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ABSTRACT

Twelve Holstein steers were fed diets consisting of 1) corn silage and
concentrate with yeast, 2) corn silage and concentrate without yeast, 3) alfalfa
silage and concentrate with yeast and 4) alfalfa silage and concentrate without
yeast to determine the effects of live yeast culture on nitrate toxicity. All steers
were dosed with nitrate on a daily basis during the experimental period. Blood
samples were analyzed for pH, partial pressure of carbon dioxide and oxygen,
packed cell wvolume, hemoglobin and methemoglobin. Methemoglobin level
increased (P<0.01) with time after initiation of nitrate feeding for all treatments.
Results indicated that live yeast culture at 0.1% of the diet dry matter did not

significantly reduce nitrate toxicity in steers.
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INTRODUCTION

Nitrate toxicity is a significant metabolic problem in livestock
Accumulation of high nitrite as the result of high nitrate intake, and
abnormally lower conversion of nitrite to ammonia in the rumen is the main
factor for developing nitrate toxicity (1). Sublethal nitrate consumption (0.5
to 1.0%) has been shown to cause abortion, lower milk production, loss of
body weight or reduced growth, and produce vitamin A deficiency (4, 11).
However, other studies have shown that feeding forages containing up to
2.3% nitrate did not cause abortion, lower milk production or reduced
growth (3).

Live yeast culture is a feed additive that is very palatable and has been
useci to increase feed consumption (10). There are field reports indicating
beneficial effects of feeding live yeast culture in reducing incidence of
nitrate intoxication (9). Therefore, the objective of this study was to
determine if live yeast culture added to livestock feedstuff, could reduce the

severity of nitrate toxicity.
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MATERIALS AND METHODS

Twelve Holstein steers weighing 120-225 kg were housed in University
of Kentucky Coldstream farm’s metabolism barn and were randomly assigned
to a 2x2 factorial arrangement of treatments with three replications. The
experiment consisted of a 14 day preliminary period and a 12 day challenge
period. Total mixed rations (TMR) were fed to steers twice a day and orts
were weighed each morning before feeding. Treatment diets consisted of 1)
corn silage and concentrate ( soybean meal to corn ratio 50:50) with dietary
yeast (YC, Yea-sacc, Alltech, Inc., 3031 Catnip Hill Pike, Nicholasville, KY,
U.S.A)), inclusion, 2) corn silage and concentrate without dietary yeast
inclusion, 3) alfalfa silage and concentrate (corn only) with dietary yeast
inclusion and 4) alfalfa silage and concentrate without dietary yeast
inclusion. Silage to concentrate ratio was 2:1 on a dry matter basis. Every
morning during the challenge period all steers were dosed with nitrate in the
form of KNO;in TMR. Since dosages of 400 mg of nitrate kg! body weight
have been reported to produce significant increases in methemoglobin
(MetHb) concentration in ruminants (7), 550 mg kg" body weight was
selected to produce reasonable test of yeast culture effact. According to
Alltech, Inc., recommendation, yeast was added to concentrate to make up a
0.1% yeast concentration in TMR. Composition of supplement and forages
are shown in Table 1.

Jugular blood samples were collected into vacutainer tubes at 0, 2, and
4 h post feeding on day 1, and 4 h post feeding on days 2 (28 h), 3 (52 h), 5
(100 h), 8 (172 h), and 12 (268 h). Blood samples were analyzed for pH,
partial pressure of carbon dioxide (Pco, ), partial pressure of oxygen (Po,),
packed cell volume (PCV), hemoglobin (Hb, mg dL™"), and MetHb (mg dL™h).
Blood MetHb was analyzed within 2 h after collection using a modified

Evelyn and Malloy procedure (6). This procedure determines MetHb as % of
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Table 1. Concentration of ingredients in the experimental diets ( dry matter

basis).
Diets
Corn silage Alfalfa silage
with without with without

Items yeast (0.1%) yeast yeast (0.1%)  yeast
Corn silage 66.7 66.8 - -
Alfalfa = - 66.7 66.8
silage
Corn 16.3 16.3 32.6 32,06
Soybean 16.3 16.3 - -
meal
Dicalcium 0.3 0.3 0.3 0.3
Phosphate
salt 0.3 0.3 0.3 0.3

of total Hb. Blood Hb was analyzed using Sigma kit procedure (catalog
number 525). Another additional sample was collected for blood gas
analyses, placed on crushed ice and analyzed within 1 h for blood pH, Pco,
and - Po, by blood gas analyzer (Model 2132-05; Instrumentation
Laboratories, Inc. Lexington, KY).

The general linear model (GLM) procedure of SAS (8) was used for all
statistical analyses and least square means analysis was used for data
analysis, Data on blood composition were analyzed with repeated
measurement in time. Treatments were compared by using least significant

difference (LSD).
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RESULTS AND DISCUSSION

Close visual observation and frequent heart rate measurements of steers
during the experimental period indicated no significant apparent health
problem in steers in any treatment group. The average dry matter intake
ranged between 7.5 and 12.5 kg d.”!

Nitrate (Fig.1) increased the level of MetHb (P<0.01) with time in the
bloed indicating the toxic effect on the animals. However, this conversion of
Hb to MetHb was only 18% at 172 h post feeding and none of the steers
showed any clinical signs of nitrate toxicity. This supports a previous study
(1) in which clinical signs of nitrate toxicity appeared only when more than

40% of total Hb was converted to MetHb.
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Fig. 1. Concentration of blood methemoglobin as a percent of total

hemoglobin of steers fed 550 mg nitrate per kg BW d'..



Overall means of blood pH, Pco,, Po,, PCV, Hb, and MetHb are shown
in Table 2. These overall means were not altered significantly by adding live
yeast culture. However, some effects of feeding regime were observed in
overail means. In this study animals receiving yeast tended (P<0.06) to have
a lower blood Pco, content than those with no yeast. Overall mean of Pco,
for steers fed alfalfa silage was higher (P<0.1) than steers fed corn silage.
The higher cationic effect of alfalfa silage when compared with corn silage
is the probable reason for the higher level of Pco, in the blood of steers fed
alfalfa silage. Steers fed diet 1 showed lower Pco, (P<0.06) than those on
treatment 4. Steers fed yeast tended to have higher blood MetHb
concentration. This trend was also observed by Horn and Lusy (5).

Changes in blood pH at selected times of post feeding are shown in
Fig. 2. During the first 28 h post treatment, pH values of blood increased for
all tréatments. This observation was probably due to dietary nitrate

inclusion. Van’t Klosser ef al. (11) showed that intra-venous nitrite infusion

Table 2. Overall least square mean of blood pH, partial carbon dioxide
tension (Pco,mm Hg), partial oxygen tension (Po,, mm Hg),
packed cell volume (PCV), hemoglobin (Hb, mg d L) and
methemoglobin (MetH b, mg d L") of steers fed fcmf different

diets.

Treatments pH Pco, PO, PCV Hb MetHb
1-Corn silage' 7.347 58.5° 22,0 33.32 12.78° 7.7
2-Corn silage 7.435 499" 21.9 3145 11.71° 6.9
3-Alfalfa silage' 7.440 50.6°° 20.8 32.37 12.96° 7.8
4-Alfalfa silage 7.380 52.8% 21.3 3239 12.71°" 176

= Treatment groups fed mixed diets with yeast.

a,b Means with different superscript within same column differ (P<0.06).

b,c Means with different superscript within same column differ (P<0.1).
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in pregnant cows resulted in a nonsignificant increase in maternal blood pH.
However, the fetal blood pH decreased slightly. Cohn ef al. suggested that
the lower blood pH of fetuses was possibly due to production of lactic achd by

anaerobic glycolysis during a hypoxic situation.
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Fig. 2. Blood pH of steers fed 550 mg nitrate per kg BW d°!

The change of Po, during post feeding times did not show any clear effect
of yeast in any treatment. However, other studies (11) have shown that
maternal and fetal blood Po; levels decreased significantly (P<0.05) after
nitrite infusion in maternal blood and the lowest fetal Po, coincided in time
with the highest concentration of fetal MetHb.

Blood PCV changes did not show any consistent treatment pattern across
post feeding time. However, other studies (12) have shown higher PCV in

sheep that were infused ruminally with higher levels of sodium nitrate.
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Overall Hb means in cows fed diet 2 was lower than cows fed diet 1
(P<0.1). Steers supplemented with yeast tended to have higher Hb
concentrations. Total blood Hb increased after the first day of nitrate feeding

Th"is observation is in agreement with Yoon et al. (12) who reported a
higher total blood Hb content as a result of higher sodium nitrate infusion in
the rumen of sheep. The increased blood Hb was possibly due to the

increased conversion of Hb to MetHb after feeding nitrate.

CONCLUSION

Dietary inclusion of yeast at 0.1% of DM had no significant effect in
reducing nitrate toxicity in Holstein steers. However, whether higher levels
of dietary yeast culture addition may reduce nitrate toxicity remains to be

investigated.
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