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Abstract

QUANTIFICATION AND CHEMICAL COMPOSITION OF MIXED BACTERIA HARVESTED
FROM SOLID FRACTIONS OF RUMEN DIGESTA: EFFECTS OF DETACHMENT
PROCEDURE.

Four ewes were given two diets made up with two ratios of rolled barley grain and ammonia
treated straw (80/20, diet C and 20/80, diet R). The animals were fed twice a day. Two microbial
markers, purine bases (PB) and ^^N, were used as internal and external markers, respectively.
Ruminal bacteria from the liquid (LAB) and solid (SAB) fractions of digesta were harvested from
samples obtained at 1 and 6 h after feeding. Bacteria were separated from the particulate material by
cooling plus homogenisation (B), by applying tertiary butanol (TB) or methylcellulose (M), or by
changes of temperature (CHT). The most effective procedures to remove bacteria from the solid
phase were M and CHT treatments. CHT, however, showed the highest level of losses and the lowest
total recovery of the bacterial pellet. There were no differences between B and TB treatments in either
detaching efficiency or total recovery ratio of adherent bacteria. Ratio of recovery of detached
material as a bacterial pellet was 32.0, 32.2, 33.3 and 27.8% for B, TB, M and CHT treatments,
respectively. Diet did not interact with detaching efficiency of the experimental treatments although
concentration of total N (g/lOOg OM) and PB (umol/g OM) were higher in pellets obtained with diet
C (9.11 and 125) than with diet R (8.20 and 107), respectively (P <0.05). Postpandrial differences
were not significant. Bacterial samples extracted from the liquid phase contained significantly (P
<0.001) more total N (9.21 vs 8.51), PB (160.5 vs 104.3) and PB/N (1.73 vs 1.23 umol/mg) than
those samples extracted from the solid phase. There were no differences in the chemical composition
of the microbial sample after detachment by B, TB and M treatments but the bacterial extract
obtained after CHT treatment showed significant changes in PB, N content and PB/N ratio (P <0.01).

1. INTRODUCTION

The N-feed evaluation systems for ruminants are largely dependent on estimates of
rumen microbial protein synthesis and its contribution to the chyme. Rumen microbial
production is usually estimated by using either naturally occurring microbial markers
(diaminopimelic acid or nucleic acids) or isotopes (15N or 35S) incorporated during microbial
growth. The harvested bacteria must be representative of the ruminal population and the
marker: non-ammonia-N (NAN) ratio must be constant if these methods are to provide valid
data. Current methods frequently measure liquid-associated bacteria (LAB) and assume that
this easily-measured fraction is representative of all the microbes leaving the rumen.

Available information shows that solid-associated bacteria (SAB) are predominant in
the rumen contents [1,2] and probably in duodenal digesta [3]. However, if bacterial species
[4] and their chemical composition [5] are largely different between SAB and LAB, the
marker ratios of SAB must be taken into account.
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Different procedures have been described recently to detach pure SAB-extract from the
solid material in digesta. Physicochemical and mechanical treatments have been described [4-
6], but the recovery of the microbial population after detachment has not been reported, which
raises doubts about whether the purified microbial material is representative of the ruminal
population.

The aim of this study was to investigate the efficiency of removal of SAB from rumen
particles using several detachment procedures and to determine the total microbial recovery
and its chemical composition. A further objective was to analyse changes in these parameters
in relation to diet and time after feeding.

2. MATERIALS AND METHODS

2.1. Animals and diets

Four 3-year old non-lactating Manchega ewes (average body weight 45 ± 0.3 kg) fitted
with a permanent rumen cannula (10 cm, i.d.) fed on two different rations (80:20, diet R and
20:80, diet C) of 3% ammonia-treated barley straw and barley grain supplemented with 25
g/kg of casein were used in this experiment. The chemical composition of feeds is given in
Table I. Feeds were given daily in two equal meals at 9 and 17 h, restricted to 8 MJ of
metabolizable energy intake per day (1 kg fresh matter/day for diet R, and 0.75 kg fresh
matter/day for diet C) to ensure a rapid intake and to avoid feed refusals. Each diet was
offered in one experimental period to the four animals. Each experimental period consisted of
4 weeks of adaptation followed by one week of measurements.

TABLE I. CHEMICAL COMPOSITION OF FEEDS

Straw Barley

Dry matter (g/kg)
Organic matter (g/kg)
Crude protein (g/kg)
Neutral detergent fibre (g/kg)
Acid detergent fibre (g/kg)
Metabolizable energy (MJ/kg)
Purine bases (u,mol/g DM)
15N(% of total N)

DM basis

N-Ammonium sulphate (10 + at. % N, Isotec, OH, USA) was used as a microbial

marker (40 mg N/animal/d) diluted in distilled water and infused directly through the rumen
cannula by means of a peristaltic pump at a flow rate of 0.4 ml/min for 9 days.

2.2. Sample collection and isolation of microbial population

Samples were obtained on days 5, 7 and 9 of the isotope infusion. Rumen contents,
mostly liquid (600 ml), was sampled 1 and 6 h after the morning feeding from the ventral sac
by means of a manual vacuum pump. An additional 200 g of solid digesta were taken from the
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upper mat and added to the sample. Composite samples from the four animals obtained at
each time and collection day were pooled, and fluid and particulate material were obtained as
follows (Figure 1). The whole sample was squeezed through four layers of surgical gauze and
a 50 urn nylon filter to trap particulate matter. Solid residue obtained was re-suspended in two
times its weight of saline solution (0.85%, 39°C). After shaking, the suspension was filtered
again to obtain the solid phase (Residue 1). The washing solution was added to the strained
rumen fluid, constituting the liquid phase, (Filtrate 2) and liquid-associated bacteria (LAB)
were isolated from 600 ml of this rumen fluid by differential centrifugation (500 x g for 5 min
followed by two consecutive centrifugations of the supernatant fractions at 20 000 x g for 20
min at 4°C).

RUMEN .CONTENT (2.4 1)
Squeezing (four layers gauze + nylon 50 urn).

Residue

Gentle agitation with saline solution (.85%, 39 °C, 2ml/gr).
Squeezing (50 um).

• Filtrate + Filtrate 1

Residue 1
SOLID PHASE (800 gr)

t
Filtrate 2
LIQUID PHASE

T T T T
150 gr 150 gr 150 gr 150 gr
Treatments of detachment (\-4) (See Fig. 2)

Centrifugation
500 xg 5 min.
(600 ml)

Squeezing (50 um)

Supernatant

Residue
Rinsing with 300 ml saline solution.
Squeezing (50 um).

^"" Residue 2

it
Trreatments of detachment (1-3)

Filtrate Filtrate

Centrifugation 500 x g 5 min.

Centrifiigation 20000 x g 20 min., 4°C (x 2).

I I I

LAB LAB 1-3

Supernatant

X Centrifugation 20000 x g 20 min., 4 °C (x 2).

SAB

FIG. 1. Procedure to isolate solid associated bacteria (SAB) and liquid associated bacteria
(LAB) from rumen contents.
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To obtain the SAB, solid material was fractionated into four sub-samples (150 g) and
the following detachment procedures were used (Figure 2).

(a) Basal treatment (B): solid sample was diluted in 0.85% of saline solution (450 ml,
4°C) kept at 4°C for 24 h and homogenised six times for 30 s with a Waring Blender, based
on the method of Dehority and Grubb [6]. Cooling and homogenisation was considered as a
basal treatment and included in all the other treatments.

(b) Tertiary butanol (TB): basal treatment but including 1% of tertiary butanol in the
saline solution, based on the method of Whitehouse et al. [7].

(c) Methylcellulose (M): solid material was diluted in saline solution plus 0.1% of
methylcellulose at 39°C, shaking by hand for 5 min before B was applied (based on Minato
and Suto [8].

(d) Changing temperatures (CHT): after treatment B, the homogenised suspension was
heated in a 60°C water bath for 10 min, shaken vigorously and then cooled in an ice bath for
10 min. This procedure was repeated twice. Temperature inside the bottle never rose above
37°C.

SOLID PHASE

r
Saline 0.85%.
4°C.

Saline 0.85 %,
Tertiary butanol 1%
4°C.

Saline 0.85% Saline 0.85%.
Methylcellulose 0.1%. 4°C.
39°C.

Shaked by hand 5 min.

Stored for 24 h at 4°C.

Homogenised for 30 sec, six times.

60 °C water bath 10 min.
Shaked vigorously.
0°C water bathlO min..
(Two times)

t
B TB MC CHT

FIG.2. Detaching treatments used in removing solid associated bacteria from the solid phase.

After each treatment, the samples were strained through four layers of surgical gauze
plus 50 urn nylon filter. Particulate material was resuspended in saline solution (300 ml),
mixed, shaken and strained again, and the washing liquid added to the previous filtrate. The
volume of total filtrate and the weight of the particulate residues (Residue 2 in Figure 1) were
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recorded. The adherent population (SAB) was obtained from the filtrates by differential
centrifugation as described for LAB. Microbial pellets and particulate residues (Residues 1
and 2) were freeze-dried and their dry matter determined.

To determine whether the physicochemical or mechanical treatments had any effect on
bacterial composition, different LAB extracts were obtained after applying each of these
extracting treatments to 600 ml of centrifuged (500 x g for 5 min) liquid phase without
diluting with saline solution. The methylcellulose treatment was not checked because it was
impossible to dissolve in rumen liquid without modifying the treatment.

The last day of the collection period rumen fermentation was characterised. The pH
from the rumen fluid was recorded immediately before the morning feed and 4 h later.
Simultaneously, two subsamples were taken, acidified with HC1 (25 ml rumen fluid/25 ml 0.2
M HC1) or H3PO4 (4 ml rumen fluid/1 ml 0.5 M H3P04, 50 mM-3 methylvalerate) and stored at
-20°C until analysis for NH3-N and volatile fatty acids (VFA), respectively.

2.3. Analytical procedures and calculations

Dry matter (DM), organic matter (OM), Kjeldahl-N from Residue 1 and 2 (Figure 1)
and the different microbial extracts were measured using AOAC [9] procedures. Adenine and
guanine (purine bases, PB) were determined by HPLC according to Balcells et al. [10] with
the modification of Martin Orue et al. [11]. Prior to I5N analysis, ammonia-N from residues
samples was eliminated drying the samples at pH>10 [2]. The isotope enrichment of 15N was
determined by mass spectrophotometry (VG PRISM 11, IRMS hooked in series to a
DUMAS-style N analyser EA 1108). The VFA concentrations in deproteinised rumen fluid
were determined by GLC, following the method proposed by Jouany [12] and ammonia
concentration was determined by Kjeldhal procedure after direct distillation with sodium
tetraborate.

The proportion of detached microorganisms was calculated as the loss of purine bases
(umoles) or atoms in excess of I5N in the particulate residue after detachment.

The percentage detachment = {1-([DM Residue 2 x % marker in Residue 2]/[DM
Residue 1 x % marker in Residue 1])} x 100.

The percentage recovery from detached micro-organism = ([DM in microbial pellet x
% marker in microbial pellet])/([DM Residue 1 x % marker in Residue 1]-[DM Residue 2 x
% marker in Residue 2]) * 100.

The total recovery = ([% Recovery from detached] x [% of Detachment])/100.
The effectiveness of the different procedures for removing bacteria was determined

assuming that all the purine bases in the solid digesta were of bacterial origin. When 15N was
used as microbial marker, it was also assumed that the isotope enrichment in the original
material did not change throughout rumen fermentation or changes were negligible in relation
to microbial enrichment [13].

2.4. Statistical analyses

The experimental design was a complete block design in a split-plot arrangement of
treatments with three repeated measurements (days). Since animals were adult, non-lactating,
non-pregnant and feed-restricted and maintained in a controlled environment, the period effect
was assumed to be negligible. Diet and times post-feeding were the whole plot treatment and
were tested against their interaction as the error term. The detachment treatment was the sub-
plot treatment and was tested against the residual. The sums of squares were further
partitioned by orthogonal contrasts to analyse differences in detachment method. The contrast
were distributed as follows: Cl, basal (B) vs the others; C2, chemical (TB, M) vs physical
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treatments (CHT); C3, between chemicals TB vs M. To check the effect of detachment
treatment on cellular integrity, LAB was included in the analysis and contrasted against all the
different SAB obtained. All analysis were performed using SAS [14] statistical package.

3. RESULTS

3.1. Rumen fermentation variables

The rumen pH values were similar between diets before feed administration but the
decrease post-feeding was more pronounced with diet C (6.7 vs 5.3 for diet R and diet C,
respectively, P <0.05). Ammonia concentration was higher in diet C than in diet R (21.1 vs
15.4 mg N/100 ml) and increased for both diets due to time post-feeding (11.95 vs 24.58 mg
N/100 ml at 0 and 4 h, respectively). Diet did not affect total VFA concentration in the rumen
liquor but the concentration was higher (P <0.01) after 4 h than before feeding. This effect
was more pronounced with C (interaction of diet x sampling time P O.01). Concentration of
acetate was lower in diet C (P <0.01) and those of propionate and butyrate apparently higher
than in diet R.

3.2. Efficiency of detachment treatments for SAB removal and recovery of detached
microbes

Since rumen environment changes induced in this study by diet or time after feeding did
not modify either removal efficiency or marker recovery, only average values for each
detachment treatment and microbial marker are presented in Table II.

TABLE II. PERCENTAGES OF DETACHMENT, RECOVERY OF DETACHED AND TOTAL
RECOVERY OF MICROBIAL PURINES AND 15N FROM RUMEN PARTICLES AFTER
APPLYING DIFFERENT DETACHING TREATMENTS (DETACHING TREATMENTS AND
CALCULATION ARE DESCRIBED IN THE TEXT).

Detachment

treatments

B
TB
M
CHT

RSD
Cl
C2
C3

Detachment

Purines

60.7
59.5
66.2
71.1

7.20

**
*

15N

60.3
59.3
66.3
68.3

10.62
NS
NS
NS

Recovery

Purines

31.8
31.8
33.0
25.1

10.63
NS
NS
NS

of detached

15N

32.1
32.5
33.5
30.5

2.12
NS
NS
NS

Total recovery

Purines

18.8
18.7
21.3
17.3

5.39
NS
NS
NS

15N

19.4
19.2
22.0
20.9

0.69
NS
NS
**

B, basal treatment; TB, tertiary butanol; M, methyl cellulose; CHT, changes of temperature
Cl, C2, C3, orthogonal contrasts: C1:B vs TB, M and CHT; C2:TB and M vs CHT; C3:TB vs M
RSD, Residual Standard Deviation.
NS, not significant; *, P <0.05; **, PO.01
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Purine bases were removed from the solid digesta at 60.7, 59.5, 66.2 and 71.1% (RSD
7.20) whereas the isotope was at 60.3, 59.3, 66.3 and 68.3% (RSD 10.62) using B, TB, M and
CHT, respectively. No significant differences between estimations derived from both markers
were detected.

Orthogonal contrast analysis did not show significant differences in SAB removal
between treatments when 15N data were considered. However, in terms of purine bases, the
treatments TB, M and CHT further improved the SAB-removal (P <0.05) obtained by cooling
plus homogenisation (B). Changes of temperature (CHT) showed a higher level of SAB-
removal than TB plus M (P <0.01) and M higher than TB (P <0.05). No marked differences
were detected in the recovery of detached markers.

Total recovery ranged from 17 to 22% and was modified significantly by the
detachment treatment in I5N terms (P <0.05). CHT promoted the highest level of marker
dislodgement (71.1 and 68.3% for PB and I5N, respectively) but also the lowest level of
recovery of detached material (25.1 and 30.5 for PB and 15N, respectively). Hence total
recovery obtained with this treatment was similar (I5N and PB) to B or TB. The effect of M on
total recovery, using 15N as microbial marker, was reflected in the significance of differences
among B vs TB, M and CHT ( P <0.05) and M vs TB (P <0.01). Methylcellulose treatment
improved total recovery of SAB, although its effect did not reach statistical significance in PB
terms.

3.3. Chemical composition of microbial extracts

Table III presents the amounts of the different chemical constituents (OM, g/lOOg DM;
N, g/lOOg OM; PB, umol/g OM; PB/N, umol/mg; !5N, % of total N) found in LAB and SAB
extracts. No differences were detected between SAB and LAB (76.0 vs 74.0), although
microbial population isolated in animals fed concentrated diets apparently had a higher level
of OM than animals eating roughage (79.2 vs 72.0).

Total N concentrations (8.51 vs 9.21), PB (104 vs 161), PB/N (1.23 vs 1.73) were lower
in SAB than LAB extracts (P <0.001). Total N and PB content were lower in animals fed R
than C diets (8.20 vs 9.11 and 107 vs 125; P <0.05), although values for PB/N were not
affected by rumen environment. Nitrogen content in the bacterial extract tended to increase
with time after feeding but no change was detected in PB content or PB/N ratio. Isotope
enrichment of the microbial extract was significantly higher in LAB than in SAB (0.6299 vs
0.5834; P <0.05) although differences between diets did not reach statistical significance.
(0.6324 vs 0.5530).

No marked differences were observed in the chemical composition among bacteria
extracted by different detachment treatments. Although treatment of solid digesta with
changes of temperature (CHT) resulted in a bacterial pellet that showed a higher content of N
(CHT vs. M and TB; P <0.01), the effect was more pronounced in bacteria extracted in diet C
(interaction of treatment x diet, P <0.05) and PB content and PB/N-ratio were significantly
lower in this treatment (CHT vs. M and TB; P <0.01).

In order to determine whether the physico-chemical or mechanical treatments applied
had any effect on bacterial composition, comparisons were made between bacteria before and
after treatment. LAB was used for this purpose and bacteria from the centrifuged liquid phase
were harvested before and after treatment. Comparisons are presented in Table IV. Only the
treatment CHT seemed to have an adverse effect on PB and PB/N ratio, with lower values
than in untreated bacteria (150 and 1.56 vs 172 and 1.79, respectively).
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TABLE III. CHEMICAL COMPOSITION OF THE DIFFERENT BACTERIAL EXTRACTS OBTAINED FROM 4 EWES, 1 AND 6 HOURS AFTER FEEDING TWO
DIETS (LOW (R) AND HIGH (C) % OF CONCENTRATE), FROM THE RUMEN FLUID (LAB) OR FROM THE SOLID DIGESTA (SAB) AFTER APPLYING
DIFFERENT DETACHING TREATMENTS (DIETS AND DETACHING PROCEDURES ARE DESCRIBED IN THE TEXT).

Detaching
treatments

DietR
1 h 6h

DietC
1 h 6h E l E2 D T Cl C2 C3 C4

OM
(glOOgDM)

N
(g/lOOgOM)

PB
(nmol/g OM)

PB/N
(mmol/g)

15N

(%oftot. N)

LAB
SAB

LAB
SAB

LAB
SAB

LAB
SAB

LAB

SAB

B
TB
M
CHT

B
TB
M
CHT

B
TB
M
CHT

B
TB
M
CHT

B
TB
M
CHT

69.2
75.3
75.0
74.2
76.2

8.59
7.89
7.82
7.88
7.94

133
107
105
94
78

1.55
1.36
1.34
1.20
0.98

0.653

0.644
0.646
0.638
0.617

65.7
67.7
69.9
73.2
74.0

9.17
8.14
8.18
8.19
8.17

145
111
111
103
79

1.59
1.36
1.36
1.26
0.96

0.645

0.625
0.628
0.620
0.608

80.0
80.8
80.2
81.7
77.8

9.17
8.69
8.82
8.93
9.25

166
108
109
115
94

1.80
1.23
1.23
1.29
1.02

0.584

0.537
0.538
0.533
0.532

80.9
75.7
79.2
77.0
78.5

9.90
9.01
8.97
8.89
9.41

198
120
118
114
103

1.99
1.33
1.31
1.28
1.10

0.638

0.544
0.547
0.542
0.535

3.87 5.00

0.158 0.237

10.6 23.2

0.126 0.240

0.0349 0.009

NS NS NS NS NS NS

NS NS NS

NS NS NS

NS NS *** NS ** NS

NS NS *** NS NS NS

B, basal treatment; TB, tertiary butanol; M, methyl cellulose; CHT, changes of temperature; El, Residual Standard Deviation of Diet x Time as error term; E2, Residual
Standard Deviation of Residual error term; D, T, statistical significance of Diet and Time after feeding effect; Cl, C2, C3, orthogonal contrasts: Cl :LAB vs SAB; C2:B vs TB,
M and CHT; C3:TB and M vs CHT; C4:TB vs M; NS, not significant; *, P <0.05; **, P <0.01



TABLE IV. CHEMICAL COMPOSITION OF THE BACTERIAL FRACTION OBTAINED FROM
THE RUMEN LIQUID FROM 4 EWES FED TWO DIFFERENT DIETS (LOW (R) AND HIGH (C)
% OF CONCENTRATE), WITH AND WITHOUT APPLYING DIFFERENT DETACHING
TREATMENTS (DETACHING TREATMENTS ARE DESCRIBED IN THE TEXT).

N
(g/lOOgOM)

BP
(umol/g OM)

BP/N W
(umol/mg)

Treatment

Without treatment
B
TB
CHT

Without treatment
B
TB
CHT

Without treatment
B
TB
CHT

DietR

9.17
9.24
9.16
9.12

145
147
141
122

1.59
1.58
1.54
1.34

DietC

9.90
9.94
9.99
9.93

198
201
190
178

1.99
2.01
1.89
1.78

RSD

0.540

23.68

0.168

Diet

**

***

***

Treatment

NS

NS

NS

B, basal treatment; TB, tertiary butanol; M, methyl cellulose; CHT, changes of temperature
RSD, Residual Standard Deviation.
Diet, Treatment: Statistical significance of effect diet and effect treatment
NS, not significant; *, P <0.05; **, P <0.01

4. DISCUSSION

Microorganisms have many associations with solid material [15, 16] so, an ideal
protocol for dissociating the entire adherent fraction probably requires a combination of
several methods to detach the microbes without substantially modifying microbial integrity.
In the present work, the following treatments (or combinations of them) were studied:
cooling, vigorous agitation (homogenisation), abrupt changes of temperature and addition of
either methylcellulose or tertiary butanol. In order to evaluate the detachment efficiency of the
different physical and chemical methods, we considered one of them as a reference. Cooling
and homogenisation was used as the reference method that was applied to all the samples in
order to check the efficiency and the additive effects of the additional treatments.

Homogenisation and cooling have been shown to be a useful procedure to increase
removal of SAB from ruminal digesta by disrupting adherence or releasing the trapped
microorganisms [5, 17]. Dehority and Grubb [6] demonstrated that colony count increased
significantly as ruminal content was cooled from 0 to 8 h. They concluded that chilling may
alter cell-to-cell and cell-to-food particle attachments. Estimates of the removal of SAB, made
using purine bases or 15N, averaged 60%, a value similar to the 65% obtained by Merry and
Me Allan [5]. However, it was higher than the less-than-50% obtained by Legay-Carmier and
Bauchart [18] and Martin et al. [19]. Notably in all these cases DAP was used as a bacterial
marker, and since DAP is associated with the bacterial cell-wall, it is possible that some DAP
remained on feed particles if some cell lysis occurred during the detachment procedure.
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Alcohols have been used as detaching agents because of their ability to remove the
bacterial polysaccharide capsule [20]. Fletcher [21] reported decreases in bacterial attachment
as concentration of butanol increased from 0.2 to 2%, results that were recently confirmed by
Whitehouse et al. [7], who found that 1% tertiary butanol added to pH 2, Tween 80 and
methanol treatments increased removal of SAB from 61 to 66% using purine bases as a
microbial marker. However, the addition of 1.0% tertiary butanol to the basal treatment
(cooling plus homogenisation), in the present experiment, did not have any significant effect
on either PB or isotope removal. The use of alcohols as detaching agents is dependent on their
reaction with the lipid structure of the cellular membrane, breaking the non-covalent bonds in
the hydrophobic regions of lipids [22]. It may cause cell lysis in both attached and free-
floating bacteria and hence losses of cellular contents. If this effect is significant, then the
recovery of purine bases in the deposit after centrifugation would be much lower than the
values obtained with the basal treatment. Total recovery of purine bases was low (18.7%), but
not different than values obtained by simply cooling and homogenising (18.8% for PB). On
the other hand, if the losses of cellular content are consistent, then the chemical composition
of the bacterial pellet would be altered because of the disproportionality between the cell wall
and cytoplasmic content. This effect was not detected in the SAB extracts obtained with TB
compared with B, or when both treatments were applied over rumen liquid (LAB).

Methylcellulose inhibits adhesion and causes detachment of adherent bacteria [23, 24].
However it is not known whether this is due to binding inhibition, competitive binding [25] or
surfactant qualities [16]. Minato and Suto [8, 26] reported that bacteria attached to cellulose
powder at 38°C were eluted with an aqueous (0.15%) solution of methylcellulose. Whitehouse
et al. [7] reported an increase in bacterial removal from 62 to 83%, using purine bases as the
microbial marker, when methylcellulose (0.1%) was added to Tween 80 and methanol. Even
though the detachment level obtained in the present experiment was lower than that reported
by Whitehouse et al. [7], methylcellulose increased SAB-removal over cooling plus
homogenisation from 60 to 66%, as determined by both purine bases and 15N, supporting the
ability of the methods to detach bacteria described in previous reports. Methylcellulose allows
a high SAB-removal without apparently altering cell integrity (compared to cooling plus
homogenisation) as shown by the similar relationship of PB/N in the microbial pellet (Table
III) to that obtained after the basal treatment. Therefore, the total recovery of SAB in the
bacterial pellet after treatment with methylcellulose reached the highest value (21.3 and
22.0% in terms of PB and 15N).

Minato and Suto [26] suggested that adhesion can be decreased significantly by either
lowering the temperature to 4°C or by raising it above 38°C [16]. The mechanisms of this
response have not yet been established and no experimental data about this procedure are
available. Change of temperature was included as an experimental treatment and it has been
shown to increase removal of SAB to the same extent as methylcellulose. However, whereas
treatment M did not apparently have any additional effect on cell integrity compared with
treatment B, changes of temperature showed the lowest level of recovery of detached purine
bases. The fact that differences were more pronounced with PB as an intracytoplasmatic
marker, suggests a possible adverse effect on cell integrity. In addition, microbial pellet from
CHT treatment showed a significantly low PB/N ratio probably reflecting the different
compositions of the cell wall and cytoplasmic contents. These results indicate that the use of
CHT treatment with the aim of obtaining a representative pellet of bacteria associated to the
solid phase of the rumen content can not be recommended.

In this study, diet or time after feeding did not alter the dislodgement effect of the
experimental treatments. However, diet modified the chemical composition of the bacterial
extract. Total N content (g/lOOg OM) of bacteria associated with both phases of rumen
contents from sheep given diet C (9.11) was higher than with diet R (8.20). The effect of diet
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on N content is open to discussion. McAllan and Smith [27] reported that in mixed rumen
bacteria, the N content declined while carbohydrate content increased as the concentrate
content of the diet was increased. In other studies, however, diet did not affect the N content
of bacteria isolated from the liquid [28] or the solid phase [29]. Martin et al. [19] reported
changes only in N content of SAB. Probably it is difficult to correlate directly the N content
and the concentrate level [30] because these effects would respond to several factors such as
species differences (G + vs G -) [28] microbial growth rate [31] and effects of diet [27].

In relation to the effect of time after feeding on total N content, other authors have
reported that microbes (mainly from the liquid phase) can store polysaccharides rapidly after
feeding decreasing their protein content just after feeding [32]. We observed this trend in N
concentration of the bacterial extracts, which was lower at 1 h (8.50 g/lOOg OM) than at 6 h
(8.80 g/lOOg OM) after feeding.

Nucleic acid/N ratio has been reported as an index of RNA activity and bacterial growth
and RNA/N has been reported to increase during growth of pure cultures of ruminal [33] and
non-ruminal bacteria [34]. Susmel et al. [35] also demonstrated such variation in RNA
content in LAB with dry cows given a concentrate diet. However, this effect was not
confirmed by Arambel et al. [28] who found a decrease in RNA concentration in the
microbial extract with increasing levels of concentrate given to cattle. Our findings show an
increase in purine bases with diet C, particularly in LAB, which was higher than the increase
in N content, resulting in an increase in the ratio PB/N. On the other hand our results suggest a
trend (though not-significant) to increase PB content (umol/g OM) in SAB across time, from
1 h (101) to 6 h (107) after feeding.

Among bacterial samples extracted from the different phases, our findings confirm the
marked differences found in N and PB content and 15N enrichment of SAB compared with
LAB that have been extensively cited in literature. The higher content of LAB may reflect
different stages of growth and nutrition as well as changes in microbial composition of the
different ruminal populations [19, 28, 36-38].

Comparing bacterial samples extracted from solid material, no differences were detected
between those extracts obtained with the basal treatment and those obtained after alcohol or
methylcellulose treatment, and only changes of temperature gave an extract with a lower
content of PB and higher content of N and 15N enrichment as reported previously. Again, in
LAB untreated or after detachment treatment, only the CHT-pellet showed changes in
chemical composition confirming the adverse effect of such treatment on cell integrity.

Methods of estimating the efficiency of rumen microbial yield rely on marker
techniques and specially in N: marker ratio of rumen microbes. LAB has been the common
reference, but Nrmarker in SAB may differ with those values obtained in LAB and hence
SAB-contribution needs to be taken into account. However, the low recovery of particle-
associated PB or 15N raises doubts about the representativity of such extract with regard to the
total population of adherent microorganisms.

Effectively, total recovery as SAB-pure extract varied from 17.3 to 21.3% and from
19.2 to 20.9%, in PB and 15N terms respectively, indicating that a significant proportion was
lost during the process. Results also showed that this ratio was independent of the type of diet
and the time after feeding. Craig et al. [2, 32], using I5N as a microbial marker reported an
increasing recovery of the isotope in the microbial pellet from 32% at 1 h to 46% at 10 h after
feeding. Olubobokun et al. [29] using DAP as a bacterial marker recovered 32.9 and 34.0% of
the original microbes when rumen was sampled 2 h after feeding, although the ratio increased
to 50.3 and 54.0% 23 h later for a concentrate and alfalfa hay diets, respectively. This low
recovery of microbial marker in the pellet result from protozoal and bacterial aggregate losses
during the first centrifugation (500 x g for 5 min) or an incomplete precipitation of the
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detached bacteria, although processes of bacterial lysis due to physical treatment, aeration or
other manipulations can not be excluded.

The variability reported in the recovery of adherent micro-organism may be partially
attributable to differences in the original solid material and/or the extraction procedure, but in
any case the main fraction of the detached microbial material was lost throughout the
experimental procedure.

In summary, results of this study and other workers indicate that existing procedures
render only a small fraction of the total adherent population. It is easy to assume that the
effect of the whole isolation process had a different effect on bacterial species and therefore
SAB-pure extract would not fully represent the adherent population.
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