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Technical report

Purine quantification in digesta from ruminants by spectrophotometric
and HPLC methods
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The method of Zinn & Owens (198&anadian Journal of Animal Sciené®, 157—-166), based

on release of purine bases by HGlf@llowed by their precipitation with AQN@ was used to

study recovery of purines from lyophilized rumen microbialEscherichia colipreparations

added to matrices such as cellulose, starch and neutral-detergent fibre. The recovery of purines
was poor (approximately 50 %). Under the hydrolysis conditionsvtHBCIO,, 90-95 for 1 h)

used in the method of Zinn & Owens (1986), the recovery of purines from the rumen microbial
preparations added to matrices measured using an HPLC method was 95—-102 %, suggesting that
the lower recovery of purines in the method of Zinn & Owens (1986) was not due to incomplete
hydrolysis of nucleic acids. Using the HPLC method, adenine and allopurinol (an internal
standard) were found to be heat-labile as substantial destruction was observed on heatihg at 121
On the other hand, another commonly used internal standard, caffeine, was stablé @& 121
complete hydrolysis of nucleic acids from the rumen microbial preparation was observed with
2B ml 0BM-HCIO, in a total volume of 3ml (BM-HCIO, during hydrolysis) at 90—9For 1 h,

and under these conditions adenine, guanine, allopurinol and caffeine were stable. Moreover,
under these milder hydrolysis conditions, the recovery of purine bases from the rumen microbial
or E. coli preparations added to matrices ranged from 92 to 108 % using the method of Zinn &
Owens (1986). Based on the results, changes in hydrolysis conditions have been proposed for
accurate determination of purine bases using spectrophotometric or HPLC methods.

Purine bases: Micro-organisms: HPLC method: Spectrophotometry

The rapid degradation of dietary nucleic acids in the rumen when it was hydrolysed alone or together with casein, maize
(McAllan & Smith, 1973) has led to the wide use of nucleic starch or Solka floc (cellulose) (Zinn & Owens, 1986).
acids or their constituent purine or pyrimidine bases as However, studies on the recovery of purines from the
markers for determination of microbial protein synthesis isolated rumen microbial fraction added to matrices such
in the rumen. The method of Zinn & Owens (1986) for as cellulose, NDF and starch using the method of Zinn &
quantification of purines has been used by several workersOwens (1986) are lacking. The HPLC method of Balcetls
because it is simple and inexpensive. The present studyal. (1992) was also used to monitor adenine and guanine
originated from ourin vitro rumen fermentation studies released in the recovery studies. The stability of adenine,
wherein we were interested in measuring microbial mass asguanine and internal standards such as allopurinol and caf-
a function of incubation time from substrates such as cell- feine to heat is also reported.

ulose, isolated neutral-detergent fibre (NDF) and starch. A

prerequisite for using the method was to study the recovery

of purine bases from a lyophilized rumen microbial pre- Materials and methods

paration when present as a mixture with other organic ; . ; ; ;
material. Ushidaet al, (1985) have shown good recovery Preparation of lyophilized rumen microbial fraction

of added purine bases and of the purine bases in yeast RNAAbout 1 litre of rumen contents was collected 2 h after the
added to bacterial samples using the method of Zinn & Owensmorning feed from a cow fed on a roughage-based diet. The
(1982). Similarly, recovery from yeast RNA average®3% material was passed through two layers of muslin cloth and

Abbreviation: NDF, neutral-detergent fibre.
* Corresponding author: Dr H. P. S. Makkar, faxt+ 49 711 459 3702, email makkar@uni-hohenheim.de
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then kept at Zfor 30 min in a CQ-flushed cylinder of 1 litre read at 260 nm after 1:10 dilution of the supernatant frac-
capacity. Rumen fluid devoid of heavy and light particles tion. Without adjustment of the pH (which was generally
was separated by pipetting from the cylinder the fraction 1) to between 2 and 3 before addition of the AgNO
between the heavy particles which settle down and the light solution, the recovery of purine bases from yeast RNA
particles which float on the top. This method for collection (Sigma, Steinheim, Germany) was lower (80—909894—

of rumen fluid was essentially adapted from Yang & Russell 99 %), suggesting the importance of the pH-adjustment step
(1992). Several portions (each 35 ml) of this fluid were cen- in obtaining satisfactory recoveries. Addition of the AgNO
trifuged at about 20 00§ for 20 min at 4. The pellets were  solution did not change the pH. Hydrolysis of the lyophil-
washed with distilled water followed by centrifugation ized microbial preparation alone or mixed with the matrices
(20 000g for 20 min). This washing step was repeated two was also conducted using32nl 06 or 20M-HCIO,4, and
more times. The pellets were lyophilized and pooled. Sub- before addition of the AgN@reagent the pH was adjusted
samples from one rumen sample were used for all assaysto 2(7. The pH values before the adjustment wedeehd Z7
The N content of this fraction was 77 g/kg, which is in close respectively. HPO, was used for adjustment of pH td72

agreement with that reported by @rskov (1982). when @8 M-HCIO,4 was used.
Preparation of neutral-detergent fibre HPLC method for determination of adenine and guanine
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NDF was prepared from hay using the procedure of Van The method was essentially according to Balceitsal.
Soestet al. (1991). The NDF was exhaustively washed with (1992). The HPLC equipment used consisted of a Merck
distilled water (about BB litres per crucible containing 300—  Hitachi L-7100 HPLC pump, an L-7450 photo diode array
400 mg NDF) to remove sodium dodecylsulfate. detector, an L-7200 autosampler, a D-700 interphase module
and an LC organizer. The analytical column was reverse
phase C18 (LiChrospher 100, endcappedrd 250x 4 mm

i.d. (Lichrocart; Merck, Darmstadt, Germany) protected by
Hay (500 mg) was incubated in @amvitro rumen fermenta-  a guard column containing the material as in the main column.
tion system (Makkaet al. 1995). After 24 h fermentation,  The solvents used were: (A) 10mrNH 4H,PO, adjusted to
the contents were centrifuged at 20 @@r 30 min and the pH6 with 286M-NH,OH, and (B) acetonitrile (150 ml)
supernatant fraction was discarded. The pellet was washedadded to 600 ml 18 mm-NH4H,PO, and the pH adjusted
with distilled water followed by centrifugation (20 0@Gor to 6 with 286M-NH 4OH. All solvents were filtered through
30min). The pellet, consisting of undigested substrate anda 045 um filter and degassed by ultrasonication and appli-
microbial mass, was lyophilized. The lyophilized residue cation of vacuum. The gradient used was a 30 min linear
has been termed ‘apparent undigested residue’. Sub-samplegradient from 0 to 100 % solvent B. After 40 min, solvent A
from this one preparation were used for all assays. was increased to 100% in the following 5min and the
column was equilibrated to the starting condition (100 %
A) in the next 15min before injecting the next sample.
Separation was performed at room temperature (approxi-
The method of Zinn & Owens (1986) was used. In brief, the mately 22) and the flow rate was@®ml/min. The effluent
lyophilized microbial fraction (25—75mg) alone or mixed was monitored at 254 nm with a full scale deflection set at
with cellulose, NDF, starch or apparent undigested residue 02 absorbance. Guanine and adenine appeared at about 11
(75-200 mg) was placed into a 25 ml screw-cap tube andand 155 min respectively. Allopurinol and caffeine were
28 ml 12M-HCIO, was added. The mixture was incubated used as internal standards and appeared at abditahd

in a water bath at 90—95%or 1 h or was autoclaved at 121 2938 min respectively.

for 2 h. After cooling, T8 ml 283 mm-NH4H,PO, was added Recovery of purines from the microbial fraction in the
and the tube was returned to the water bath (90)-f5 presence of matrices using the HPLC methodhe lyophil-

15 min. After cooling, the contents were centrifuged at 300 ized microbial fraction (50 mg) alone or mixed with cellulose,
for 10 min. A portion (@5 ml) of the supernatant fraction NDF or starch (200 mg each) or apparent undigested residue
was added to® ml 02M-NH4H,PO, and then the pHwas  (75mg) was placed into a 25 ml screw-cap tube afich#l
adjusted to between 2 and 3 (generally tB)2ising 10m- 12M-HCIO, was added. The mixture was incubated in a
NaOH. After the pH adjustment,Zb ml AgNO; (04 M) water bath at 90—95or 1 h or was autoclaved at 12for

was added and the mixture was kept overnight°’ah3he 2 h. After cooling, the pH was adjusted to betweéeh &nd
dark. The contents were centrifuged at about 12¢@@dr 60 with KOH (approximately 81) and then the volume was

10 min and the supernatant fraction was discarded. Care wasadjusted to 10 ml with buffer A of the HPLC system. A
taken not to disturb the pellet. The pellet was washed with portion (15ul) was injected into the HPLC after centrifuga-
4B ml distilled water adjusted to pH®R (with H,SOy) tion (3000g) and filtration (45.m).

followed by centrifugation. The pellet was suspended in  Recovery of adenine, guanine and allopurinol, subjected
5 ml 0B M-HCI, vortex-mixed thoroughly and transferred to to different heat treatments, using the HPLC methotihe

the 90-98 water-bath for 30 min after covering the tube recovery was studied when the substances were present as
with a marble. The tubes were centrifuged at about 12000 solution in water and in perchloric acid. For the solution in
for 10 min and absorbance of the supernatant fraction waswater the following method was used. T@&@ml of a
recorded at 260 nm against3&-HCI. For studies with solution of adenine + guanine + allopurinol (100@ each)
RNA used in the range of 25-75mg, the absorbance wasin distilled water was added &ml distilled water. This

Preparation of apparent undigested residue

Spectrophotometric method for determination of purines
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solution was distributed into five aliquots of 10 ml each and Results
subjected to heat treatments (90=%& 60 min; 122 for
30min; 122 for 60 min and 121 for 120 min). A portion
(50ul) was injected into the HPLC. For the solution in
perchloric acid, the following method was used. TBOmMI
of a solution of adenine +guanine + allopurinol (1GQ@
each) in distilled water was adde®nl 0BM-HCIO,. This
was subjected to the heat treatments described earlier fo
solution in water. After the heat treatment, the pH was
adjusted to between® and 9 with KOH (approximately
8M) and the volume was made up to 10 ml with buffer A of
the HPLC system. A portion (50) was injected into the
HPLC after centrifugation (300§) and filtration (45.m).
Standard procedure for sample hydrolysisThe proce-
dure which resulted from this study and is suggested for
purine analysis is as follows. Weigh 25—-100 mg sample into
a 25ml screw-cap tube and ad@® &l 0BM-HCIO, and
0B ml of an internal standard (3wnallopurinol or 8 M-
caffeine). Incubate the mixture in a water bath at 9066
1 h. After cooling, add B ml buffer A of the HPLC system,
adjust the pH to between® and using concentrated
KOH (approximately 81) and centrifuge (300§) to remove
the precipitate formed. Filter through &6 pum filter and
inject an appropriate volume (15-p0 into the HPLC.

Table 1 shows recovery of purine bases from the rumen
microbial preparation when added to matrices such as cell-
ulose, NDF or starch, using the method of Zinn & Owens
(1986). The recovery was approximately 50%. Similar
results were obtained when apparent undegraded residue
r(undigested hay + microbial mass) was added to the rumen
microbial preparation or wheBscherichia coliK-12 (lyo-
philized) was added to cellulose (Table 1). The possibility of
incomplete hydrolysis of nucleic acids in the rumen micro-
bial preparation, under the conditions of the assaym12
HCIO, and 90-95for 1 h), when present together with the
matrices was considered. Therefore, a drastic heat treatment
(122 for 2 h) was used in the next experiment. Under these
conditions as well, the recovery of purine bases was very
low (Table 1). Absorbance at 260 nm was higher when the
microbial preparation was hydrolysed at 12ar 2 h com-
pared with 90—95for 1 h. Under both these heat treatment
conditions, the relationship between absorbance and amount
of the microbial preparation was linear (Table 1).

The recovery of purines from yeast RNA added to cell-
ulose, NDF or starch when hydrolysed at 90=8& 1h
using 12v-HCIO, was 92—-98 % (results not shown). These
results are similar to those of Zinn & Owens (1986).

On hydrolysis of the rumen microbial preparation at 90—
95° for 1 h using @, 2 or 12u-HCIO,, the absorbance at
260 nm using the method of Zinn & Owens (1986) was
The results are expressed as means and standard deviationstatistically similar for M and 2v while the absorbance
The difference between means was tested for significanceusing 12y was significantly higher (Tables 1 and 2).
using the least significant difference test after ANOVA for ~ Table 3 shows levels of adenine and guanine in the rumen
one-way classified data. A level /< 0[05 was chosen as  microbial preparation measured using the HPLC procedure.
the minimum for significance. The recoveries of adenine and guanine added to cellulose,

Statistical analysis

Table 1. Recovery of purines from a rumen microbial preparation by the method of Zinn & Owens (1986)*
(Mean values and standard deviations for three samples)

Treatment ... 90-95° for 1h 121° for 2h
Absorbance Absorbance
at 260 nm at 260nm
(A260nm)T Recovery (A260 nm)F Recovery

_— of added _— of added

Mean Sb LRM (%) Mean SD LRM (%)
25mg LRM 0215 0006 - 00373 01 -
50mg LRM 01456 0005 - 0755 0005 -
75mg LRM 0B75 0005 - 1041 06 -
50mg LRM +200 mg cellulose 0217 0003 524 00362 0007 5201
50mg LRM+ 200 mg NDF 0214 0003 530 0478 0023 3607
50 mg LRM + 200 mg starch 00209 0003 5412 01208 0006 4509
25mg LRM + 175 mg cellulose oao1 0005 530 031 0003 6501
50mg LRM + 150 mg cellulose 0200 00008 5601 00301 02 600
75mg LRM +125mg cellulose 0331 0013 510 0554 0009 5105
75 mg apparent undigested residue 052 0002 - ND ND
75 mg apparent undigested residue + 25 mg LRM 0268 0004 540 ND ND
75 mg apparent undigested residue + 50 mg LRM 0388 0011 5118 ND ND
50mg E. coli 00243 0002 - ND ND
50 mg E. coli+200mg cellulose 0217 0[o1 4900 ND ND

LRM, lyophilized rumen microbes; NDF, neutral-detergent fibre; ND, not determined.
*12M-HCIO, was used as suggested by Zinn & Owens (1986).

+ A260 nm = 0009207 x mg LRM - 0[01178 (r? 099; n 3).

$ A260 nm = 001537 xmg LRM - 001222 (r 2 0199; n 3).
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Table 2. Values for absorbance at 260nm of samples of lyophilized rumen microbes (LRM)
hydrolysed alone or in the presence of cellulose, neutral-detergent fibre (NDF) or starch, using
modifications of the method of Zinn & Owens (1986)*

(Mean values and standard deviations for three samples. Values for percentage recovery are given
in parentheses)

Absorbance at 260 nm

0B M-HCIO, 2M-HCIO,4

Mean SD Mean SD
25mg LRM 01165 0002 00166 0001
50 mg LRM 0331 0004 0330 0003
75mg LRM 0469 0005 0465 0002
25mg LRM+ 100 mg cellulose 00175 (106(0) 0003 00172 (1038) 0003
50 mg LRM + 100 mg cellulose 0323 (97[B) 0004 00307 (93M0) 0004
75mg LRM + 100 mg celluose 0371 (10013) 006 01265 (1000) 0007
25mg LRM + 200 mg cellulose 0M171 (103®) 0004 0[180 (108[0) 0003
50 mg LRM + 200 mg cellulose 00318 (96[0) 0003 00329 (99(7) 0004
75mg LRM + 200 mg celluose 0365 (9901) 0003 0370 (10101) 0004
25mg LRM +175mg cellulose 0165 (100M) 0001 01170 (10213) 0002
50 mg LRM + 150 mg cellulose 00328 (991) 0002 00318 (9614) 0003
75mg LRM + 125 mg celluose 00475 (1012) 0003 00460 (989) 0004
50 mg LRM +100 mg NDF 00318 (96[1) 0004 00309 (93®) 00004
50 mg LRM + 100 mg starch 0322 (9713) 0004 01322 (978) 0003
50mg E. coli 010 0003 0[405 0002
50mg E. coli+200mg cellulose 0[400 (97B) 0004 01408 (10007) 00003
100 mg wheat strawt 0044 0030
50 mg LRM + 100 mg wheat strawt 00348 (918) 00347 (9601)
100 mg hayt 0094 0089
50mg LRM+100mg hayt 00422 (991) 01412 (979)
25mg RNAT 0210 00196
50 mg RNAT 0314 00396
25mg RNA +200 mg celluloset 0[210 (1000) 00188 (95M9)
50mg RNA +200mg celluloset 0[408 (98(8) 00399 (100(8)

*Hydrolysis was performed at 90—-95° for 1 h using 06 or 2 M-HCIO4; the original method uses 12M-HCIO,.
T Mean of two values.

starch and NDF varied from 91 to 102 % when hydrolysed hydrolysis on using BM-HCIO, (Tables 1 and 2). In
using 12v-HCIO, at 90-95C for 1 h or at 121 for 2h. another experiment, the hydrolysis was conducted using
However, the absolute amount of adenine was much lowerQB, 08, 1 or 2m-HCIO, at 90-98 for 1 h. Adenine and
when the rumen microbial preparation was hydrolysed at guanine levelsr(3) of 280 (sp 003)wmol and 311 (sD
127 for 2 h, suggesting destruction of adenine (Table 3). 004)umol in 50 mg of the rumen microbial preparation
This was confirmed by subjecting a mixture of adenine, gua- were observed when®wm-HCIO, was used for the hydro-
nine and allopurinol to different heat treatments (Table 4). lysis using the standard method (see p. 109). These values
The recovery of adenine was lower when it was subjected to did not differ statistically when the concentration of HGIO
122" in an autoclave for 30 min or longer in the presence of used was BM or higher (results not shown).
HCIO,. In the absence of the acid, the heat treatment did not
affect the recovery of adenine. The recovery of guanine was
not affected by any of the heat treatments studied (Table 4).
Another interesting point to note is the higher susceptibility The method of Zinn & Owens (1986) based on oxidative
of allopurinol to heat. The recovery of allopurinol was lower hydrolysis of nucleic acids and then precipitation of the
both in the absence and in the presence of HGK@able 4). released bases with AgN@t a pH between 2 and 3 offers a
Caffeine was also used as an internal standard. Its recoveryconvenient method for quantification of purines in microbial
was 95-99 % under the conditions of the heat treatmentspreparations. However, the presence of undigested feed
mentioned in Table 4 (results not shown). produces errors in the determination of purines (Table 1).
From the results obtained using HPLC (Table 3), it is The HPLC studies showed that the lower recovery of
evident that hydrolysis of nucleic acids in the rumen micro- purines in the presence of various matrices using the method
bial preparation was complete under the hydrolysing con- of Zinn & Owens (1986) was not due to incomplete hydro-
ditions: 12v-HCIO,4 at 90-95 for 1 h. The results obtained lysis of nucleic acids. The method of Zinn & Owens (1986)
using Zinn & Owens’ (1986) method indicate complete uses 121-HCIO, at 90-98 for 1h for the hydrolysis

Discussion
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Table 3. Recovery of purines from a lyophilized rumen microbe (LRM) preparation in the presence of different matrices using an HPLC method*
(Mean values and standard deviations for three samples)

Treatment ... 90-95° for 1h 121°for 2h
Adenine Guanine Adenine Guanine
(pmol) (rmol) Recovery Recovery (pmol) (rmol) Recovery Recovery
of adenine of guanine of adenine of guanine
Mean sD Mean sD (%) (%) Mean sb Mean sD (%) (%)

50mg LRM 235 003 2095 002 - - 185 002 2@B4 004 - -
50 mg LRM +200 mg cellulose 225 004 285 003 957 966 1385 001 290 003 930 10201
50mg LRM +200 mg NDF 2040 005 2B0 004 1021 949 130 002 279 002 9009 9812
50 mg LRM +200 mg starch 227 003 200 003 968 983 1B33 002 2@B0 004 9207 986
75 mg apparent undigested residue 101 O0m4 1@5 o001 - - ND - ND - - -
50 mg LRM + 75 mg apparent undigested residue 330 002 405 005 972 983 ND - ND - - -

ND, not determined; NDF, neutral-detergent fibre.
*For details of procedures, see pp. 107-109.

although the hydrolysis can be complete at much lower presence of matrices were closer to that obtained using yeast
levels of HCIQy, as was evident from the recovery studies RNA (260 nm: 280 nm for yeast RNA wad9¥ (sp 012,
using HPLC. The higher absorbance at 260 nm on hydro- n 4). If the matrices bind to interfering substances, then the
lysis of the lyophilized microbial preparation alone at 121 recovery of purines from the lyophilized microbial prepara-
for 2h compared with 90—-95for 1 h when 121-HCIO, tion added to matrices should be higher when the hydrolysis
was used (Table 1), and the higher absorbance on usings performed using BM or 2M-HCIO,, as the extent of
12M-HCIO,4 compared with @M or 2M-HCIO, at 90-95 release of interfering substances, if any, is expected to be
for 1 h (Tables 1 and 2) suggest that the method of Zinn & lower under these conditions compared with amtRACIO,
Owens (1986) is not specific for purines and that substances(Tables 1 and 2). This was found to be the case; the
other than purines are measured at 260nm. The lowerrecoveries using®m or 2M-HCIO, were of the order of
absorbance at 260 nm observed on hydrolysis of the lyophil- 92—108 % (Table 2). The interference due to the presence of
ized microbial preparation in the presence of matrices appearamatrices along with microbes can be eliminated by using mild
to be due to binding of substances other than purines (releasethydrolysis conditions (® or 2M-HCIO, at 90—-95 for 1 h).

from the lyophilized rumen microbial preparation on hydro-  Allopurinol and caffeine are generally used as internal
lysis) to matrices, since the recovery of purines from yeast standards in the HPLC method. Allopurinol is sensitive to
RNA added to matrices was satisfactory. These interfering heat. Its destruction at 12tvas higher in the presence of the
substances are removed during the centrifugation step alongacid than in its absence (Table 4). Similarly, adenine is
with the matrices before purines are precipitated using sensitive to heat at 121 At 90-95, both adenine and
AgNOs;. Another observation which supports the hypothesis allopurinol are stable (Tables 3 and 4). On the other hand,
that matrices remove substances other than purines was thaguanine and caffeine are stable even at°124s the

the 260 nm : 280 nm values for the lyophilized rumen micro- hydrolysis is complete when the sample is hydrolysed at
bial preparation using the method of Zinn & Owens (1986) 90-95 using 0B M-HCIO,, allopurinol or caffeine can be
were 145 (sp 001,n3) and 203 (sD 002,n6) in the absence  used as an internal standard. In another study (G Getachew,
and presence of cellulose or NDF (values for cellulose and HPS Makkar and K Becker, unpublished results), it was
NDF were statistically similar) respectively. Similar results found that caffeine should not be used as an internal
were obtained folE. coli (162 v. 108 respectively). The  standard in studies where tannin-rich feeds are incubated
values observed in the presence of cellulose or NDF werein in vitro systems or fed to livestock, as the recovery of
higher than in its absence, and moreover the values in thecaffeine was significantly lower due to binding with tannins.

Table 4. Recovery of adenine, guanine and allopurinol, subjected to different heat treatments, using an HPLC method*
(Mean values and standard deviations for three samples)

Solution in water (wmol measured/10 ml) Solution in perchloric acid (wmol measured/10ml)
Adenine Guanine Allopurinol Adenine Guanine Allopurinol
Treatment Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Control (no heating) 00498 0[006 0508 0003 01494% 0004 0505 0003 0810 0[005 0[496% 0006
90-95° for 1h 01495 0003 0B10 omo7 02842 omo7 053022 0005 0B11 omo7 04822 0006
121° for 30 min 01485 0[009 00800 0004 0203° 0012 0282°  0[003 0802 0002 0353° 0005
121° for 60 min 00290 0010 0505 0[009 0R72°¢ 0003 01370° 0002 0500 0003 0254° 0004
121° for 120 min 01499 0011 0310 010 oze60¢ 0003 0233¢ 0004 0B05 010 ors50¢ 0002

abed Mean values within a column with unlike superscript letters were significantly different, P < 0[05.
*For details of procedures, see pp. 107—109.
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Before using a Merck column for determination of adenine It is likely that substances other than purines are also
and guanine, we used a reverse phase Bondapack C18 colummeasured by the method even whdNM-HCIO, is used.
(10m, 250x 46 mm, Crom, Herrenberg, Germany). Using However, absence of interference by matrices and a linear
this column, the retention times of guanine, allopurinol and relationship between the amount of the rumen microbial
adenine were®, 716 and 1® min respectively. On hydro-  preparation and the absorbances at 260 nm suggest that even
lysis of cellulose, starch or NDF, a peak appeared whosein the event of absence of absolute specificity, the absor-
retention time was quite near (10 min) to that of adenine and bance values or the absorbance values after conversion into &
therefore interfered with its determination. The absorption yeast RNA equivalent can be taken as an index of microbial
maxima of this peak from all the three matrices, cellulose, mass.
starch and NDF, were 280nm and 230 nm suggesting the

19Nd £Z200066571 L£000S/L1L0L°0L/
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