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ABSTRACT 

Twenty-five milliliters of  rumen fluid 
from five cows on a variety of  diets were 
added to either 25 ml .1 N HC1, 5 ml 25% 
metaphosphoric acid, 5 ml 20% tri- 
chloroacetic acid, 5 ml 3 N H2 SO4, or  no 
preservative. Replicate samples were 
stored at - 2 0 ° C  until analyzed. One 
replicate set was analyzed at 7 d, refrozen 
and analyzed at 35 d, refrozen, thawed, 
and reanalyzed at 65 d. Another  set was 
thawed and analyzed at 35 d and yet  
another set kept  frozen until analyzed at 
65 d. Fresh and frozen samples were 
quanti tated for ammonia by Conway 
microdiffusion and phenol-hyp0chlori te  
reaction. 

Ammonia  recoveries were 93.8 and 
94.1% for the Conway and phenol- 
hypochlor i te  methods.  Storage t ime and 
refreezing and thawing had a variable 
effect on ammonia concentration.  Sam- 
ples with no preservative yielded higher 
ammonia than those with preservative; 
ammonia was accentuated by refreezing 
and thawing up to 65 d. Hydrochloric 
acid samples had lower ammonia than 
other acids, especially for the phenol- 
hypochlori te  method.  Overall, the Con- 
way method resulted in higher ammonia 
for frozen samples than the phenol- 
hypochlori te  method (10.4 vs. 9.0 
mg/dl); however, this varied depending on 
acid. 

When rumen fluid samples are to be 
stored with an acid preservative, .1 N HCI 
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is not  recommended.  Repeated freezing 
and thawing of rumen samples used for 
ammonia analysis should be avoided 
because of  variable results. 

I N T R O D U C T I O N  

Ruminal ammonia concentrat ions are fre- 
quently quanti tated as an indicator of tureen 
nitrogen metabolism with particular reference 
to ruminal protein degradation. In studies that  
involve quanti tat ion of  a large number of  
samples for ruminal ammonia,  questions often 
arise as to sample storage time, freezing and 
thawing, as well as preservative effects on 
ammonia analyses. 

The microdiffusion method (5) of  ammonia 
analysis has been the most used technique for 
rumen ammonia analysis until recent years. The 

need for convenience, speed, and simplicity has 
brought color imetry into focus as a viable 
alternative. The phenol-hypochlori te color 
reaction is used manually (2) or automated (1, 
9). The reaction is pH sensitive, and the use of 
acidified rumen fluid may depress ammonia (2). 

It is often desirable to store rumen fluid for 
later analysis to reduce labor requirements. 
Rumen fluid has been stored for varying lengths 
of  time, with intermit tent  thawing and re- 
freezing, with lit t le research conducted to 
verify storage effects on ammonia analysis. 
Preservatives (acidification) must be added to 
rumen fluid when stored to reduce volatiliza- 
tion of ammonia and halt microbial activity. 
Samples have been prepared by  adding H2 SO4 
(8), tr ichloroacetic acid (3), HC1 (4), and 
H3PO4 (6). However, little is known regarding 
these preservatives and their interaction with 
storage t ime and methodology of ammonia 
analysis. 

The objectives of  this research were to 
determine the influence of  two commonly used 
methods of  rumen ammonia analysis, rumen 
fluid storage t ime and commonly used pre- 
servatives, on ruminal fluid ammonia con- 
centration. 

1987 J Dairy Sci 70:601--607 601 



602 NOCEK ET AL. 

MATERIALS A N D  METHODS 

Rumen fluid was collected from five fist- 
ulated lactating Holstein cows 3 h postfeeding. 
Cows were receiving rations listed in Table 1. 
These rations were partially designed to pro- 
duce differences in rumen ammonia concen- 
tration. Rumen fluid samples were collected 
from four different locations in the rumen and 
strained through four layers of cheesecloth. 
Samples were magnetically stirred while 25-ml 
aliquots were pipetted into replicated screw 
cap, 50-ml centrifuge tubes containing pre- 
servatives shown in Table 2. 

Ammonia concentration was determined on 
fresh unpreserved rumen fluid by the phenol 
hypochlorite (PHC) color reaction (2) and by a 
modified Conway (CON) microdiffusion (5) in 
which dishes were incubated 1 h at 37°C 
and ammonia corrected for recovery. Analysis 
on these samples commenced within 1 h of 
collection. Other sets of samples were frozen 
( -20°C)  for 7 d, thawed and analyzed, re- 
frozen, thawed and analyzed at 35 d, refrozen, 
and thawed at 65 d for analysis. Other sets of 
rumen fluid samples were frozen, thawed, and 
analyzed at either 35 or 65 d. All samples were 
thawed gradually by placement into a re- 
frigerator (4°C) from the freezer (approxi- 
mately 3 h) then submersed into a room 
temperature water bath until  thawed. All 
ammonia concentrations were determined in 

duplicate by CON and PHC methods, and 
standard curves were determined during each 
analysis for the PHC method utilizing 0, 5, 10, 
15, 20, and 25 mg/dl ammonium sulfate. A 
standard was included for every 10 analyses to 
correct for recovery on the CON method. 
Ammonia concentrations were corrected for 
differences in dilution associated with pre- 
servative addition. 

Data were initially analyzed by split-split 
plot analysis of variance techniques using 
method of ammonia analysis, method of sample 
preservation, and storage time as main effects. 
Because of anticipated differences in ammonia 
concentrations among cows, cows were used as 
blocking effects in the analyses, and no attempt 
was made to characterize interactions with cow 
effects. Due to a significant interaction between 
method of sample preservation and storage 
time, data were pooled by method of ammonia 
analysis and further analyzed by separate 
factorial analysis (7) for the presence of storage 
time effects by individual method of pre- 
servation and for method of preservation by 
each storage time. Finally, differences between 
methods of ammonia analyses were evaluated 
by separate single way analysis of variance for 
each storage time and method of preservation. 
Duncan's multiple range test was used to 
determine mean treatment differences when the 
overall F statistic was significant (P< .05). 

TABLE 1. Ingredient and chemical composition of experimental diets fed to fistulated cows. 

COW no .  

Ingredient 982 994 1046 922 1008 

(% dry matter basis) 

Soybean meal 8.8 13.3 . . .  15.3 . . .  
Corn gluten meal . . . . . .  12.9 . . .  14.3 
Soybean hulls . . .  27.2 27.2 
Corn 9.7 32.2 32.4 3810 3819 
Cottonseed hulls 9.6 9.6 16.1 16.1 
Corn silage 7 6 1 0  . . . . . .  
Corn stover 2210 2210 
Molasses "" 15 1013 1014 2.6 2.6 
Mineral-vitamin mix 1 5.0 .5 2.6 2.7 2.7 

Chemical composition 
Crude protein 14.8 15.1 16.2 14.5 14.1 
Acid detergent fiber 21.0 22.2 22.5 25.2 27.2 

t Added to meet National Research Council Requirements. 
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TABLE 2. Methods used to preserve rumen fluid) 

603 

Volume and concentration of 
ruminal preservative 

Approximate 
final normality 
of rumen fluid 

pH of stored 
rumen fluid 

No preservative 
25 ml .10 N hydrochloric acid 
5 ml 25% wt/vol metaphosphoric acid 
5 ml 3.0 N sulfuric acid 
5 ml 20% wt/vol trichloroacetic acid 

.05 

.6 

.5 

.2 

5.5 
4.3 
2.7 
1.3 
1.6 

i Each tube received 25 ml of rumen fluid in addition to the designated preservative. 

RESULTS AND DISCUSSION 

Figure 1 illustrates standard curves of the 
PHC method conducted for different sample 
groups. Regression coefficients for individual 
regressions were linear (P<.001) through the 
standard concentrations utilized. The pooled 
coefficient of determination was .96 (P<.001). 
Recoveries ranged from 89.5 to 98.6% (mean 
94.1%, CV 3.4%). Percent recoveries for the 
CON procedure ranged from 90.5 to 96.0% 
(mean 93.8%, CV 1.4%). Mean ruminal am- 
monia concentrations for cows numbered 982, 
994, 1046, 922, and 1008 for the CON method 
were 8.6, 6.9, 15.4, 9.3, and 11.9 mg/dl and for 
the PHC method were 6.2, 4.7, 15.1, 7.6, and 
10.9 mg/dl, respectively. 

Table 3 shows the influence of storage time 
and method of ammonia analysis on ruminal 
ammonia concentration within the various 
preservation methods. Ammonia concentration 
for fresh rumen fluid was higher (P< .05) when 
analyzed by PHC than by CON. Relative 
differences between methods of analysis were 
similar to fresh rumen fluid when samples with 
no preservatives were frozen, thawed, and 
analyzed d 7, 35, and 65, although the 35-d 
analyses were not different (/>>.05). Analyses 
by CON method did show increased (P<.05) 
ammonia due to refreezing, storage, and thawing. 
For the PHC method, there was no effect 
(P>.05) of thawing and refreezing from d 7 to 
35. Additional refreezing and thawing to 65 d 
elevated ammonia considerably for both 
methods of analyses. Ruminal samples stored 
with no preservative for 35 d had a higher 
(P<.001) ammonia concentration when de- 
termined by CON than the PHC procedure. For 
the CON method, 35 d of storage had higher 

(P<.05) ammonia concentrations than 65 or 7 
d; conversely, with the PHC procedure, am- 
monia was lower (P<.05) at 35 than 65 d with 
no difference (P> .05) between d 65 and 7. 

With HC1 as the preservative, methods of 
analysis differed at each storage time, except 
for the 65 d frozen sample, with the CON 
procedure yielding higher ammonia than PHC. 
For the CON method, ammonia at d 35 was 
higher than when refrozen and thawed at 65 d. 
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Figure 1. Standard curves conducted on each day 
of rumen fluid ammonia analyses for the phenol- 
hydrochlorite colorimetric procedure (2). Standard 
curve determinations for d 35 and for d 35 refrozen 
were on the same day; however, a separate standard 
curve was conducted for each set of samples (same 
for d 65 and for 65 d refrozen samples). 
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TABLE 3. The effect of freezing, thawing, storage time, and analytical method on rumen fluid ammonia con- 
centration treated with different acid preservatives. 

Analytical 
method, and 

Preservative 1 significance 2 

Refrozen 4 Frozen s 

Fresh s 7 d 35 d 65 d 35 d 65 d SEM 6 

mg/dl 

NO PRES CON ll.g II.2 c 12.7 b 19.4 a 13.2h II.0 d .74 
PHC 13.8 13.2 b 13.2 b 23.7 a 9.9 c 12.8 b 1.00 
p<7 .05 .001 NS 8 .001 .001 NS 

HCI CON . . . 9.3ab 9.7 a 8.8 b 8.9 ab 5.7 c .52 
PHC . . .  10.7 a 3.6 d 4.6 c 3.2 e 6.2 b .55 
P< .002 .001 .001 .001 NS 

MPA CON . . .  9.7 b 11.4 a 9,6 b 10,3 b 7.0 c .46 
PHC . . .  10.9 a 5.1 e 7.9 b 7.3 c 6.4 d .55 
P< NS .001 NS .001 NS 

SA CON . . .  10.6 ab 10.9 a 10.7 ab 10.2 b 7.1 c .50 
PHC . . .  10.9 a 6.3 e 10.2 b 8.2 e 7.1 d .57 
P< NS .001 NS .003 NS 

TCA CON . . .  9.9 b 11.0 a 11.3 a 11.4 a 8.9 c .44 
PHC . . . 10.8 a 6.4 c 8.7 b 6.4 c 6.6 c .56 
P<  NS .001 .004 .001 .04 

a'b'c 'd'eMeans in the same row with different superscripts differ (P<.05). 

1NO PRES = No preservative, HC1 = .1 N hydrochloric acid, MPA = 25% (wt/vol) metaphosphoric acid, 
SA = 3 N sulfuric acid, TCA = 20% (wt/vol) trichloroacetic acid. 

CON = Conway microdiffusion method (5), PHC = phenol hypochlorite colorimetric method (2). 

a Samples were not preserved with acid or frozen prior to analyses. 

4 Rumen fluid samples were frozen (-20°C),  thawed, and analyzed on d 7, refrozen, thawed, analyzed on d 
35, refrozen, thawed, and analyzed on d 65. 

s Separate sets of  samples were frozen (-20°C),  thawed on each d 35 and 65, and analyzed. 

6 SEM = Standard error of the mean. 

7 Probability of difference between analytical methods. 

s NS = Nonsignificant (P>.05). 

Ref reez ing  and  thawing  cons ide rab ly  r e d u c e d  

( P < . 0 5 )  a m m o n i a  f r o m  d 7 to  35 for  t h e  PHC 

procedure .  A d d i t i o n a l  re f reez ing  and  t h a w i n g  

increased  ( P < . 0 5 )  a m m o n i a  c o n c e n t r a t i o n  

s l ight ly  for  d 35 (4.6 mg/d l ) .  A d d i t i o n a l  s torage  

t i m e  to  d 65 r e d u c e d  a m m o n i a  c o n c e n t r a t i o n  

( P < . 0 5 )  c o m p a r e d  wi th  7 wi th  the  CON m e t h -  

od. Storage to  d 35 or 65 did r educe  ( P < . 0 5 )  

a m m o n i a  c o n c e n t r a t i o n  c o m p a r e d  wi th  d 7 for  

t h e  PHC m e t h o d ,  

M e t h o d  of  a m m o n i a  analys is  was d i f f e r en t  

( P < . 0 0 1 )  a t  t h e  35 d r e f rozen  and  35 d s torage  

t imes ;  the  CON m e t h o d  was h ighe r  t h a n  PHC 
for  r u m e n  samples  preserved  wi th  m e t a p h o s -  
phor i c  acid (MPA).  Ref reez ing  and  t h a w i n g  

increased  ( P < . 0 5 )  a m m o n i a  c o n c e n t r a t i o n  to  d 

35 wi th  t h e  CON m e t h o d  a n d  r educed  ( P < . 0 5 )  

c o n c e n t r a t i o n  f r o m  d 7 wi th  t h e  PHC pro-  

cedure .  Add i t i ona l  re f reez ing  and  t h a w i n g  to d 
65 r e d u c e d  ( P< . 0 5 )  a m m o n i a  c o n c e n t r a t i o n  for  

t h e  CON m e t h o d  c o m p a r e d  wi th  t h e  35 d 

ana lyses  b u t  n o t  w h e n  c o m p a r e d  wi th  d 7 

analyses .  As wi th  HC1, the  PHC p r o c e d u r e  
had  an oppos i t e  e f fec t  on  a m m o n i a  concen-  

t r a t i on  t h a n  did t h e  CON m e t h o d  in re la t ion  to  

ref reezing and  t h a w i n g .  However ,  the  r e d u c t i o n  

in a m m o n i a  wi th  MPA  was n o t  as severe as wi th  

HC1. Storage  to 65 d r e d u c e d  ( P< . 0 5 )  am-  

m o n i a  c o n c e n t r a t i o n  w h e n  t h e  CON m e t h o d  

was used .  A l inear  decl ine  in a m m o n i a  con-  

c e n t r a t i o n  was observed  wi th  s torage  t ime  wi th  

t h e  PHC m e t h o d .  
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Methods to determine ammonia concen- 
trat ion were different for the refrozen 35 d 
(P<.001) and the 35 d storage (P<.003) when 
sulfuric acid (SA) was used as the rumen fluid 
preservation, as occurred with MPA. There was 
no effect of  refreezing and thawing on am- 
monia concentration for the CON method.  
Ammonia concentrations for ruminal fluid 
samples were similar at 7 and 35 d, but  the 65-d 
storage length depressed (P<.05) ammonia 
concentration compared with 7 or 35 d. Except  
for the refrozen and thawed value at 35 d, the 
PHC method of ammonia analysis followed 
a trend similar to the CON method in effect of 
refreezing and thawing and storage t ime on 
ammonia concentration. 

When TCA was used as the rumen fluid 
preservative, all but the 7 d samples were 
different between method of  analyses; CON 
was higher than the PHC method.  Ammonia  
concentration increased as samples were re- 
frozen and thawed from d 7 to 65 with the 
CON method.  Ammonia concentrat ion in- 
creased as storage t ime increased from d 7 to 
35 ; however, ammonia concentrat ion decreased 
with 65 d of storage. For  the PHC procedure,  
ammonia concentration decreased with re- 
freezing and thawing from d 7 to 35 but  
increased with subsequent refreezing and 
thawing to d 65. No differences were detected 
between storage times of  35 and 65 d; however, 
both  were lower (P<.05) in ammonia con- 
centration than d 7. 

Fresh rumen fluid analyzed for rumen 
ammonia concentration immediately after 
sampling may be considered the closest to  the 
" t rue"  ammonia concentration in this ex- 
periment. Assuming this fact, it would appear 
that  by numerical comparison, ammonia 
concentrations for samples with no preservative 
(except for 65 d refrozen) remained relatively 
close to the " t rue"  value compared with many 
of the other samplings, which included a 
preservative. 

Figures 2A through E illustrate the influence 
of method of ammonia analysis and preserv- 
ative on ruminal ammonia concentrat ion 
within a given storage time. A readily visible 
finding is higher ammonia for samples with no 
preservative regardless of  method of  analysis or 
storage time. Differences (P<.001) in ammonia 
concentration between methods of  analyses for 
the d 7 sample (Figure 2A) were exhibited for 

samples with no preservatives (P<.001) and 
HC1. No differences ( />> .05)were  observed 
among added preservatives for the PHC meth- 
od. For  the CON method,  samples preserved 
with SA had highest (P<.05) and those with 
HC1 lowest ammonia.  Samples preserved with 
TCA were higher in ammonia than HC1, but  
lower than SA, with MPA not  being different 
from HC1 or TCA. 

Refreezing and thawing after 35 d once 
again showed significant differences in am- 
monia concentrations between methods for all 
preservatives (Figure 2B). The general influence 
of preservative on ammonia concentration was 
similar to d 7, except ammonia for the PHC 
procedure was considerably lower than am- 
monia for the CON method.  After  a subsequent 
refreezing and thawing sequence, ammonia at d 
65 (Figure 2C) was similar between methods of  
analyses for MPA and SA and different between 
HC1 and TCA. For  the CON method,  HC1 was 
lowest and TCA highest in ammonia con- 
centration, whereas for the PHC method,  HCI 
was lowest and SA highest in ammonia con- 
centration. Trends for ammonia concentration 
in relation to method of analyses and pre- 
servative for 35 and 65 d storage were quite 
similar to those previously described for re- 
freezing and thawing at 35 and 65 d (Figure 2D 
and E). 

The reason for differences between analy- 
tical procedures to measure ammonia con- 
centration is not  readily known. Coefficients of  
determination and recoveries for both pro- 
cedures were comparable.  Broderick and Kang 
(3) indicated that  CV for ammonia recoveries 
from ruminal fluid by  the automated PHC 
procedure were about  half those for the CON 
microdiffusion technique. In general, for 
samples stored beyond 35 d with a preservative, 
the CON procedure yielded higher ruminal 
ammonia values than the PHC procedure.  
Inhibi tory substances in the rumen fluid may 
be interfering with the formation of  chloramine 
or indophenol chromagen complexes with the 
PHC procedure, therefore reducing ammonia 
recovery (3). In addition, the difficulty of 
accurately pipetting 50 /al of rumen fluid, due 
to its viscous nature, may be contributing to 
the greater error associated with this procedure. 

Time of  storage, as well as freezing and 
thawing, had a definite but  variable effect on 
ammonia concentration, depending on the 
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Figure 2. Ammonia concentration of  rumen fluid samples determined by the Conway microdiffusion pro- 
cedure (5) or phenol-hypochlorite procedures (2). Different acid preservatives (NO PRES = no preservation, 
HC1 = hydrochloric acid, MPA = metaphosphoric acid, SA = sulfuric acid and TCA = trichloroacetic acid) were 
evaluated within various storage times: sample collected and frozen for 7 d (A), same sample refrozen and 
thawed at 35 d (B), and sample refrozen and thawed at 65 d (C). Separate samples were collected and frozen 
for either 35 d (D) or 65 d (E) then analyzed for ammonia. 
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preservative used. Ruminal ammonia values 
from samples with no preservatives were 
generally double those values with samples 
containing preservative. This was especially 
apparent after samples were refrozen and 
thawed twice (65 d). This elevation would most 
likely be associated with microbial proteolysis 
of the ruminal fluid protein constituents; 
however, one might also suspect this ammonia 
to be volatilized, since these samples were 
not acidified. Baetz et al. (1) observed that 
ammonia content  of frozen rumen fluid was 
stable for 3 wk. 

Among samples treated with an acid, HC1- 
treated rumen fluid generally yielded the lowest 
ammonia concentration with other preser- 
vatives being similar. These results correspond 
to HC1 having the lowest normality compared 
with the other acid treated samples (HC1; .05 N, 
MPS; .6 N, SA; .5 N and TCA; .2 N). Degree of 
normality did not  appear associated with 
ammonia concentration above .2 N. Rumen 
fluid pH (Table 2), however, did appear as- 
sociated with ammonia loss in preserved sam- 
ples (i.e., lower ammonia concentration with 
higher pH). 

This trial illustrates a variety of scenarios 
that one may normally follow in the handling 
of ruminal fluid for ammonia analyses. No 
general conclusions can be drawn with regard to 
storage time or freezing and thawing on am- 
monia concentration of rumen fluid, since 
many superimposed factors appeared to in- 
fluence the results and must be evaluated 
under given sets of conditions. However, rumen 
fluid samples with no preservation (acidifica- 
tion) resulted in higher ammonia concen- 
trations than those that were treated, regardless 
of analytical method to quantitate ammonia. In 
addition, except for a few storage times, 
ammonia concentrations for samples containing 
no preservative were relatively close to rumen 
fluid that was analyzed for ammonia imme- 

diately after sampling. When a preservative is 
needed, .1 N HC1 is not recommended because 
this level and type of acid was not effective in 
reducing rumen fluid pH, and ammonia loss was 
higher than with other acids. 

ACKNOWLEDGMENTS 

The authors wish to express their sincere 
appreciation to J. E. English for statistical 
assistance. 

REFERENCES 

1 Baetz, A. L., T. D. Faidley, and M. J. Allison. 
1979. Automated enzymatic method for the 
determination of ammonia: application to rumen 
fluid, gut fluid and plasma. Appl. Environ. Micro- 
biol. 38:212. 

2 Beecher, G. R., and B. K. Whitten. 1970. Ammonia 
determination: Reagent modification and in- 
terfering compounds. Anal Biochem. 36:243. 

3 Broderick, G. A., and J. H. Kang. 1980. Auto- 
mated simultaneous determination of ammonia 
and total amino acids in ruminal fluid in vitro 
media. J. Dairy Sci. 63:64. 

4 Chalmer, M. I., D. P. Culbertson, and R.L.M. 
Synge. 1954. Ruminal ammonia formation in 
relation to the protein requirement of sheep. I. 
Duodenal administration and heat processing as 
factors influencing fate of casein supplements. J. 
Agric. Sci. 44:270. 

5 Conway, E. J. 1947. Microdiffusion analysis and 
volumetric error. 2nd ed. Prentice-HaU, Englewood 
Cliffs, NJ. 

6 Erwin, E. S., G. J. Marco, and E. M. Emery. 1961. 
Volatile fatty acid analysis of blood and rumen 
fluid by gas chromatography. J. Dairy Sci. 44: 
1768. 

7 Sokal, R. F., and F. J. Rohlf. 1969. Multiway 
analysis of variance. Pages 343-366 in Biometry. 
W. H. Freeman and Co., San Francisco, CA. 

8 Stern, M. D., L. M. Rode, R. W. Prange, R. H. 
Stauffacher, and L. D. Satter. 1983. Ruminal 
protein degradation of corn gluten meal in lactating 
dairy cattle fitted with duodenal T-type cannulae. 
J. Anim. Sci. 56:194. 

9 Streeter, C. L., C. O. Little and G. E. Mitchell, Jr. 
1970. Automated analysis of NH~ in ruminal fluid. 
J. Anim. Sci. 31:355. (Abstr.) 

Journal of Dairy Science Vol. 70, No. 3, 1987 


