concentration by continuous infusion of NH Cl or NH HCO,

tincreased (P<.05) bacterial numbers. However,‘bacterial rowth as‘

influenced'by increasing ammonia concentration did not proportionally

‘increase'ruminal'd adation of feed ingredients. Ammonia concentration

did not markedly influence volatile fatty acid concentrations
Ammoniation of barley silage increased (P<. 05) pH lactic acid total

nitrogen (N) and water insoluble N contents. Milk yield and milk

vcomposition of cows fed ammoniated_barley silage were similar to cows

L4

fed untreated barley.silage supplementedsyith canola meal'or urea.

' vAmmoniation'of barley silage'increased (P<.05) ammonia concentratibn'and

N

propionate proportion in rumen fluid, and supply of total N, non-ammonia

N and microbial N to the small intestine compared to barley silage

supplemented_with canola meal or urea. It is concluded thatsincreasing’

ruminal ammonia concentration increased microbial growth;lBut increasedg
- w

. microbial numbers did not proportionally increase rumen microbial
'»degradation of feed ingredients Microbial hydrolytic activity may be

primarily a function of the physio -chemical properties of feedstuffs

Feeding value. of ammoniated barley silage for dairy cows was equal to



untreated‘silagh"supplemeﬁted with canola meal. Increaéed water’
insoluble nitrogen content in ammoniated silagé:i.. have contributed

to enhanced utilization of ammonia nitrogen.
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Table III-1. Ammonia’ concentration and pPH in rumen fluid, blood urea N and'
body weight change as influenced by NH,C1-N infusion.

NH‘Cl-N infusion (g d 1)

Items - SEM! Contrast?
0 32 63 102

Body weight gain (kg)® 4.1 14.3 13.5  11.5. 2.14 NS

‘Ammonia, mg 100 mL % 011,28 16.3°  24.8° 34,99 1.34  L/Q

pH - B 6.50° 6.46°. 6.3 6.19% 08  L/C

Blood urea N, mg MmL'l 14.8%  18. 2P J.22.2° 24.5%  2.02 L

&2.¢ Means wi%hin a row having different superscipts differ (P<. 05
for pH, P<.01 for ammonia and blood urea N).
! Standara error of means. .
z Orthogonal contrast where L-~linear; Q-quadratic; C-cubic and NS~-not
significant at P<.05. ‘ , o
 Mean body welight change during experimenv : : L S



S

Table 11I-2. Effects of ammonia concentration on volatile fatty acid
(VFA) concentrations 1n rumen: fluid.

0y

Ammonia (mg 100 mL"1)?!

B ]
Paraméters

11.2 16.3 24.8 34.9

SEM? Contrast3

)

Total VFA 10.3 10.3 10.9 9.9 | .24

‘NS
(mmole 100 mL )
Molar percent (mmole 100 mmole 1y
Acetate (C,) 63.7. 63.4 61.5 62.1 .59 . NS
Propidhate (C,) 17.6 17.9 19.9 18.7 .71 NS
Isobutyrate 1.2 1.1 1.1 1.0 - .03 NS
Butyrate - - 1l4.3 14.5 14.5 15.3° .17 Ns
Isovalerate 1.7 1.6 1.7 1.5 J11, NS
Valerate : 1.5 1.5 ~-1.5 1.4 . .06 NS
C,/Cy ratio 0 3.62P 3.54P 3,008 3,323 14 Q/C
) I,b, 2

3ithin a row having different -superscripts’ differ (P<.05).

' ;éRA"ﬁﬁ v onia concentrations as influenced by NH, Cl infusion
o Sténﬁdtg‘error of means

Orthogonal contrast where Q—quadratic C=cubic and NS=not
sigmificant at P<.05. S

. ‘ . ‘s
AY X £}
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Table IiI 3. Effect of ammonia concentration on viable counts (x 10® mL™Y)
of total mixed bacteria (TMB) and mixed prOCeolytic bacteria- (MPB) in

..rumen fluid.

 Bacterial . " Ammonia.(ﬁg.loo mL™ 11!
. I - ‘ . SEM®>  Contrast®
Population 11.2 16.3 - 24.8 34.9
- TMB . 7.64  9.30 9.91 8.79  2.90 NS
MPB ©.87®  1.048> 1 0P 1.018> 3y L/Q

®> Means within a row having different superscripts differ (P<.05).
1.‘iluminal ammonia concentration as irifluenced by level of NH,Cl infusion.
2 Standard error of means.

> Orthogonal contrast where iif,;near; Q=quadratic and NS=not
significant at P<.05. T



Table III-4. In situ disappearance‘(%) and effective degradability (%) of
dry matter (EDDM) of barley grain at various rumen outflow rates in
relation to ruminal ammonia concentration.

Incubation : Ammonia (mg 100 mL™!)?! y ) TN
, : : - - SEM® - Contrasﬁp
(h) 11.2 . 16.3 24,8  34.9 ' :
DM 1 49.0 49.2 49.8 - 49.9 . .02 .. NS
2 69.7°¢ 72.0° .67.0%P - 65.02 1.59 LN
4 77.1 77.6 75.7 - 75.3 .50 - NS
8 81.2 = 82.4. 790 - 79.2 - .91 . - NS -
12 - 82.9 84.1 '80.5 - .8L.5 ¢ .92 ° NS -
: 24 85.9 87.0 85.2 T84, 55'1? .80. - NS . .
EDDM % 042 80.8 81.9 . '79.3.; $79.5 . .78 I .NS< . -,
082 . 78.3 . 79.4  16:6  76.5° 827t . NS lfla" o
122 - 76.1 77.2 , 4. h Sy g ,‘;( 79 “ o NS .

*.b.¢ Means within a row having different superscripts QIfﬁer (P< 55)
! Ruminal ammonia concentrations as influenced by - NH €1 nfu ion. s

T

2 Effective degradability of dry matter (EDDM) at, rumen °wg‘7'w4;""<
rates of .04 h "1 08 h'! and .12 b7} L . ‘_.‘ \‘mc";.
3 Standard error 'of means. - - S R AT S

-

3 Orthogonal contrast where L~linear; quuadratiekand NS=not
significant at P<.05. . (. S .

L4
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Table III-5. In situ disappearancé (%) and effective degradability (%) of
dry matter (EDDM) and protein (EDCP) for soybean meal at various rumer’
outflow rates in relation to ruminal argponia concentration.

4
v

Incubation . Ammonia (mg -100 mL™ 1! . <
. —— SEM*  Contrast®
(h) 112 16.3 24,8 34.9 o

DM -+ .1 4n.7 41.6 42.% 40.8 .03 NS
2 47.4 49.5 48.5 48 .8 .86 NS

4 53.3 53.9 s4.9  s1.4 .88 NS

8 68.282 730  63.48  64.5% 1.68 L/Q

12 83.6P¢ '87.9°  80.48> 7548 1.82 L/Q

2 97.3 97.6 96.0 94.9 . .52 NS

EDDM . 042 85.3 86.0 85.5 84.8 1.09 . NS
: .082 72.632 746> 71.6%®  70.02 .87 Q
.122 65.380 676>  64.38> 2. 68 - 01 Q

cp 1 24.1 25.4. 23.9 24 .6 .07 NS

2 _ 37.1°  38.1P  35.28> 33838 1 05 L/Q

4 - 46.7°  46.8®  45.4P 39,88 73 Q
S8 65.52  65.9®  63.2P 53638 1.90 Q
12 78.1°  87.2°  76.6®P  71.3%2 252 . qQ

24 98.4 97.6 . 97.2 95.0 .53 NS

EDCP.043 | 82.3. ' 83.6 81.8 ' 79.1  1.61 NS>
.083 67.6°  69.8°  66.93P  64.08  1.47 ' Q
123 58.8P¢  61.3¢ 56,43 53 68 1 33 Q

®.P.° Means within a row having different superscripts differ (P<.05).

! Ruminal ammonia concentrations as influenced by NHhcl infusion.

2.3 Effective degradability of dry matter (EDDM) and protein (EDCP) at
rumen .outflow rates of .04, .08 and .12 h™?!, '

Standard error of means. :

5 Orthogonal contrast where L=linear; Q-quadratic and NS=not
significant at P<.05. ‘ o :

i)

4

c
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Table I1I1-6. In situ disappearance (%) - -and effective degrgg;bility (%)

. 63

of dry matter (EDDM) and protein (EDCP) for corm gluten meal at various
rumen outflow rates in relation to ruminal ammonia concentration

Incubation Ammonia (mg 100«mL'1)1 . -
: - — SEM' Contrast®
(h) - 1.2 16.3 = 24.8 34.9 K ‘
DM 1 10.0  10.7 10.9 9.9 01 . Ns
- 2 13.9- 14.3 . 14.2 13.9 .42/ - NS
4 15.7 15.8 . 16.5 14.8 .83 - NS
8 19.2 18.7- 19.1 16.8 .57 . NS
12 22,5 .21.6 - 21.7 égﬂs .88 NS
24 29.18> 311> 29.38b 5928 . 5 Q -
EDDM. 042 25.0 ' 29.1 25.9 233 .77, NS
.08? ... 20.9 21.8 -~ 21.1-  -'18.8 . .81 NS
122 18.6 18.8 8.8  16.7 .76 NS
CcP 1 8.2 8.8 85 9.1 03 NS
4 2 10.3 " 11.0 9.8 " 10.8 .33 NS
4 . 10.5 13.5- .+ 10.5 - 11.9 .83 NS
8 S 11.4 15.2. % 13.6 < 14.1 .64 N$
12 12.12  17.3P  .14.6%P 15, 3b .85 Q
24 13.82  23.3b- 17.98d 17.¢%b .87 Q
EDCP . 043 12.3%  20.52  14.9%8 © "15:3% 84 Q
08? 11.62  16.8°  13.5% 13,92 92 - Q
12° 11.18  15.0° 1262 13.1° .84 Q

- '/'v
R4

P Means within a row Waving different

2.3 Effective degradabilit
" rumen outflow rates of |[04,
4 Standard error of means.

supeékcflpts differ (P<. 05).
1 Ruminal ammonia concentrations as influenced by NH, Cl infusion.
of dry matter (EDDM) and proteln (EDCP) at

.08 and 12 h™t.

3 Orthogonal contrast wher Q-quadratlc and NS=not signiflcant at P<. 05




Table IX1-7. In situ disappearance (%) and effective degradability (%)
~dry matter (EDDM) and protein (EDCP) for fish meal at various Trumen
;flow rates in relation to ruminal ammonia concentration

64

;p;‘ Incubation

Ammonia (mg 100 mL~ H

SEM*

- Contrast?
11.2 16.3 24.8 34.9
. 26.1 25.8 26.3 26.1 .02 NS
28.2 28.4 28.3 28.6 .34 NS
29.4 29.2 29.6 29.2 .27 NS
30.1 29.4 30.0 29.5 .22 NS
30.9 31.0 31.4 29.8 .40 . NS
34.6 34.8 33.4 33.1 .65
32.7 34.0 31.8 32.2 .78 NS
31.0 31.0 30.7 30.2 .59 NS
.30.1 29.8 30.0 29.4 .61 NS
CP 1 20.8 19.5 21.5 21.2 .03 NS
2 24.6 26.9 - 27.6 28.6 .25 NS
4 26.6 27.8 29.4 - 28.9 .35 NS
8 28.2 28.9 31.7 30.3 .55 NS
12 . 29.1 30.7 . 34.4 31.7 .31 NS
24 36.1 38.7 38.2 36.8 .90 NS
. EDCP.04> 32.1 35.0 35.4 33.9 47 NS
.08? 28 .4 31.0.  32.8 31.4 .40 NS
.123 26.5 28.9 31.3 30.0 .52 NS

v Ruminal ammonia concentrationg as .influenced by NH C1 infusion

2.3 Effective degradability of dry matter (EDDM) and protein

(EDCP) at rumen outflow rates of .04,

“ Standard error of means.

.08 and .12 h~!.

> Orthogonal contrast where NS=not significant at P<.05.
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Table III-8. In situ disappearance (%) and effective degradability (%)
of dry matter (EDDM) and cell wall (EDCW) for barley silage at various
rumen outflow rates in relation to ruminal ammonia concentration.

. Incubation . Jéémmonia (mg 100 mL"1)? :

SEM* Contrast

(h) 2 16.3 248  34.9
DM .1 48.4  49.2  49.3  49.2 .03 NS
‘ 4 51.1 S50.7  50.4  50.4 .32 NS
"8 54.9 '52.3 51.8  52.5 .89 NS
12 57.3. 56.1  55.5 53.5. 1.28 L
2 64.52 64.7° 63.182 s58.72 . 2.06 L
48 76.3P 73.7%  72.8%P ¢8.92  1.92 L
EDDM . 042 61.8° 61.7° 59.48® s7.4%8 132 - L
.08%2.  56.0P 55.8° 54, 22P 53.51" 1.21 . L
J12% 53.6° 53.5 53.0 52.2 1.09 NS
cw .1 6.6 6.5 7.1 6.7 .04 NS
4 8.3 8.6 8.3 8.3 .88 NS
8 12.1. 12.9 10.7 11.3 2.18 NS !
12 20.5P 18.68P 17.62® 16,08 2.21 ¢ L
24 38,10 37.1%  36.4P 20,08 2,53 Q
48 52.7° 51.5°¢ 47.8° 43.428 2768 Q
EDCW . 043 30.2¢ 29.3%¢ 27.28% 2548 2. 56 L/Q
.08> 18.5 18.2°> 17.08P 16.52 . 2.42 L/Q
123 .14.2 14.0 13.4 - 12.9° 1.98

wbe Means within a row having different superscripts differ.
(P< 05).
!'Ruminal ammonia toncentrations as influenced by NH,C1 infusion.
2.3 Effective degradability of dry matter (EDDM) and cell wall (EDCW)
at rumen outflow rates of .04, .08 and .12 nt
-+ % Standard error of means. ]
~ ® Orthogonal contrast where L~linear; Q—quadratlc “and NS=not
significant at P<.05.
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. IV. RUMEN FERMENTATION, BACTERIAL GROWTH AND RUMINAL
DEGRADATION OF FEED INGREDIENTS AS INFLUENCED BY.
RUMINAL AMMONIA CONCENTRATION
A. INTRODUCTION

Nitrogen Source fqi Microbial Protein Synthesis

&

Nitroggn (N) is a major limiting nutrient for microbial growth in the.
rumen *{Cotta and Russell 1982; Owens and Be;gen 1983;). Ammonia is the
primary N source used by. most rumen bacteria for protein synthesis

L

(Hungate 1966; Owens and Bergen 1983). Some bacterial species also

require. peptides and amino acids (Smith 1979) wgich are precursors forAJJ'

branched chain fatty gcids. Hespell and Bryant (1979) estimated 20 to : '.
o o e
50% of microbial N synthesis was associated with preformed amino acidg. ~ ¢

. Despitegg) i ance of ammonia’ for rumen bacteria; thé“efﬁiciehcy

"of nonprdteié;?ﬁ ; e may depend on the tafe of incorporation of
bammoﬁia int;? : f“ Protein Mathison and Milligan (1971) observed
‘that 50 to 60%1of the bacterial N and 31 to 55% of protozoal N were
derived from rumen ammonia in viyo.‘Later studies (Nolan et al. 1972;
Mercer and Annison 1976) confirm;d similar ranges (50 to 80%) of ammonia
iﬁcdrporation by rumen microbes. Ammonia iS'mo§t1y preferred by fiber

digesting bacteria (Hungate 1966), but the ;taﬁcﬁ, sugar and secondary

fermenters also require ammonia (Cotta and Russell 1982). An in vitro

a

study with Bacteroides ruminicola (Pittman and Bry§nt 1964) has ’
indicated that this microorganism utilises émmoniabggd oligopeptide N,
‘but not amino acids or short chain peptide N for growth. Although a few
studies (Maeng and Baldwin 1976; Allison 1982)vhave shown that some

«
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I. INTRODUCTION
The qualitative and quantitative importancevof rumen microorganisms as
.a source'ofvprotein7is apparent since up to 80% of theiprotein reaching.
the smallrintestine of‘ruminants‘iS'of microbiol origin (Czerkawski
.1978; Orskov 1982; Owens.and Bergen 1983 Tamminga 1983, Sniffen and
Robinson 1987) Although protozoa and fungi are active in the Yumen,’
microbial protein arises primarily from bacteria (Bergen and Yokoyama
1977). | '

Microbial protein synthesis is influenced by factors such as the
quality, nature and composition of feed degraded in the rumen, |
proportions in which endproducts of ruminal fermentation are formed,
nature of nitrogen/jN) sources, and energy supply Bergén et: al (1982)
indicatedvthat doubling time of bacteria'ranged from 14 minlto 14 h.

- with rate of‘growth being.a partial function of substrate'availability.v
Russell and Hespel (1981) also indicated that dietary composition can
alter the rumen ecology and influence microbial growth, tfotal microbial
mass, and.extent of digestion. Production of bacterial.protein is’
releted to energy\fermented in the rumen. Smith (1979) enphasized the
importanoetof a controlled supply of energy in enhancing efficient‘
synthesis of microbial protein. But, thdvenergetic efficiency of
microbial growth is wvariable, depending both on microbial species and
ruminal environmentl(Stouthamerv1973; Harrison and McAllan 1980; Smith‘

and Oldham 1982).

Nitrogen Sources for Microbial Protein Synthesis

‘ Many researchers sugggest that protein is a major limiting nutrient for



-

microbial‘growth (Cotta and Russell.1982;.0weni»and-Bergen‘1983;'Oidham
19845 g icrobial yield in the rumen is proportional to dietary'N.(Hume
| et al. 1970). An insufficient supply of N substrate may decrease
microbial synthesis of intracellular, polysaccharide (Smith 1975;
McAllan‘and Smith 1977) In addition, Hespell and Bryant (1979)
tindicated that slow growth of ruminal bacteria provided with a low
' protein and high energy diet may be due to energetic uncoupling.

Ammonia, peptides; and amino acids arevmajor sources of N for rumen
bacteria. A few studies (Maeng and'ﬁaldwin 1976; Allison 1982)phave
shown that some nicrohial species require preformediN for more
effici;nt growth. But Theurer (19795,indicated.that efficiency of
microbial protefn synthesis @Ay not be altered by.the availability of
amino acid in Viﬁo..Hespell and Bryant (1979) also suggested that
changes in-microbial>yie1d with amino-acid supplementation are not
likely:to be oue to reduced ATP.use for amino acid“synthesis as this
costhis relatively small. Certain peptides and amino acids may serve as
sources of branchedpchainofatty acids.(BCFA) which are growth factors
for a number of‘bacterial species including cellulolytic bacteria
(Bryant 1973; Russell and Hespell 1981; Russell and Snitfen 1984) . Lack
of BCFA has been,suggested to cause energy (ATP) uncoupling, during
which fermentation continues to produce ATP without concomitant ‘use of
ATP for anaerobic processes (Russell and Hespell 1981)

While ammonia is the_primary N source of most ruminal bacteria for
- protein synthesis (Hungate 1966), some species require peptides'and
‘amino acids (Smith 1979); Rumen protozoa éenerally require aminokacids

or intact protein for growth, and do not utilize ammonia directly (Leng



1976; Leibholz and Kellawa& 1979). Mathison and Milligan (1971) -
obserued that 50 to 60% of bacterial N-nas‘derived_from rumen ammonia .
in vivolLLater'studies (Nolan et al. 1972‘ Mercer andennisoﬁ'l976)' o
.confirmed similar ranges (50 to 80%) of ammonia incorporation by rumen
microbes. Ammonia is preferred by most fibrolytic bacteria (Hungate
l966),vAnd starch, sugar,and-seCondary fermenterslalso‘require ammonia yé
'(Pittman end Bryant'l964; Allison l§70; Cotta and Russell 1982).
Slnee.precurSOrs of emino’acldsuare synthesized fromvfermentable_
carbohydrates; the'emount of nonprotein ﬁ (NPN) incorporated into
mlcrobial protein is dependent on energy in the rumen'(Satter‘and
Roffler l975;'Chelupall978). The strong dependence of N utilization‘on.
dietary energy has been used‘for the development of models to prediot-'
protein éoncentrations at wnich NPN supplementation is .beneficial .
(Burroughs et al. 19%5? Roffler snd Satter 1975; Satter end Roffler
”‘l975)} One of the major problems in using NPN for ruminants may be the.
‘rate~of releasegof_ammonia from the NPN compound. Oldham (198la)
indicated tnet if the rate of release does not match microbial.
lncorporation N Supnlements will be utillsed 1neffectively‘and
'microblal_growth ma& be llmited due‘to tnadequate or excess rumen
ammonia concentration during‘different_phases‘of‘thevfeeding cycle.
Shiehzadeb and'Harbers (1974) suggested that proeessed starch-urea'N
_ forms (Stsrea) promote greater utilization of N than simple mixture of

B

corn and urea. ﬁdwards et al' (1980) demonstrated that at ruminal
amnonia concentrations as high as. 100 mg 100mL 1 rumen fluld mlcrobial

protein synthesis was 1ncreased by changing the substrate from urea plus

grain to Starea. These results suggest that synchronization between rate
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of ammonia production and rate of energy availability may be important

for optimal microoial growth.

Ruminal.ammonia Concentration and Microbial Grouth
‘Many in vitro‘studies (Satter and Slyter 1974; Rofflerdand‘ Satter
1975§ Slyter et al. 1979' Schaefer et al. 1980):suggest that ammonia

concentrations in excess of 5 mg 100 mL" ! rumen fluid has no effect o

- on microbial growth, Kang Meznarich and Broderick (1981),.and Pisulewski
et al. (1981) indicated a slightly higher ammonia concentration (8 to 10

mg 100 mL™Y) for'maximu?fmicrobial'growth. In contrast, in’vivo_studiea

. .

-

(Mehrez et al. 1977; Wallace‘l979; Erdman et al. 1986)'haye demonstrated

a positive response to ammonia concehtrations as high as 20 mg 100 mL;L
r:meﬁ fluid. It is suggested that the requirement for ammonia *is

directly related to substrate availability, fermentation rate and
microbial mass (Hespell and Bryant 1979 Russell et al. 1983). The study
of Teather et ali (1980) withvlactating,dairy_cows’has shown that
supplementation of a oasal diet containing 9.4% CP with.yarious N

sources increased bacterial number by up to 230%, and this increase.wes'
l

closely a350c1ated with both cellulose digesting bacteria (Eumin g ccus

"SPP. ) and the dominant propionate producing bacteria (s elenomonas SPP- ).

5 .
/
j
|

l

Ruminal Ammonia Concentration and Degradation of Feedstuffs
Given that ruminal degradation of ingested feed 1s the function of
microbes, the extent of degradation may be related to microbial numbers

within a residence time of feedstuffs-in the' rumen. However, limited

' datafis available to support the relationship between microbial-numbers



and ruminal ‘digestion. Wallace (1979) observed increased dry matter
(DM) degradation of barley grain in association with increased ‘
bacterial number when.ammonia concentration was increased from 6.1 to-
'13.4 mM (9.7 to 21.4 mg 100 mL™!) by urea supplementation.
Despite’nitrogen_being a limiting nutrient-for‘ruminal'bacteria
(Hesnell and Bryant 1979; Cotta and Hespe11b1986), with many ruminal
bacteria having an‘absolute.requirement fdr‘ammonia (Bryant and"
Robinson: 1961 Hungate 1966; Owens and Bergen 1983), only a few studies

EY

‘have. examined the relationship between ammonia concentration and

microbial enzymatic activity Bacterial proteolytic activity was'

induced by the presence.of protein substrates (Mangan 1972) Oldham
(1984) suggested that insufficient supply of N substrate may limit

| microbial activity and potentially impair digestion in the rumen.

Digestibility and feed consumption have been shown to increase w1:hh\

increasing dietary protein content (Chalupa 1982; Oldham 1984 OldhamftJ.
and Smith‘l982) In contrast Grummer and Clark (1982) observed

slowest degradation of soybean meal at 1 to 4 h postfeeding when

fruminal ammonia on“ccntration was at a maximum (14 to 19 mg. 100 mL"1)
compared to that at later times;postfeeding. Blackburn (1968a, b),

" reported that protease production was neither induced nor repressed by
vitamins, VFA,'tryptose, proteose peptone, casamino dcids, qutamates;

faspartate,‘arginine,:or lysine. Russell'and,Hesbell (1981)vindicated‘

. that proteolyticﬂactivity of rumen bacteria:may be alteredvby changes'in

population | | |

There is very little evidence that ammonia concentratlon regulates

starch and cellulose digestion in the rumen. Early studies (Belasco



"1954a, b) demonstrated that addi}iop of urea to Qho?t'ﬁerm'(244h).
’ semicohtinuous.férmentations of rumen contenté'greatly improved
cellulose'diges;ion with maximul digestion OCCurring wheg ammonia .
concentrations reached 43 @g 100 mL™!, |
Ruminal pH and Hicrsbigl'ﬂydrolytic Activity 5
Some enzymatic activitiés.of ruﬁinai bgctgria'hgve been shown to be
sensitive to pH chénges..Most proteolytic‘bacteria héve a broédbéﬂ
fénge (Hazleﬁood et al. 1981; Co?ta and Hespell 1986), buE the pH.
Z'dptima fof.méiimél aétivity'bf mixed bacteriallprqteﬁses are~in the-j
ténge;bf pH 6 and 7 (Koﬁecny and WalléCeIiQSZ). Aé'ﬁﬂ‘deéreQSéél
baéterial pgqteblytié‘activity and dgamiﬁas§ éct#vify»are generally .
finhibited, but déaminatidn seems to be more“sensitivg t§ this
inhibitibn than proteoiysis,(Erfle et al. 1982).v15vm69t in vitro and‘
in vivo. studies, red#ced ﬁH.haé a majorfimpgct'on fiber digestién
(Terry et al. 1969;’Ste§art 1977; Mould 'And Orskov 1984). Mould et al.
(1984) observéd_fhaf pH reduction from 6.8 to 6.0 résultgd.in a
moaeréte depression in fiber digestioh; wheréas decreasing éH below 6.0
;cagsed severe inhibitiéni Continuous‘culturé studies;support this
observation (Qrawford et al. 1980; Hbover ét'al. 1984; Shriver étvalt
vl98é). The‘déﬁfeséion\iﬁ_fiber digestion‘caused by pH reduction.from
6.8 to 6,6 is not r;adiiyvéiplained since the activity of,1801ated
fibrolytic eﬁzymes’remains ﬁ%gh in this range (Smith et al. 1973; .
Staniey'and Kesler 1959; Grdlgau.énd\Fofsbérg 1983). Results of some
létudies.sﬁgéest that rédUCEd-fiberJdigéﬁtion'associatéd Vith.a moderaﬁe:

‘decreaSe in pH may be due to inhibition of bacterial gttaqhment'to_feed

-



- Mangan.1981) and solu

‘ narticles.'Smith'et'al. (1973) reported an apparent interaction between

pH and attachment, and Cheng et al (1984) also. indicated that low. -
ruminal pH appeared to prevent a tight attachment of bacteria to plant
cell walls. Starch digesting bacteria are usually tolerant to lower pH

(Hobson end Wallace 1982). There is evidence that gacteroides

gmylgphilggv(AbouﬂAkkade and Blackburn 1963) and Streotococcus bovis

_ (Ruésell_et al.bl983), which are. two of the major proteolytic and

starch digesting bacteria in the rumen, can proliferate at lower pH.

" .Protein Solubility and Ruminal Protein Degradation

[}

"Up to 60% of the total N in ‘common feed ingredients may be soluble in

buffer (Oldham 1981b Wholt et al 1973 ‘Crooker et al. 1978;

: Krishnamoorthy et'al.‘1982) Protein solubllity is positively related.

_to rate of ruminel degradation of protein (Crooker et al. 1978; K ]

Crawford et al. 1 78) .However, this relationship is not absolute.

Bufferﬁsoluble"roteins such as serum albumin (Baldwin and Denham'
1979);vovdlbumin (Mangan 1972), fraction'l 1eaf ‘protein (Nugent and |

e proteins from soybean mealvand rapeseed meal .
(Mahadevan et alf 1980) have variable resistance to ruminal -
degraeation..Nugent end Mangan (1978)ssuggested that buffer SbIUbility :
of protein is not a good indicator of susceptibility to hydrolysis by |
rumenhmicrobial protease. Stern and Satter‘(l984)'also indicated that
solubility nay be a poor'predictor of protein degradatién. Mahadeuen'et

al. (1980) reported that structural characteristics of protelns and the

presence of disulfide bond have a greater influence on degradation of

: protein by rumen microbes than protein solubility.



Hicrobial Growth and Volatile Fatty Acid Production

Efficiency of production of different VFA's by rumen microbes has not
been established. Russell and Hespell (1981) indicated that the
proportion of VFAie_varies with diet:and frequency of feeding due to
lcharges in microbial metabolism and species. Pisule&ski et al. (1981)
monitored the,efficiency of mcrobial growth, and observed a tendency
for highfmicrobial‘yield'when thevdietzresulted in high. propionate
‘productionf Teather et al. (1980) and Grummer et al (1984) found tre;d:

to increased'propionate production with increasing ammonia

 concentration associated with urea supplementation or NH{C1 infusion.

Utilization'of Amiixon'iated Silage

‘Supplementation w1th NPN is generally considered useful onlyﬂwhen the;

resulting ammonia is utilfsed by ruminal ba¢teria. Silage has been .

" widely used as a carrier for NPN in ruminant diets. Studies comparing
8 urea treated and untreated silages in isonitrogenous diets have shown
slightly improved milk yields for treated silages (Huber 1975, Huber a@d
Thomas 1971), but others have shown no difference (Van’ Horn et al. 1967;
Polan et’al 1968; ). The superiority of ammoniated OVEXr urea- treated
.silages was supported by studies (Huber et al. 1979; Huber et al 1980)
in which cows fed ammoniated silage had higher milk yield than those fed
urea treated silage. Compared to untreated silage: ammoniation of silage
increased lactic acid (Buchanan-Smith'1982; Lomas and Fox 1982;
Heinrichs and Conrad 1984) and water’inéoluble N concentrations(Huber et
.al. 1980 Smith et al 1982; Hargreaves et al 1984) In additionvsilage.

‘was less susceptible ‘to heating and spoilage when exposed to air



(Britt and Huber 1975 Glewen and Young 1982;: Thoracius and ‘Robertson
1984) This increased" stability results from the antifungal action of
‘ammonia and ammonium salts (Britt and Huber 1975) Increased‘insoluble
N concentration,in ammoniated silage results partly from binding of |
iree ammonia to the water insoluble.fraction’of the forage and partly
from a decrease in proteolysis of plant protein (Hnber and Kung 198f).
Improved feeding value of ammoniated silage is presumably'associated:,
with increased water insoluble N content‘ji;\EEQpced proteolysis'of
plant protein. The effect of altered fermentation characteristics of
ammoniated silage-on animal performance ‘has not been well explained
except that improved net energy value of corn silage was closely :
?related to increased lactic acid concentration arising from ammoniation
'(Lomas‘and Fox l9b2)1 . l‘ B

“Objectives“of the studies described herein were to examine the‘
effect of ruminal ammonia concentration on bacterial growth.»
$degradation of feed ingredients; and fermentation patterns in the
rumen. The influence of ammoniation of barley silage on fermentation
characteristics in the silo, metabolic responses and silage feeeing’

value for dairy cows were also !studied.
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I1.EFFECTS OF AMMONIA CONCENTRATION AND-MICROBIAL POFULATION

ON IN VITRO DEGRADATION OF *C-LABELLED DIETARY PROTEINS

A. INTRODUCTION

R}

UtiliZatioﬁ of ammonia by ruminants depends upon its conversion :d
microbial protein by rumen mitrgbes ana subséquent protein diges;ion in
the intestine. Efficiency of ammonia utilization'by micrbbeé is closely
related to suppiy of fermentaﬁle energy (Russell et al. 1983)J ka;e and
_.extent of brotein dééfadation by rumen microbes have béeﬁ thé'subject of
extensive reséarch. Howevér,~1ittlé 1nformatiqn is available oﬂ-the
relationship Between rate of protein deéradation“and microbiai growfh as
influenced by ammonia conceﬁtraéion. Ipdeed,;fecommendgd ammonia
concentrations for maximai bacterial gréwghvbased'on’iﬁ vitfo céntinuous
ygulture'étudies (Roffler and Sétter 1975; Slytérvet al. 1979) are much-
less (5 mg iOO_mL'1 ruﬁen fluid) than leﬁgls réqommeﬁded (mére than 20 mg -
100 mL"! rumen fluid) based on in situ studies (Mehrez et af. 1977; Erdman
et al. 1986). These resuits §uggest fhaﬁ>ammonia ;oncentratibg for
maximal miérobial groﬁth may not be eﬁual to concentfation requiged fo:
optimal rate:of,rhmiﬁai protein dégradation. Wallace (1979) reported

ghét increased dry matter (DM) and pfétein degradation iﬁ'situ Qas.
accompanied by increased Bac;erial growth when ammonia concentration was
increased from_6.1\%9 13.4 mM (9.7 to 21.4 mg mL™! rumen fluid). In
contrgst, Nikolic and Filipovic (1981) reﬁorted‘ﬁhat in vitro |
degradation of ‘maize was not iﬁfluenced by ammonia concentrations up to-

25.8 mg 100 mL"!. Differences in protein degradation in rélation to

ammonia concentratioﬁvcould be attributed to type of degradable

22
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subStratef Nikoliciand‘Filipovic (1981) usedvmaize, while Wallace (1979)
used barley grain which has a higher_fermentability than maize_(Waldo
1973). Onlthe.other hand, Grummer'and Clark (1982)'observed‘slower
'degradation of soybean meal at 1 h to 4. h postfeeding when ruminal
ammonia concentrations were highest (14 to 19 mg 100 mL~ 1) They
.postulated-that this slow degradation could be due to either a lag time
prior to microbial attachment to feed particles or suppressed bacterial
protease activity via a mechanism analogous ' to classical‘feedback
inhibition‘ ) o -

Protein solubility is positively related to rate of ruminal
degradationnof protein (Crooker et al. 1978; Crawford et al. 1978).
-However, this relationShip‘does not always hold truel Nugent and Mangan
(1978) observededifferences in the rate at w ich7caseiny fraction l,leaf'
protein and bovine serum albumin were hydrolyzed in wvitro. As these
proteins were all buffer soluble they suggested that buffer solubility
oflprotein was not a good indicator of susceptibility_to hydrolysis by
rumen bacterialvproteases.‘Stern and Satter (1984) also postulated that
solubility may be‘a'poorypredictor of”ruminal protein degradation.

' Bacteria are considered to be primarily responsible for protein
degradation while protozoa play a minor‘role. Forsberg et al. (1984)
_ observed'that orotozoa had 10% of‘hydrolytic activity of bacteria in
degradation of azocasein inlvitro. Wallace and'Brammall (1985) confirmed
‘:thatvmostlof the proteolytic activity in the rumen is associated with .
" bacteria. |
Objectives of this study_were.to examine effects of ammonia

.concentration on degradation”rate-of dietary protein by total mixed

.
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ruminal microorganisms and mixed ruminal bacteria, and to determine the

relationship between protein solubility and protein degradation.

=

B. MATERIALS AND METHODS
Animals and Feeding

Two non:lactatingsﬂolstein cows fitted with rumenscannulae weie fed lf
kg da7! (DM'basis) of a-mixed dieticonsisting of 75% batle§ silage and
25% concentrate in two equal portions at 0800 and 1700 h The |
concentrate consisted of 95% rolled barley grain 3.33% cane molasses

| and 1.67% minerals onva>DM basis. Crude protein (CP) content’of the diet
'Qas'11.1%,’ . | |
" Extraction of Soluble Protein .
Soluble protein was extracted from protein sources according to_the
' method of Crdoker.etfal' (19785 except that a borate-phosphate buffer
~solution consisting of 12.2 g NaH PO H,0 and 8.91 Na,B O, 1OH 0
\per 1L distilled water was used instead of a bicarbonate phosphate
buffer. Ground (0. S mm mesh) soybean meal (SBM), fish meal (FM) and corn -
gluten meal (CGM) were weighed into 1.& flasks and buffer solution was -
added (1 g feed 65 mL™! buffer). The flask was sealed with a rubber
stopper and incubated on a shaker in a temperature controlled room
3(39°C)1for 60 min. After incubation the protein suspension was
filtered through Watman no. 54 filter paper, Buffer soluble protein in
the filtrate and residual protein content were-measured by the Kjeldahl_"
" method (AOAC 1980). Buffer'soluble protein content (%) was,estimated‘as

the difference between total protein in filtrate and that in the protein
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source prior to extraction.

'.I“C-Labolling of Proteins

Labellihg of proteins with *C-HCHO was carried out by the method

: of Wellace (1983). Btiefly{ a orotein suspension in'distilled and
deionized water (10 mg mL™!) was kept oh‘icé'ano 0.015 volume of sodiumvv
borohydride (NaBH, ) solution (0.5 mg mL'l)'wos added.'Within 10 sec,..
0.05 volume of 1I'C HCHO solution’ (0 1 thg mL” ) was added. The mixture
'was kept on ice for 30 min and then dialysed against distilled and
deionized water at 4°C until the radioactivity of dialysing water was
minimized_to a plateau. The material was then freeze-dried. The spec1fic
radioactivity of *C-HCHO used in thi; experiment was 5 mCi 1 mL™!

and that of SM, FM, and CGM, were 1.29, 2.08, 1.92 uCi g'l, respectively.

'Sémpling_andnPreparation of ﬁumeh Fluid

B Rumeh fluid was taken from two cows at 2 h post-feeding, strained
through 4 1ayers of cheese cloth and an equal volume from eéch'animal
-was mixed. Strained rumen fluid was brought to the laboratory within 15
min and was used without further,treatment for measurement of protein '
degradation by total mixedntumihal microorganisms (TMM) . For measurement
.ofﬂgfotoin.degradation by mixed bacteria (MB)yvstrained rumen fluid was
centrifuged at 500 x g for 10 mih énd‘thé supornatént wasiused. Oxygen
fr'ee‘CO.2 gas‘uasvflusheo into tubgs before and after centrifugation.

Tubes were screw capped while being centrifuged.

Measurement of‘Pfoteiﬁ Degradation by Rumen Microorgani§ms‘



26

Réte of protein degrédétion 16 rgm;n fluid wad_esfim&tedfwith
1¢c-1abelled péotéihs. The reﬁcﬁion mixture (3 mL), in a 10 mL

culture tube,vcontgined 1,51mL'of‘§trainéd or centfifuged fumeﬁ?fluid

) aﬁd approximateiy 6:mg of “C-labelled“protéiﬁ'in,25 mM potassium
phosphate (RHZPOA), pH 7.5. Ammonium?sulfa;e ((NH‘)zsd;, 1 M). solution
was added to the migture, pri§r to. addition of rumen fluid, tb aéhié#e
10, 20, and 30 mg NH,-N 100 mL-!. Control tubes (4 mg NH,-N 100 mL™)
containéd no a@ded (NHh);SOQ.'Reactidn mixture; Were‘incubated in a -

_water bath with a shak_e:_r_'for 0.5, 1, 2, 3, and 4 h at 39% . The
reaction was stdpped by adding 25% (wt/vol) trichloroécetic acid.(TCA)

" solution to a final concentratibn of 5 ¢ 1QO ﬁL'i, Trichiordécetic acid
insolublé,material was removéa by centrifugééién (2§,060'# g for 10 min
4°C). For zero time incubations TCA was added imﬁédiately after
addition of rumen fluid to the protein and bgffer mixtﬁre; Incubation of
blanks was carried out in thé‘ne way as the reaction mixture eXcept
that rumen fluid.was not added. Duplicate tube§ were used fér eachj

~incubation time, amméﬁia level and mic;obial population. Tube$

containing the reaction_mixtur¢ §ere tightly capped wigh'f§bber stoppérs
during incubation. Ali ihcﬁbatiéﬁ procedures were conducted_

._anaerobically.

' Counéing of RadiéactiVity.aﬁd4Estimation of frotein Degqédation.
‘After designated'incﬁbatidn times, réaction mixtdrgs:;ere'éentrifﬁged
and 1 mL of ﬁuﬁérnaﬁant Qas added to liquid»scintillaﬁiqn cbcktail
(Beckman Rgédy Gel, pseudocumine/xylene éuffac;ant),.and rédibacﬁivity
(dpm) was Aetermined gy\liquid scintiliatioh spgctroscopy (Beckman LS

e



" and monothanolamine) by liquid scintillationrcounter.

'Statistical Analysis

C27
5801). Radioactivity of 1"G-labelled proteins were determined by
oxidizing in a biological material oxidizer (Harvey Ins. Co; Model,
0X-100, N. J ) and measuring radioactivity of CO, trapped in the

coctaili(mixture of toluene, methyl ethylene glycol monomethyl ether
. ' - . 'V .

" Percent degradation of protein was estimated for each time of

incubation as the difference between dpm of '*C-labelled test.

' protein before incubation and that from,the supernatant of reaction

mixture after incubation corrected for the blank. The degradation rate

. was fitted to the equation P-a+b(1-e'k£) (@rskov and McDonald

1979), where P is the pereent degraded at time t, a is an intercept

;representing thé soluble portion of proteln at time zero, b is the

potentially degradable fraction and k is the rate of degradatlon of -

» -

fraction b Because b values were consxderably higher than 100% rate of

degradation of SBM was estimated by simple regress10n from the 11near1y

a

increased portion of degradation which is' shown between 0 to3h

incubation, and’eipressed as mg SBM degraded per mL rumen fluid per h.

Values<of.a, b and k were compared for FM and CGM:

i

Data ohtained were subjected to ana1y51s of variance. Where significant,
treatment_means'were’compared at probability levels of .01 or .05 using

Student4Newman-Keulﬂsvtest (Steel and Torrie 1980).
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C. RESULTS AND DISCUSSION

SN

.Soiubility on Protein Degredation,
Nitrogen contents of SBM, FM and CGM used in this experiment were 8.3,
: , , ,
-10.2 and 11. 2% on a DM basis respectively Soluble N concentrations
were 17.3, 11.7 and a 6% of total N for SBM, FM and CGM respectiveiy.
This presumably reflects the physical and chemical properties of'theee
protein sources (Mahadevan et al. 1980). |
~ﬁegradation of protein inythis experiment was not corrected for

chenges'in mierooial biomass assooiqted with test proteins and enmonia
‘concentrations since microbial growth during in vitro incubation Qould
 be expected to be Smeli (Wallace et al.‘l987).
As expected, diffetences were observed between protein sources with
the:extent'of degradation of"brotein being in the order SBM > FM > CGM.
-Extent of degradation'of protein sources followed e_similar order to
that observed, for protein solubilities. This data is suoported $§ the‘
observations of Crooker et al. (1978), Crawford et al. (1978) and Stern
and Satter (1984) which indicate that solubility~of dietary protein 1s

p051tively correlated to ruminal degradation

Protein Degradation -Total Mixed Hicroorganisms vs Mixed Bacteria

Removal of protozoa and feed particles reduced protein degradation

¥
by 20% (Table 1), but ‘the three protein sources responded differently,

-

Retios of MB to TMM degradation were in the range of .80 to .87, .85 to
.91 and .90 to .96 for SBM, FM and CGHM, respectively These results are

in agreement ‘with observations of Nugent and Mangan (1978) Forsberg et

al. (1984) and Wallace and Brammall (1985) who a11 found that most rumen -
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proteolytic activity is associated with bacteria. dreig and Broderick
(1981) emphasized that the physical form of orotein was one of tne most
important factors ln the relative contribution of bacteria and protozoa
to proteolysis; Hino and Russell (1987)'found aﬁsynergistic increese in
vammonia and A decreeee'in nonammonia-, nonprotein-N when protein wasih
" degraded by combinations.of bacteria and protozoa compared to bacteria
’ or:protozoa'only. Tney concludedrthat soluble proteins are primarily
'degraded by bacteria whlle protozoa could contribute to the degradation
of insoluble particulate proteins. However, carermust be taken in
interpretating these data because feed particles collected with protozoa
could be heavily colonized by bacteria (Minato et al 1966; Forsberg and“

Lam 1977).

Ammonia‘Concentr&tion and’Protein‘Degradation'

Patterns of protein degradetion differed betﬁeen protein sources.
While degradation of SBM was almost.linear‘up to 3 h incubation those of
FM and CGM were curvilinear (figure l); Barrio et-el. (1985) suggested
that protein disappearance might‘not be erpected to be,strictly first
order since most feedstuffs contain several protein t&pes, and each type
‘.has a digestion rate which may or may not be first order.

| ‘Percent degradation of protein sources afterbh h incubation ‘by
rdminal‘microorganisms was not influenced by ammonia concentrations
except for SBM which tne highest ammonia concentration (30'mg 100 mL;l)
decreased. (P< 05) protein degradation by TMM (Table 1) |

Rate of degradation of SBM by MM (mg protein degraded mL"? ‘Tumen

fluid h'l); as estimated by simple linear regre551on (r®~.99), tended
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to decrease with inc;eased-ammonia conéeﬁtratioh, buf thé differqnces
., were not\signifidént (Tgble 2). Similarly, n§ effe@t of ammonia
concentration was ébserved on r;te_of degradation of SBM by MB. However,
significant (P<.0l) differences between TMM and MB in ratés of
degradation of SBM were obsefvéd at all ammonia con;entrations. The
average rate.of degradation of SBM by MB was 78% of tﬁat acﬁiévéd with
™M | S

Non-linear parameters (a, ‘b and k) of FMvweré not influenced by
‘ammonia concentration (Table 3). But decreased (P<.05) potentially
dégfadable portion (b) and incregsed‘(P<.OS) rate of degradation (k) of
b, by both.miqrobial populations Véfe observed for CGM'ét.highér ahmoni&
levels (ldfto 30 mg 100 mL™Y). Reﬁoval of‘pfotozoa and féed pa:ticlés
by low speed centrifugatidn did not chaﬁge the Qalues of fﬁe solublé
fra;tion (é), b or k fractions for FM, but appeared to decrease a aﬁd k
‘Qalues for CGM. These résulfs ma§ indicaté that degradéﬁion pétterns of
- protein by }umen miérobfgéﬁiSms varies witﬁ protein sources; presumabiy
duelﬁb tﬁeir differenﬁ physical ;ﬁd bhemical characteristics.

‘Litf1e is'known about the effect of ammonia concentration on
proteolysis or deamination by rumen bacterié.‘Méhrez ﬁ al. (1977) found
increased in éiﬁu DM disappearance of barley grain witb increased
ammonia cgncentrationyin’the r;men. Increasing.amhonig cdncentfatipn;l
Aff§m é.1 to 13.4 mM (9;7.t0 21.4 mg 100 mL"!) by éupplementing :gb diet
with urea céused a 90% increase in the rate of degradation of DM from |
_rolied Barléyfin\gfiu, but smaller incrgéses were observed for protein

(Wallace 1979). This increase in DM degradation was accompanied by

increased bacterial numbers .. Nikolic and»Filipovic‘(1§81).were not able

+ -
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to demonstrate an effect of‘ammohiavconcentration (up to!25.8 mg.100 mL™Y)
on rate of degradation of'maiZe protein. Differences in protein'
degradation in relation to ammonia concentration could be attributed to
type of degradable substrate used. Nikolic and Filipovic (1981) used
' maize while Hehrez et al. (1977) and Wallace (1979) used barley grain
Waldo (1973) indicated that barley grain has a higher fermentability

than maize. deFaria and Huber (1985) suggested that higher ammonia N is.
required for feeds of high fermentability Erdman et al. (1986) also
reported that ruminal ammonia concentration required for maximal
'digestion is not oonstant but rather a function of diet fermentability.

Results of this study (Tables 2 and 3) suggest that ammonia |

concentration in the range of 4 to 36 mg mLflvis not likely to affect
rate or extent of protein degradation. These results differ from those

of Grummer and Clark (l982) who observed reduced SBM degradation'at
ammonia'concentratiohs of lA to 19vmg 100 mL"%. It is not clear uhether ‘
: this debressed degradation is due to'a microbial population‘or resbonSe
Cof proteolytic ehzymes to increased ammonia'codeentrations.»Russell et ,
al; (1981) indicated that the greatest inereases in am@onia eoncehtration
ih,ruminauts.oeturs 1 to”3 h after ingestion of a meal. During this
_period'soluble'carbohydrates are-preseﬁt and thus microbial growth is
at fts maximum. They found 1itt1e effect of ammonia level (6 to AS mg
100 mL"!) on protein degradation unless: adequate readily available energyl
is supplied for bacterial growth This. may indicate that protein
Jidegradation in the rumen- is at least in part a function of the number -
of the microbial population In this study energy supply was fixed for‘.

all treatments, and microbial growth was not estimated. Care must be
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takeﬁ when comparihg the result of in vit:o studies to in vivo or in
~situ studies since method of incubgtion‘has beenrdemonstrgted‘ té
influencg results obtained. For in situ:degradation §tudfes4solublé
portion (a) of a protein‘source.is7estimated by washing.in water, But in
vitroiincubations'are of relatiVely short du;afiontana'soluble.protgiq
is not removed.

Résults of éhis study indic#te that rumen microbial protein
degraqation in vitro ya§ not ihfluenced by ammonia‘concentration in the
range of blto 30 mg 100 mL™'. Dietary protein degradation by rumen
ﬁicroorganisms tended to‘follow solubility of protein source.
Proteolytic activity was primarily associated with bacteria while

e

. protozoa played a minor role.
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Table I1-1. Effect of ammonia concentration on percent degradetion
of protein in vitro after 4 h incubation with total mixed ruminal
‘microorganisms (TMM) or mixed ruminal bacteria (MB) .

Ammonia (mg 100 mL1)2

Protein’ L : 3 SEM?‘
‘ 4 10 20 30
seM . ™M 58.5%% s59.5P  55.88P 54,12 .42
'MB 47.4  47.5 48B4  46.1 .38
MB/TMM* .81 .80 .87 .85
., M ™M 33.9  34.3  34.2°  32.4 .14
' ' MB  28.7 31.0 31.1  27.8 .20
MB/TMM .85 .90 . .91 .86
CGM ™M  29.9 27.3 25,1  25.6 .33
MB 26,8  25.1 .24.0  24.2 . .29
MB/TMM .90 .92 .96 . .95

*> Means (percent degradation) in the same row with dlfferent
: superscripts differ (P<.05).
.1 Protein - SEM, soybean meal; FM, fish meal CGM, corn gluten
- meal.
2 Ammonia concentration was adjusted with 1M (NH ) SO
3, Standard error of means.
i " MB to ™M ratio in percent degradatlon of protein
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Table II- 2 Effect of ammonia concentration on the rate of
degradation (mg mL™! h™!)! of soybean meal (SBM) by total mixed
ruminal microorganisms (TMM) or mixed rumi?al bacteria (MB).

Ammohia-ﬁz’ Microbial populatioﬁ3 7 :
_ s1G* TMM/MB>
(mg 100 mL™Y) ™M - MB

' - (mg mL™''h7Y) - .
4.0 1.45 1.09 * .75
10.0 ° 1.46 - 1.06, * .73
20.0 1.32 1.08 : * . .82
30.0 ~1.20 - 1.02 - * .85
Mean 137 1.06 T .78

Rate of degradation was expressed as mg protein degraded per
mL rumen fluid per hour.
~Ammonia concentration was adjusted with 1 M (NH, ) SO

™M, total mixed ruminal- microorganisms (bacteria plus
protozoa); MB, mixed ruminal bacteria.

Significant difference at the probability of 01
TMM to MB ratio.

-



" Table II-3. Effect of ammonia concentration on non-linear parameters
(a, b, k) for fish meal (FM) and corn gluten meal (CGM) after
incubation with total mixed ruminal microorganisms (TMM) or mixed
ruminal bacteria (MB).

-1y3
NH,-N (mg 100 mL"")

Parameters® Microbes? : - SEM*
4 10 20 30

FM a MM - 3.9 4.2 4.7 4.1 .26 -
' MB 3.9 3.4 3.4 . 3.8 .43

b ™M  28.9 27.0 26.7  26.1 .61

MB 25.9  28.5° 27.5  25.2 .58

k- T™M 94 . 97  1.06 .89 .91

- MB 1.0l 97 1.17  1.09 .88

CGM  a T™M 1.4 1.7 . 1.9 1.5 . .45
MB 7. .8 8. 1.0 .30

b ™M  35.6° 27.62 26.92 29.78P - 24

MB  34.5° 28.928 31.02P 2922 25

k TMM 412 57® ssb o s3b 4o

: MB  ..38% .52  .44P - 43¢ (37

*.b.¢ Means in the same row with different letters differ (P<.05).
! Parameters a, b, k were estimated according to
the equation p=a+b(1- ekt) (@rskov and McDonald 1979).
2 TMM, total mixed ruminal microorganisms (bacteria plus
protozoa); MB, mixed ruminal bacteria,
® Ammonia concentration was adjusted with 1M (NH ),S0,.
4 Standard error .of means.
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III. IN SITU DEGRADATION‘OF FEED INGREDIENTS, FERMENTATION PATTERN
1

AND MICROBIAL POPULATION AS INFLUENCED BY

RUMINAL AMMONIA CONCENTRATION

A. INTRODUCTION

_Benefits from dietary nhon-protein nitrogen (NPN) supplementatlon is
primarily derived from incorporation of ammonia into rum1na1 mlcrobes
Many fiber digesting bacteria in the rumen prefer ammonia as a nitrogen'
source (Hungate.1966) and starch, sugar and secondary feremters also
require ammonia (Cotta and Russell 1982). However,’efficiency of ammonie
utilization for microbial protein synthesis depends om cuBStrate
availability and fermentarion rate.(Ruésell et al. 1983).

Attemptstto establish optimum ruminal ammonia concentration have
focused on maximal microbial growth and ruminal degradatlon of

2

feedstuffs. However, in vitro and in situ studxes have tended to yield
conflicting results. In vitro continuous culture studies (Satter and
Slyter 1974; Satter and Roffler 1977; Slyter et al *1979) recommend
ammonia concentration of less than 5 mg 100 mL™! for maximal mlcroblal
growth, while in situ'studies (Mehrez et al. 1977; Wallace 1979; Erdman
et al. 1986)‘have suggested ammonia concentratioms in excess of 20 mg
100 mL. Discrepencies also exist within in situ etudies (Wallace 1979;
Nikolic and Filipovic 1981; Grummer and Clark '1982) suggesting that
ammonia concentratidn required forvmaximal miorobial growth is mot equal
tolthét required'for optrmal rate of digestion. However, Waliace (1979)
observed both imcreased,microbiel numbers end increased in sacco dry

‘ .
matter (DM) disappearance with urea < pplementation.

41
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£l

‘Little information‘is available on the regulation of proteolytic
f enzyme activity. Grnmmer and Clarg (1982) observed slower degradation of
" soybean meal proteinvat l to.A h postfeeding, when ruminal ammonia |
concentratigns were 14’to 19 mg 100 mL™', than later times postfeeding
when ruminal_ammonia concentrations weremlower. They postulated that - \j
the . proteolytic activity of rumen microbes might be suppressed by
higher ammonia concentration via a mechanism analogous to classical
feedback inhibition. However in a previous experiment (Chapter 11 of
‘this.thesis), in v1tro degradation rate of rarious dietary protein
sources was not affected by ammonia concentrgtions ranging from.A to 30
mg 100 mL'. Nikolic¢ and Filipovic (1981) also were unable to find
any lnfluence of ammonia concentration up to 25 8 mg 100 mL™!, on
dlsappearance of maize protein. Poos et al. (1979) suggested that very
_1ow‘ammon1a concentration could affect proteolytic activ1ty to the
extent that ammonia might 1imit microbial growth.

‘Since’ microbial populations in the rumen are influencedvby_the
'~ .amount and typevof snbstrate provioed (Hungate 1966) it might be
expected that the'micrgpial population may»differ depending on tne
structural characteriséics of feedstuffs: Wallace et al. (l987) observed
altered proteolytic flora when albumin replaced casein in the diet
| although they found'little change in total proteolytic activity.
R Objectives of this study were to examine the inflnence of ammonia

Yy ..
concentration on ruminal fermentation patterns, in situ disappearance of

selected feed ingredients, and on bacterial populations in rumen fluid.

Yt
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: B. MATERIALS AND METHODS
Animals and Feeding

Four non-lactating Holstein cows fitted with rumen cannulae were

assigned in a 4 x 4 Latin équare design to fouritreatmen;s_wﬁich'
differed in rqminal'ammbnia concentration. )

Cows were fed llkgid'1 (dry!matter (Dﬁ) basis) of a complete mixed
diet by.automatic feeders in 12 éqﬁal portions at 2 h intervals. The
diet consistéd of 70 % barley silage, 28 % rolled barley graiq,.b.s $
fish mgal (FM), 1.0 % cane molasses, 0.14 % dicalcium phosphape; 0.16 %
v’iimestone{ OrfS% traqe mineral sglts, and 0.05% vit A,D,E mixture on a
DM‘bésis. The diet coﬁtained 11.5 & crude protein (CP)!

f infusion of NH,C1
In ﬁeriod one cows were alloﬁed 2 wk to adapt to the basal diet prior to
}nfusiéﬁ of ammonium chloride (NH‘Clj solution. Between periods 7 d were
allowed for adaptation to the basal diet prior to commencement qf NH“Ci
rinfusion. Infusion of Nthi solgtion was initiated on d 15 of the

first period and ond 8 of periods two to four. Cows wére gradually
agapted to NH Cl during the first 3 d of infusion. Ammonia
concegtrations in rumen fluid and rate of NH,Cl infusion wege monitored
from d 4 of infusion 50'§ch1eve the desired ammonia concentration for

- each treatment. ~* [

A2

o

Three 1eve1§W$f ammonium chloride ' (NH,C1) wéxq dissolved in distilled

'.&l:" i N L
water to aﬂtOCal volume of 1.8 L. Solutions were continuously infused
.r o

through a‘TUmen cannulae using a Technicon Autoanalyzer Proportioning

pump uitg tubing (Gradco Analytical Ins. Sci. BD 1.42) to achieve

¥

,t‘ v



ammonia concentratipus of .15, 25 and 35 mg/100 mL rumen fluid. In

T :.control animals ammonia concentration was lﬂ;Z'mg/lOOImL, Five to;7 d

‘Sampling and AnalySisf

- was separated by’ centrifuging whole blood,at 2, 800 X g for 10 min. o

‘were required to.stabilise ammonia concentrations Ayerage NH C1

infusions were 122 3, 240.7 and 389. 8 g a™? to achieve ruminal ammonia 4$4y
.J P
concenttations of 16 3, 24.8 and 34 9 mg 100 mL 1, respectively,_Infusions.
. 4 4& I '

NH Cl were eduivalent to 32 63 amd 102 g N d’!. Infusion r&ﬁbs were

0.03 and 16. 24 g NH,C1 h :respectively. 9 .

)

'”Samples of rumen fluid were obtained using a 120 mL syringe attached to

12 g ’ “j" .*

a plastic tube. Samyles were collected 1.5 h postfeeding (0930 h anj ‘

1330 h ) for 3 consecutive d each period, " and pH was measured .'f 

immediately. Rumen_fluid was.prepared for volatile fatty acid (VFA)I
’ . . ~ N ) . . ‘

.

analysis by adding 1°'mL of 25% orthophosphoric acid to 5 mL rumen fi id
Sdmples of blood dere taken’from;the tail vein at 1.5 h postfeeding'

(1130 h and 1530 h ) for 3 consecutive d durlng each period and plasma'

s

LA
LN

‘Samples of barley silage and’ concentrate were taken twice during each

period. All samples were kept frozen at -20°C until analyzed
" Crude protein (CP) contentsfof test,ingredients and, total diet were
b . ) . ! .
analyzed by Kjeldahl:methéd'(AOAC 1980). Cell wall (CW) in barley silage

was determined using a neutral detergent solution as described by

o~

Goering and Van Soest (1970) Ammonia in rumen fluid was determined by_

]

the method of Fawcett and Scott (1960) Ruminal VFA was determined by
gas chromatography (Varian Model 3700, OV-351 capillary column, 0.25 mm
ID x 30 m). Blood:urea N was analyzed by the method of Croker (1967)..

&
.

.
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In Situ Incubation of Feed Ingredients

Samples of soybean meall(SBH), fish meal (FM), corn glu;en’ﬁeal (CGM) ,
barley graiﬁ‘(BG), and barley silage (BS) were subjected to rﬁmin;1
degrédat;on.’Samples>of BG, FM and BS were taken from the same batches
.used to feed the énimals. Barley silage was d?ied in é forced air‘oven
atISOOC for 3 d and ground through a 2 mm screen (Wiley mill) prior to
in situ 1ncubaﬁ{onﬂ Barley grain, SBM and, CGM were ground through a 1 mm
~ screen, while commércial FM was used with;ut‘fugther processing;‘
Composition of ingredients is given in Table 1.

Two different sizes of nylon (Nytex, ﬁ and SH Thompéon and Co. Ltd.,
Montreél; pore size 50 um) bags werevpregéred. Smal} bags (3.5 x 5.5 cm)
‘were used for incubation of SBM, FM and CGM; while large bags‘(7 x 11
cm) were used for BG and BS. Approximafely 1 g (air dry basis) of SBM,
M And CGM were plaéed in smallfbégé and approximately 5 g of BG (air
dry basis) and BS (oven driéd)-weri placed invlarge bags. Bégs were
incdbated in)the rumen as déséribed.by deBoer et al. (1987).»Small‘bags
were duplicated for each igcuba:ion cihe.'Large‘bags were incubated in
. duplicate for 24 and 48 h incubations only. Bags qontainiﬁg SBM, FM, CGM
and BG were suspended in ghe :uﬁen for 0.1, 2, 4, 8, 12 and 24 h, andA
bags for BS were suspendéd for 0.1,_4, é, 12; 24‘and‘48 h. Upon removal
from the rumen, bags were mechanically washed as described by deBoer et

al. (1987) Washed bags were dried in a forced air oven agg60°C for 2 d.

~

N : : : LN
Estimation of Effective Degradability in The Rumen

Percent disappearancé of DM, CP and CW at each incubation time was

calculated from the portion remaining after incubation in the rumen.

S
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Disappearance rate waé‘fitted.;é the'équation (Grskov and‘McDonald
1979): P-a+b(1-e'kt)» where P'is.disapﬁeafaﬁce at time t, a is an
_intercept reEresenting the portion of DM, CP and CW solubilized, b is
the fraction that 1s'degraded'at time infinity, k is the rate cénstant
-of disappearance of fraction b, and 't is‘incubation time:-NonliAear
v ﬁ? p;fameters'a, b and k wépe'esﬁimaﬁed by én iterative least-square
‘gkdn@roceduf; to‘caléulate effective degradébility of DM (EDDM), CP.(EDggG
.and CW’ESDCW) according to th;,equation (@rskov and Mcbonald 1979):
effegtive degradability = a+(bxk)/(k+r), where r is the fractional
ruminal outflow rate, and é, b and k are asvdefined above. Three
hypotheticél fractiqﬁal ruﬁina} outflow rates (.04, .08 ahd‘.12-
vh'l) were used for estimation of effective degfédability; |
&
Enumeration of Viable Coﬁnt in Rumen Fluid
»Approxiﬁately SQO g of fﬁmén digesta was taken from fhe middle part of
the.rumen solid mat and mixed with ruﬁen 1iquid.'The digesta was
.strained through 4 layers.of cheese cioth into a 200 mL flask. éambling
v of rumen fluid waé'cargied out at>113d h for tétal iiabie counts, ana at
1530 h for ﬁroteolytic bacterial counts on 2bconseéutive d during each
period.
g%géﬁine fold dilutions were prepared in anaerobic dilut?ng fluid
RiBiw. .
(gﬁggnt and Robinsoﬂ 1961). Total viable bacteria were determined by
inoculating dilutions of 1077, 10°% and 10°° in triplicate into
roll tubes'containing non-selective artificial mediuir with fumenvfluia

(Scott and Dehority 1965). Similar inoculations were made into roll

tubes containing casein medium 7 of‘Hobson (1969) as modified by Wallace
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,(1979) for proteolyttqﬁgbcteria Anaerobic culture technlques as
. X
described by Hungatee(1966) ‘were employed throughout the study
J

’

‘Statistical Analysis of Data‘ %

‘Data obtained were subjected to analysis of v; ance with,treatmenr‘
»(ammonia concentration),“animal and period as factors When trearmentf

- effects were significant Q?egfment means wete compared at probabllity
levels of .05 and .01 using Studenthewman-Keuls test (Steel and Torrie
- 1980). Linear, quadratic and cubic cohtrasts in response to ammonia

concentration were tested using the Statistical Analysis System (SAS

1982).

~ C. RESULTS AND DISCUSSION

All'COws wore‘in positivo energy ba}aﬁco with no significant difforence
between treaﬁments‘(Table 1). Eody woight gain for all cows indicapos
over;sdpply of'oﬁtrients.Afhe National R@geérch Council (1978)'5Uggests
19.95 Mcal ‘of digesrible_energy (DE) &nd 515 g of CP per‘day for tho
maintenance requirements of mature cows. In the present study, 31.1 ﬁcal
(DE)‘and'l.ZS ké (CpP) ss calculated values were proﬁided.‘A slight

" depression in DM intake

-~ was observed for cows at the highest level of NH,Cl infusion.

Ruminal Characteristics.and Blood Urea Nitrogen

While ammonia concentration increased (P< 01) 11near1y, pH decre \ed

(P<.05) from 6. 50 to 6.19 with NH,C1 infusions (Table 1). Decremisl

—

~in rumen fluid was presumably due to the acidic characteristics of

'ﬁ} =
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NH Cl. Blood urea N also linearly increased (P<;OS) with increasing
"bﬁiéﬂ‘infusion Blood urea N tontent tended to be clesely correlated
(r=. 74) to ruminal ammonia concentratign up'to 24.8 mg 100 mL™! but the
\\\\ correlatlon was lower at the higher infusion level. Ha and
Kennelly (1984) also observed a relatively high ﬁorrelation between
ruminal an;onia concentratlon and blood urea N
Total VFA concentrapion was not influenced by ammonia concentration
(Table 2). But there was a trend.for decreased molar percent of acetic
¢
acid and increased propionic acid in rumen fluid with 1ncreasing ammonia/
concentration No differences due to ammonia c@ntrationewere
‘observed for other VFAs. This.is in Qgreement wittheather et al._(1980)

and Grumner et alf (1984) whe found q;ends;to inereesed propionate
production with increasing,ammon;e concentrarion due to urea
\su?plementation or NHCl infusion. Ha and Kennelly (1984), and deFaria
and Huber (1984) did nor observe differences in VFA proportions witn
increee'ing protei'n' eontenﬁ'.the diet from 13 v"to 19% and from 8.‘1 to

13.3%, respectively. However total VFA concentration increased with .

protein supplementation.

Bacterial Counrs

Viable counts”of total mixed bacteria (TBM) and mixed proteolytic
bacteria (MPB) in rumen fluid tended to increase with ruminal ammonie
concentration up to 24.9‘mg 100 mL"? (Teble'3). Qallace (1975) olso
.obse:ved that urea supplementation increased bacterial numbers in rumen

fluid. Teather et al. (1980) reported increased microbial growth by

increasing N content of diet with supplementations of urea, urea+silage
” C
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or SBM..They also found that increased dietary N :esulted'in large

' cﬁenges in numbers of some bacterial specieSL

Ruminal-Degradation of Feedstuffs:

"Ruminal disapEearances of DM, CP.or'Cw of eed ingredients increased with a

in the &Qen Rumina]o lﬁi appeafance for BG was not

1nf1uencéd by afmonla‘ﬁpnh5 ff~fgon wit J'be exception of 2 h incubation

\S T .athonia %entration
2 . Sal ,

‘EBDM was observed.

"3
f.\\,,

However, 'both ruminal disappearance and effective degradability of DM

tended to be highest at ammonia level of 16.3 mg 100 mL l. Ruminal

disappearances of SBM decreased (P<. 05) with increasing ammonia

concentration (8 and 12 h for DM, and 2 to 12 h for CP) with higﬁest
. ‘ v ® :

. values again being observed at 16.3 mg'IOO mL"? (Table 3). Similar trends

(P<.05) were observed imn EDDM and EDCP at simulated fractional

outflow rates of .08 and -12 hfl. Ruminal ammonia concentration was-

without effect on DM disappearance from CGM except at the 24 h

incubation (P<.05, Table 6) where DM disappearance was lowest at highest

ammonia concentration. Highest DM disappearance was again obtained at an

ammonia concentration of 16.3 mg 100 mL"1- Despite the difference in DM

disappearance for the 12 h incubation there were no differences in EDDM

due to ammonia concentrations. Disapbearanee of CGM CP for 12 and 24 h
incubation was greatest at 16.3 mg ammonia,éer 100 mL rumen fluid.
Differences in EDCP were also observed (P<.05) between'the'firstﬂtwo

levels of ammonia for all outflow rates. As observed for BG'and SBM,

ammonia concentration of 16.3 mg 100 mL™! again appeared to be optimal

K
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for maximal ruminal degradation of CGM. In contrast, rum;nal
disappearance and effective degradability of DM and CP of FM Vdre not
influenced by ruminal ammonia concentration (Table 7). Ruminal
disapééarance of BS DM and CW tended to decrease with ruminal ammodia

concentration with the differences being significant (P<.05) during

~later incubations (24 and 48 h for DM andle to 48 h for CW, Table 8).

Differences (P<.05) in EDDM and EDCW were also observed at simulated
outflow rates of .04 and .08 h™'. Highest ruminal degradation

values were obtained ag the lowest ammonia level (11.2 mg 100 mL'l)A

Eywhile the 19We3t values. were observed at 34.9 mg'100 mL™1.

The extént'of ruminal disappearance of feedstuffs appears to be

dependent on their fermentability which may in turn be related to

solubility. Higher mean disappearance of DM from BC, SBM and BS than

thdse from CGM and FM are closely related to their soluble portions

-~

@

which were estﬁggted bx washlng after 0.1 h incubatfon in the rumen
(Flgure l) Dry'%atter of BG and SBM disappeared quickly during earlier
incubations (up to 4 h) while that of FM and CGM tended to disappear
more.élowly‘ovgr time. Simildr trends in rate and extent of protein
disappearance weré observed (Figdre 2). Orskov et al. (1983) indicated

that protein supplements of animal origin are digested more rapidly but

1ncomp1ete1y,‘whe;eas-plant protein are degraded more sldwly, but

‘potentially to a greater extent. Ammonia concentration which maximized

ruminal degradation was 16.3 mg 100 mL' for most feed ingredients

%

examined in this study. A few authors (Mehrez et al. 1977; Wallace 197%,

Erdman et al. 1986) suggest-thét‘ammonia concentrations greater than 0

/ .
mg 100 mL™! are required\f?r maximal degradation of feedstuffs in
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situ. Wallace (1979)'reported that increased DM’degradation‘in situ,
assoclated with urea supplementation, was, accompanied bybinc:eaSedf
bacterial gggmth, In the present’studybincreaSed bacterial numbers

(Table 3)’A§ influenced)by NH C1 infusion partly supports obterved
increases in degradation. Degradation of DM and CW of BS, hoWever,
decreased with ammonia concentration. The‘decline in DM degradation-at ,
higher ammonia level might be due to reduced CW digestion since most of
the rapidly degradable portion disappeared by washing Reduced CW
digestion could be related,to lower pH associated with NH,Cl infusion.
Growth of fibet.digestiné bacteria is inhibited byllowe% pH,bresulting‘
in reduced fiber digestion (Russell %pd Dombrbwski,léSO). Steward (19775'
reported that reducing ruminal pH from 7.0 to 6 0 almost completely
eliminated cnllulolytic activity Mould et al. (1984) observed a
moderate depression in fibet digestion when pH was reduced from 6.8 to
6.0. Low ruminal pH apoears to prevent.a tight attachment of bacteria'to
plant gell walls (Cheng et al. 1984). But the depression in fiberv
digestion.caused by pH reduction.from 6.8 to 6.0 is not readily
explained since the activity'of isolated fibrofytic enzymes remains high
" in this ranse (Smith et al.‘i973; Groleau and Zorsberg 1983).iChange in'
bacterial flora would also be expected as:a.result of“aitered pH or
ammonia concentration. Statch digesting (amylolytic) bacteria are
generally tolerant to lower pH, while pH optima of proteolytic bacteria.
is between 6 and 7 although activity is maximized at 7.5 (Hobson and

o

Wallace 1982). ﬁgcterqides amylophilus (Abou Akkada and Blackburn 1963)

and Streptococcus Qovig-(Russell et al. 1983).have~been known to

proliferate at lower pH. Erfle et al. (1982) indicated that deamination
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-seems to be more sensitive to lower pH than proteolysis The increase in
t;talkmixed bacterial numbers but decreased PW digestion might indicate
'altered microbial flora arising from infusion of NH Cl. In the present
study cows were fed 11 kg d ! (DM basis) at 2 h intervals .Under this
_feeding regime depletion of readily available nutrients would not be

* expected. Bacterial population preferring readily available nutrients
‘thus are likely to proliferate. |

Little information is available on the ‘mechanism of regulation of

proteolytic‘activity in rumen bacteria. Grummer and Clark (i982)
obseryed slower degradation of SBM at higher ammonia concentrations (14

to lé mg 100 wL"?!), ang they postulatedvthat protEolytic‘activity of,j :
rumen microbes might be suppressed at a higher ammonia concentrations.
In a previous in vitro study (Chapter_IIj degradation of various
11'.C-1a1‘3e11e'd dietary‘prOCein sources was not affected by ammonia
concentration.:Nikolic and Filipovic (1981) also were not able to find

. an effect of ammonia concentration at levels up to 25.8 mg 100 mL™! on
;dlsappearance of Maize protein )

Supplementation of N by NH,Cl infusion increased microbial growth
ibut_dldgnot proportionally increased ruminal degradation of concentrate
'ingredients Decreased ruminal CW degradation of barley silage with
jgcpdhsing NH,Cl infusion may indicate a confounding effect of pH on

“"-d‘
-~y
'influence of ammonia concentration due to the acidic characteristics of

NH,CL. AE ‘
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microbial species require preformed N (amono acids) for more efficient

growth, Theurer . (1979) did not observe‘impro in vitro microbial

protein synthesls with amino acid supplementation.

Microbial Growth and Degradaticn of .eedstuffs as Influenced by

Ammonia Concentration _ : h S
In vitro studies (Satter and Slyter 1974;.Slyter et.al..l979; Schaefer

et al. 1980) have reported that no more than 5 mg 100 mL™! of ammonia
chncentration is required for maximum microbial growth. Kang -Meznarich -

and Broderick (1981), and Bisulewski et al. (1981) suggested ammonia
L

concentﬁ‘tions of 8 to 10 mg 100 pL™! for maximum microbial growth.

Allison (1970) observed that the growth of Bacteroides amxloghilus
gt
which isﬁone of the major starch and protein fermenting bacteria in the

rumen, was restricted when ammonia concentration fellfbelow 7.4 mg 100 v

L

mL;g in vitro. Schaefer et al. (1980) determined that ammonia saturation
cogstants in witro for the predominant“species of rumen bateria were -

less than 50 uM (0.8 mg 100. mL"Y). The§ stated that microorganisms growing
«_.,.l
in a medium containing 1 mM (1 6 mg 100 mL 1y ammonia should achieve 95% of

4 By :
their maxﬂgég specific growth rate, but acknowledged that this‘

* %

concentration would not necessarily provide for max1ma1 microbial

growth On the other hand, in situ degradation ratgs have been shown to

: plateau at greater than 20 mg 100 mL ! rumen fluld (Mehrez et ali 1977

1y

Wﬁllace 1979; Erdman et al 1986) The stuﬁy of- Teather et al (1980)
with lactating dairy Lows has shown that. supplementations of.various N ®

sources (urea urea tgeated maize silage and soybean meal) to basal diet

A} .

Ay

&
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was closely associated with cellulose digesting bacteria“ (Bgminggggggg

SPP. ) aﬁd .the dominant propionate producing bacteria (ﬁglgngmgnga spp ).
’

Since ruminal degradation of‘ingested feed is a function of
microbes" the extent of degradation"might be eipectedvto be rulated to
microbial numbers within a residence ‘time. However, limited data ls
available on this relationship and the extent to which it 1is 1nf1uenced
by ruminal ammonia concentration. Wallace (1979) observed that 1nqreased
dry matter (DM)'end crude protein (CP) degradation of‘barley‘grain was

‘accompanied by increased bacterial growth‘ﬁmn\ammonia concentration was

increaSed from 6.1 to'13 4 mM (9.7 to 21.4 mg 100 mL™? by urea

supplemention However in our studieﬁg(chapter II) protein degradation

in vitro was not influenced by ammonie.concentration Increasing yuminal

v

ammonia concentration up to 16.3 mg lOO mL"? by NH C1 infusion

" \
L

- had 1imitedllnfluence on rumlnalldegradation of concentrates 1ngrediente
: R . R L -

desnite significantly (P<;05)_increased bacterial number in response to

,increased'emmonia.concentratjon‘(Chapter‘III). Comparisons of data from

'ln vitro and in situ etudiES,suggest that ommonie concentretion for

maxlmal microbial growth is not equal to that required for maximel 4

»

degradatlon of feedstuffs

Little information is avallable on ruminal cellulose diges ion in--

'relatlon to ammonia concentration Early studles (Belasco 1954a, 1954b)
¥

i

: demonstrated that addition of NPN to-short terim (24 h) semicontinmous
fermentations of ‘rumen contents greatly improved cellulose digestion,,
and maximum cellulose digestion occurred when ammonia concentrations.

reached 43{mg:100 mL’t, : : :-,*"J‘ . B

I3
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Relationship betveen Microbial Growth and Volatile Fatty Acid
Production in the Rumen |
Volatile fatty acid ' (VFA) are end products of ruminal fermentation.
Proportion of VFA varies with-diet and frequency of feeding, and are
caused by changes in microbial metabolism and species (Russell and
Hespell 1981) Efficiency of Individual VFA productign has been
partially examined Pisulewski et al. (1981).mon1tored the ef£101ency of
microbial growth and there was a tendency for hlgh microbial yield when
+~diets which enhanced propionate production were fed Chalupa (1977)
indicated that tﬁe efficiencies of fermenting hexose to acetate,
propionate and butyrate are 62, 109‘and 78%, respectively. Thus, the
metabolically useful energy recovered in fermentationiend products may
be increased by‘enhancingythe production of propionate.

Objectiyes of this'study were'topdetermine the influence of ruminal
ammonia concentration.on rumen fermentation pattern; bacterial growth

a

andbruminal'degradation of feed ingredients.

B. MATERIALS AND METHODS

Animals and Feeding

’

Three non lactating Holstein cows fitted with rumen cannulae were

Y

maintained in individual pens and fed 5 kg d”! of a complete mixed diet

(90% oatlage and 10% concentrate mixture, dry matter (DM) basis) in two

» equal portions at 0900 and 2100 h " The concentrate mixture consisted of

:phosphate;'0h56%_tracebminera&fsalts and 0. 13% VitnA D,E mixture (DM\

71.6%" rolled barley, 6. 0% canola meal 4, 3Q_fish meal; 5.6% wheat

L 0rts, 8 8% ground shéll corn, 2 9% mo}asses 0. ll% monoca101um

'
T T . (R

e s ) - R



T diet.

basis) .The diet contaLped 11. 1% crude protein cp).
ébws were assigned to four treatments in a4 x3 Youden square v
design as described by Pearce (1952), consisting of four experimental

periods and three cows. Cows were allowed 7 d to adapt to the basal

Infusion of NH,HCO,

Fodr different amounts‘of NH HCO, (0, 95, 1?0 and‘280 g d°!) were
dissolved in distilled water to a total volume of<l.8 L, and were
continuously infused through the rumen cannulae using a Technicon
Autoanalyzer Proportioning pump with'tubing (Gradco Analyticel Inc. Sci.

BD 1.42).

Between periods infusion level of NHHCO, was changed abruptly to new

=

treatment level. Infusion rate of NH HCO solution and ammonia concentration

in rumen fluld were monitb;gd from d 4 of each period Four to 8 days‘

In Situ Ruminal Effective Degradability of Feed Ingredients

Samples of feed ingredients used for ruminal incubation'were soybean
g o ‘ S0
meal §SBM) and fish meal (FM) as~protein sources, barley gra}n (BG) as

an energy‘source and oatlage as a fiber source. Airfdried_SBH‘and BG

- were ground*through a lqmm screen (Wiley. mill)ﬁwhile commercial FM was .

i

) ngt'further processed prior to ruminél ineubétion.'ﬂowener large,

partlcles such as bone were separated from FM by sieving (1 mm mesh)

.

Oatlage was’ dried in a fofced air'oven at 45°¢C for 3 d. Visible oat

grain was removed and oatlage was ground~through a 2 mm screen. W'A"
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Nylon bags (3 5 ¥ 5.5 cm, Nytex B anthH Thompson and Co. Ltd.,

Montreal, pore size 50 um) were used for ruminal incubation of feed
ingredients Approximately 1 g (air dry basis) of SBM, FM and BG, and

0.5 g (oven dried). of oatlage were placed in nylon bags which . were then
l .
heat sealed. Duplicate bags for each incubation time were placed in a

, : : . -
‘polyester mesh bag (25 x 30 cm, mesh size 3 mm) which was equipped with .

"a draw string. The draw string was extended to approx. 70 cm, and a 250
mL plastic jar filled with pebbles was attached to'tﬂcfmiddle of the

draw string using nylon string. -

Incubation of feed ingredients in the - ‘Tumen was carried out during
.sampling days for rumen fluid and blood. Bags containing SBM, FM and BG
" were suspended in the rumen for 6, 12, *4 36 and 48 h while bags
contain%ng oatlage were incubated for 6, 12 24 48 and 72 h. Upon -

removal from the rumen, bags were washed as described by deBoer et al.

(1987). Disappearance for t=0 incubation was estimated by washing with ¥

a
9

cold water only. Washed bags were dried in a forced oven at 60°C for 2 d.

-

Percent disappearanceﬂof DM, CP .and cell wall (CW).at each

incubation time was calculated from the portion remaining after

. i o N : 3
: : . -

,‘incubation in the rumen. The disappearance rate was fitted to the

;equation (Grskov and McDonald 1979) P-a+b(i-e'kt), where P is percent
disappearance at time t, a is an‘intercept representing the portion of
Dﬁi CP or CW solubilized; b is the frattion which is degraded at time
~infinity, h is rate constant ;f disappearance of fraction b, and t is

Bl

incubation time. No inear parameters (a, b and k) were estimated by an
ié‘rative least -square procedure to calculate effective degrédabillty of
. + . J

DM‘(EDDM), cp (EDCP) and CW (EDCW) according to the equation (Qrskov and .

E 2N

T - . - ' - .
- N B :
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tail vein at lﬁg 6 and

at 2800 x g'for.lslmin.'bh
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McDonald 1979): effective degradability = a+(bxk)/(k+r), where r is the
fractional rate of outflow from the rumen. Effective degradability was

N
calculated at three hypothetical fractional outflow rates (.03, .05 and

'.08<h h.

Sampling and Analysis

Samples of  rumen fluid were taken through the rumen cannulae using a 120

mL syringe connected to plastic tube, at 0.5, 1. 5 3.0, 5.0, 7. 0 9 0

and 11.0 h after, the 0900 h feeding for 2 consecutive d during each

period pﬂlmas measured imnediatelylafter.rumen fluid sampllng ‘Onéme

of 25% orthophosphoric acid was added to 4 mL of rumen fluid for

volatile fatty acid (VFA) analysis Samples of blood were taken from the

- gweh after th; 0900 h feeding for 2 consecutive

separated by-centrifuging whole blood

RSN

Wage and’concentrate mixture were sampled

0y

twice during each period. All samples were kept frozen at ;209C until

analyzed. .

P : .
Crude progiin ‘was determined by Kjeldahl method (AOAC 1980). Cell

s

,wall residue in oatlage»Was estimated with neutral~detergegt solution as

adescribed by Goering “and. Van Soest (1970), but W residues in nylon bags,

o

‘ were estimated by washing fn commercial detergent solution uaing a .

s

- washlng machine for one complete cycle Ammonia concentratibn in rumen

fluid was determined by the method of Fawcett and Scott (1960L using

i colorimeter (Brinkman PC 800) Volatile fatty acid in rumen fiuld was

‘s

Nptermined by gas chromatography (Varian Model 3700 OV 351 capillary

’ column 0 25 mm ID x 30 m)a Blood urea N was. determined by the method of



Croker (1967). . o | e

LS

‘Enumeration of Total Viable Bacteria in Rumen Fluid

’

Rumen digesta was grab sampled and mixed with rumen liquid Rumen liquid‘

was separated using four layers of cheese cloth and brought to the

1aborqtory within 15 min. ’

Eight fold dilutions were prepared using an anacrobic d11ut1ng fluid
s
(Bryant and Robinson,196l) Total viable counts of bacteria were

determined by incubating dilutions of 19'6,;10'7>and 1078, in triplicate,

“in roll tubes cd%tainin% non-selective artificial medium with rumen
. £fluid (Scott and Dehority‘1965)l The anaerobic‘culture‘techniques‘of
Hungate (1966) were émpleyed thrcughout‘the'study. Sampling of rumen

fluid and incubation of bacteria were. conducted twice (1030 and 1900 h) -

on the final day of each period. - °

Statistical Analysis

o

.Allfﬁhta were subjected to analysis.of variance uith treatment’(infusion
1evel of NH ﬁCO ), animal and)period as'factcrs. ﬁhen treatment.effectsb
were significant treatment means were compared at probability level of
.05 using the Statistical Analysis System (SAS 1982) ., Linear,.quadratiC'
and cubic'contrasts in respOnse to level of NH HCO, infusiOn‘were ‘

tested as described by Steel and Torrie (1980) for factorial

experiments oo ; . e



'"‘ C RESUBTS AND DISCUSSION
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~

Dietary N intake vas 88 8 g a! for all COWS Continuous infusion

of 95, 190 a’nd 280 g d' NHHCO was ‘eq'uivalent to 16.8, 33.7 and

46 9 g-N d 1, respectively (Table l) Rates of NH JCOo, 'N infusion
were 0 7 l 4 and 2 07. g ‘nt rTotal N Supplied to cows ranged from.88.8
- to 138 Akg d 17 Daily N supply exceeded requirements (82.4 g) for the

S maintenance pf mature nonlactating cows (NRC 1978), but calculated daily

-

A digestible energy (DE) supply (13 3 Mcal) was considerably less than the

requirements of 31 1 Mcalt

o

';Rmminal pH and Ammonia-Concentration;‘and Blood ﬁrea'kitrogen‘

%hmmonia concentrationvin rumen fluid clearly'reflected infusion‘levelS"
.;iof_NH‘HCOS‘(Figure 1). Ruminal ammonia concentration peaked at'l.S h
:‘jhoatfeeding for all infuaion levels: Thereafter, ammonia concentration
:o}declined until 7 h postfeeding'after which it remained relatively

2 constant.' _ o - ‘ _ b

.

Infusion of NH HCO slightly increased pH in rumen fluid but the

N

differences weredgmall among infusion levels (Figure 2). Overall
ruminal pH also increased with time.after feeding. | R

Accumulation of ammonia in rumen fluid indicates either increased

P

production reduced absorption through the rumen. wall or less
utilization by-microbes for protein synthesis. Recycling of N across the

rumen wall is negatively related to ammonia cohdentration and: positively

h.
. .

< related to blood urea N concentration (Owens and Bergen l983) Thus

increased recycling of blood urea’ N is expecxed for relatively low

' o

ruminal ammonia concentration (dp to 95 g of NH HCO infusion),

-~ « & v

- . . ‘ o K . 14
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_particularly at later times postfeeding. But it is not known.whether the

.recyoled‘N 15 utilized by ruminal bacteria since ammonia concentration
) .

after 7 h postfeeding remained low (less than 5 mg 100 mL™1).

Blood urea N concentration increased (P<.05) linearly with level of

NH‘HCO3 infuaion,-and:overall.concentrations declined with time after

feeding'(Table 2).d :

Sy .
FAR » . (S

- ' !

oy

‘Ruminal Volaﬁile Fatty,Acid Concentrations

Total VFA concentration in rumen fluid increased (P<.05) with'increasedu
level of NH, HCO infusion (é%gure 3). Highest ﬁFAvconcentration was
obtained at 1. 5 h postfeediéi&for all infusion levels. While molar
-,proportion (mmole 100 mmole i% of acetate increased with time (Figure 4)'
propionate proportion declined (Figure 5).'Un1ike acetate and

4 Co

propionate molar proportions of buty éﬁe (Figure 7, isovalerate

(Figure 8) and valerate (Figure 9) 1 dsed at earlier times (up to 3
h) postfeeding, and then’ rapidly de:a A

P .
two peaks were observed; one at 1.57 and a second at 11 h

postfeeding Molar proportions of acetate propionate' isonalerate and
valerate, were not (P>.05) influenced by NH HCO, infusion. But higher .
'(P<‘6539hutyrate and lower. isobutyrate proportions ‘were obtained by -
infusion of NH HCO Butyrate proportion was higher (P< 05) for 95 gkof
' L3N

NH, HCO infusion than for all" other infusion levels

Effect of‘production of different VFA ‘on crobial growth has not
{zrved a tendency for high_'

vbeen established Pisulewski et al. (1981) ob

' microbial yield when.higher concentration of propionate was - produced

) Infusion of NH HCO, slightly increased bacterlal counts compared

v
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‘data for bacterial counts and VFA production it might be postulated that o

"that affinity for the same substrate differs greatly among . species

to no‘infusion.IOptimum ammonia concentration for butyrate producing
bacteria may differ from acetate producing bacteria-becauséé:while
molar proportion of acetate was lowest (Figure 4) butyrate‘proportion
was highest (Figure 7) ac 95 g of NHHCO, infusion Hungate (1966) \

indicated that in general, butyrate production is closely associated

with acetate production the latter being primarily derived

- o ¥
;

- fermentation of fibrous maierial;lProportional pa'tterns of isobutyrate
) R .

and isovalerate over time postfegﬁfng are interesting. Their proportions -

were relatively increased by NH, HCO, infusion-at early fermentation

‘stage (between l.Svand 3 h for isabgtyraté{and 1.5 h for isovalerate
postfeeding), but decreased after indioated vimes. both VFA'arenknown to
be derived from the fermentation of pro;ein (amino acid), and are growth
factors for a number of bacterial species including cellulolytic

‘V

bacterla (Bryant 1973; Prince 1977 Russell and Hespell 1981) However

it is not known whether growth and enzymatic activity of these bacteria

are depressed at higher ammonia concentration or whether the associated

effect of ammonia and otheﬁ nutrients promotes optimal growth. Hungate

©-(1966) indicated that substrate specificity was one of the main

characteristics of rumen bacteria.-Russell and Baldwin (1979) observed

Scheifinger et al. (1976) also observed that different strains of ..~

the other hand, Hespell and Bryant (1979) and Russell et al (1983)

suggested that: the requirement for ammonia is directly related,tp . Ag:f

,e.,',’f- oAt

JRE IR 1 .‘v';_r s )‘ Z',.:
substrate availability, fermentation rate and microbial mass. Base onj'.a;QSE
N [ * . - ‘

- @_’, 2

r" " ‘\~
- T ’
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proliferation of a particular bacterial population is dependent on
.availability of preferred substrates. Stége of proliferation of

. ;. ' , e kR
particular bacterial population may also differ among speciéaqand the

effect of ammonia N suppleméntatioﬁ°on.bacterial growth may be ﬂ'“w;

 1nfluenced by substrate.

Bacoerial Growth
Iofusion of NH HCO, increased.(P<.05) viable cou;ts of t%tal mixed
bacteria in rumen fluid at both'l.S and 10 h postfeéding with bacterial
numbers.being relatively higher at 10 h compared to 1.5 h postfeeding
(Tabie 3. | |

It has been-suggested that N is a major limiting ﬁut:ient for
microbial growto (Qotgg aﬁd Russell 1982; Owens and Bergen 1983), and
~ that ammonia is the primary N source of most rumen bacteria for protein
s;nthesis kHunggte 1966; Mathison and Milligan 1971). Increased
bacterial counts and totol VFA production associated with by Nl-l?HCO3
infusiooicleariy indioaté the positive offec; of additional N, in the
form of ammonia, on>bacteriai gfowoh and fermentation in,;ho romen. This:
~effect appearo to be proportional to levels of NHHCO, infuoion.
SQQdLésvonbthe effect of ammonia on bacterial, growth and fegmentation

activity are limited although many researches have confirmed that

ammonia N-is utilized By most ruminal bacteria. Pittman and Bryant

(1964) indioated_that Bacteroides ruminioola utilises ammonia and

oIigopeptide N, but;not amino acid or sﬁort chain peptide N for growth;
\

'Allison (1970) repdrted that the growth of Bacteroides amylophilus

<!

whidh “is one of fhe major starch and. prqtein fermentlng bacterla in the



80
i
rumen; was restricted when ammonia concentration fell below 4.6 mM (71&
mg 100 mL'l)vin vitro. In .a study with lactating dairy cows Teather et
al. (1980) determined that ;upplementation of a basal diet containing
9.4% CP (DM basis) with various N sources. (urea urea-treated maize
511age or soybean meal) increased bacterial numbers by up‘to 230%: This

increase was closely associated with fiber digesting bacteria

(Ruminococcus spp.) and the dominant propionate producing bacteria

(Selenomonas spp.). Inéreased bacterial numbers and total VFA

.concentration with increased NHHCO, infusion during the early stage -

of} fermentation postfeeding may be associated with increased numbers of
non-fibrolytic bacteria, and at later stages (after 5'h postfeeding) of

fermentation with increased fiber digesting bacteria. Uepletion of’

; <readily degradable substrates may result in higher ammonia N supply, but

Wi
. increased ammonia N may enhance growth of fibrolytic bacteria Earlier

N Sy

- up to 43 mg 100 mL h‘q‘in vitro growth of cellulolytic bacteria

&

studies by Belasco (1954a b) sgggest a stimulating effect of ammonia,

P s
,-", iz & SQ ' -
Patterns of VFA concentration support the above postulation as molar

.,"

proportlon of acetate was low, but propionate proportion was high at

~earlier stage of fermeritation while the opposite’was true at later stage

of fermentations. The relatively higher bacterial counts at 10 h

¥

postfeedingvcompared'to those at 1.5 h are probably-due to reduced pool

size of rumen fluid. Proliferation of fiber digesting bacteria at 10 h
postfeeding may also have contributed to the higher counts. Many studies

(Hungate 1966 Forsberg and Lam 1977 Craig et al. 1987) have indicated

e

that.a larger bacterial population (60 to 75%) is associated with_solid

feed particles. Hungate (1966) suggested that since initial steps of

2

WY
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_ noncellulosic material digestion in the rumen are accomplished rapidly
. ) ~ ]

and fiber digestion is relatively slow, ammonia N is 1ike1y to be the

pfdnsry N source a@ailable to fiber digesting gacter@a;. ,5"'

P W

I
1oy

R
Ruminal Degradation‘of Feedstuffs

For almost all 1na6€ation times 1nfusion of NHI‘HCO3 did not infinence
DM'diseppeareneé or effective degradabilities of\Dﬁ,(EDDM) and CP (EDCP)
for SBM‘(Table 4). Anrexception wes increased (P<.055 bM disappearance
at 12 h incubation and a faster (P<. 05)vrate of'degradation for the |
degradable DM fraction. Ruminal disappearances and effective
degradabilities of DM and CP of fish meal (Table 5) and DM of barley
grain (Table 6) were not influenced by NH HCO, infusion Degradation
oﬁ{oatlage»DM was also not affected by NH’;.HCO3 1nfu51on, but .

linear increases (P<.05) inttuminal disappearance of the soluble CW

_ fraction werewobserved (Table 7). Despite higher cw dlgestlon at 12 q§§g 

incubation no significant differences were observed in effective
‘degradability of CW (EDCW). | ) :

The degree and extent of runinal degradat;?n of feedstuffs wouid
be:expected to be‘correlated_to microbiel growth. In the present study;
ﬁH‘Hcoé 1nfusion'propqrtionally inoreased nixed becteria1 counts and_
tbbbl V?A{cpneentration,‘bnt'hed little or no influenoeron ruminai E
degradation; In contrast Wallace (1979) observed thet inoreased
degradabion of'bM and. CP of barley grain was aecompanied)by inéreased,
bacterial growth when ammonia concentration-was increased from 6 1l to-

13. 4 mH (9 7 to 21 4 mg 100 mL 1) Grummer and Clark ﬂ1982) observed a

slower degradation of SBM at 1 to 4 h postfeeding when rumxnal ammonia

)

A

[
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qoncenéra;ion was relatively high (14 to 19 mg 100 mL'f). Proteolytic
agtivity was ﬁot depresséd'by increased ammoﬁia ;onceﬁtration in this
study. Similar resuits were?obs;rved in our in vitro study (Chapter 115;
Early studies (Belaséo 195ha;b) iﬁdicated théf addition of urea to short
term (él'h) semicontinuous'fermenta;ions off rumen contents greatly
" improved cellulose d%gestién, and maximum digestion occurred wh;n
ammonia concentrations apbroached 43 mg 100 mL™!. But ammonia
;'concentration did not éffect CW degradation of .oatlage in ﬁhe present
study. Except for a few isolated igstanqés, ruminal degradation of feed
ingredients was not influen?ed by ammonia concentration although
bactgrial numbers igﬁfeased'with ﬁH“CI infﬁsibn_(Chapter III);
Ié is conqludéd that increasing ammonia concentrafion increased

ba¢§§rial numbers in’rumen fluid. But increased bacterial ndmbers did

not proportioﬁally influence ruminal ‘degradation of feedstuffs.

L]
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Table IV 1 Influence of NH, HCO on nitrogen ) supply.

“4

o Infusion of NH HCO, (g a™h N
Items - - '
‘ o 95 190 - 280
Dietary N mt‘fc', g atl 8s.8  88.8- . 88.8 88.8 _
- NHHGO, N. infused, g at? 0.0 16.8 33.7 49.6° g2
Ratio’ .00 S .38 .56
Total N, g d -1 '88.8 105.6 = '122.5 . '138.4

! Dietary N supply with . a complete mixed diet (5 kg, 11 1s CP,

DM basis).

2 solution of NH,.HCO3 were continuously infused into the ruien.

3 Ratio of NH, HCO, N to dietary N intake.

et
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Table IV 2. Blood urea N concen;ration (mg 100 mL 1) at

various sampling times as: influenced b NH,HCO, infusion &
amp b y ‘

NH HCO infusion (g 4" -1)2

. SEM®

Time : , Contraéf*
(n)? 0 95 190 - 280 o ‘
105 7. 98‘ 9,9b 10.6° 13.5¢ .51 ‘L
s 7.48 i¥ 9¢ 1199 36 L

R ; _,6;78' 8.3b ,9.2°} 11.2d 49 L

T

Sampling times after 0900 h feeding S
2 Solutions of ‘NH, HCO ‘were continuoqply infused into the -
‘rumen. :
Standard error of means.

¢

Orthogonal contrast where L-linear (P< 05).

v J

0 #@bed Meang within a row having different superscripts
. differ (P<.05).
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Table 1v»3 Numbers (x10°

.
)

1) of total mixed bacteria in rumen

fluid as influenced by NH, HCO infusion.

" Time

NH, HCO infusion (g a- 1)

. — — SEI_{3 -Ccntrast‘
(h)? 0 95 190 280 : '
. — . . - . .
1.5 7.40% ° 8.49® 8.73% 10.51° g L
10 8.02% 10.80° 10.61° "9.99%® 46  Q
Mean 771 9.65  9.67 10.25 |

CRNY ‘Means within a row having different superscripts differ

(P<.05).

- ! Sampling times after 0900 h’feeding.

2 solutions of NH HCO, were continuously infused into the rumen.
3 Standard error of means
& Orthogonal contrast where Lplinear Q-quadratic (P< 05)

Lty
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Table- IV-4. In situ disappearances (3) of dry matter (DM) and crude

g protein (CP), non-linear parameters (a, b and k), and
degradabilities (%) of DM (EDDM) and CP (EDCP) of soyb
~ various outflow rates as influenced by NHHCO, infusion.

i
v

?iiective
) meal at

Incubation NH,HCO, - {nfusion (g d™')! _
: ‘ - . SEM?* Contrast®

Time (h)_ 0 95 190 280 : '
v -

DM: 0 _  39.4 39.1 39.0 39.3 .18 -
"6 .56.9.  55.5 55.5.  60.0_ - .39° - " NS

12 78.3%  79.6% 79.8%8 - 8%, o 3 Q .o
24 94.8 ..97.1 . 96.0  97.1 77 NS g

36 97.9 98.3 . 98.4 98.5 .11 NS
48 98.5, 98.7  98.6 98.5. .10 ‘NS

Param:*® a 37.8-  37.5 - 36.8 36.5 .30 NS
- b 64.1 64.1 66.2 63.6 .99 NS
Tk 0788  .082%° 0758 ogab . .01 Q/C
EDDM~5 03 84.0  B4.4  84.0 86.1 .52 NS
.05 '76.7 . 77.3 - 76.4 79.6 .72 NS
.08 69.3 70.0. 68.8  712.5 .84 .. - NS
. CP: 0 23.2 - 23:5 . 23.9 24.0 35 . NS
' 6 46.9 48.1° 47.1 49.7 . 1.03 NS
12 75.9 77.7 76.9  77.9 . _1.18 NS

24- 96.0 . 98.6 96.6- . 98.3 .69 NS
36 99:2 '99.8 = 99.4  99.6 .23 NS
.48 99.8 - 99.9  99.9 99.9 .04 NS

Param:‘ a 20.9 22.0 21.5  21.9 .69 NS
b .83.4 82,1  B82.4 82.1 1.37 NS
k .083  .085  .083 .089 .03 NS

e ‘ L LT 4

EDCP:%.03 . 81.79 82.8 821  83.0 .76 *. NS
.05 v 72,5, 7319 73.0 -74.2 1.05 NS
.08 62.9  64.5 . 63.5 64.9 1.24 NS

‘ "b Means within a row having different superscripts differ

- (P<.05).

Standard error of means _
,Orthogonal contrast where L=lineak; Q-quadratic, C-cubic, and
NS=not significant at P<. 05 ’ o
See text for details.

EDDM and EDCP calculated at ruminal outflow rates of 03 105‘_
and .08 h™*. . : o

]

-~

. . o ’
_Solutions of NH _HCO, ‘were continhi?sly infused into the rumen.



Table IV-5. In situ disappearances (%) of dry matter -(DM) and crude
protein (CP), non-linear parameters (&, b and k), and effective
degradabilities (%) of DM (EDDM) and CP (EDCP) of fish -meal at.
various outflow-rates .as Influenced by NH_HCO, infusion

__Incubation NH Hco, infusion (g ahr L
LT : SEF[2 Contrast?
Time (h) = O 95  190° < 280 .
DM: 0 . 27.0°° 26.8 ° 27.0- 27.1 .23 . NS
o 6 . 30.6 30.4  30.8  30.3 30 - NS
12 31.5 - 31.1,° 31.6  33.2 .83 NS
24 40.5  40.5°° 39.6  39.7 .91 NS
36 - 48.9 49.9 . 48.5  47.1 4k NS
_ 48 . . 56.6  60.2  58.5  56.0 .30 NS
Param:* a © .10.9 . 10.3 9.7 .2 1.8 . ws
b 367.3 249.2 185.3  249.9 437 NS
k.01 002 .002 .01 .01 NS
EDDM:®.03 . 22.1  21.4  21.4 | 21.0 .43 NS
05 "~ 18.5 17.1. 16.5 17.1 .59 - NS
08 15,5 1l4.6 13.7 = 14.9 - .78 NS
cp:- 0 20,77 207 204 _ 209 ..19 | ' NS.
o 6, ' 27.6 °28.6 27.8  27.8 .45 NS
12 314 31.2 .31.2 32.7. .82 NS
24 43.2. 42.8 419 424 .66 - NS
36 - 545  55.6 ~ 54.0  53.1 .48 NS
48  65.1 . 66.7  66.4  64.8 .35 NS
Param:* a. © 14.2 .13.8 13.8 14.3 1.45 NS,
b . 246.1 -282.2 265.2 242.5 - 1,71 - NS
"k .002. .002 © .002  .602 .01 NS
'EDCP:5.03 . 29.8 3i.4  30.5 .29.7 - .43. NS~
.05 . 23.8  24.6 23.6  23.4 . .59 NS
.08 ,20.3-\ 205 202 20.2 .78 NS
:'b Means within a row having different superscripts differ [.
(P<.05) .

Solutions of NH, HCO were continuously infused into the rumen.
- Standard error of means

Orthogonal contrast where NS=not significant at P< 05

See text for details.

EDDM and EDCP calculated. at ruminal outflow rates of 03 .05
1-.7 and .08-h7*, P

W W N e
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Table IV -6. In situ disappearance (%) of dry matter (DM), non- linea;
parameters (a, b and k) and effective degradability (%) of DM

(EDDM) of barley grain at various oucflow rates as- influenced by
NH JHCO, infusion.

'Ingubation NH HCO, infusion (g d'l)i o

‘ - ,_SEM2> Gontrast?®
Time (h) -0 95 190 280 -
DM: 0 © 53.2 52.9 52,6 52.6 .25 NS
: 6 ~ ~ 78.4  79.6 ~ 78.3 80.9 .50 "~ NS
12 . . 82:5 83.3 -i}gz.o 84.1 .52 NS
24 '86.2  86.1 85.4 . 86.5 . 775 NS
36 88.8 88.5- 87.5. 88.8 . .44 NS
48 - 90.6 90.3 . - 90.6  91.1 .33 _NS
Param:‘ a ©53.5 © 53.1 52.8 ° 52.9:7 .27 NS %
. b~ 35.1  34.9 34.8 35.5 74 NS
k .185 .182 177 .235 .1.02 -~ NS
EDDM:® .03 83.7 82.7 82.6 8.6 . .91 -  NS.-
.05 81.1 , 80.0 79.9 82:5 1.05 " NS |
.08 78.0  76.8 . 76.8. - 79.8  1.15 ‘NS

u&UNH

a.b Means within a row having different superscripts,differ (P<. 05).
Solutions of NH, HCO ~were continuously infused into the rumen.
Standard errox of means
Orthogonal contrast where NS=not significant at P< 05.
See text for details.
EDDM calculated at ruminal outflow rates of .03, .05 and

.08 h: , :
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'-Table Iv. 7 In situ disappearances (%) of dry matter (DM) and cell
wall (CW), non-linear parameters (a, b and k), and effective
degradabilities (%) of DM (EDDM) and _CW (EDCW) of oatlage at
various outflow rates as influenced by NH HCO Lnfusion

. Incubation ' NH HCO 1nfusion (g d 1)1 . ,
‘ . - - SEM? . Contrast?®
Time (h) 0- 95 - 190 280 -

DM: 0 3.7 38.2 38,8 38,9 .12 - NS
12 - 50.6 50.0 50.4  53.4  1.08 NS

24 . 59.5 60.6 60.2  61.6 .67 NS

48 68.6 . 68.5 . 68.1 .70.0. - .78 NS

72 72.5  73.5 73.7 - 74.1 .40 NS .

param:*a - 38.6  37.9 38.7 39.0 .16 NS
b - 38,1 39.7 39.1 3.0 1.36 NS

K 034 .03  .032 . .04l .01 NS
EDDM:5.03 ~ 58.3  S58.5 58.6 59.9  .&8 NS
.05 53.6 53.6 53.7. 55.4 .77, NS

.08 497 49.5  49.7 . 513 74 NS

w0 3 58 .64 .66 03 - | NS .

| 12 16.4% 19.0%° 19.28> 22.8°. .34 'L
2 32.2  35.6-° 35.9 . 36.0 .89 NS

48 . 47.1  47.9  48.4- 50.1 - .53 NS

72 53,7 56.3 56.5  56.1 .40 NS

Param:* a C002 o .11% a9 s 16 Lo

" b ' 2.8 62.6 -62.3 59.6 - 1.23 - NS

k-~ - .030 .03l  .032  .033 0L NS
EDCW:3.03 30.5 . 32.2 32.4° 336 1.03 NS, .

" o5 22.8. 2.3, 245 260 1.00 NS
© .08 "16.5 . 17.9° 18.0° 19.5 . -.94 . ' NS

*> Means within a row having different superscripts differ
(P<.05).

Solutions of NH HCO, were continuously infused into the Tumen,
Standard error of means

Orthogonal contrast where Lplinear and NS-not significant
at P<.05. '

See text:for details.

EDDM and EDCW calculated at ruminal outflow rates of .03, .05
- -and 08 h? ; ]



(mg/100 mL rumen fiuid)

AMMONIA CONCENTRATION,

'S
o

aa bt a

'S
»

1

»
LY

"
(]

a s L s s a.oa doa

» -
s
/x__-;_____x\ b———::c L1
’ N . .
-~ A-==-soe A LR
/ \\\, ———=0 L3
7oA N L
RN - N-——e=X L4
X/ 7 AN N : -
/ .
e ™ \‘K\- oK
L 4 N T -
\\ R . \~\ '/-('
. . e
y S ~———
~iecn -

o

A e e S B T Bt S 20 S S S A 08 B i o 2n o S S B S A a0 S0 B8 BB A S S ASLAR S0
T T T T T R T ¥ T *T

1 2 E] 4 = L] 7 a e 10 11.

TIME AFTER FEEDING (h)

tnd
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v. EFFECT OF AHHONIATION OoF BARLBY SILAGE ON SILAGE AND RUHINAL '
FERHENTATION NITROGEN SUPPLY TO THE SMALL INTESTINE

~

DIGESTIBILIT? AND PERPORHANCE OF LACTATING DAIRX COWS

A. INTRODUCTION o :
Ammoniation has gained rommercial acceptance as a means of improving the
-nutritive value of of whole plant cereal silage Primary benefits of
‘ammoniation are.increased nitrogen ‘(N) content of silage (Lomas and Fox
.1982 Smith et al. 1982; Philliy et al 1985) and greater stability of
' silage as a result of redused/é:hgal growth (Britt and Huber 1975

k]

Glewen and Young 1982 Thoracius and Robertson 1984) In adition,,

i

ammoniation at ensiling increases the water insoluble (WIS) N content of

aéjvage (Huber et al 1980 Smith et al 1982 Hargreaves et al 1.984),
and apparently reduces loss of plant protein by proteolysis and
deamination (Huber et al. 1980; Jhonson et a1 1982 Smith et al l982)v

Other effects of ammoniation include higher pH and increased 1actic acid

concentration (Heinrichs and Conrad 1984 Lomas and Fox 1982) Recovery
N

of ammonia N depends‘upon level of added ammonia and moisture content of

silage
: Several studies have demonstrated that milk production of dairy cows

fed ammoniated corn silage is equal or superior to those fed untreated

~or urea treated silage (Huber et al. 1979 Huber et al. 1980). Improved

o

feeding value of ammoniated silage may be associated with increased

" " WIS-N content and redused proteolysis .of plant protein thereby,

providing a more slowly degradable nitrogen source for rumen

microorganisms In a study where dairy cows were fed,lsN ammonia

U - : ;i
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bsupplemented corn silage a.considerable.portion of the added ammonia N

was utilized for-milk protein synthesis (Smith et al. 1982). In addition

the soluble.and insoluble‘N compounds from the added ammonia were

utilized with the same_efficiency as other sources ofldietary cp uith s

similar solubilities.

Although digestibility of silage protein tended’“b\be slightly '

improved by ammonia_ on (Carr et al. 1984), digestibility of cell wall
«lcomponent may not be’ nfluenced due to%the relativelyblow ammonia
application-rates.
Information on the effect of ammoniation of cereal silage‘on

fermentation patterns and microbial growth in the rumen is limited
' Morever ﬁﬁnlike corn silage, very 1imited information is available on-
the effect of ammoniation of whole plant barley silage on its digestion
~and utilization by dairy cows. |
Two experiments were conduoted to determine the influence of
kammoniation‘of barley silage on fermentation'characteristics in thevsilov

and in the rumen nitrogen supply to the small intestine, digestibility
"~ and’ performance of lactating dairy cows. ‘ ‘ 3 T " | x"_:%

B. MATERIADS AND METHODS

'Ammoniation and Diet Formulation
Whole plant barley was cut at the mid- dough stage 'chopped with a forage '

harvesterxand treated with 1% anhydrous ammonia'(dry matter (DM) basis,

. : Ly o
- BS-A) as it was packed into polyethylene silage bags (Alberta Ag

%]
‘ v

Industries Westlock, Alberta)ﬁ Alte nate loads of chopped whole plant

-.,n,

.barley was ensiled in silage bags without addition of ammonia.
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Three isonittogenous (15% crude protein (CP) in DM) diets were

formulated (Table 1). Untreated.barley silage was supplemented with
either canola meal (BS-CM) or ‘urea (BS- U) at a level equivalent to the
- added N arising from ammoniation ‘Canola meal and urea were added at the
pexpense of barley grain Diets consisted of 50%° barley silage and 50%
'ConCentrate mixture (Dh baﬂis), and were:prepared fresh eacp}morning.
VAnimals and Feeding

Experiment 1 Twenty seven Holstein cows in mid- lactation vere assigned
‘on the basis of milk yield and lactation number to the three diets in a
'completely randomized design Cows were fed complete mixed diets, ad
libitum twice daily Seven . days were allowed for cows to adapt to diets
prior to a 6 wk experimental period |
.'Experiment 2 Three Holstein cows, ~§§_mid to‘late lactation, fitted with
permanent rumen\and T type duodenal cannulae Were assigned in al3x3
Latin square design to’ the same three diets as for experiment 1. Cows
were fed 16 kg da’ ! in 12 equal portions at 2 h intervals by

automatic feeders Each period consisted of 2 wk for adaptation to diets

and 1 wk for sample collection o

In both experiments cows were maintained in tie stalls with free

.access to block salt and water.’

Sampling and Heasurements
In both experiments samples of silage and concentrate mixture were
_taken twice daily. Cows were‘milked twice daily-with milk -weights - 3

‘recordedhat each milking. Milk samples were collected_for.Z consecutive_



BN o s o | 107
d'each week.lQuantities‘of mixed-diets‘fed and‘refusals were recorded :.
daily. Body'weights were.measured on a weekly basis. Xll'Samples vere
stored at -éOOC\;ntil analyzedn ‘ ‘
Experiment 1: Blood samples were taken from the tail vein immediately

- .prior to, and 2 n)after the morning feeding, and plasma was collected by.
centrifuging at 2800 x g for lOlminp

Experiment 2: Samples‘of rumenxfluid were taken_for‘3 consecutive d,
using a syringe attached. to a rumen bullet, at 30, %0 and 90 min afte;

feeding, and pH was measured immediately. Rumen fluid was acidified by

adding 1 mL of 25% orthophosphoric acid for volatile fatty acid (VFA)

ana1y51s Samples of duodenal digesta were collected at the same time as’

rumen fluid samples Total fecal collections were on the last 4 d of
each period After througﬁly mixing, a portion of the total fecal

collection-(O;S% of fresh weight) was subsampled each day for estimation

of whole tract digestibility.

| /fﬂv o | N o o | , ‘. o .
- Sample Analysis . ‘ -
For measurement of PH, 'ammonia concentration and water'soluble (WS)3N€>
'40 mL of distilled and deionized water was added to. approx -5 g,of freshl‘
silage in a 50 mL tube, agitated for 4 h and pH was determined
immediately:bThe silage suspenSion was centrifuged at'20,000 X g for 10
min Ammonia concentrations of silage. in the supernatant and in numen
fluid were determined by the method of Fawcett and Scott (1960) using
colorimeter (Brinkman PC 800) Crude protein (CP) contents in silage and-

diets, and ‘WS-N_content in silage were determined by the Kjeldahl method

’

(AOAC 1980). Forty mL of ethanol wasuadded to approx. 5 g of fresh



silage in a 50 mL tube and agitated for 4ih After silage suspenSion‘was
centrifuged at 20,000 x g for 10 min lactic acid in the supernatant was\

analyzed by gas chromatography (Varian Model m3700 OV 351 capillary

’co;umn 0.25 mm ID x- 30 m) as described by Mamer and Gibbs (1973)

"Neutral deqergent fiber (NDF) and acid detergent fiber (ADF) in silage

were determined by the method of Goeringaand Van Soest (1970).

-~

e

Hemicellulose content.was estimated as the‘difference between NDF and
ADF. Water in silage was extracted with ethanol and was separated with a
Porapak QS column in a gas chropatograph (Aerograph 660) as described by

Fenton et al“(1981) Samples of concentrate mixture were dried in.a

' forced oven at 60°C for Qh h for estimation of DM content Contents ‘of

..

. fat, protein and lactose in milk were assayed by the Alberta Central

v

Milk Testing Laboratory using'infrared:procedures1(AOAC 1980). Blood

“urea N was determined by the method of Croker (1967).~ L

. Volatile fatty acid (VFA) in Tumen fluid was determined by gas
chromatography (Varian Model 3700, ov-351 capillary column 0.25 mm ID x

30 m), Microbial N in duodenal digesta was determined by estimating RNA

‘content using 0.15 of RNA-N to.Microbial-N ratio as described by Zinn

‘and Owens (1982). An instrumental neutron,activation analysis/(INAA)
procedure was used to determine marker concentrations;in duodenal .

digesta (Kennelly et al. 1982). Non~ammonia:N (NAN)pin duodenaL digesta

was estimated by substracting ammonia content from total N content ~and

"dietary N by substracting ammonia and microbial N from total N content.

Quantitative flow of N fractions to the small intestine was determined
by applying outflow rate of rumen digesta obtained from markers. Two
markers (Co-EDTA as-a liQuid marker and Dyz'Cl3 as_a_particulate marker)

|-
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were prepared in a mixture (50% to 50%) of ground~barley silage_(Z‘mm J
. mesh) and'barleyvgrain (1'mm’mesh5 'SiXty'grams of marker mixture.
containing" 0.003 g of \Co .and 0.‘;3 g of Dy was added directly to the

. feed container containing ‘the - feed allotment for each of the 12 times
daily feeding. Markers were fed for 7 d’ prior-to commencement of .

sampling. Outflow rates of rumen digesta were determined as described by

. Faichney’(1975).

In'Situ‘Degradation of Silages.and Complete Hixed Diets (Experiment 2)
-Silages‘Were dried at 50°C for 3 d and. ground through a 2 mm screen
(Wiley.mill) Samples of concentrate mixtures vere ground through a l mm
screen. Ground silages_and concentrate.mixtures were mixed in similar'
proportions as for}complete mixed diets’. Approximately Svg samples of
.silages and complete mixed diets were placed in nylon bags (7x15 cm) .
Duplicate bags. for each incubation time were suspended in the rumen for
2, A; 8, 12, 24 and 48 h, using a 70 em line connected to a 250 mL .
plastic~jar filled with»pehbl . Upon removal the bags were washed
.:manually;under'running cold.tap~water until thelwater_was:clear,
,followed by drying‘in a'forced air oven at'66°C iorvzidaYS.
DisappearanCe at_t-O was calculatedaon theubasis;of'DH and CP'lossAon'
.mashing' | o

Percent disappearance of DM and CP at each incubation.time was'
calculated from the poftion remaining after incubation in the rumen The
disappearance rate was fitted to the equation (@rskov and McDonald

31979) P - a*b(l e k"), where | is a disappearance at time ‘t, a is

;an intercept representing the, soluble component, b is the fraction that
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is degraded at time infinity, klis the rate constant forvdisappearance
of fraction.b, and t is incubation time. Non-linear parameters (a, B and"
k) were estimated by an iterative least-quare nrocedure and effective
dagradability of DM (EDDM) and CP (EDCP) vas calculated according to
GrskaJ‘and McDonald (1979) ‘where .EDDM or Equ - a+(bxk)/(k+r) and where

" r is the fractional ruminal outflow rate.,Effective degradability was

calculated using two.hypothetiCal.fractional'outflow'rates (.05 and .08).

"Statistical Analysis

Data obtained.were'subjected to analysis,of variance withitreatnentsb
(diets) in experiment 1, and with treatments (diets5, animals and -
‘periods as factors in experiment 2. When treatment effects were
significant treq;ment‘means were compared at probability level of .01

or .05 using Student-Newman-Keuls test (Steel and Torrie 1980).

C. RESULTS AND DISCUSSION
iilage Characteristics -bxperiment 1
» Addition of ammonia increased (P< 01) contents of total N WIS N and
WS-N ty fabtors of 1s36, 1.31 and 1.51, respectively, ‘over those of
"ontreated barley silage (Table_Z); Ammonia N concentration in silage‘wasa
increased (P<.01) by ammonia treatment. Based on application rate, 77.7%1
.of added ammonia'was recovered in silage,’and°based on’the assunption
» that WS N arising from fermentation was’ similar for treated and
'untreated silage, 59 4% of the added ammonia N was recovered in the Wis

fraction Effic‘ency of N recovery from ammoniation has been reported to

vary from 0. 4 to 0.6. Nitrogen retention may be related to application
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rate and moisture content of silage. Johnson et'al (1982) observed
increased WIS N at higher ammoniation levels (O. 25 vs 1.08%, DM), and
Buchanan-Smith (1982) reported that when 1s anhydrous»ammonia was added
to corn eilage (DM basis), - 61% of the added N'uaa»recovered at 28%
silage DM while 54% was recovered at 50% silage DM. Increased WIS- -N
_arlsing from ammoniation may be due to direct binding of: ammonia to -
iinsoluble organic compounds in plants (Huber et al, 1980; Hargreaves ét
al. 1984) and reduced degradation of plant protein (Johnson et al. 1982;
Smith et .al. 1982; Phillip et al. 1985). Johnson et al. (1982) found
that concentrations of free amino acids in the‘vater phase of corn’
silageedecreaSed when ammonia addition was increased from 0.25 to i.08%
of DM. Benefits from binding.of ammonia as WIS-N might include improved
“recovery in silage and greater auppiy of slow release N for rumen .
microbes. B |
Addrtion of ammonia'increased (P<.05) pH from 4.1 to 5.55and lactic
'aoid.conoentration from 7.2 to 9.0% (Table 3). Increased lactic acid
proouction'ariSing‘from ammoniation Is in agreement with other results
e(élewen and Young 1982; Johnson et al. 1982). However, Britt ano Huber.
(1975) and Heinrichs and Conrad (1984) observedidecreased lactic acid.
production in corn silage at higher‘application rates (2 to 3% of DM) of
ammonia. Thié suggesté that laotic acid production may be dependent upon
apollcatlon rate of ammonia and that at lower application rate, added -
ammonia ‘may stimulate the growth of some lactic acid producing bacteria.
There was a trend to slightly lower cell wall components_(NDF,.ADF)v

in ammoniated silage (Table 3). In contrast to ammoniation of low

'quality roughage, or cleavage of ester bonds (Buettner 1978) would not
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'bg expected in the present study due to the relatively low application
‘rate (1%,DM) of ammonia. No difference in hemicellulose content was

observed between treated and untréated barley silage. <

_PerfOtmanceyof Cows -Experiment 1 o ' ";
~ Ammoniation of barley silage depressed (P<.05) voluntary DM intake (17.6A
_kg d” 1) compared to BS CM (20 5 kg d’!) or BS-U (19 7 kg d 1y -(Table 4).
Depression in DM intake associated with ammoniation was -most pronounced
during the first 2-3 week of experiment (Figure 1):. Lower DM intake for .
BS-A may have been due to the strong odor of free ammonia. Diets were
prepared with fresh silage each morning, thus the exposure time to air
might not be longAenough toﬁevaporate the free ammonia inlsilage. Few
- studies have indicated negative effect of ammoniation on silage intake
of dairy ooxk Huber et al. (1979) and Henderson and Bergen (1972)
observed slightly depressed DM intake of corn silage by ammoniation
compared with either urea added- or untreated 511age Moore et al.
(1986) observed increased DM intake when grass- 1egume silage was treated
with ammonia, but this increased DM intake tended to be accompanied'bv |
improved digestibility associated with appllcation rates of ammonia at
1.5 and 3% of DM. A few studies (Huber et al. 1975 Huber et al 1979)
‘have: suggested that up to 1.4% anhydrous ammonia could be added to corn.
silage without depressing intake. |

Despite lower feed intake for cows fed BS-A, milk yield and milk
composition (fat, protein‘and lactose) were similar among dlets, and
this'resulted in slightly imprdved'milk efficiency (milk'yield/DM_

intake) for cows‘fed.BS-A. Results of this study are consistent_with

A\
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previous studies (Huber et al. 1979;.C01enbraﬁder et al. 1983; Heinrichs 
an&vConrad 1984) where cows fed ammoniated corn silage had similar milk
‘yield to cows fed untreated silage in isonitrogenous dieté.'Higher.
1e§els of N addition in the form of ammonia, than as uréa,>can‘be
achieved without deﬁressing feed intake (Huber et al. 1975). fhis may be
associ#ted with the higher céncentration of WIS-N in ammoniated silage

(Huber et al. 1979; Smith et al. 1982). Milk composition were not

»

l different among diets. Heinrichs and Conrad (1984) obtained a higher
‘milk fat conﬁent (3.29%) for cows fed gqfn sllage tréat;d with 0.45% of
anhyﬁrous aﬁmonia (fresh weight basis) comparédAto those fédAuntreated
'silage (3.04%) or §ilage treated with 0.32% ammonié, suggéstihg that
increased WIS-N - in ;ilagé at h gher;apﬁlication_rates of ahmonié may
fesult in-inéreased'fiber digestion, thereby increasiqg milk fa; content

as a result of elevated dcetate productions.

Ruminal Fermenﬁation Cha. cteristics and Digestibilitf -Experiment 2
Addition of‘anh;drégs'ammonia at ensil;ng increased (P<.05)'rum1nal

_ ammoniabcpncentration coﬁpared tovéows fed BS-CM or BS-U,A(Table 5).._
Molar peréent of propionate was higher (P<.05) fof cowsvfed ammoniated
silageﬂthan those fed.BS-U. Inﬁreased pfopionate and‘Somewhat 1ower
écgtate conééntration for cows fed BS-A’resuitgd in a lower (P<.05)
acetate to propiohate ratio. Ammoﬁiation did nog,influehced total VFA
.concentrafiqsn. Higher rumihal'ahmonia'éoncencration in'éowsifed BS-A 1is
surprising since'NPN addition was similar to‘thé.BS;U diet. A.probéple
reason for‘higher ammqniaiconcentragionliﬁ animals fed ‘BS-U diet ‘may be

due to ﬁhé associated effect of increased WS-N. and WIS-N cdptenté in .
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‘ammoniated silage resulting in‘higher ammonia concentration at the 3
sampling times (30 60 and 90 min after feeding). Increased WS-N and
WIS-N in corn silage arising from ammoniation has been reported (Huber
. v
et al. 1980 Smith et al 1982 Hargreaves et al. 1984) Moore et al.
(1986) observed elevated ruminal ammonia concentration up to 8 h after
feeding ammoniated (1 and 3% of DM) grass- 1egume silage. Lower ruminal
ammonia from urea supplementation may be due to rapld ruminat ‘hydrolysis
and absorption prior to sampling at 30 min. Little information is
available on the effect of NPN supplementation on ruminal VFA *
production. Ammoniation has resulted in.increased total VFA, aceta and
prooionate coneentrations (Moore et al. 1986). These increases were
associated with improved silage dlgestion as a result of higher
application of ammonia (3% DM) to grass- 1egume 511age Other studies
(Teather et al. 1980; Grummer et al. 1984) found some trends for |
‘increased propionaterroduction under 51tuat10ns of hlgher ammonia
: concentration-arising from Nchl infu51on or urea supplementationvf
Compared to BS-CM, ammonia additigg/increased (P<. 05) totai-N and
non- ammonia N (ﬁAN) concentrations in duodenal digesta. Increased NAN
- was due to greater (P<. 05) microblal N concentration (Table 6). D1etary
' treatment did not influence concentration. of dietary proteln in duodenal
.digesta Ammoniation increased (P<. OT).supply of total N and NAN to the
’small intestine (533 and 521 g -d” :, respectlvely) compared w1th BS-C
(490 and 480 g d") and BS-U (486 and a77 B al (Table 7).
-Increased NAN supply was mainly due to greater (P<.05) microbial.N since

no. significant dietary differencas were observed in dletary N escaplng

ruminal degradation. Microbial NAsupply (238 g 4~ 1y to the-small
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intestine was least for cdws fe& BS-U. Increased microbial protéin yiéld
arising from ammoniation may be due to the growth of non-fibrolytic
bacteria being favéred by an adequate and $£eady supply of ammonia.
Ammoniétion slightly.increased EDDM‘Qf barley silage, but there were
no‘différénces in‘EDCP‘(Table 8). Effective degradaﬁility of DM and CcP
in the ;umén, and whole tract digestibilityvof DM and CP of complefe
miied diets were not afféctgd by supplemenfal;N source (Table 9).
Results indicate that low appliéation raté (1%, DM) of ammonia may not
influeﬁce ruminal degfadation characteristics of barley silage. Thesei
resuitsvare in agreement with other studies (Ha?greaves.et al. 1984; )

Moore et al. 1986) who found no improvement in silage digestibility at

low applicétion rates up to 1.5% of ammonia.

Perfo;mance_of Cowg -Expefiment‘2

- Intake was maiptained.constant_(l6 kg dfl, DM) across treatments

to avoid effeéts of feed infake on parameters being~measgfed. No .
_differences in milk yield or milk compésition were observed between cows
fed BS-A, BS-CM and BS-U (Table 10). A few studies (Huber et al. 1979;
Henderson and ﬁergen 1972) have feported slightly depressed 1Ataké of
‘ammoniatéd corﬁ.silage cb@pared with either urea addedj or untreated
‘silage suppiemeﬁted with natural prétein. However,.Huber ef.al.ﬁ(1975)
suggested that anhydroqs'ammonié could be édded'atAl.A%'(DM) witﬁqut.v
'depressiﬁg feed intake. Phillip et al. (198)5) observeq gredter organic
: mat€e¥,in£ake of steers fed ammoniated high moisture ear corn ghan
stéers fed corn with added urea. Result of the_pfegent study are inv,_

' égreement with previous studies (Hubér-ét al. 19?9;.C61enbrander;et al.
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1983; Heinricns and Conrad"i984) which’indiceted that cows fed .
ammoniated corn silage based diet had similar milk production to cows
fed untreated silage in isonitrogenous diets: Colenbrander et al. (1983)
aiso found no difference in milk yield among diets supplemented with
,eiiher soybean meel or NPN (ammonia and urea). Other studies have
indicated’no significant effect of ammonia addition to corn silage on
milk composition, although slight increases in protein (Huber et al.
1979; Colenbrander et al. 1983) and fat content (Heinrichs and Conrad
1984) were reported. Milk components in this study wereiln the normal
range for.cows in mid to late-lactation.

Based_on thevresults;of the>present studies, the feeding value of
anmonioted berley siiage for daif& cows is similar to that of untreated-
silage supplenented witHJcanola meal. Thus, underrthese[circumstances
enmonia would be an economical source of N for dairy cous. Comparable
perfornance for ammonia N and canola meal protein is presumably
associated with increased microbial protein yield-in the rumen, and this
increased microbial protein yield is, in turn, favored by higner and

more stable ammonia concentratlon in the rumen associated with 1ncreased

water insoluble N'content in ammoniated barley silage.

>
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Table V-1. Composition (8) of
basis).

complete mixed diets (dry matter

‘ ‘Diets?
" Ingredients - —

‘ BS-A BS-CM BS-U
Ammoniated barley silage -50.00 - -
Untreated barkey silage - 50.00 50.00
Barley grain 44,32 37.47 43,58
Canola meal 3.30 10.15 3.30
Urea ‘ : e - L14
Cane molasses 1.13 1.13 1.13
Dicalcium phosphate .50 .50 .50
Limestone .50 .50 .50
‘Trace mineral salts? - .25 .25 .25

1

fortified with vitamins A, D and E (500 g/ton)

(300 g/ton)

BS-A, ammoniated bafley-silage based diet; BS-CM, untreated
barley silage based diet supplemented with canola meal ; BS-U,
untreated barley silage based diet supplemented with urea.
Commercial product: contained 94% salt

, 0.25% Cu, 0.004% Co,
0.01% I, 0.35% Mn, 0.75% Zn and 25 ppm Se.

All diets were
and vitamin D3
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Table V-2. Total nitrogen (N),bwateg insoluble (WIS) N, water
'soluble (WS) N and ammonia (NH,) N in ammoniated (ABS)
and ‘untreated (BS) barley silage (dry matter basis).:

Fractions " ABS BS SEM? SIGZ - Ratio®

Total-N, % 2,42 1.78 .98 %% 1.36

WIS-N', & 1.74  1.33 .09 *%  1.31
"WS-N, % .68 .45 .08 % 1.51
NH,-N, mg gt . 173 4415 ok 3.91
"1 Standard error of means.

2 significant difference at the level of .01

2 Ratios of ABS to BS. .

WIS-N is equal to total-N minus WS-N.

—

"y
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Table V-3. Chemical constituents of ammoniated (ABS) and
untreated (BS) barley silage (dry matter basis). :

Items , ABS . BS - sEM! S16%
Dry matter, 8 =~ 38.0. 36.7 .36 ,
pH .~ 5.5 4.1 .35 *x
Lactic acid, % - 9.0 7:2 . .33 kK
NDF?, & ©49.8 51.7 .79
ADF*, & 28.6 30.2 1.11°
Hemicellulose $ 21 2. 21.5 .52

w N

Standard error of means.

Significant difference at probability level of
Neutral detergent fiber.

Acid detergent fiber.

.01
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Table V-4. Effectvof ammqni&tion of‘barley silage on dry matter intake,

milk yield and milk composotion, body weight gain and blood urea
‘nitrogen. o

Diets?
Items ' — - SEM?
' BS-A . BS-CM BS-U v
Dry. matter intake, kg d”' 17.6% 20,5 19.7° . .73
Milk yield, kg d°! 22.3 22.9 22,4 . 1.71
Milk composition, % T , T -
Fat : ©3.42 0 3.40 ~3.50 .20
- Protein ' : 3.35 3.39 . 3.35 - .07
Lactose . - o 4.78 4,88 - 7 4.89 .09
Milk efficiency - . 1.25 - 1.13 1.14 - .68
Body weight gain, kg d™*. 34 42 .38 .91
Blood urea nitrogen, mg 100 mL™!. S - B .
prior to feeding 15.8 15.8 . 15.9 24
‘2 h after feeding 20.2 18.7 19.4 A

%P Means in the same row with different letters differ (P<.05).
1 Bs.A, ammoniated barkey 'silage based diet; BS-CM, untreated -
barley silage based diet supplemented with-canqlafmedl; BS:U,

“untreated barley silage based diet supplemented with urea. :

2 Standard error of means: T : '

”
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Table V-5. Effect of supplemental nitrogen source - on ruminal
fermentation.

~ Diets?
( Parameters. - SEM?
BS-A BS-CM . B5-U
. : ~ '

pH 6.4 6.2 6.3 .09
Ammonia-N, mg 100 mL’? 8. 8b 7.48 7.6% 26
Total VFA, mmole 100 mL™! 12.1 11.1° 11.0 - .18
Molar percent mmole 100 mmole” . .
Acetate (C,) 57.7 é - 59.2 59.9 41

Propionate” (C,) . .25.3b 22.18P 21.4% 29
Isobutyrate : .8 R T ! B A .05
Butyrate o 12.8 13.7 14.5 .75
- Isovalerate . 1.9 . 2.3 2.4 .12
Valerate " 1.8~ 1.7 1.6 .07
c,/C, | 2.368 2,73 2.79® 18

%P Means in the same row with different letters differ (P<.05).

1 BS-A, ammoniated bqsley silage based diet; BS:-CM, untreated
barley silage based diet supplemented with canola meal; BS-U,
untreated barley silage’ based diet supplemented with.urea.

z Standard error of means.
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: Table V-6. Effect of supplemental nitrogen source on nitrogen
fractions in duodenal digesta (mg g'l,’dry matter basis).

. Diets?
" Parameters L — SEM?
- BS-A BS-CM  ~ BS-U
Total-N 39.5 35,02  35.6% .49
Ammonia-N L G 7X .652 .04
Nonammonia-N (NAN)®  38.60 34,28 . 35.0%P 45
Microbial-N . 206 17.08 © -18.6%° .31
Dietary-N* - 17.7  17.3 16.4 .34
' Micoblal:N/NAN 54 .51 53 .21

®.b> Means in the same row with different letters differ (P<.05).

1.BS-A;, ammoniated barley silage based diet; BS-CM, untreated
barley silage based diet supplemented with canola meal; BS-U,
‘untreated barley silage based diet supplemented with urea. -~

2 Standard error of means, e L

3 Total-N minus ammonia-N. ; S ,

% Nonammonia-N minus Microbial-N.
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Table v-7. Effect of supplemental nitrogen source on nitrogen
supply to the small intestine (g d™1).

. , Diets®

Parameters - - SEM?
BS-A BS-CM . BS-U

Total-N 533 . 4902 4868 .39
Ammonia-N 1.7° 10.48P 8.98 .18
Nonammonia-N®. 521 4802 4778 .21
Microbial-N - - 28 2388 2562 19

 Dietary-N* 239 242° 2258 .37

- &b Means in the same row with different'ietters-differ (P<.05).

! BS-A, ammoniated barley silage based diet; BS-CM, untreated
barley silage based diet supplemented with canola meal; BS-U,
‘untreated barley silage based diet supplemented with urea.

s & W N

Standard error of means.
Total-N minus ammonia N.*

" Nonammonia-N minus microbial N.
Outflow rates of total digesta were

and .57 (BS-U) kg h'l

56'(BS-A);'.

58 (BS-CM).



Table V-8. .In situ effective degradability (%) of dry matter
(EDDM) and crude protein (EDCP) of ammoniated barley silage
(ABS) and untreated barley silage (BS).

Ly Silage’ C

Items A SEM?
BN ABS " BS .

EDDM: ‘ : o ‘ '

.05° 54.5 52.8 : .31

.08t 51.0 50.6 . .26
EDCP:" L . - A .

.05% 86.9 +87.6 47

.08* . 86.3 o864 .30

1 ABS - ammoniated barley silage; NBS - untreated barley
: silage .

2 3tandard error .of means :

3.4 Fractional outflow rates of .05 and .08 h™!.
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Table V-9. Effect of supplemental nitrogen source on ruminal effective
degradabilities of dry matter (EDDM) and crude protein (EDCP), and
whole tract digestibility of DM and CP of complete mixed diets (%).

Diets? C
Items ; - SEM?

: ' BS-A  BS-CM BS-U
EDDM: - : o o ' o ,

- .05% 70.5 . 69.4 70.8° - .33
.08t 67.4 65.7 = 67.2 .29
EDCP: . : , -

.05° 80.4 78.7  Bl.S 1:10.
.08* . 77.7 75.3 79.0 - 74

. Whole tract digestibility, $ , ' ‘ :

DM 68.9 67.4 68.2 .63
CP | - 72.7 72.6 71.0 45

1 BS-A, ammoniated barley silage'based diet; BS:CM, untreated
barley silage based diet supplemented with canola meal; BS-U,

‘ untreated barley silage based diet supplemented with urea.
2 Standard error of means.

C 3 Fractional outflow rates of .05 and 08 h-t.
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Table V 10 Effect of- supplemental nitrogen source on dry matter
intake, milk yield and milk composition..

N 4 Diets1 —
Parameters , - .SEM?
' ' . BS-A BS-CM BS-U
Dry matter intake, kg a-! 15.3 15.8 15.3 .65
Milk yield, kg 4 T 17.5 16.9 17,4 0 7 74
Milk composition (%) 4 ‘ ‘ _
Fat 4.01 3.92 4.00 T
Protein . . 3,53 - 3.63 3.52 .47
Milk efficiency S - L.14 - 1.07 '1.13 - .11-

‘1 BS-A, ammoniated ‘barley. silage based diet BS-CM, untreated
"~ _barley. ’

silage based diet supplemented with canola meal BS-U,

untreated barley silage based diet supplemented with urea.
z Standard error of means.

-



DAY MATTER INTAKE

286

(kg/day)

27 4

131

B
/
LY
-’;‘ . ’ o———~0 88-A
[' ; ‘ A-------4 BS-CM
B . v o————0 88-U
‘______-_--7-:;:,,g-_..gz:::: ______ dpmmmsmmmmemmmm e e e el heiet e, v
- - ——— ‘ : To-a
- i
- ik T ’ o '
o~ Te—l ) .
e ———— ‘-0 ——————————— ®

T SR JND S S S e B S St e S R S AN B SN S BN SRS SNL AL AL SRR BOL SIS0 S AN UL SRR SRL SN AU ANMNL NN B SR AR AL S AN AN

" . X 2 s ’ 4 -} X L]

P . » NEEKS

Figure V-1. Patterns in dry matter intake of ammoniated barley
silage based diet (BS-A), untreated barley silage diet '
supplemented with canola meal (BS-CM) and untreated barley
silage diet supplemented with urea (BS-U)..



VI; GENERAL DISCUSSION

|
~ Ruminant animals receive up to 80% of their amino acid requirements from
ruminal microorganisms (Sniffen and Robinson 1987) Ammonia has been
accepted as the major nitrogen (N) ‘source for microbial growth in the |
.rumen (Hungate 1966 Mathison and Milligan 1971' Cotta and Russell
1982) . However, the relationship between ammonia concentration and rumenu
microbial growth has been the subject of controversity In vivo studies
: generally suggest higher ammonia concentrations than in vitro studies
- for maximal microbial growth. This may indicate that ammonia
concentration for maximal microbial growth is not constant. It is also
considered that ammonia concentration for’marimal microbial growth is
~not equalﬂto concentration reduiredifor optimal rate of diet
degradation. A positive relationship exists between N supplementation :
.and microbial growth (Wallace 1979; Teather et al 1980; Erdman et al
1986), and between ammonia concentration and ruminal degradation of
feedstuffs ResultS'of our in vitro study (Chapter II) indicated no
_influence ‘of ammonia concentration, in the ranges from 4 to 30 mg 100
_ml'l, on the rate ‘of protein degradation. Blackburn (1968a b) ,
'reported that protease production of ruminal microorganisms was‘;either
vinduced nor depressed by various N ‘sources. Russell and Hespell (1981)
indicated that ‘proteolytic activ1ty of rumen bacteria may be altered by

changes in population. Rate and extent of protein degradation by ruminal

“microorganisms, thus may mainly depend upon size of microbial

population Increasing ruminal ammonia’ concentration'by infusion of

NH Cl (Chapter III) or NH; HCO (Chapter IV) increased bacterial ’

numbers . HoweVer, increased bacterial growth; as influenced by ammonia

132
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concentration, did not positively influence'ruminal.degradation of feed
ingredients except for a few isolated instances where linear and/or

quadratic effects were observed. Based on the ruminal degradation of

_concentrate ingredients"optimal ammonia concentration was 16.3 mg 100

-

pL™! rumen fluid The hydrolytic activity of ruminal microorganisms

tended to be depressed with increased NH C1 infusion Depressed

hydrolytic activity‘of ruminal'microorganisms at higher NH_Cl infusion ~

may be related to reduced”pH;'due to the acidic characteristics of NH;CI.
Proteolytic'activity of:ruminal microorganisms‘are sensitive'to lower pH
(Erfle et al. 1982), but cellulolytic activity of ruminal microorganisms
is most sensitive to pH'(Cheng et al. 1954; Hoover et al. 1984;H6hriever.'

et al; 1986)t>In a second in vivo study (Chapter_IV) only small

;increases in ruminal degradation of feed'ingredients.were observed

despite'increased bacterial numbers -as result of'NH,‘HCO3 infusion.
Results of these studies (Chapters I1 to IV) indicate that ruminal

degradation of protein is positively related to its: solubility since -

- rate ~and extent of protein degradation was in the same order as

solubility in a borate-phosphate buffer (pH 7.8). A positive

relationship between protein solubility and its degradation by ruminal |

microorganisms has been indicated (Crooker et al.1978; Crawford et al.

"1978), but other factors are also involved (Nugent and Mangan 1981;

. Mahadevan et al. 1980).

Several studies (Forsberg et al. 1984; Wallace and Brammall 1985)

reported that most ruminal proteolytic activity is associated with

" bacteria. Removal'of protozoa reduced protein degradation (Chapter II).

This suggests that ruminal protozoa play a minor role in orotein

) . ’ . . | “



134

degradation compared togbacteria. However,'bacteria attached to- feed
particles as well as large bacteria may also have been removed by

’

'_centrifuging at 500 x g for 10 min.

Supplementation with non- protein nitrogen (NPN) 1£ generally
considered useful -only when it provides ammonia for use by ruminal
microorganisms ilage has been used as a carrier ‘for NPN in ruminant
diets Ammoniation (1ls, dry matter basis) of whole plant barley 511age
increased concentrations of lactic acid, total N and WIS-N in silage
(Chapter:V). These results are invagreement w1th other studies (Huber et .
al. 1980 Heinrichs and Conrad 1984 Johnson et al 1982 ‘Lomas and Fox
1982; Smith et'al, 1982) Equal feeding value of ammoniated barley
silagebbased diet (BS4A)Ato untreated silage supplemented with canola‘
meal (BS¥GM5 was observed using -dairy cows (Chapter V). Ammoniationgalso'
increased supplies of total N and microbial N to the fmall‘intestine
(Chapter‘V); Increased‘ruminaliammonia COncentrationlfrom cows fed BS-A
may be related ‘to increased VlS-N content arising from ammoniation.
Increased‘miCrobial prOtein supply to the small intestine hy ammoniation
fmay be in turn related to increased WlS-N contentvin‘barley silage.

Based on results of the present studies (Chapters 11 to Iv), it. is'
suggested that increasing ammonia concentration p051t1vely stlmulates
rumen microbial growth but increased microbial numbers .as influenced by -
increased ammonia concentration may not.affect ruminal degradation of
feedstuffs within the range. of ammonia concentratlon used in this study
-1t is also suggested that rum1na1 ammonia concentration is not the
primary factor regulating proteolytic act1v1ty of ruminal

‘ .
microorganisms Ruminal degradation of feed ingredients may primarily
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depend upon their physical and chemical properties father than on

ruminal conditions. Ammonia N is an economical alternative to p1ant

protein under conditions of these studies. A 4
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