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Abstract

The objective of this study was to examine theafté microbial contamination of the incubationideg on the

in situ nitrogen degradability of Italian ryegrass. Micrabnitrogen in the bag residues was estimated by th
feed °N dilution procedure, and the incorporation of féad into the adherent bacteria was assessed after
isolating a bacterial pellet and determining'fs enrichment. Isotopically labelled Italian ryegsg$ertilized
with *®NH,**NOs) was harvested either in spring (early cut) osimmer (late cut). Forages were incubated in
the rumen of two steers for 6, 24 and 48 h. Th@qutton of microbial N per unit of total N in thead residue
increased with incubation time, ranging from 18858 mg microbial N/g total N at 6 and 48h, resjvety. °N
enrichment in the bacterial pellet was highestradth of incubation (3.6 mgN/g N) and then declined steadily
(0.8md°N/gN in 48-h residues). MicrobiafN represented up to 0.422 g/g tota in the bag residue, but the
incorporation of feed™N into bacterial N did not account for more than Bi/g N incubated, this
incorporation rate decreasing progressively wittubation time. Correction of apparent N disappezedior
microbial N resulted in higher values of N degratitgh especially for the late cut grass. A furthawrrection
considering the amount of microbigN had little effect on the estimation of correctédiegradability values.
Therefore, some of the feddN is incorporated into bacterial N, but this fractihas a minor effect on the
estimation of total microbial N in the bag residyethe feed®N dilution approach, and hence on the estimation
of corrected degradability values.

Abbreviations:

ADF, acid detergent fibrel,, N disappearance corrected for microbial contamimatD.., N disappearance

corrected for the microbial contamination and fe amount of°N of microbial origin; EC, early cut grass; LC,
late cut grass; NDF, neutral detergent filiMg;nitrogen incubated in the baly;, nitrogen remaining in the bag

residue after incubatiorly,,, microbial nitrogen in the bad\s.s hitrogen in solid-associated bacteria; SAB,
solid-associated bacteria

K eywords: Microbial contamination**N excess!N incorporation; N degradability

1. Introduction

Thein situ polyester bag technique is a method adopted by progtin evaluation systems to assess the protein
degradability of feedstuffs in the rumen. Severathondological factors affect considerably this teghe, and
contribute to variability across studies (Beeved aBottrill, 1994). Microbial contamination of resigls
remaining in the bags after incubation in the rurapd subsequent rinsing and washing may be orfeeahbst
influential factors, especially when the technidgsi@ised to estimate protein degradability of fomafjéarvikko
and Lindberg, 1985; Wanderley et al., 1999; Dixarmd aChanchai, 2000). Protein degradability may be
underestimated because part of the considered tamttedy nitrogen is of microbial origin. The exterft o
microbial contamination may be variable dependingaonumber of factors, such as incubation timee typ
feedstuff incubated and marker used for the idieatibn of microbial and feed nitrogen fractionsa¢vikko and
Lindberg, 1985; Beckers et al., 1995\ can be used as a suitable and reliable markiereio label feed
protein (Varvikko and Lindberg, 1985; Wanderleyakt 1999) or, more frequently, amino acids syritegsde
novo by ruminai microorganisms and incorporated ite microbial protein (Beckers et al., 1995; Dixand
Chanchai, 2000). The technique based on f&dlilution following incubation in the rumen of lalted feed
takes into account all the microorganisms attadiethe feed particles remaining in the nylon bag] anay
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result in accurate and reliable estimations of ab@l N in the incubation residues. In this tecluaigt is
assumed that all tHéN measured in the bag residue is only of feed nrighereas, if present, any microbia
would be negligible (Varvikko and Lindberg, 1985awWderley et al., 1999). However, it seems reasentbl
think that attached microorganisms may incorposatae of the feetPN into their own amino acids. The aim of
this study was to assess th# incorporation into microbial protein of solid-assated bacteria (SAB),
examining how this fraction may affect the estimatof the extent of microbial contamination in theubation
residues.

2. Material and methods
2.1. Forages anéN labelling

A sward of Italian ryegras.¢lium multiflorumLam.) was established in October on a Z(ptot. In December,
the plot was fertilized at a rate 80 N units (kgHd) with a mixture (50:50; w/w) ofNH,*NO; (atoms 5%
excess) and NfNO; (spreading a mixture containing 240 g of eachilifest over the 20 plot). The
application of°N labelled fertilizer allowed for the incorporatiofi this stable isotope into the herbage proteins.
The plot was divided in two equal subplots, and ohghem was harvested in March at an early stedge o
maturity (early cut, EC), whereas the herbage fthenother subplot was collected in June (late icG). The
sward was cut by hand using scissors at a heiglpfoximately 5 cm. Herbage samples were freezg-dind
ground through a 1-mm screen.

2.2. In situ procedures and isolation of bactepallet from incubation residues

To determine N degradability of forage in the rumeerbage samples were incubated in the rumenméteers
(fitted with ruminai cannula of 150 mm i.d. and gleing approximately 1000 kg) according to the mdtho
described by @rskov and McDonald (1979). Each ahinzes fed a mixed diet containing (per kg) 666 g of
meadow hay and 333 g of a concentrate mixture stingiof 400 g beet pulp, 300 g barley, 150 g giuted,
120 g soybean meal and 30 g minerals per kg corateniAverage daily dry matter intake was 70 g/ky°B>,
and the diet was supplied daily in two equal maa38:00 and 15:00.

The bags (100 mm x 150 mm) were made of precisytonrcloth with a pore size of 42.5 um. Bags cargdi5
g of freeze-dried matter and were attached to a RME connected to the stopper of each cannuléshyife.
The bags were incubated in the rumen for 6,24 &nll. &ixteen bags were incubated for each feedafttCL.C
herbage), animal and incubation time (for a tofal®2 bags =16 bags x 2 feeds x 2 animals x 3 o
times = 192). After incubation, all the bags wereniediately rinsed under cold tap water and thesivashing
machine (3 rinses of 5 min in cold water). Residuatter of two bags (weighed after freeze-dryingswsed to
determine dry matter disappearance. Then, resinfuesth bags were pooled (one incubation residugptaper
forage, animal and incubation time), milled througi mm screen and analyzed for N amd (N, and N,
respectively). On the other hand, after rinsing avabhing, the contents of the other 14 bags wepeadni
thoroughly and used to obtain a microbial pelleS8B. The residual matter thus obtained was homisgdrby
crushing and stirring in a Stomacher blender foniii to detach bacteria from digesta particles. ifiteration
and differential centrifugation, a pellet of ba@edetached from solid particles was obtained atingrto the
method described by Legay-Carmier and Bauchart Q198his pellet was freeze-dried and analyzed to
determine its total N andN (**Ns,) contents.

2.3. Chemical analyses

Chemical composition was determined in forage sampDry matter (method ID 934.01), ash (method ID
942.05), crude protein (method ID 984.13) and aistergent fibre (ADF, method ID 973.18) contentsene
determined following the methods of AOAC (1999).unel detergent fibre (NDF) was determined using th
procedure of Van Soest et al. (1991), using sodiulphite, but noti-amylase, in the neutral detergent solution.
Both NDF and ADF were expressed inclusive of reglicish. Chemical composition of both forages isnghm
Table 1.

Forage samples (early- and late-cut ryegrass$jtu bag residues and SAB pellets were analyzed to measu
isotopic ratio N enrichment) by mass spectrometry (VG SIRA 12, Ukljowing the determination of
nitrogen as described by Bremner (1965). ¢ excess was calculated assuming a natural abuadafnc
0.3663 at.% (3.663 mgN/gN). To verify the®N uniformity in the various nitrogenous fractiorfstoe forage,
5N excess was determined not only in feed N, bui @isthe soluble and insoluble nitrogenous fractioN
solubility was determined after soaking the sanffide Ih and under continuous agitation) in a buffetution
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(containing NaHPQ,-12H,0, NaHCQ, NaCl and KCI), according to the procedure desctiby Vérité and
Demarquilly (1978).

Table 1. Chemical composition and N enrichment of differ@trtbgenous fractions of early and late cut labdll
Italian ryegrass

Forages ‘Italian ryegrass, early cut Italian ryegrass, late cut
Chemical composition (g/kg dry matter)
Organic matter 912 934
Crude protein 138 88
Neutral detergent fibre 447 467
Acid detergent fibre 244 262
N excess in forage samples (fitg/g N)
Total N 10.7 9.7
Soluble N 10.6 9.7
Insoluble N 10.7 9.7

2.4. Calculations

The proportion of microbial N in the total N deténed in the nylon bag residuel,{ mg microbial N/g total
residual N) was estimated according to the foraedilution procedure (Varvikko and Lindberg, 1988, =

(1 - (°NJ/*N))) x 1000, wheré®N,and*® N; are the™N enrichments (m§N/g total N) in the bag residues and in
the incubated feed, respectively. In this procedui® assumed that contribution BN from feed to adhering
microbes is probably insignificant.

The amount of*N of microbial origin Ny, mg microbial®N/g total residual N) present in the bag residues
was estimated fronN,, and ®N enrichment of the SAB pellef®Ns,,, mg *N/g total N) as'™®Ny, = ®Ngag ¥
(Np/(1000 -**N,q)). The proportion of°N of microbial origin (mg microbial°N/g total residuaf®N) was
calculated a&®N,/*°N,.

The incorporation rate of dietafyN into SAB (Inc, mg microbiat®N/g incubated feed®N) was calculated as
Inc = (N; x ®°Ny)/(N; x °N;) x 1000, where\, andN; are the amounts (g) of nitrogen remaining in thgsbafter
incubation and initially incubated, respectively.

The apparent N disappearance from the bBgs,(mg N degraded/g N incubated) at each incubatioa was
calculated fromN; andN; asDap, = ((Ni - Np)/N;) x 1000. N disappearance corrected for microlsakamination
(Do) was calculated subtracting the amount of micrakifrom the residual ND. = ([N; - N,(1 - N,/1000)]N; )
x 1000. In a further correction for microbial camiaation D) the amount of°N of microbial origin was taken
into accountD* = ([N, - NI - (N + **N;;)/2000)]N;) x 1000.

2.5. Statistical analyses

Data were examined by analysis of variance usieggémeral linear model (GLM) procedure of SAS (999
with herbage maturity stage (early- or late-cuigrgas) and incubation time (6, 24 or 48 h) as thenreources
of variation (Steel and Torrie, 1980). Effects oitrabial contamination and dietafyN incorporation on the
nitrogen degradability were assessed from the réiffees (error) between apparent and corrected pisagnce
values. Significance of the differences betweenasgmt and corrected values for each forage andoatmn
time was established from a Studetést (Steel and Torrie, 1980).
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3. Results and discussion
3.1. Incorporation of dietary"N into microbial proteins

>N was uniformly distributed into soluble and inddki nitrogenous fractions of each forage (Table 1).
Therefore, it can be assumed that incorporatiodiethry >N into SAB proteins would not be affected if the N
used by the bacteria is taken from either the $elabthe insoluble nitrogenous fractions.

In pellets isolated from bag residuals of both e *°N enrichment of SAB increased very quickly durihg t
first hours of ruminai incubation to reach a peakue and then decreased steadily (Table 2). Irruhenai-
digesta, feed particles are progressively colonibgdbacteria that degrade feed proteins and imrtedgia
incorporate ammonia and amino acids, hence becomangasingly enriched witfPN. Average disappearance
of °N is faster than that of total N (Varvikko and Liretg, 1985). Inside the bags, ruminai bacteria daosk in
first instance the N of the feed contained in thg,but afterwards bacteria need to use ammorgaated from
the degradation of dietary proteins. This ammosianlabelled, explaining the progressive declinkit{dn) in
5N enrichment observed in SAB pellets as incubatiom is increased. This decline was faster with E@
ryegrass, probably due to its higher N degradaghalitearly incubation times (6h).

The proportion of°N of microbial origin (from SAB) in the total residl N was always lower than 1.2 g/kg,
with no differences between both forages (TableTB)s proportion was lower after 48 h of incubatihan at
earlier incubation times. However, when expressedraportion of the totdPN enrichment of the bag residue,
microbial >N represented between 70 and 420 g/kg, and thjsopion was increased with incubation time in
both forages. As a result, estimates of f&®dincorporation into SAB showed values of up todiKg, with
higher values for LC than for EC ryegrass (P=0.020)d with a decreasing trend in the rate of f&&d
incorporation as incubation time was extended (B32). (Table 2 and Fig. 1), in agreement with thggsstion
that at early incubation times uptake of N by micganisms is mostly from the degradation of feeotgins
contained inside the bag. However, after thisahistage ruminai microorganisms use ammonia ofuh@nai
environment as a major source of nitrogen to satiefir needs.

The proportion of the ammonia nitrogen incorporated bacterial cells may be highly variable, ranggfrom
300 to 800 g ammonia N/kg total bacterial nitro¢®alter et al., 1979; Wallace et al., 1999). Osults indicate
even a higher rate of incorporation of ammonia-t¢ imicrobial protein, assuming the incorporatiote raf *°N
represents the direct incorporation of feed N. Hemwethe incorporation of feedN represents just the rate of
direct incorporation of N from feed N containedtlie bag, whereas SAB attached to the residue |egrticay
also incorporate N compounds derived from degradaif proteins supplied by the diet ingested byathienals.

Table 2. **N enrichment of solid-associated bacteria isolatenn incubation residues, and estimation of the
extent of microbial contamination in the residuesl af **N incorporation from labelled forage to microbial
nitrogen

Forages Incubation time, h N2 BNeag’ N.C BN,d BN, /PN, ° Inc’
Early cut 6 67.0 3.88 184 0.65 72 25.3
24 78.6 1.59 706 1.10 350 17.8

48 74.4 0.76 853 0.65 422 5.7

Late cut 6 76.4 3.21 367 1.15 183 57.0
24 80.3 1.66 674 1.10 343 21.7

48 78.2 0.86 795 0.70 333 13.1

RS 3.75 0.741 86.5 0.176 86.9 8.62
Forage effects|P value 0.052 0.704 0.550 0.108 0.925 0.020
Time effects |P value 0.054 0.002 <0.001 0.027 0.007 0.002

#N,= N content in microbial pellet (mg microbial N/gydnatter of pellet).

b 15Nsas= °N excess in solid-associated bacteriafivify N).

° N, = proportion of microbial N in incubation resid(rag microbial N/g total residual N).
415N, = proportion of**N of microbial origin (mg microbial®™N/g total residual N).

¢ 15N/**N; = mg microbiaf®N/g total**N in residue.

fInc = incorporation rate of dietal§N into SAB (mg microbial®N/g incubated feetN).

9 RSD = residual standard deviation (residual degoééreedom = 8).
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Fig. 1. N incorporation rate into solid-associated bacteiia the residual particles from the orig ifa\
labelled Italian ryegrass (early cub) and late cut¢)).

For the synthesis of microbial protein, not onlyraomia N is used, amino acids and small peptides beay
directly incorporated into bacterial proteins (Vdak et al., 1999), especially at initial stagedeofentation.
SAB are mainly cellulolytic bacteria that grow aslaw rate and thus incorporate almost exclusiegtynonia
nitrogen (Wallace et al., 1999), although some aomonia N may be directly incorporated, albeit tenzall
extent, at short incubation times. Microorganisrigesting low N forages are much more dependentuaren
ammonia as N substrate than those digesting hifdgrdges (Dixon and Chanchai, 2000). As degradatos of
feed proteins is faster (as with EC ryegrass) ctlircorporation of feed N into microbial protesrestricted to
a shorter time after feeding, explaining why at 6ffincubation incorporation of feddN into microbial N was
double with LC compared with EC ryegrass.

3.2. Extent of microbial contamination and effect on protein degradability

The extent of microbial contamination in nylon bagsidues estimated by fe&WN dilution was high even at
early incubation times (Table 2). Microbial N asportion of total residual N ranged between 180 &51@ig/kg,
depending upon incubation time and forage incubdthi$ content was increased at longer incubatimeg. On
the other hand, at short incubation times (6 h)rohial N in the bag residue was higher in LC tharEC
ryegrass (364ersus184 g/kg, respectively), whereas after 48 h of lradion, residues from EC ryegrass
showed a higher contamination with microbial N (888sus795 g/kg for EC and LC ryegrass, respectively).

Table 3. In situ nitrogen disappearance from nylon bagpaent (D, and corrected values for the microbial
contamination without () or with (D*) considering the microbial*®N, and errors associated (relative
differences between apparent and corrected values)

Forages Incubation time, h Dapp D, De Error? Error,’
Early cut 6 565 647 648 15.1 15.2
24 830 949 950 145 14.6
48 905 986 986 9.0 9.0
Late cut 6 497 684 685 38.0 38.2
24 805 937 937 16.4 16.5
48 808 961 961 19.0 19.0
RSD” 36.6 23.0 23.0 9.00 9.03
Forage effects |P value 0.017 0.976 0.986 0.055 0.056
Time effects P value <0.001 <0.001 <0.001 0.159 0.157

Error;= 100[1 - (Qp¢DJ)].
PError,’= 100[l-(DapdDe+)].-
¢ RSD = residual standard deviation (residual degoééreedom = 8).
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The extent of microbial contamination of the bagidaes and its effects on forage nitrogen degréitiakiere
similar to those observed by other authors (Olukaboet al., 1990; Dixon and Chanchai, 2000). Gitrenhigh
extent of microbial contamination of the bag resw&lucorrection of apparent N disappearance forahniat N
estimated by feed’N dilution resulted in higher values of N degradiabiDifferences between apparent and
corrected values were larger with LC than with B€grass, confirming previous observations indigatimat
microbial contamination of the bag residues is gneas the nitrogen content of the feed incubaselbwer
(Varvikko and Lindberg, 1985; Beckers et al., 19@8xon and Chanchai, 2000). In spite of the apparen
important proportion of microbial’N in total >N determined in the bag residue, the quantity efdfeN
incorporated into bacterial cells did not affect tissessment of the contamination values baseleofortage
5N dilution (Table 3). This result confirms the asgion suggested by some authors concerning thiargiéN
incorporation phenomenon, in that microb@ represents a small proportion of the total mi@bhl estimated
by feed™N dilution (Varvikko and Lindberg, 1985; Wanderletal., 1999).

4. Conclusion

In situ N disappearances require a correction for microbtadtamination for a more accurate estimation of
forage protein degradability in the rumen. Whenrotial N is estimated using the fe& dilution technique
there is some incorporation of fe&#l into microbial cells, although this had been assd non-existent by the
authors designing the method. Nevertheless, thisrporation has a negligible effect on the estiomatf total
microbial N, and it may be not necessary for theemion to improve the accuracy of the estimatibforage N
degradability.
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