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ABSTRACT

The objectives of this study were to evaluate the
prophylactic use of SB-300 (Jaguar Animal Health,
San Francisco, CA), a standardized botanical extract
isolated from the bark latex of Croton lechleri, on re-
ducing fecal water losses and diarrhea events in Hol-
stein bull calves individually housed under a restricted
whole-milk feeding regimen (6 L/d) from 1 to 25 d of
life. Fluid therapy administration due to dehydration,
average weight gain, and the fecal microbiome were also
evaluated. Bull calves used in this study were born from
normal parturition, fed 4 L of pooled pasteurized colos-
trum by esophageal feeder, and moved to a research
facility at Cornell University (Ithaca, NY). A double-
blinded randomized clinical trial was designed to al-
locate a total of 40 newborn calves into 1 of 2 treatment
groups: calves receiving (twice daily) a solution con-
taining 500 mg of SB-300 added to the whole milk for
the first 15 d of life (SB-300, n = 20) or a control group
receiving sterile water added to whole milk for the same
period (CTR, n = 20). Treatment solutions had a total
volume of 10 mL per treatment. Data regarding fecal
dry matter were collected to precisely measure water
content in fecal samples and to define diarrhea events;
the SB-300 group had significantly increased fecal dry
matter during the study period. Additionally, signifi-
cantly fewer events of diarrhea were observed for calves
in the SB-300 group (16.9%) compared with calves in
the CTR group (46.5%). Dehydration status was evalu-
ated and treated accordingly; calves with moderate
dehydration were offered oral electrolytes, and calves
with severe dehydration were rescued with intravenous
fluid therapy. Calves in the SB-300 group had fewer in-
travenous fluid therapies administered during the study
period (1.6%) compared with the CTR group (3.1%).
Overall fluid therapy administered (oral electrolytes
plus intravenous fluids) was significantly higher for the
CTR group (9.2%) compared with the SB-300 group
(6.1%) during the study period. No differences in milk
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consumption, calf starter intake, or weight gain were
observed between treatment groups. A single time in-
crease in Bifidobacterium was observed on d 20 of life
for the SB-300 group; otherwise, no differences in fecal
microbiome profile were detected between treatment
groups. These results suggest that 500 mg of SB-300
added to the milk for 15 d can reduce the incidence
of diarrhea and reduce severe dehydration in milk-fed
calves.

Key words: calves, diarrhea, microbiome, SB-300
botanical extract

INTRODUCTION

Neonatal calf diarrhea is a multifactorial disease that
can be caused by infectious and noninfectious factors
(Walker et al., 1998; O’Handley et al., 1999). In a re-
port from the 2010 National Animal Health Monitoring
System study, diarrhea was the most common disorder
affecting preweaned dairy heifers, with a nationwide
incidence of almost 19%, and was the leading cause
of death in preweaned heifers (USDA, 2012). Entero-
pathogens such as viruses, bacteria, and protozoa are
often identified as etiological agents in calf diarrhea
(Cho and Yoon, 2014).

Depending on the pathogen, calf diarrhea can have
different pathophysiological mechanisms. These mecha-
nisms have been well explained for Fscherichia coli
enterotoxin-mediated secretory diarrhea (Thiagarajah
and Verkman, 2013), villus atrophy-mediated malab-
sorptive diarrhea caused by Cryptosporidium parvum
(Heine et al., 1984), and coronavirus (Lewis and
Phillips, 1978). Additionally, rotavirus can cause vil-
lus atrophy-mediated and chloride secretion-mediated
diarrhea (Thiagarajah and Verkman, 2003). Briefly, the
mechanisms by which loose stools are produced could
be categorized as secretory, malabsorptive, or both.

Mixed infections are often reported in calves suffer-
ing from naturally occurring diarrhea (Reynolds et al.,
1986). The prevalence of pathogens capable of produc-
ing secretory-induced neonatal diarrhea is reported to
range between 2.0 and 45.0% for enterotoxigenic Esch-
erichia coli (Frank and Kaneene, 1993; Luginbiihl et
al., 2005; Gulliksen et al., 2009) and between 17.0 and
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80.0% for rotavirus (Bartels et al., 2010; Smith, 2012;
Klein-Jobstl et al., 2014). These pathogens can induce
secretory diarrhea by increasing chloride secretion in
the intestinal lumen, consequently leading to intesti-
nal fluid hyper-secretion (Thiagarajah and Verkman,
2003).

Extensive review on prevention and treatment of
neonatal calf diarrhea is available (Constable, 2009).
Fluid therapy remains the standard treatment for
undifferentiated naturally occurring neonatal calf diar-
rhea. However, approximately 55% of calf operations
facilities in the United States make use of medicated
milk replacers to control neonatal calf diarrhea, and
about 54% of operations treat their scouring calves
with antibiotics (Walker et al., 2012). Five antimicrobi-
als are approved, labeled, and allowed by the US Food
and Drug Administration to be used in medicated milk
replacer for the control of bacteria; however, maximum
effort should be made to avoid routine administra-
tion of antibiotics because of the risk of antimicrobial
resistance (van den Bogaard and Stobberingh, 2000).
Therefore, alternatives to antimicrobials for control and
prevention of neonatal calf diarrhea are needed.

Recently, a natural product with antisecretory prop-
erties have shown efficacy in reducing water losses mea-
sured in fecal samples of neonatal Holstein bull calves
experimentally challenged with enterotoxigenic E. coli
(Teixeira et al., 2015). The natural product comprises
proanthocyanidin oligomers, which are polyphenolic
molecules extracted from the bark latex of the plant
species Croton lecheri. This botanical extract has been
studied for its antisecretory actions that involve the
inhibition of 2 distinct chloride channels on the luminal
membrane of the intestine: cystic fibrosis transmem-
brane conductance regulator (CFTR) and calcium-
activated chloride channel (CaCC) (Fischer et al., 2004;
Tradtrantip et al., 2010).

The objective of this study was to evaluate the ef-
fect of daily doses of a botanical extract on fecal water
content, diarrhea incidence, and use of fluid therapy
in Holstein bull calves affected with naturally occur-
ring undifferentiated diarrhea. Additionally, we used a
metagenomic approach to describe the effect of the bo-
tanical extract on the fecal microbiome. The study hy-
pothesis was that fecal dry matter, diarrhea incidence,
and use of fluid therapy are affected by the use of an
anti-secretory botanical extract when given in milk.

MATERIALS AND METHODS
Experimental Design, Animals, and Facility

This experimental protocol was approved by the In-
stitutional Animal Care and Use Committee (IACUC)
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of Cornell University (protocol number 2013-0075).
Sample size was calculated based on a fecal DM dif-
ference previously evaluated by a pilot study. Based on
an expected mean difference of fecal DM percentage
between treatment groups of 1.4, a treatment group
standard deviation of 1.2, and a control group standard
deviation of 1.7, with a treatment group ratio of 1, and
assuming a type I error rate of 5% and a power of 80%,
a sample size of 18 calves per group was calculated.
As 10% mortality was anticipated, 20 calves per group
were enrolled in this study.

The study design was a double-blinded randomized
clinical trial. Randomization was performed a priori us-
ing the Excel random function (Microsoft Corp., Red-
mond, WA) to create a balanced number of calves per
treatment group. A total of 40 Holstein bull calves from
one commercial dairy farm (Scipio Center, NY) were
enrolled in the study. Newborn Holstein bull calves were
monitored during parturition by on farm staff. Calves
were eligible to be enrolled in the study if no assistance
was required during parturition, no twins, and no birth
defects detected by physical exam after parturition. To
mimic farm conditions, 4 L of pasteurized (60°C for 60
min) pooled colostrum (T-300 GoodNature Products
Inc. Orchard Park, NY) with Brix reading averaging
22.8% (ranging from 20.6 to 24.8%) was administered
by esophageal tube to all calves within 45 min of birth
(Oral Calf Feeder Bag with Probe, Jorvet, Loveland,
CO). All calves were transported from the farm to the
study site within 4 h after birth. Briefly, calves were
transported using an adapted vehicle for animal trans-
portation; calves were kept inside individual crates
with proper ventilation. Cleaning and sanitization of
the vehicle was performed before and immediately after
transportation.

The study site was a research barn with controlled
temperature (20.6°C, ranging from 19.4 to 21.8°C) and
humidity (50%, ranging from 45 to 55%) containing
20 individual stalls (2.1 m® each) isolated by concrete
walls, where calves were unable to have any contact
with other calves or outside areas. A 3-step cleaning
procedure was used for water buckets, feed buckets,
and bottles after each feeding, consisting of rinsing all
the equipment with lukewarm water, scrubbing with a
mixture of hot water and alkaline detergent solution,
and finally rinsing in chlorinated water. The research
barn used to conduct this trial was used twice because
limited space was available (20 stalls). The first run
was performed from January to March 2016, and the
second run from March to May 2016. The 2 runs were
performed using the same procedures for enrollment,
data collection, cleaning, and laboratory procedures.

Calves were fed saleable whole milk purchased from
the Cornell Teaching Dairy (Cornell University, Ithaca,
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NY) twice daily (0600 and 1800 h) from first feeding to
the end of study period at 25 d of life. From d 1, calves
were gradually encouraged to drink from the bucket.
Water was available ad libitum from d 1 until the end
of the study. All calves were offered calf starter starting
of d 16 of life (Calf Starter 18% CP, DuMOR, Pat-
terson, NY).

Treatment Administration and Data Collection

Randomization was performed in blocks (by dam
parity and birth weight) a priori using the random func-
tion in Excel (Microsoft Corp.). Calves were randomly
assigned into 1 of 2 treatment groups: control (CTR; n
= 20) or standardized botanical extract (SB-300; n =
20; SB-300, Jaguar Animal Health, San Francisco, CA).

Treatment consisted of 500 mg of SB-300 diluted
in 10 mL of sterile water (VetOne, Boise, ID) using
a conical twist-top sterile tube (Corning Falcon, Big
Flats, NY). Treatments were prepared by adding 10
mL of sterile water and 500 mg of SB-300 into a 15-mL
conical tube and placing it into a benchtop tube mixer
at low speed for 1 h before each feeding (TubeRevolver,
SoCal Biomedical, Orange County, CA). Treatments
were administered during feeding by adding the solu-
tion into the milk, twice daily, for the first 15 d of life.
Control calves were administered 10 mL of sterile water
by adding the solution into the milk, twice daily, for the
first 15 d of life.

To accomplish double-blindness, one member of the
research team performed only randomization and calf
stall assignment. Another member of the research team
was responsible for morning and evening feedings and
treatments (treatments were added to the milk at the
time of feeding). A third member of the research team
was responsible for collecting the data.

Calves were weighed at birth, 5, 10, 15, 20, and 25 d
of life using a digital portable scale (Waypig-15, Vitte-
toe Inc., Keota, TA). Rectal fecal swabs for metage-
nomic data were also collected at birth, 5, 10, 15, 20,
and 25 d of life using DNA-free sterile swabs (6" Sterile
DNA-Free Cotton Swab, Puritan Medical Products
Company LLC, Guilford, ME), placed into a 1.5-mL
sterile conical flask, identified with a number, and
placed in a —80°C freezer within 10 min of sampling.
Blood samples were collected via jugular venipuncture
using an 18-gauge X 3.8-cm-long needle into 10-mL
Vacutainer tubes (Becton, Dickinson and Co., Franklin
Lakes, NJ). Blood sampling was performed on d 2 of
life. Serum was harvested following centrifugation at
2,000 x g for 15 min at 4°C. Serum IgG was measured
using the second blood collection (d 2 of life) using a
radial immunodiffusion assay according to kit instruc-
tions (Bethyl Laboratories Inc., Montgomery, TX).
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All calves were examined twice daily within 2 h after
feeding from d 1 to 25. The following parameters were
evaluated during each examination: rectal temperature
(Digital Rectal Thermometer, McKesson, CA), reces-
sion of eyes into the orbit (distance between the me-
dial canthus and the eyeball in millimeters), skin tent
(thoracic pinch measuring skin flattening in seconds),
attitude (suckling reflexes, standing position, and rest-
ing position), milk consumption, and calf starter intake
(from d 15 to 25 of life). Additionally, fecal samples
were collected via digital rectal stimulation twice daily
within 1 h after feeding onto aluminum weighing boats
from d 1 to 15, on d 20, and a last collection performed
once on d 25 of life and immediately used for DM evalu-
ation. For all fecal samples collected, determination of
fecal DM was performed as described by Bellosa et al.
(2011). Briefly, samples were weighed on a precision
digital scale (6202-1S, Sartorius, Elk Grove, IL) and
then dried at 108°C for 24 h (model 10 Lab Oven,
Quincy Lab, Chicago, IL) and re-weighed immediately
to determine the percentage DM. To avoid subjectiv-
ity from visually scoring calves with diarrhea based on
fecal consistency, diarrhea was defined after data on
fecal DM were collected. An event of diarrhea was given
to a calf that presented at least one of the twice-daily
measurements of fecal DM <10.0%.

A fixed amount of saleable whole milk was offered for
the entire study period (3 L/feeding; 6 L total per day);
milk consumption was measured after each meal from d
1 to the last day of the study. Calf starter was offered
only after treatment cessation (on d 15 after second
feeding); 4 kg of calf starter was offered and weighed
again at 25 d of life, and average calf starter intake
was calculated from d 16 to 25 by subtracting the calf
starter offered final weight (d 25) by the initial weight
(d 16) and dividing by 9 (9 d).

Dehydration was assessed twice daily and fluid
therapy was administered accordingly. Briefly, calves
presenting minor loss of skin elasticity (thoracic skin
pinch <3 s) and eyes not recessed into orbit (<2 mm)
were considered not dehydrated and no rescue was
performed. Calves with skin tent >3 s but <10 s, eyes
slightly recessed into orbit (>2 mm but <4 mm), and
with sucking reflexes were considered moderately de-
hydrated (needing <6% of BW in fluid replacement)
and given oral fluid therapy (fixed volume, calculated
as 6% multiplied by the most recently measured BW).
Oral hydration was also performed with a commercial
oral electrolyte (Hydralyte, Lloyd Inc., Shenandoah,
TA); oral electrolyte was fed via bottle as an extra meal
administered at time of physical exam. Calves with
skin tent >10 s, eyes markedly recessed into orbit (>5
mm), with or without suckling reflexes were consid-
ered severely dehydrated (needing >8% of BW in fluid
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replacement) and given intravenous rescue therapy
(fixed volume, calculated as 8% multiplied by the most
recently measured BW). Intravenous fluid therapy us-
ing isotonic sodium bicarbonate was administered by
jugular vein catheter (70 mL/kg per hour). During this
study, no antimicrobials were used in addition to the
fluid therapy.

Next-Generation Sequencing Methodology

Isolation of DNA from fecal contents was performed
by adding the cotton head of each sample swab to 1.5
mL of nuclease-free water (Life Technologies, Grand Is-
land, NY), and vortexing for 2 min. The swab was then
removed and the sample was centrifuged for 10 min at
13,200 x g. The supernatant was discarded and the
remaining pellet was used for total metagenomic DNA
extraction using the E.Z.N.A Stool DNA Kit (Omega
Bio-Tek, Norcross, GA) following the manufacturer’s
guidelines. Concentration and purity of the DNA were
evaluated by optical density using a spectrophotometer
(NanoDrop Technologies, Rockland, DE), and approxi-
mately 350 ng of DNA was used for PCR.

The 16S rRNA gene was amplified by PCR from
individual metagenomic DNA samples from the fecal
content using barcoded primers. For amplification of
the V4 hypervariable region of the bacterial/archaeal
16S rRNA gene, primers 515F and 806R were used ac-
cording to previously described methods and optimized
for the Hlumina MiSeq platform (Illumina Inc., San
Diego, CA; Caporaso et al., 2012). The earth micro-
biome project (www.earthmicrobiome.org) was used to
select 280 different 12-bp barcodes for the 16S rRNA
PCR, as previously described (Caporaso et al., 2012).
The 5'-barcoded amplicons were generated in triplicate
using 300 ng of template DNA, a master mix (Lucigen,
Middleton, WT), and 10 uM each primer. The PCR
conditions for the 16S rRNA gene included an initial
denaturing step of 94°C for 3 min followed by 35 cycles
of 94°C for 45 s, 50°C for 1 min, and 72°C for 90 s, and
a final elongation step of 72°C for 10 min. Replicate
amplicons were pooled and purified with a QIAquick
PCR Purification Kit (Qiagen, Valencia, CA) and visu-
alized by electrophoresis through 1.2% (wt/vol) agarose
gels stained with 0.5 mg/mL ethidium bromide before
sequencing.

Statistical Analyses

Descriptive statistical analysis was undertaken in
SAS (SAS Institute Inc., Cary, NC). Analysis of vari-
ance was used to evaluate differences in birth weight
(kg) at enrollment, serum IgG (g/L) collected at 2 d of
life, and baseline fecal DM (%). The intra- and interas-
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say coefficients of variation for serum IgG (quantified
by an ELISA kit) were 3.0 and 3.8%, respectively. Only
2 calves in the SB-300 group and 1 calf in the control
group died. Briefly, all 3 calves presented with persistent
fever (rectal temperature >39.5°C) from first feeding
and depression (lost appetite, recumbency); they were
diagnosed with septicemia and treated with antibiotics,
corticosteroids, and intravenous fluids. Treatment was
unsuccessful and euthanasia was performed. Data from
these calves were excluded from all statistical analysis.
Differences in mortality was evaluated by Fisher's ex-
act test using the FREQ procedure in SAS.

To evaluate the effect of treatment on daily milk
intake, daily calf starter intake, and ADG, 5 general
linear models were fitted to the data using the GLM
procedure of SAS. The independent variables offered to
the models were treatment group (CTR and SB-300),
serum IgG at 2 d of life (g/L), BW at enrollment (kg),
and baseline fecal DM (%). Treatment group was the
only variable forced into the models and a backward
stepwise variable selection was performed. The assump-
tion that the residuals were normally distributed was
assessed by visually evaluating the distribution plot of
the Studentized residuals.

To evaluate the effect of treatment on fluid therapy
(oral electrolyte, intravenous fluid, and overall fluid
therapy), 3 multivariable mixed logistic regression mod-
els were fit to the data using the GLIMMIX procedure
of SAS. The independent variables offered to the model
were treatment group (CTR and SB-300), serum IgG
(g/L), BW at enrollment (kg), and baseline fecal DM
(%). Odds ratio and adjusted probabilities of diarrhea
were obtained using the LSMEANS statement.

A mixed general linear mixed model was fitted to the
data using the MIXED procedure of SAS to analyze the
effect of treatment on fecal DM (%).The independent
variables offered to the model were treatment group
(CTR and SB-300), serum IgG (g/L), BW at enroll-
ment (kg), and baseline fecal DM (%). Fecal DM data
were longitudinally collected and consisted of a total of
33 measurements per calf: twice daily from d 1 to 15,
twice daily on d 20, and once on d 25 of life before the
end of the study. Therefore, data points were correlated
within each research subject. To account appropriately
for within-calf correlation, the error term was modeled
by imposing a first-order autoregressive covariance
structure. For this model, a backward stepwise vari-
able selection was performed. Furthermore, to assess
the effect of treatment on fecal DM collected during the
study period, the interaction between treatment and
days was forced into the model. Visual evaluation of
the distribution plot of the Studentized residuals al-
lowed us to assume that the residuals were normally
distributed.
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Table 1. Description of newborn Holstein bull calves fed pasteurized pooled colostrum, individually housed,
fed restricted whole milk (6 L/d) from d 1 to 25 of life, and offered calf starter from d 16 to 25 of life'

Control (n = 20)

SB-300 (n = 20)

Ttem Mean 95% CI Mean 95% CI P-value
Mortality (%) 5 10 0.38
Birth weight (kg) 37.6 37.3-37.9 37.7 37.4-38.4 0.57
Serum IgG (g/L) 12.3 11.6-13.0 12.1 11.4-12.8 0.72
Fecal DM, baseline (%) 29.8 23.5-36.1 27.2 20.9-33.5 0.55

'Control calves were administered 10 mL of sterile water (added to milk), twice daily, for the first 15 d of
life; calves in the SB-300 group were fed 500 mg of a standardized botanical extract (SB-300, Jaguar Animal
Health, San Francisco, CA) diluted in 10 mL of sterile water.

Data regarding events of diarrhea was created for
each day from d 1 to 15, on d 20, and on d 25 of life.
To evaluate the effect of treatment on diarrhea (yes
or no), a multivariable mixed logistic regression model
was fitted to the data using the GLIMMIX procedure
of SAS. The independent variables offered to the model
were treatment group (CTR and SB-300), serum IgG
(g/L), BW at enrollment (kg), and baseline fecal DM
(%). Adjusted probability of diarrhea was obtained us-
ing the LSMEANS statement.

The effect of treatment on BW collected at 1, 5, 10,
15, 20, and 25 d of life was evaluated by a mixed general
linear model using the MIXED procedure of SAS. To
control for repeated measures of BW, the animal identi-
fication number (nested within run) was included in all
models as a random effect, and the independent vari-
ables offered to the model were treatment group (CTR
and SB-300), serum IgG (g/L), BW at enrollment (kg),
and baseline fecal DM (%). For this model, a backward
stepwise variable selection was performed and to assess
the effect of treatment on fecal DM collected during the
study period, the interaction between treatment and
days was forced into the model. The assumption that
the residuals were normally distributed was assessed by
visually assessing the Studentized residuals plot.

Abundance of the individual genera Bifidobacterium,
Lactobacillus, Fecalibacterium, and Fscherichia were
evaluated using 4 similar general linear mixed models
in SAS. Variables offered to the models included treat-
ment group (CTR and SB-300), days (1, 5, 10, 15, 20,
and 25 d of life), and their interaction terms. To account
appropriately for within-calf correlation, the error term
was modeled by imposing a first-order autoregressive
covariance structure.

RESULTS

Forty newborn Holstein bull calves were enrolled in
this study. No differences in mortality was observed: 2
calves in the SB-300 group and 1 calf in the CTR group
(P = 0.38) were euthanized due to septicemia. Birth

weight did not differ between CTR (37.6 kg, 95% CI:
37.4-38.4) and SB-300 (37.7 kg, 95% CI: 37.4-38.4).
Serum IgG quantification was performed on d 2 of life,
and no differences were found between calves in the
CTR group (12.3 g/L, 95% CI: 11.6-13.0) and SB-300
group (12.1 g/L, 95% CI: 11.4-12.8). Additionally, no
differences were found for baseline fecal DM between
treatment groups (P = 0.55, Table 1).

Milk Intake, Calf Starter Intake, and ADG

No differences were observed for milk and calf starter
intake between treatment groups (Table 2). Briefly,
calves in the CTR group had an average milk intake of
5.38 L/d (95% CI: 5.11-5.65) and calves in the SB-300
group had an intake of 5.55 L/d (95% CI: 5.28-5.83).
Calf starter was only offered after cessation of treat-
ment at d 16 of life. Calf starter intake was not signifi-
cantly different between treatment groups (P = 0.69).
Moreover, no differences in ADG were observed from 1
to 25 d of life; calves in the CTR group had an ADG of
0.38 kg/d (95% CI: 0.27-0.49) and calves in the SB-300
group had an ADG of 0.43 kg/d (95% CI: 0.30-0.55).

Dehydration and Fluid Therapy

During the study period, no differences were observed
between treatment groups when evaluating the odds of
a calf being moderately dehydrated and needing oral
electrolytes (odds ratio = 0.07, P = 0.09, Table 3) with
an adjusted probability of 4.5% for calves in the SB-300
and 6.3% for calves in the CTR group. The odds of a
calf being severely dehydrated and consequently need-
ing intravenous fluids was 0.5 lower for calves in the
SB-300 group than for calves in the CTR group (P =
0.04), with an adjusted probability of 1.6% for calves
in the SB-300 and 3.1% for calves in the CTR group.
Overall fluid therapy administered (oral electrolyte
plus intravenous fluid) was significantly higher for the
CTR group (9.2%) than for the SB-300 group (6.1%)
during the study period. Likewise, the odds of needing
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Table 2. The effect of treatment on milk consumption from d 1 to 25 of life, calf starter intake from d 16 to 25 of life, and the effect of treatment
on ADG (in 3 periods; d 1 to 15, d 15 to 25, and d 1 to 25 of life) were evaluated by 5 different general linear mixed models'

Control (n = 19)

SB-300 (n = 18)

Ttem Period (d) Mean 95% CI Mean 95% CI P-value
Milk intake (L/d) 1 to 25 5.38 5.11-5.65 5.55 5.28-5.83 0.29
Calf starter intake (kg/d) 15 to 25 0.16 0.15-0.17 0.16 0.15-0.17 0.69
1to 15 0.14 0.12-0.18 0.17 0.14-0.21 0.22
Weight gain (kg/d) 15 to 25 0.74 0.56-0.92 0.89 0.71-1.08 0.22
1 to 25 0.38 0.29-0.47 0.46 0.37-0.56 0.22

'Control calves were administered 10 mL of sterile water (added to milk), twice daily, for the first 15 d of life; calves in the SB-300 group were
fed 500 mg of a standardized botanical extract (SB-300, Jaguar Animal Health, San Francisco, CA) diluted in 10 mL of sterile water.

any fluid therapy (due to moderate or severe dehydra-
tion) during the study period were 0.6 times lower in
the SB-300 group than in the CTR group.

Fecal DM and Diarrhea

A significantly higher fecal DM percentage was ob-
served for calves in the SB-300 group (18.2%, 95% CI:
17.2-19.2) than for calves in the CTR group (13.2%,
95% CI: 12.2-14.2) during the study period (P <
0.0001, Figure 1). Likewise, when evaluating the ef-
fect of treatment on events of diarrhea, calves in the
SB-300 group had significantly fewer events of diarrhea
(16.9%, 95% CI: 12.4-22.5) than calves in the CTR
group (46.5%, 95% CI: 39.9-53.2) during the study
period (P < 0.0001, Figure 2). For both outcomes, the
interaction term between treatment group and days of
life was not significant and was forced in the models to
generate daily estimates for both fecal DM (P = 0.22)
and diarrhea (P = 0.75).

BW

No effect of treatment was observed for BW data
collected during the study period (P = 0.42, Figure

3). The interaction term between treatment group and
days of life was not significant and was forced into the
model (P = 0.14). Briefly, BW by the end of the study
period (25 d of life) was 49.2 kg (95% CI: 47.7-50.6) for
calves in the SB-300 group and 47.0 (95% CI: 45.6-48.5)
for calves in the CTR group.

Fecal Microbiome

The 3 most abundant phyla described in this study
were Firmicutes, Proteobacteria, and Bacteroidetes,
regardless of treatment group. No differences in mean
relative abundance of each phylum within days of life
between treatment groups were observed (Figure 4). To
investigate beneficial genera of intestinal bacteria, an
individual evaluation of the following bacterial genera
was performed: Bifidobacterium (Vlkovéa et al., 2006;
Bunesova et al., 2012), Lactobacillus (Ewaschuk et al.,
2004), and Fecalibacterium (Oikonomou et al., 2013;
Foditsch et al., 2015). Additionally, the FEscherichia
genus was considered for its known association with
unhealthy microbiome (Acres, 1985). Bifidobacterium
had a higher mean relative abundance at d 20 for SB-
300 calves compared with CTR calves (P < 0.05). How-
ever, that was the only difference observed from data

Table 3. Dehydration was assessed twice daily for all calves in the study from d 1 to 25 of life; calves with
moderate dehydration were offered oral electrolytes and calves with severe dehydration were rescued with

intravenous fluid therapy'?

Adjusted
probability (%)
Odds ratio
Ttem Control SB-300 (95%CTI) P-value
Oral electrolytes 6.3 4.5 0.7 (0.5-1.0) 0.09
Intravenous fluids 3.1 1.6 0.5 (0.3-0.9) 0.04
Overall fluid therapy 9.2 6.1 0.6 (0.4-0.9) 0.01

"The effect of treatment on fluid therapy was evaluated by 3 generalized linear mixed models. Calves in the

control group were used as a reference level.

*Control calves were administered 10 mL of sterile water (added to milk), twice daily, for the first 15 d of

life; calves in the SB-300 group were fed 500 mg of a standardized botanical extract (SB-300, Jaguar Animal
Health, San Francisco, CA) diluted in 10 mL of sterile water.
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Figure 1. Fecal DM was measured twice daily for each of the treatment days (d 1 to 15). Additional samples were collected twice on d 20
and once on d 25 before the end of the study. Treatments were administered twice daily with whole milk for the first 15 d of life. The effect of
treatment, days, and the interaction between treatment and days are also displayed. Control calves (n = 19) were administered 10 mL of sterile
water (added to milk), twice daily, for the first 15 d of life; calves in the SB-300 group (n = 18) were fed 500 mg of a standardized botanical
extract (SB-300, Jaguar Animal Health, San Francisco, CA) diluted in 10 mL of sterile water. Values are least square means + standard errors.
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Figure 2. Diarrhea was recorded every day for all the calves in the study; an event of diarrhea was confirmed when a calf fecal sample
presented at least one of the twice-daily measurements of fecal DM <10.0%. Treatments were administered twice daily with whole milk for the
first 15 d of life. The effect of treatment, days, and the interaction between treatment and days are also displayed. Control calves (n = 19) were
administered 10 mL of sterile water (added to milk), twice daily, for the first 15 d of life; calves in the SB-300 group (n = 18) were fed 500 mg
of a standardized botanical extract (SB-300, Jaguar Animal Health, San Francisco, CA) diluted in 10 mL of sterile water. The y-axis represents
the model-adjusted proportion of calves with diarrhea and x-axis represents days into the study. Values are least square means + standard errors.
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Figure 3. The effect of treatment on BW measured at 5, 10, 15, 20 and 25 d of life was evaluated by a general linear mixed model. The effect
of treatment, days, and the interaction between treatment and days are displayed. The y-axis represents the least squares means of BW and the
x-axis represents the days of BW measurement. Control calves (CTR; n = 19) were administered 10 mL of sterile water (added to milk), twice
daily, for the first 15 d of life; calves in the SB-300 group (n = 18) were fed 500 mg of a standardized botanical extract (SB-300, Jaguar Animal
Health, San Francisco, CA) diluted in 10 mL of sterile water. Values are least square means + standard errors.

on genera; no differences were found in mean relative
abundance of any genera between treatment groups
(Figure 5).

DISCUSSION

This double-blinded randomized clinical trial evalu-
ated the prophylactic use of a standardized botanical
extract administered twice daily at feeding mixed with
saleable whole milk for the first 15 d of life on naturally
occurring diarrhea. Diarrhea was precisely defined by
measuring DM content in fecal samples collected twice
daily from d 1 to 15, on d 20, and on d 25 of life. The
main findings of this study were the decreased incidence
of undifferentiated naturally occurring diarrhea (de-
fined as fecal DM <10.0%) and fewer administrations
of fluid therapy (due to severe and moderate dehydra-
tion) in Holstein bull calves housed individually and fed
a restricted amount of saleable whole milk for 25 d. We
detected no differences in milk consumption or ADG.
No effect of treatment on the intestinal microbiome was
observed, besides a transitory increase for the genus
Bifidobacterium at 20 d of life for calves in the SB-300
group compared with control calves.

Previously, when calves were challenged with entero-
toxigenic Fscherichia coli, the antisecretory properties
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of the standardized botanical extract in a secretory-
induced diarrhea set-up significantly decreased water
content in fecal samples (Teixeira et al., 2015). In the
current study, a twice-daily dose of 500 mg per feeding
(3 L of whole saleable milk) of SB-300 for the first 15 d
of life was able to increase DM content in fecal samples
and consequently reduce the incidence of diarrhea. The
diarrhea affecting calves in this trial can be considered
undifferentiated naturally occurring diarrhea, because
no attempt was made to identify the cause of diarrhea.

During an event of secretory diarrhea, a calf can lose
significant amount of body fluids and, with it, blood
electrolytes (Dalton et al., 1965; Phillips et al., 1971;
Fisher and De la Fuente, 1972). Assessing dehydra-
tion and accurately identifying a calf that requires
fluid therapy is very important. Dehydration can be
successfully treated and provide calves with the neces-
sary electrolytes and nutrients to restore its hydration
status (Groutides and Michell, 1990; Hartmann and
Reder, 1995; Sen et al., 2009; Smith, 2009). As previ-
ously described in calves with induced dehydration and
diarrhea, the best clinical predictors of dehydration in
neonatal calves are the degree of enophthalmos and
neck skin-tent duration (Constable et al., 1998).

In the current trial, degree of dehydration was as-
sessed by both described methods, and fluid therapy
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was administered accordingly. Oral electrolytes were
administered when a calf was found to have moder-
ate dehydration; no differences were detected between
treatment groups. However, significantly more intrave-
nous fluid treatments due to severe dehydration were
administered to control calves than to SB-300 calves.
Finally, overall fluid therapy administration (oral and
intravenous fluids) was significantly different between
treatment groups. In this study, calves suffering from
undifferentiated diarrhea could have benefited from
a constant dose of the standardized botanic extract
offered twice daily for 15 d; as reported by Phillips
et al. (1971), neonatal calves suffering from secretory
diarrhea can lose up to 71.4% of water in feces, and
reducing this intestinal water secretion can reduce the
severity of dehydration.

In this study, calves were offered a restricted amount
of milk per day (6 L) from d 1 to 25 of life, and calf
starter was offered only after treatment ceased, start-
ing at d 16 until d 25. Milk was offered even if a calf
was under fluid therapy; as reported by others, calves
suffering from diarrhea would benefit from the energy
provided by the milk offered during feeding (Heath et
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al., 1989; Garthwaite et al., 1994). No differences were
found between daily milk consumption and starter in-
take, and no effects on ADG were detected. In a multi-
herd study evaluating risk factors that could impair
calf growth, neonatal calf diarrhea was one of the risk
factors associated with lesser BW gain (Virtala et al.,
1996; Windeyer et al., 2014). In the current study, BW
did not differ significantly between treatment groups
during the study period.

Here, we investigated the effect of a botanical extract
on the fecal microbiota using a metagenomic approach.
In this study, the hypothesis behind the microbiome
investigation was that lesser secretion of water during
an event of secretory diarrhea would lead to a more
stable microbiome, possibly favoring beneficial bacte-
ria that could lead to improved performance. During
events of diarrhea triggered by E. coli, rotavirus, and
coronavirus, the intestinal lumen can create a favor-
able environment for overgrowth of pathogenic bacteria
(Tzipori et al., 1981, 1983; Kaske, 1993). The neonatal
calf intestinal microbiota is dynamic during the first
week of life, and different intestinal microbiota profiles
can be associated with disease and weight gain (Uyeno
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Figure 4. Descriptive distribution of the mean relative abundance (%) of the most prevalent bacterial phyla identified in fecal samples of
control calves (CTR, n = 19) and calves receiving standardized botanical extract (SB-300, n = 18). Control calves were administered 10 mL of
sterile water (added to milk), twice daily, for the first 15 d of life; calves in the SB-300 group were fed 500 mg of a standardized botanical extract
(SB-300, Jaguar Animal Health, San Francisco, CA) diluted in 10 mL of sterile water. Fecal samples were collected once daily at 1, 5, 10, 15,

20, and 25 d of life. Color version available online.
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Figure 5. Comparison of mean relative abundance of 3 genera previously associated with healthy gut microbiome: Bifidobacterium (A),
Lactobacillus (B), Fecalibacterium (C), and 1 genus related to unhealthy microbiota: Escherichia (D) found in fecal samples. Control calves (dark
gray bars; n = 19) were administered 10 mL of sterile water (added to milk), twice daily, for the first 15 d of life; calves in the SB-300 group
(light gray bars; n = 18) were fed 500 mg of a standardized botanical extract (SB-300, Jaguar Animal Health, San Francisco, CA) diluted in
10 mL of sterile water. The y-axis represents the mean relative abundance in percentage and the x-axis represents the data point of each fecal
sample collected (days of sampling). Values are least square means + standard errors. *P < 0.003: statistical difference adjusted by Bonferroni

between CTR and SB-300 within day.

et al., 2010; Oikonomou et al., 2013; Malmuthuge et al.,
2015). In neonatal calves, the beneficial effects of de-
creasing diarrhea incidence and improving weight gain
in calves have been reported when a higher prevalence
of certain bacterial genera exists; namely Lactobacillus,
Bifidobacterium, and Fecalibacterium (Abe et al., 1995;
Foditsch et al., 2015). In the current study, fecal swabs
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were collected during treatment days for metagenomic
sequencing, and no differences in relative abundance
between treatment groups were detected for the genera
Lactobacillus, Bifidobacterium, and Fecalibacterium.
Fecal swabs were also collected on d 20 and 25; a dif-
ference was observed on d 20 only for Bifidobacterium
between treatment groups, where calves in the SB-300
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group had a higher relative abundance of Bifidobacte-
rium than calves in the control group. However, by d
25, no differences were reported.

CONCLUSIONS

Forty newborn Holstein bull calves fed pasteurized
pooled colostrum were raised under restricted feeding
of saleable whole milk, housed individually from d 1 to
25 of life. A prophylactic dose of 500 mg of a standard-
ized botanical extract (SB-300) was added to the milk
twice daily at feeding for 15 d, and diarrhea events were
precisely identified by percentage of water in the fe-
ces. Calves in the SB-300 treatment group experienced
significantly fewer events of diarrhea during the study
period (16.9%) compared with control calves (46.5%).
Control calves suffered more from severe dehydration
and had more intravenous fluid therapy interventions.
No effects of treatment on average milk intake, calf
starter intake, or ADG were observed. Besides a single
increase in Bifidobacterium observed at d 20 for the
SB-300 group, no differences in fecal microbiome profile
were detected between treatment groups. Combined,
these results suggest that 500 mg of SB-300 added to
the milk during feeding for 15 d can reduce the in-
cidence of diarrhea and reduce severe dehydration in
milk-fed calves.
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