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Perioperative Ruminal pH Changes in Domestic
Sheep (Owvis aries) Housed in a Biomedical
Research Setting

Bambi H Jasmin,">" Ray C Boston,? Rolf B Modesto,? and Thomas P Schaer?

Little information is available on normal ruminal pH values for domestic sheep (Ovis aries) housed in a research setting
and fed a complete pelleted ration. Sheep maintained on pelleted diets undergoing surgical procedures often present with
postoperative anorexia and rumen atony. To determine the relationship between diet and postoperative rumen acidosis and
associated atony, we studied dietary effects on ruminal pH in an ovine surgical model. Sheep undergoing orthopedic surgical
procedures were randomized into 2 diet groups. Group 1 (n = 6) was fed complete pelleted diet during the pre- and postopera-
tive period, and group 2 (n = 6) was fed timothy grass hay exclusively throughout the study. Measures included ruminal pH,
ruminal motility, and rate of feed refusal, which was monitored throughout the pre- and postoperative periods. The 2 groups
did not differ significantly before surgery, and the ruminal parameters remained largely within normal limits. However, a
downward trend in the strength and frequency of rumen contractions was observed in pellet-fed sheep. After surgery, the
pellet-fed group showed clinical signs consistent with ruminal acidosis, supported by decreased ruminal motility, anorexia,
putrid-smelling ruminal material, and death of ruminal protozoa. Intervention by transfaunation in clinically affected sheep
resulted in resolution of signs. Our findings suggest that sheep fed grass hay appear to have a more stable ruminal pH, are
less likely to experience anorexia and rumen atony, and thereby exhibit fewer postoperative gastrointestinal complications

than do sheep on a pellet diet.

Abbreviation: VFA, volatile fatty acids.

Sheep (Owis aries) typically consume a diet high in fiber con-
sisting of fresh forage or hay, with very little energy concentrate
feed. Energy concentrates contain a high density of nutrients,
usually low in crude fiber (less than 18% of dry matter) and high
in total digestible nutrients.!> Energy concentrate feed provides
a source of easily digestible carbohydrates, but if fed in excess
can lead to ruminal acidosis.®?>?823 Mastication of grass hay
stimulates the production of copious amounts of saliva, which
act to buffer the ruminal pH. Normal ruminal pH in sheep is
between 6.4 and 6.8. Ruminal pH values less than 5.5 or greater
than 7.0 are considered abnormal; ruminal pH of less than 5.5
is defined as subacute rumen acidosis?>?%?53! but typically has
no clinical signs. Acute or clinical acidosis generally is seen
when the ruminal pH falls below 5.0. Clinical signs may include
reduced salivation, lethargy, reduced gastrointestinal motility,
anorexia, and diarrhea.?” The cause for ruminal acidosis is
multifactorial and can be due to ingestion of small particle size
(diameter less than 0.07 in.)!? or highly concentrated feeds that
contain rapidly fermented carbohydrates. Such diets require
less chewing, resulting in decreased saliva production, which
diminishes buffering capacity.* Ingestion of rapidly fermented
carbohydrates leads to increased volatile fatty acid (VFA)
production in the rumen and subsequent increased lactic acid
production. This situation results in reduced ruminal pH and a
shift in the ruminal fauna from predominantly gram-negative
to gram-positive organisms.”18.2635
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Sheep used in biomedical research often are housed indoors
in elevated expanded metal flooring runs and fed a complete
pelleted ration. In a research setting, disincentives associated
with feeding of grass hay include clogging of floor drains and
increased labor for animal care technicians. To circumvent
management difficulties, pelleted feed diets have largely been
adopted in large animal research settings. Complete pelleted
feed diet, coupled with the stress of shipping, indoor housing,
increased handling, fasting for experimental procedures, and
perioperative opioids for pain management, can result in rumi-
nal atony, inappetence, and subclinical rumen acidosis.!5223438
Clinically, this condition is manifested as ruminal atony, inap-
petence, and lethargy.3®

Transfaunation consists of delivering rumen contents, con-
taining healthy protozoa, VFA, and gram-negative bacteria,
from a clinically normal ruminant into the rumen of an inappe-
tent sheep, with the goal of repopulating the ruminal fauna and
correcting the pH. Transfaunation is used widely for treatment
of ruminal atony and anorexia in ruminant species.’> Fresh
rumen contents commonly are obtained from cows equipped
with a rumen fistula. Bovine rumen contents can be used to
transfaunate any ruminant species, with only minimal host
specificity of the bacteria and protozoa.”

Although the benefits of transfaunation are acknowledged,
maintaining a fistulated animal in a research environment has
been perceived as impractical due to housing costs. In addition,
the low volume of transfaunate that can be obtained readily
from a fistulated ovine or caprine donor further questions the
practicality of this treatment. Prior to the present study, the
standard of care for ruminants housed indoors at our institution
had been to collect ruminal contents from sheep at the conclu-
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sion of an experimental study and store them at 4 °C for future
use. Ongoing, unpublished studies at Colorado State Univer-
sity suggest that the protozoa in ruminal fluid do not survive
at temperatures below 80 °E5 Therefore, refrigerated rumen
contents likely provide only a source of VFA and do nothing to
correct ruminal acidosis or restore normal protozoal activity. The
precise role of the protozoa in the rumen ecosystem has long
been debated and remains poorly understood.!14?

At the time of the present study, the changes in ruminal pH
and microflora of postoperative sheep housed in a research
setting and fed a complete pelleted ration were unknown.
Our experience over several years suggested that many sheep
enrolled in research trials and fed pelleted rations presented
clinically with rumen atony, anorexia, and lethargy as sequelae
to major surgical procedures. Although the specific changes that
occurred in the rumen during the postoperative period were
unknown, our observation was that sheep fed exclusively grass
hay during the postoperative period in our facility rarely expe-
rienced anorexia and maintained an excellent appetite. The goal
of the current study was to determine whether diet influenced
the development of preoperative subclinical or postoperative
acute ruminal acidosis in sheep managed in a research setting.
Our hypothesis was that sheep fed hay would have less acidic
and more normal ruminal pH, better ruminal protozoal activity,
decreased rate of feed refusal, less need for transfaunation, and
overall clinically fewer gastrointestinal complications.

Materials and Methods

Animals. Sheep enrolled in this study were on an IACUC-
approved orthopedic protocol with approval for minimally
invasive sampling of ruminal fluid. Finn-Dorset cross sheep (1
=12, female, 2 y old), weighing between 50 and 55 kg (Archer
Farms, Darlington, MD) were assigned randomly to 1 of 2
study groups. One cohort of sheep (1 = 6) was housed on straw
bedding and exclusively fed ad libitum timothy grass hay. A
second cohort of sheep (1 = 6) was housed on sawdust and fed
exclusively an estimated 2% body weight of a commercially
available complete pelleted laboratory ration for ruminants
(fed according to manufacturer’s label; 5508 Rumilab LabDiet,
Animal Specialties And Provisions, Quakertown, PA) twice
daily for the duration of the study. All sheep were negative for
Coxiella burnetii; vaccinated annually against ovine contagious
pustular dermatitis, Clostridium perfringes types C and D, and
tetanus; and dewormed with albendazole drench based on
fecal exam results approximately 3 times yearly. Prior to use
on this protocol, all sheep were housed in a paddock and fed
only timothy grass hay. All sheep were transferred from other
paddocks on the large animal hospital campus and had been
on the premises for at least 6 mo.

Husbandry. This study was conducted at the Comparative
Orthopedic Research Laboratory of the New Bolton Center,
University of Pennsylvania School of Veterinary Medicine. All
sheep were housed individually in 5 ft x 5 ft wire-panel stalls,
according to recommendations in the Guide for the Care and Use
of Agricultural Animals in Research and Teaching'? as well as the
Guide for the Care and Use of Laboratory Animals.?® Stalls were
arranged in 2 rows of 6 on concrete flooring covered with rub-
ber stall mats. Sheep in the grass hay cohort were bedded on
straw, whereas sheep in the pelleted fed cohort were bedded
on sawdust. The housing barn (30 ft x 48 ft 5 in.) used natural
lighting and ventilation with access to ad libitum drinking
water in buckets. Rows of housing pens were separated by
a 6-ft aisle down the center of the barn. All stall floors were
cleaned and bedded regularly. Sheep fed hay were fed on the

stall floor; sheep fed the pelleted ration were fed in individual
feed buckets. This housing arrangement was used to simulate
the run-style housing often used in a research setting. All sheep
were in visual and olfactory contact with other sheep at all times;
sheep had nose-to-nose contact with at least one other sheep at
all times. All feedings were performed twice daily by laboratory
personnel between 0700 and 0800 and again between 1700 and
1800. Time of feeding was documented.

Experimental design. Sheep were allowed to acclimate for
approximately 15 h without feed, to keep postprandial ruminal
fluid sampling times consistent throughout the study. Sheep
then were assigned randomly to either the hay or pelleted
feed group. After the acclimation period, all sheep underwent
physical examination, including temperature, pulse, respiratory
rate, and auscultation of ruminal contractions over 2 min.2!
Baseline blood work was performed consisting of glucose,
urea nitrogen, creatinine, sodium, potassium, chloride, carbon
dioxide, calcium, magnesium, phosphorus, cholesterol, total
protein, albumin, aspartate aminotransferase, creatine kinase,
v-glutamyl transferase, and fibrinogen.

Prior to feeding, baseline ruminal fluid samples were obtained
from all animals. Sheep were manually restrained, and an oral
speculum fashioned from PVC piping (length, 6 in.; diameter,
1.5 in.) with rounded edges was placed in the sheep’s mouth,
and a foal nasogastric tube (length, 5 ft.; internal diameter, 1 cm)
was introduced into the oral cavity and advanced over the base
of the tongue and into the rumen. A 500-mL dose syringe was
used to apply suction to the orogastric tube, and approximately
10 mL of ruminal contents was extracted and discarded. The first
10-mL sample was discarded to eliminate saliva contamination
that would falsely elevate the pH level.#172! The dose syringe
then was used to collect at least 20 mL of ruminal contents,
which were placed into a 50-mL collection container kept at a
temperature above 80 °F. Sheep were observed for a minimum
of 10 min after this procedure to ensure that no clinical signs
of respiratory distress ensued. Ruminal pH was analyzed
(Accumet Basic pH Meter model AB15, Fischer Scientific, Pitts-
burgh, PA) within 1 min of collection, and samples were placed
in a styrofoam container and kept warm at a temperature above
80 °F (HotSnapZ, South Bend, IN) until further analysis in the
laboratory. All ruminal fluid samples were obtained before the
morning feeding and within 1 h of the same time each day.

Feed consumption. Feed refusal was documented twice daily
for all sheep. A measured amount of pelleted feed or hay was
given twice daily; sheep were allowed access to this feed for 10
to 12 h before any remaining feed was measured and discarded.
Feed refusal was documented by percentage of feed consumed,
measured in increments of 25%.

Ruminal pH analysis. Ruminal fluid collection by using an
orogastric tube can yield a pH reading that is falsely elevated
by as much as 0.5 pH units, due to saliva contamination.!%17
2l The first 10-mL sample was discarded to minimize false el-
evation of ruminal pH.?! Ruminal pH was analyzed (Accumet
Basic pH Meter model AB15, Fischer Scientific) within 1 min of
collection. Samples were evaluated within 90 min of collection
for parameters including color, consistency, odor, percentage
protozoal motility, number of protozoa per low-power (10x)
field, carbohydrate storage by protozoa, and anaerobic fermen-
tation metabolism by the bacterial population.?!38

Ruminal fluid characteristics. Color. Sheep fed long-stem fiber,
such as grass hay, typically have an olive-green color to their
ruminal contents, whereas those of sheep fed a higher percent-
age of concentrates may have a milky-brown color. Putrefaction,
occasionally observed after extended periods of anorexia, will
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yield a blackish-green color to rumen contents. In this study,
we limited color analysis to qualitative description, in which
the same observer (BHJ) documented the predominant hue of
each ruminal sample.

Consistency. Ruminal fluid consistency can range from watery
to more viscous in nature. Samples heavily contaminated with
saliva may appear very viscous. Saliva contamination also will
be reflected by an increase in pH values. Samples that appeared
visibly contaminated with saliva were discarded and a second
sample drawn. Assessments for saliva contamination were made
at the time of sample collection to reduce the need to pass an
orogastric tube a second time in an animal. Visual assessment
(BH]J) in conjunction with pH values was used to rule out heavy
saliva contamination.

Odor. Normal ruminal contents have an aromatic and acidic
odor. A putrid or fecal odor can be indicative of an extended
period of anorexia. Qualitative analysis by the same observer
(BHJ) was performed on all samples and categorized as aromatic
and acidic or fecal and putrid in odor. All animals were assessed
at the time of sampling and feed refusal assessed in conjunction
with abnormal ruminal fluid odor.

Protozoal motility. Protozoal motility generally is assessed as
a percentage of progressively motile protozoa per low-power
field. One drop of fresh ruminal fluid was placed on a warmed
microscope slide and a coverslip placed. The same observer
(BHJ) counted progressively motile protozoa compared with
immobile protozoa in 10 low-power fields, and an average was
obtained for each sample.

lodine staining. Determination of the repletion of carbohy-
drate storage of protozoa is assessed by staining with Lugol
iodine. This parameter can give an indication of the overall
general health of the rumen by assessing protozoal functions.
One drop of ruminal fluid and one drop of Lugol iodine were
placed on a slide and a coverslip placed. The number of darkly
stained protozoa compared with unstained protozoa was as-
sessed in 10 low-power fields and an average obtained.

Methylene blue. Measurement of anaerobic fermentation me-
tabolism of the bacterial population is indicated by methylene
blue reduction time. Fresh ruminal fluid (10 mL) was placed in a
15-mL conical tube, 0.5 mL 0.3% methylene blue was added, and
the tube was inverted until mixed thoroughly. The samples were
observed until the blue color was cleared, and the total time was
documented. Typically, samples from grain-fed sheep reduce the
dye in 3 to 4 min, from hay-fed animals in 5 to 6 min, and from
animals with inactive bacterial populations in excess of 10 min
to clear the dye.?! Culture of ruminal bacteria and speciation is
possible but was beyond the scope of this study.

Timeline. After baseline sampling and initiation of the test di-
ets, all sheep were sampled weekly for 6 wk prior to surgery.1028
All samples were obtained within 1 h of the same time each
day, approximately 15 h after the previous feeding?? and prior
to receiving their morning feeding. Before surgery, all animals
were feed-fasted for 12 h with free access to water. Ruminal
samples from each sheep were obtained after induction of
general anesthesia on the day of surgery. Postoperatively, sheep
were sampled daily for 7 d. Postoperative sampling adhered
to the same collection schedule used during the preoperative
period.

Surgical procedure. An equal number of sheep from both
diet groups was assigned randomly to the surgical cohorts.
Surgical cohorts underwent a standardized long-bone ortho-
pedic intervention of approximately 60 min of surgery time
and a total of 2 h of general anesthesia. Both test groups were
given buprenorphine (0.01 mg/kg IV) at the time of induction

Ruminal pH changes in perioperative sheep

of general anesthesia. The lateral side of the proximal forelimb
was clipped, prepped with chlorhexidine solution and isopropyl
alcohol, and dried. Fentanyl patches (2.5 png/kg) were placed
during surgical preparation, the surrounding area was sprayed
with an aerosol adhesive (Vi-Drape, Medical Concepts Develop-
ment, Woodbury, MN) covered with a breatheable, film dressing
(83M Tegaderm Dressing, St Paul, MN) and a 3-in. elastic tape
dressing (Elastikon, Johnson and Johnson, New Brunswick, NJ),
which were left in place for 72 h.! All animals received flunixin
meglumine (1.1 mg/kg) once daily for 3 d postoperative. All
animals were assessed by a veterinarian twice daily for comfort
level. Observations included percentage weight bearing on af-
fected hindlimb, bruxism, tachypnea, and tachycardia.

Statistical analyses. Mixed-model linear regression was
performed to determine the association of diet, time, pH, and
the effect of the event (general anesthesia and surgery) on the
2 study populations. Data normality was confirmed with the
aid of the Shapiro-Wilks test. Mixed-effects regression analysis
was used to compare the preoperative ruminal pH of sheep
on pelleted feed with that of those on hay. Where indicated,
additional analyses using ANOVA and Students’s ¢ test were
performed. All statistical analysis was performed with the aid
of Stata 10.1 statistical software (StataCorp, College Station
TX). A P value of 0.05 was used to distinguish significant from
nonsignificant differences.

Results

All sheep underwent uncomplicated surgical procedures
and completed the study to the endpoint. The postoperative
analgesic regimen was efficacious for both cohorts.

Ruminal analyses. Color. The observer noted a distinct change
in the color of the ruminal fluid after 1 wk of feeding the pel-
leted diet. Ruminal fluid turned from an olive-green color to a
dark-brown color (Figure 1).

Consistency. Prior to surgery, the ruminal fluid samples from
sheep on pelleted feed had less particulate or fibrous material,
consistent with the composition of the pelleted feed. Ruminal
fluid samples became difficult to obtain in the pellet-fed sheep
at 24 to 48 h after surgery. Samples had decreased water content,
and the orogastric tube became clogged more easily in these
animals. The consistency of ruminal fluid from the hay-fed
cohort showed no change throughout the study.

Odor. The observer noted that ruminal fluid samples from the
pellet-fed cohort were less aromatic within 1 wk of consumption
of the pelleted diet. The ruminal fluid from pellet-fed sheep
began to take on a distinctly fecal and putrid odor 24 to 48 h
after surgery. No changes in the odor of the ruminal fluid of the
hay-fed cohort were noted.

Protozoal motility. During the preoperative period, samples
from pellet-fed sheep showed increased numbers in ruminal
protozoa. Postoperatively, preoperatively assessed protozoal
motility fell by 25% to 50% in the 2 sheep with overtly decreased
appetite and associated ruminal atony. Alterations in the num-
bers of motile protozoa were not apparent in samples from 4
the remaining pellet-fed sheep when compared with those from
hay-fed sheep during the postoperative period.

lodine staining. There was a postoperative decrease in the
number of protozoa exhibiting iodine stain uptake in all ani-
mals, with no statistical difference (P = 0.102) noted between
hay- and pellet-fed sheep.

Methylene blue. There was no statistical difference between
hay- and pellet-fed groups in the time reported for samples to
clear methylene blue. In addition, no significant changes were
noted between pre- and postoperative values. In general, meth-
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Figure 1. Ruminal fluid samples from sheep fed (left) pellets or (right)
grass hay. Ruminal fluid from the pellet-fed sheep is brown in color
and has less particulate matter, whereas that from grass-fed sheep is
greener in color with more particulate matter.

ylene blue clearance times were longer than those reported in
previous publications.?!

Ruminal parameters and pH. Before surgery, the number of
rumen contractions per minute was not significantly different in
pellet- and hay-fed sheep; the duration and strength of the ru-
men contractions in the pellet-fed cohort did show a downward
trend (P = 0.584) after 2 wk of feeding pellets. No feed refusal or
significant change in ruminal pH was observed in the sheep fed
a pelleted diet prior to general anesthesia and surgery.

After surgery, all 6 sheep fed the pelleted ration showed some
degree of inappetence whereas those on hay did not. The onset
of decreased feed intake occurred 24 to 48 h postoperatively
and lasted for an average of 6 d. There was no statistically
significant correlation between feed refusal and postoperative
pH. Two of the 6 sheep experienced either complete anorexia
or a decrease in appetite exhibited by a 50% to 75% decreased
ration intake. Decreased feed consumption also correlated with
rumen atony. These sheep required transfaunation with 750 mL
fresh rumen contents. Before clinical signs resolved, 1 of the 2
sheep required a second transfaunation, with an additional 750
mL of fresh ruminal fluid, 24 h after the first. Serum chemistry
blood work was repeated on sheep that became anorexic, but
no significant changes compared with baseline blood test results
were apparent.

The preoperative ruminal pH of sheep on pelleted compared
with hay ration did not differ significantly (P <0.781). Although
the ruminal pH values of sheep fed a pelleted ration were slight-
ly lower initially, they drifted upward toward the pH of those
fed hay by 0.09 pH units per week. This initially lower pH most
likely can be attributed to adaptation to a dietary change.?® In
contrast, postoperative ruminal pH was significantly (P <0.001)
lower in the pellet-fed sheep than the hay-fed animals when ana-
lyzed by using a mixed-effects regression model. An overview
of both groups from the first preoperative measurement to the
last postoperative measure shows the significant postoperative
pH decrease seen in the pellet-fed group (Figure 2).

Discussion
The goal of this study was to determine whether diet
influenced the development of preoperative subclinical or
postoperative acute ruminal acidosis in sheep managed in a
research setting. Our hypothesis was that sheep fed hay would
have improved ruminal pH, better rumen protozoal activity,
decreased rate of feed refusal, and less need for transfaunation,

——  Pellet Fed
---- HayFed
75
7.25
7
|7 R N
o
675
65 - Preoperative Postoperative

-6 -4 -2 0 2 4 6

Weeks Time

Figure 2. Mixed-effects regression model with fixed effects shows the
predicted ruminal pH in pellet-fed compared with hay-fed sheep for
the 6 wk prior to surgery (weeks —6 to —1), at the time of surgery (day
0), and 7 d after surgery (days 1 to 7).

Days

resulting in a more stable perioperative patient. We also aimed
at establishing normal ruminal pH parameters for sheep fed an
atypical (nonforage) ruminant diet.

Ruminal pH can be difficult to assess accurately due to diurnal
changes, which can range from 0.5 to 1.0 pH units.?*#3¢ Rumi-
nal pH also can vary due to its distinct topography within the
various compartments, which are divided by the rumen pillars
into a dorsal and ventral sac and then further divided into the
caudoventral and caudodorsal blind sacs.!” In our study, these
fluctuations were minimized by sampling sheep at consistent
intervals.'62%27 Saliva contamination is another concern when
sampling orogastrically. Alternatives to orogastric sampling,
such as rumenocentesis, are not without complications.®® Ru-
menocentesis by repeated percutaneous needle puncture can
increase the likelihood of abscess formation in the peritoneal
cavity or result in peritonitis.!%*? Samples that are obtained by
rumenocentesis are often of very limited volume and only per-
mit pH assessment, without evaluation of ruminal fluid color,
odor, or microflora populations.'® Submersible telemetry units
that can be placed into the rumen to measure continuous pH
changes are often bulky and may require a rumen fistula for
insertion of pH sensors and their retrieval due to drift of calibra-
tion over time. Units created for small ruminants do exist®? and
were explored for this investigation. These small units can be
placed orally by using a balling gun. However due to unpredict-
able drift of the pH sensors and their limited battery life, these
units were not a viable option for the present study.

Our preoperative observations showed that the 2 feed cohorts
did not differ significantly and that the ruminal parameters
remained largely within normal limits. However, we did note
a downward trend (P = 0.584) in the strength and frequency
of rumen contractions in pellet-fed sheep. A shift in bacterial
populations from lactic acid-producing bacteria (Streptococcus
bovis or Lactobacillus) in the pellet-fed sheep likely occurred
preoperatively, but the pH balance was maintained because
there were also lactate-consuming bacteria.?® With the stress of
preoperative fasting, the lactate consumers were more suscep-
tible and died, but the lactate producers continued to produce
acid. The hay-fed sheep likely had a smaller population of
lactate producers before surgery, resulting in decreased lactic
acid production.'3263135 Given the postoperative data from the
pellet-fed cohort in the present study, we conclude that these
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sheep apparently were more prone to developing gastrointesti-
nal complications after exposure to stress, such as perioperative
fasting, general anesthesia, and surgical interventions.

All animals recovered from surgery and general anesthesia.
After surgery, sheep in the pellet-fed group showed clinical signs
consistent with rumen acidosis, supported by decreased rumen
motility, anorexia, putrid-smelling rumen material, and death
of rumen protozoa. We also observed that the pellet-fed sheep
experiencing postoperative anorexia had a concurrent decrease
in water consumption. As a result, the rumen contents of these
sheep were considerably drier than those fed hay. Given the
desiccation of the ruminal contents and subsequent blockage of
the tube during ruminal fluid collection, saliva contamination
may have been increased. Therefore, postoperative pH values
may have been elevated falsely whereas clinical signs were
clearly indicative of an acute episode of ruminal acidosis. This
apparent discrepancy may explain why many of the pH read-
ings remained within the low-normal range of 5.5 to 5.8 and
why there was no statistically significant correlation between
feed refusal and postoperative ruminal pH.

Therefore, a reasonable explanation is that the aforementioned
diurnal pH variations, slight variations within the compartment
of the rumen sampled, effects of sampling time after feeding,
and potential saliva contamination may have contributed to
elevating (albeit falsely) the pH of the ruminal fluid 4102132 Tt is
clinically significant that all pellet-fed animals developed some
degree of anorexia 24 to 48 h postoperatively and that lasted for
an average of 6 d. Intervention by transfaunation resulted in
clinical improvement in the 2 animals most severely affected.

A significant (P = 0.011) increase in protozoal numbers was
observed in the rumen samples from pellet-fed sheep and may
be related to the carbohydrate content and digestibility of the
pelleted diet.31418 Alternatively, an increase in the protozoal
fauna might be explained by the difference in rumen fill between
the 2 cohorts under investigation.” Grass-hay diets result in
more fibrous and bulkier rumen mats, providing more rumen
fill, compared with pelleted diets. Although the importance of
the protozoal population and associated morphology is still
highly debated!!, death of ruminal protozoa, rumen atony, and
anorexia are important clinical findings. These clinical signs
all occurred in our cohort fed a pelleted diet. Their presence
typically warrants timely intervention such as transfaunation
to resolve the clinical signs.

A complete pelleted ration is not considered to be a con-
centrate feed, but any dramatic change in feed can predispose
ruminants to gastrointestinal upset.??° Ruminal acidosis is
more likely to occur in animals that are unadapted to either
an easily digestible feed with high starch content or to feed
with small particle size (less than 0.07 in.), such as pelleted
feed.!” Small particle size results in decreased mastication and
decreased saliva production and therefore decreases buffering
capacity. The decrease in buffering capacity in conjunction
with diets with a higher percentage of carbohydrate result in
increased cleavage of starches by bacteria and an increase in VFA
and lactic acid, thereby decreasing ruminal pH. Rumen papillae,
which are responsible for absorption of VFA, are unadapted
and unable to absorb the increased VFA that are produced. As
a result, the pH of the rumen remains low. The change in the
pH of the rumen typically causes shifts in the bacterial and
protozoal populations.3!

Although this orthopedic procedure required general an-
esthesia, sheep were recovering within 3 h of induction. Several
surgical models in sheep require general anesthesia times up-
ward of 7 or 8 h (for example, cardiothoracic research models

Ruminal pH changes in perioperative sheep

often necessitating the need for cardiopulmonary bypass).
Because deleterious effects on appetite and rumen motility
can be seen with relatively short fasting and general anesthesia
times, we consider it crucial to monitor ruminal health during
the perioperative period.

The precise reason for the significant postoperative decrease
in pH and ensuing inappetence is clearly multifactorial yet
associated with perioperative exposure to various stress fac-
tors discussed in this study. Our findings show that sheep fed
a grass-hay diet have a more stable ruminal pH and are less
likely to experience anorexia and rumen atony. Sheep in a sur-
gical biomedical research setting are more suitable candidates,
with fewer postoperative gastrointestinal complications, when
they are fed a typical diet of grass hay. Therefore adjusting the
dietary options of sheep exposed to shipping and research
related stressors may alleviate some of the commonly seen
gastrointestine-related complications. A more physiologically
appropriate diet consisting of adequate longstem fiber (grass
hay) for ruminants in research settings should strongly be con-
sidered as part of comprehensive animal welfare.
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