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Abstract

Two experiments were conducted to determine the impact of various combinations of yeast-based direct fed microbials (DFM) in diets fed to
nursery pigs weaned from sows fed lactation diets with or without yeast additives. In Exp. 1, 340 weaned pigs, initially 5.1 kg + 0.02, were
used to evaluate previous sow treatment (control vs. yeast additives) and nursery diets with or without added yeast-based DFM on growth
performance and antimicrobial resistance (AMR) patterns of fecal Escherichia coli. Treatments were arranged in a 2 x 2 factorial with main
effects of sow treatment (control vs. yeast-based pre- and probiotic diet; 0.10% ActiSaf Sc 47 HR+ and 0.025% SafMannan, Phileo by Lesaffre,
Milwaukee, WI) and nursery treatment (control vs. yeast-based pre- and probiotic diet; 0.10% ActiSaf Sc 47 HR+, 0.05% SafMannan, and 0.05%
NucleoSaf from days 0 to 7, then concentrations were decreased by 50% from days 7 to 24) with 5 pigs per pen and 17 replications per treat-
ment. Progeny from sows fed yeast additives had increased (P < 0.05) average daily gain (ADG) from days 0 to 24 and days 0 to 45. However,
pigs that were fed yeast additives for the first 24 d in the nursery tended to have decreased days 0 to 45 ADG (P = 0.079). Fecal E. coliisolated
from pigs from the sows fed yeast group had increased (P = 0.034) resistance to nalidixic acid and a tendency for increased resistance to cip-
rofloxacin (P = 0.065) and gentamicin (P = 0.054). Yet, when yeast additives were added in the nursery, there was reduced (P < 0.05) fecal E.
coli resistance to azithromycin and chloramphenicol. In Exp. 2, 330 weaned pigs, initially 5.8 kg + 0.03, were used to evaluate diets with two
different combinations of DFM on growth performance. Treatments were arranged in a 2 x 3 factorial with main effects of sow treatment (same
as described in Exp. 1) and nursery treatment (control; YCW, 0.05% of SafMannan from days 0 to 38 and NucleoSaf at 0.05% from days 0 to 10
and 0.025% from days 10 to 24; or DFM, 0.10% MicroSaf-S from days 0 to 38 and NucleoSaf at 0.05% from days 0 to 10 and 0.025% from days
10 to 24) with 6 pigs per pen and 8 to 10 replications per treatment. From days 0 to 10 post-weaning, progeny of sows fed yeast additives had
increased (P < 0.05) ADG and G:F. In conclusion, feeding sows yeast through lactation improved offspring growth performance in the nursery.
Although feeding live yeast and yeast extracts reduced nursery pig performance in Exp. 1, feeding DFM improved growth later in the nursery
period in Exp. 2.

Lay Summary

Feeding sows a diet containing live yeast and yeast extract from day 110 of gestation through weaning resulted in progeny that were heavier at
weaning and had increased average daily gain and average daily feed intake throughout the nursery period. However, feeding yeast additives to
pigs only in the nursery tended to reduce average daily gain. Fecal E. coliisolates from offspring that were fed yeast showed tendency towards
antimicrobial resistance among fecal E. coli isolates to nalidixic acid, ciprofloxacin, and gentamicin. Yet, feeding live yeast and yeast extracts in
the nursery phase may reduce the antimicrobial resistance of fecal E. coli to azithromycin and chloramphenicol.
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Introduction

The post-weaning period is one of the most stressful periods in
a pig’s life. Separation from the sow, transitioning from a liquid
to solid diet, and a new environment with new pen-mates are
contributing factors that lead to the post-weaning growth lag
and diarrhea (PWD; Pluske, 2013). During this time, it is com-
mon for the colonization of enterotoxigenic E. coli (ETEC) in
the gut which is one of the main causes for PWD (Fairbrother et
al., 2005). Antibiotics were used for many years to help control
the occurrences of PWD caused by ETEC; however, the ban of
antibiotics for growth promotion purposes in the EU in 2006
(Regulation (EC) No. 1831/2003) and the implementation of the
veterinary feed directive in the United States in 2017 (FD&C Act
(21 U.S. C. 354 (a) (1))) have led to research in alternative strat-
egies to help mitigate the negative effects that follow weaning.

Yeast-based pre- and probiotics, also known as direct fed
microbials (DFM), have been considered an alternative of inter-
est because of their potential to positively modulate gut micro-
flora which may lead to improved immunity, nutrient digestion
and absorption, and growth performance (Bajagai et al., 2016).
These beneficial attributes may be heightened during a stressful
stage of life, such as weaning. Supplementing live yeast (Saccha-
romyces cerevisiae) and/or yeast extracts derived from S. cere-
visiae following weaning has alleviated the shedding of ETEC,
shortened diarrhea occurrences, and improved nursery body
weight (BW; Stuyven et al., 2009; Trckova et al., 2014). Lu et
al. (2019) recently reported that feeding S. cerevisiae through
gestation and lactation improved ADG, increased BW, and
improved gross energy digestibility of offspring in the nursery.

There are little data exploring the impacts of feeding live
yeast and yeast extracts in late gestation through lactation
and its impact on subsequent offspring growth performance
and antimicrobial susceptibilities of fecal E. coli in the nurs-
ery. Our hypothesis was that the addition of yeast-based DFM
would provide additive growth, from both the sow and nurs-
ery supplementation, and may lessen the instances of antimi-
crobial resistance (AMR) of antibiotics that are meaningful to
human and animal medicine in nursery pigs.

Materials and Methods

General

The Kansas State University Institutional Animal Care and
Use Committee (IACUC # 4506.6) approved the protocols
used in two experiments to evaluate various yeast-based
DFM supplementation when pigs were weaned from sows
fed a diet with or without yeast additives. Both stud-
ies were conducted at the Kansas State University Swine
Teaching and Research Center in Manhattan, KS. A single
nursery room was used in Exp. 1 and Exp. 2 was conducted
between two identical nursery rooms. All nursery rooms
utilized are completely enclosed, environmentally con-
trolled, and mechanically ventilated. Each pen contained
a 4-hole, dry self-feeder and a nipple waterer to provide
ad libitum access to feed and water. Pens (1.3 x 1.3 m) had
metal tri-bar floors and allowed approximately 0.34 m?*/pig
in Exp. 1 and 0.28 m?/pig in Exp. 2.

Experiment 1
Animals and treatment structure

The objective of Exp. 1 was to evaluate the live yeast S. cere-
visiae strain NCYC Sc 47 and yeast-based prebiotics derived
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from S. cerevisiae on nursery pigs weaned from sows fed a
diet with or without yeast additives on growth performance
and antimicrobial susceptibilities of E. coli isolated from
nursery pig fecal matter. A total of 340 weaned pigs (DNA
241 x 600, DNA; initially 5.1 = 0.03 kg BW), offspring of
sows fed either a control diet or a diet containing yeast-based
pre- and probiotics from day 110 of gestation through wean-
ing, were used in a 45-d nursery study. Only ten weaned pigs
(7 from control litters and 3 from yeast additive litters) were
not included in the nursery study to maintain an even number
of replications per treatment and/or because of poor health.
Pigs within the same sow treatment were kept together and
allotted to pens, which were then allotted to treatment with 5
pigs per pen and 17 replications per treatment in a completely
randomized design.

Dietary treatments were arranged in a 2 x 2 factorial with
main effects of sow treatment (control vs. yeast additives;
0.10% ActiSaf Sc 47 HR+ and 0.025% SafMannan; Phileo by
Lesaffre, Milwaukee, WI) and nursery treatment (control vs.
yeast additives; 0.10% ActiSaf Sc 47 HR+, 0.05% SafMan-
nan, and 0.05% NucleoSaf from days 0 to 7 and then concen-
trations were lowered by 50% from days 7 to 24). Thus, half
of the pigs from each sow group were fed either a control diet
or a diet with yeast additives. The live yeast Saccharomyces
cerevisiae strain NCYC Sc 47 (ActiSaf Sc 47 HR+) served as
the yeast-based probiotic. The yeast-based prebiotics included
a yeast cell wall fraction with concentrated mannan-oligosac-
charides and p-glucans from S. cerevisiae (SafMannan) and a
yeast extract containing > 6% unbound nucleotides from S.
cerevisiae (NucleoSaf).

Diet preparation

Pigs were fed experimental phase 1 diets from placement until
day 7 and then offered experimental phase 2 diets from days
7 to 24 (Table 1). A common phase 3 diet without live yeast
or yeast extracts was fed to all pigs from days 24 to 45. Phase
1 diets were formulated to 1.40% standardized ileal digest-
ible (SID) Lys and phase 2 and 3 diets were formulated to
1.35% SID Lys. All other nutrients were formulated to meet
or exceed National Research Council (NRC, 2012) require-
ment estimates. Phase 1 and 2 diets were manufactured at
the Kansas State University O.H. Kruse Feed Technology
Innovation Center (Manhattan, KS) and the common phase 3
diet was manufactured by a commercial feed mill (Hubbard
Feeds; Beloit, KS). All three phases were fed in meal form.
Pens of pigs were weighed, and feed disappearance recorded
weekly during the course of this study to determine average
daily gain (ADG), average daily feed intake (ADFI), and gain-
to-feed ratio (G:F).

Chemical analysis

Phase 1 and 2 diet samples were collected at manufacturing
and phase 3 diets were collected from every fourth 23-kg
bag using a feed probe to obtain a representative sample
for each respective diet and phase. Complete diet samples
were stored at -20 °C until they were homogenized, sub-
sampled, and submitted for analysis. Samples per dietary
treatment were analyzed (Analabs; Fulton, IL; method
997.02; AOAC International, 1998) for active live yeast
in phase 1 (Control: 2,000 CFU/g vs. Yeast: 19,000,000
CFU/g) and phase 2 (Control: 1,000 CFU/g vs. Yeast:
8,000,000 CFU/g) diets.
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Table 1. Diet composition (as-fed basis)'?

Item Exp. 1 Exp. 2

Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

Ingredients, %

Corn 44.36 57.40 64.73 44.15 56.75 64.75
Soybean meal, 46.5% CP 18.12 26.35 31.30 18.20 25.85 31.30
Whey powder 25.00 10.00 - 25.00 10.00 -
Fish meal 4.50 - - 4.50 2.00 -
Enzymatically treated soybean meal® 3.75 2.00 - 3.75 - -
Corn oil 1.50 - - 1.50 1.50 -
Calcium carbonate 0.30 0.90 0.85 0.30 0.63 0.85
Monocalcium phosphate, 21% P 0.48 1.10 1.00 0.48 0.85 1.00
Salt 0.30 0.55 0.60 0.30 0.55 0.60
L-Lys-HCI 0.43 0.51 0.52 0.43 0.51 0.52
DL-Met 0.22 0.22 0.21 0.22 0.22 0.21
L-Thr 0.18 0.21 0.22 0.18 0.22 0.22
L-Trp 0.07 0.06 0.06 0.07 0.06 0.06
L-Val 0.13 0.14 0.13 0.13 0.15 0.13
L-lle - - - - 0.02 -
Vitamin premix* 0.25 0.25 - - - -
Vitamin premix with phytase’ - - 0.25 0.25 0.25 0.25
Trace mineral premix® 0.15 0.15 0.15 0.15 0.15 0.15
Zinc oxide - - - 0.40 0.27 -
Phytase’ 0.08 0.08 - - - -
DFM?? + + - * + +
Total 100 100 100 100 100 100
Exp. 1 Exp. 2
Phase 1 Phase 2 Phase 3 Phase 1 Phase 2 Phase 3

Calculated analysis

SID amino acids, %

Lys 1.40 1.35 1.35 1.40 1.35 1.35
Tle:Lys 56 55 55 56 55 55
Leu:Lys 109 112 114 109 110 114
Met:Lys 38 36 36 38 37 36
Met and Cys:Lys 57 57 57 57 57 57
Thr:Lys 63 63 63 63 63 63
Trp:Lys 20.6 20.2 20.3 20.6 20.0 20.3
Val:Lys 69 69 69 69 69 69
His:Lys 32 34 36 32 34 36
Total Lys, % 1.54 1.48 1.49 1.54 1.49 1.49
ME, kcal/kg 3,425 3,282 3,278 3,419 3,373 3,280
NE, keal/kg 2,582 2,440 2,421 2,577 2,529 2,423
SID Lys:NE, g/Mcal 5.42 5.53 5.57 5.43 5.34 5.57
CP, % 20.9 20.5 21.2 20.9 20.3 21.2
Ca, % 0.69 0.77 0.69 0.69 0.70 0.69
P, % 0.68 0.66 0.61 0.68 0.64 0.61
STTD P, % 0.63 0.58 0.50 0.63 0.57 0.50

'In Exp. 1, phase 1 diets were fed from days 0 to 7 (approximately 5.1 to 5.5 kg BW) and phase 2 diets were fed from days 7 to 24 (approximately 5.5 to 11.9 kg BW). A common
diet, without yeast additives, was fed during phase 3 from days 24 to 45 (approximately 11.9 to 27.1 kg BW).

’In Exp. 2, phase 1 diets were fed from days 0 to 10 (approximately 5.8 to 6.7 kg BW), phase 2 diets were fed from days 10 to 24 (approximately 6.7 to 13.3 kg BW), and phase 3
diets were fed from days 24 to 38 (approximately 13.3 to 21.5 kg BW).

SHP 300, Hamlet Protein, Findlay, OH.

“Provided per kg of premix: 1,653,465 IU vitamin A; 661,386 IU vitamin D; 17,637 IU vitamin E; 1,322 mg vitamin K; 13.2 mg vitamin B12; 19,841 mg niacin; 11,023 mg
pantothenic acid; 3,307 mg riboflavin.

SRonozyme HiPhos GT 2700 (DSM Nutritional Products, Parsippany, NJ) provided 2,027 FTU/kg in phases 1 and 2 and 1,250 FTU/kg in phase 3 with an expected STTD P release
of 0.16% in phases 1 and 2 and 0.14% in phase 3. Provided per kg of premix: 1,653,465 IU vitamin A; 661,386 IU vitamin D; 17,637 IU vitamin E; 1,322 mg vitamin K; 13.2 mg
vitamin B12; 19,841 mg niacin; 11,023 mg pantothenic acid; 3,307 mg riboflavin.

Provided per kg of premix: 73 g Zn from Zn sulfate; 73 g Fe from iron sulfate; 22 g Mn from manganese oxide; 11 g Cu from copper sulfate; 0.2 g I from calcium iodate; 0.2 g Se
from sodium selenite.

“Ronozyme HiPhos 2700 (DSM Nutritional Products, Parsippany, NJ) provided 918 FTU/Ib and an estimated release of 0.16% STTD P.

5In Exp. 1, DFM included 0.10% ActiSaf Sc 47 HR+, 0.05% SafMannan, and 0.05% NucleoSaf in phase 1 diets and then concentrations were lowered by 50% in phase 2 diets
(Phileo by Lesaffre, Milwaukee, WI).

In Exp 2, YCW was a yeast-extract blend with SafMannan (0.05% in phases 1, 2, and 3) and NucleoSaf (0.05% in phase 1, 0.025% in phase 2, and 0% in phase 3) or DFM

was a Bacillus spp. and yeast-extract blend of MicroSaf-S, (0.10% in phases 1, 2, and 3) and NucleoSaf (0.05% in phase 1, 0.025% in phase 2, and 0% in phase 3). SafMannan,
NucleoSaf, and MicroSaf-S; Phileo by Lesaffre, Milwaukee, WI.
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Fecal collection

Fecal samples were collected on days 5, 24, and 45 of the
experiment for isolation and determination of antimicrobial
susceptibility and resistance profiles of E. coli. Fecal samples
were collected directly from the rectum of the same three ran-
domly selected pigs from each pen and pooled by pen to form
one composite sample. Fecal samples were collected using a
sterile, single-use cotton tipped applicator (Fisher Healthcare,
Pittsburgh, PA) and were kept in a zipper storage bag and
kept on ice until delivered on the same day of collection to
the laboratory at the Kansas State University College of Veter-
inary Medicine for antimicrobial susceptibility testing.

E. coli isolation and antimicrobial susceptibility
testing.

One gram of fecal sample was suspended in 9 mL of phos-
phate-buffered saline for bacterial isolation. Fifty microliters
of the fecal suspension were then spread-plated onto a Mac-
Conkey agar (Becton Dickinson, Sparks, MD) for the selec-
tive isolation of E. coli. The lactose-fermenting colonies were
picked from each MacConkey agar and then individually
streaked onto a blood agar plate (Remel, Lenexa, KS) and
incubated at 37 °C for 24 h. Indole test was carried out first
and indole-positive isolates were subjected for polymerase
chain reaction (PCR) identification of uidA and clpB genes
for species confirmation of E. coli. The conformed E. coli iso-
lates were stored in cryo-protect beads (Cryocare, Key Scien-
tific Products, Round Rock, TX) at -80 °C.

Antimicrobial susceptibility testing was conducted on one
E. coli isolate per fecal sample obtained on days 5, 24, and
45. Briefly, the microbroth dilution method as outlined by
the Clinical and Laboratory Standards Institute (CLSIL, 2018,
Table 2) was used to determine the minimal inhibitory con-
centrations (MIC) of antibiotics and to classify each isolate as
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susceptible, intermediate, or resistant according to the break-
points established for each antimicrobial. The antimicrobi-
als evaluated included: amoxicillin/clavulanic acid 2:1 ratio,
ampicillin, azithromycin, cefoxitin, ceftiofur, ceftriaxone,
chloramphenicol, ciprofloxacin, gentamicin, nalidixic acid,
streptomycin, sulfisoxazole, tetracycline, and trimethoprim/
sulfamethoxazole.

Experiment 2
Animals and treatment structure

The objective of Exp. 2 was to evaluate feeding diets with
two different combinations of Bacillus spp. and yeast extracts
derived from S. cerevisiae on nursery pigs weaned from
sows fed a diet with or without yeast additives on nursery
pig growth performance. A total of 330 weaned pigs (DNA
241 x 600, DNA; initially 5.8 = 0.03 kg BW), progeny of
sows fed either a control diet or a diet containing yeast addi-
tives from days 110 of gestation through weaning, were used
in a 38-d nursery study. Only twelve weaned pigs (6 pigs from
each sow treatment) were not included in the nursery study
due to being either an unthrifty needing extra care or pigs that
were well above the average weight at weaning. Pigs within
the same sow treatment were randomly allotted to pens, pens
were then allotted to treatment with 6 pigs per pen and 8 to
10 replications per treatment.

Dietary treatments were fed in three phases and arranged
in a 2 x 3 factorial with main effects of sow treatment
(control vs. yeast additives; 0.10% ActiSaf Sc 47 HR+ and
0.025% SafMannan; Phileo by Lesaffre, Milwaukee, WI)
and nursery treatment (control; YCW, 0.05% of SafMannan
from days 0 to 38 and NucleoSaf at 0.05% from days 0 to
10 and 0.025% from days 10 to 24; or DFM, 0.10% Micro-
Saf-S from days 0 to 38; and NucleoSaf at 0.05% from days
0 to 10 and 0.025% from days 10 to 24; SafMannan, Nucle-
oSaf, and MicroSaf-S; Phileo by Lesaffre, Milwaukee, WI).

Table 2. Resistance breakpoints and evaluated concentrations for antimicrobials of National Antimicrobial Resistance Monitoring System Gram-negative

bacteria panel (CMV3AGNF; WHO, 2018)"

Antimicrobial WHO classification? Susceptible Intermediate Resistant
breakpoints, pg/mL breakpoints, pg/mL breakpoint, pg/mL
Amoxicillin:clavulanic acid 2:1 ratio Critically important < 8/4 16/8 >32/16
Ampicillin Critically important <8 16 > 32
Azithromycin Critically important N/A? >32
Cefoxitin Highly important <8 16 >32
Ceftiofur Critically important <2 4 >8
Ceftriaxone Critically important 2 >4
Chloramphenicol Highly important < 16 >32
Ciprofloxacin Critically important <0.06 >0.12 >0.12
Gentamicin Critically important <4 8 >16
Nalidixic acid Critically important <16 N/A >32
Streptomycin Critically important <16 N/A >32
Sulfisoxazole Highly important <256 N/A > 512
Tetracycline Highly important <4 8 >16
Trimethoprim/sulfamethoxazole 1:19 ratio Highly important <2/38 N/A >4/76

Breakpoints established by Clinical and Laboratory Standards Institute (CLSI, 2018) which are categorized as susceptible (treatable), intermediate (possibly
treatable with higher doses), and resistant (not treatable). MIC values greater than the susceptible breakpoint but lower than the resistant breakpoint were

considered intermediate.

2World Health Organization (WHO) categorization of antimicrobials according to importance for human medicine (WHO, 2018).
SN/A, not applicable. The National Antimicrobial Resistance Monitoring System has not established breakpoints; therefore, there is no Clinical and

Laboratory Standards Institute resistant breakpoint.
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Thus, one third of the pigs from each sow group were fed
either a control diet, a diet with the YCW additives, or a diet
with the DFM additives. Direct fed microbial 1 included a
yeast cell wall fraction with concentrated mannan-oligosac-
charides and B-glucans from S. cerevisiae (SafMannan) and
DFM 2 included a blend of Bacillus spp. and a yeast cell wall
fraction (MicroSaf-S). Both YCW and DFM included a yeast
extract containing >6% unbound nucleotides from S. cere-
visiae (NucleoSaf). A respiratory disease challenge occurred
from approximately days 8 to 20 of the study; thus, removals
were recorded and analyzed.

Diet preparation

Pigs were fed phase 1 diets from placement until day 10,
phase 2 diets were fed from days 10 to 24, and phase 3 diets
fed from days 24 to 38. Phase 1 diets were formulated to
1.40% SID Lys and phase 2 and 3 diets were formulated to
1.35% SID Lys. All other nutrients were formulated to meet
or exceed NRC (2012) requirement estimates. The phase 1
control diet was manufactured by a commercial feed mill
(Hubbard Feeds; Beloit, KS) and then YCW and DFM were
added at their respective amounts for phase 1 and mixed at
the O.H. Kruse Feed Technology Innovation Center (Man-
hattan, KS). All phase 2 and 3 diets were manufactured by
the same commercial feed mill with the DFM added at the
expense of corn. Feed samples were collected from every
fourth, 23 kg bag using a feed probe to obtain a represen-
tative sample for each respective diet and phase. All three
phases were fed in meal form. Pens of pigs were weighed,

and feed disappearance recorded weekly to determine ADG,
ADFI, and G:E.

Statistical analysis

In both experiments, growth performance data were ana-
lyzed using the nlme package of R (Version 4.0.0, R Foun-
dation for Statistical Computing, Vienna, Austria) as a
completely randomized design with pen as the experimental
unit. Fixed effects included sow treatment, nursery treat-
ment, and their interaction. Nursery room served as the ran-
dom effect in Exp. 2. The main effects of sow treatment and
nursery treatment, as well as their interactions, were tested.
In Exp. 2, the proportion of pigs removed from test pens
was analyzed using a binomial distribution using a logit link
function. Differences between treatments were considered
significant at P < 0.05 and marginally significant at 0.05 <
P <0.10.

In Exp. 1, the MIC data of each antimicrobial were ana-
lyzed using a linear mixed model. Fixed effects of the model
included sow diet, nursery pig diet, sampling day, and their
second- and third-order interactions. Pen was included in the
model as a random effect. The variance-covariance structure
of pen was taken as either compound symmetry, first-order
autoregressive or unstructured according to the model fitting
criteria. To better satisfy model assumptions, data underwent
natural log transformation before statistical modeling. Treat-
ment effect was assessed via back-transformed least squares
means, i.e., geometric means of the MIC values. Statistical
analysis was performed using Statistical Analysis Software
(SAS version 9.4; Cary, NC) PROC MIXED with option
DDFM=KR in the MODEL statement. Comparisons were
carried out using the two-sided test. No multiplicity adjust-
ment was applied.

RESULTS

Experiment 1
Growth performance

There were no interactions observed between sow treatment
and nursery treatment for any growth performance cri-
teria. In phase 1 (days 0 to 7), there were no main effects
(P > 0.30) observed for ADG, ADFI, or G:F for sow or nurs-
ery treatments (Table 3). Pigs weaned from sows fed the yeast-
based pre- and probiotics entered the nursery at a heavier BW
(P < 0.001; 5.0 vs. 5.2 kg) compared to offspring from the
control sows. There was statistical difference (P < 0.001) in
day 7 BW with offspring from sows fed the yeast-based pre-
and probiotics having a heavier BW at the end of phase 1.

In phase 2 (days 7 to 24) and for the overall experimental
period (days O to 24), progeny from sows fed the yeast-based
pre- and probiotics had increased (P < 0.05) ADG, ADFI,
and day 24 BW; however, there was no evidence for differ-
ence (P = 0.162) in G:F. There was no statistical difference
(P > 0.10) observed for nursery dietary treatment on any
growth criteria.

During the common period (days 24 to 45), there were
main effects (P < 0.05) of both sow and nursery treatments on
ADG. Offspring from sows fed the yeast-based pre- and pro-
biotics had increased (P = 0.003) ADG, heavier (P < 0.001)
day 45 BW, and a tendency (P = 0.057) for increased ADFI
compared to progeny from sows fed the control diet. Pigs fed
the control diet in the nursery had increased (P = 0.011) ADG
and a tendency (P = 0.060) for increased ADFI compared to
those fed the diet containing live yeast and yeast extracts.
There was no evidence for statistical difference (P > 0.10) in
G:F for sow or nursery treatment.

For the overall period (days 0 to 45), progeny from sows
fed the yeast-based products had increased (P < 0.05) BW,
ADG, ADFI, and improved G:F compared to pigs from sows
fed the control diet. There was a tendency for increased
(P = 0.079) ADG and increased (P = 0.086) BW for pigs fed
the control diet in the nursery compared to those fed the
yeast-based pre- and probiotics. There was no statistical dif-
ference (P > 0.10) in ADFI or G:F for nursery treatment.

Antimicrobial susceptibilities

A three-way interaction of sow treatment x nursery treatment
x sampling day was observed (P < 0.05) for ciprofloxacin,
gentamicin, sulfisoxazole, and trimethoprim/sulfamethoxaz-
ole (Table 4). E. coli isolated from feces of piglets from sows
fed yeast-based pre- and probiotics through the nursery had
reduced (P = 0.044) MIC values to ciprofloxacin on day 45
with a tendency (P = 0.081) for reduced resistance on day 24
compared to piglets from the same sow treatment group but
fed a control nursery diet. However, there was evidence for
a marginal increase (P = 0.061) in MIC values of E. coli to
ciprofloxacin on day 5 from progeny of sows fed yeast which
were also fed live yeast-based pre- and probiotics in the nurs-
ery. For gentamicin, MIC values of fecal E. coli isolated from
piglets of the yeast-supplemented sow and yeast nursery treat-
ment were higher (P = 0.021) on day 5 but lower (P = 0.018)
on day 24 compared to the yeast-supplemented sow and con-
trol nursery treatment. On day 43, E. coli isolated from feces
collected from progeny of the control sows that were then
fed yeast-based pre- and probiotics in the nursery had lower
(P = 0.005) MIC values to sulfisoxazole compared to pigs
that were also from the control sow group but fed a control
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Table 3. Main effects of yeast-fed sows and yeast-fed nursery pigs on growth performance of nursery pigs, Exp. 1'

Item Sow treatment? SEM P Nursery treatment? SEM P
Control Yeast Control Yeast
BW, kg
do 5.00 5.21 0.024 <0.001 5.11 5.09 0.024 0.507
d7 5.37 S5.61 0.049 0.001 5.51 S5.46 0.049 0.516
d24 11.44 12.27 0.149 <0.001 11.92 11.80 0.149 0.569
d 45 26.36 27.79 0.251 < 0.001 27.38 26.76 0.251 0.086
Phase 1 (days 0 to 7)
ADG, g 50 53 5.6 0.719 54 50 5.6 0.604
ADFlL, g 113 119 4.5 0.351 118 114 4.5 0.585
G:F, glkg 416 406 40.2 0.858 430 391 40.2 0.497
Phase 2 (days 7 to 24)
ADG, g 357 388 6.8 0.002 375 370 6.8 0.653
ADFlL, g 496 529 10.3 0.026 517 508 10.3 0.530
G:F, glkg 721 737 8.1 0.162 727 730 8.1 0.781
Experimental period (days 0 to 24)
ADG, g 266 289 5.7 0.006 280 275 5.7 0.560
ADFlL, g 383 408 8.0 0.031 400 391 8.0 0.479
G:F, glkg 695 711 7.6 0.153 703 703 7.6 0.974
Phase 3 common diet (days 24 to 45)
ADG, g 708 738 6.8 0.003 735 710 6.8 0.011
ADFL g 1,072 1,103 11.5 0.057 1,104 1,072 11.5 0.060
G:F, glkg 661 669 3.7 0.123 667 663 3.7 0.446
Overall (days 0 to 45)
ADG, g 471 496 5.2 0.001 490 477 5.2 0.079
ADFL g 703 729 8.7 0.037 725 708 8.7 0.163
G:F, glkg 671 681 3.6 0.040 677 675 3.6 0.599

'A total of 340 pigs (initial BW of 5.1 = 0.03 kg) were used in a 45-d nursery trial with 5 pigs per pen and 34 pens per treatment. Pigs were weaned at
approximately 19 d of age and allotted to treatment in completely randomized design. Dietary treatments were arranged in a 2 x 2 factorial with main
effects of sow treatment (control or yeast additives) and nursery pig treatment (control or yeast additives). All interactions, P > 0.10.

2Sow treatment consisted of providing a control diet or a yeast-based pre- and probiotic diet supplemented with ActiSaf Sc 47 HR+ at 0.10% and
SafMannan at 0.025% (Phileo by Lesaffre, Milwaukee, WI) from day 110 of gestation until weaning.

*Nursery treatment consisted of providing a control diet or a yeast-based pre- & probiotic diet supplemented with 0.10% ActiSaf Sc 47 HR+, 0.05%
SafMannan, and 0.05% NucleoSaf in phase 1 diets and then concentrations were lowered by 50% in phase 2 diets (Phileo by Lesaffre, Milwaukee, WI).

diet in the nursery. Fecal E. coli had lower (P = 0.004) MIC
values on day 5 to trimethoprim/sulfamethoxazole from the
control sow and yeast nursery treatment compared to the
control sow and control nursery treatment. All fecal E. coli
isolates had lower MIC values for ciprofloxacin, gentami-
cin, sulfisoxazole, and trimethoprim/sulfamethoxazole and
thus would be classified as susceptible. There were no fur-
ther three- or two-way interactions observed; thus, the main
effects of sow treatment, nursery treatment, and sampling
day were explored (Table 3).

The dams of the pigs used in this study had increased
(P < 0.001) fecal E. coli resistance to tetracycline at weaning
compared to at the entry into the farrowing house, regard-
less of dietary treatment (Chance et al., unpublished data).
Interestingly, this effect carried over into the nursery. All fecal
E. coliisolates had significantly (P < 0.001) higher MIC values
to tetracycline on day 5 post-weaning which then decreased
on day 24 and then slightly increased on day 45. Regard-
less of the dietary treatment combination, all E. coli isolates
were resistant to tetracycline on day 5 but were intermediate
on days 24 and 45. Fecal E. coli isolates were susceptible or
intermediate for the remaining 13 antimicrobials at all three

sampling times (days 5, 24, and 45), regardless of the sow or
nursery dietary inclusion of live yeast and yeast extracts.

E. coli isolated from feces of the progeny of sows fed yeast-
based pre- and probiotics had increased (P = 0.034) MIC val-
ues to nalidixic acid and a tendency for increased resistance
to ciprofloxacin (P = 0.065) and gentamicin (P = 0.054).
Fecal E. coli isolates had reduced resistance to azithromycin
(P =0.037) and chloramphenicol (P = 0.031) when live yeast
and yeast extracts were supplemented in the nursery. Again,
all fecal E. coli isolates were susceptible or intermediate for
each antimicrobial as tetracycline was the only antibiotic that
displayed resistance in this study.

There was evidence for decreased (P < 0.05) resistance over
time in fecal E. coli for azithromycin, cefoxitin, and strepto-
mycin regardless of yeast-based pre- and probiotic supplemen-
tation in the sow or nursery treatment. Axomicillin:clavulanic
acid, chloramphenicol, and trimethoprim/sulfamethoxazole
had increased (P < 0.10) MIC values from days 5 to 24 and
then reduced MIC values from days 24 to 45. This differed
from gentamicin, nalidixic acid, and tetracycline which had
reduced (P < 0.10) resistance from days 5 to 24 and then an
increase in MIC values from days 24 to 45.
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Experiment 2

There were no interactions observed between previous sow
treatment and nursery treatment. Thus, the main effects of
sow and nursery treatment are reported (Table 6).

In phase 1 (days 0 to 10), pigs weaned from sows fed yeast
additives had increased (P < 0.03) ADG, ADFI, and G:E. Off-
spring from the sows fed yeast additives had lighter BW at
weaning (P < 0.001) compared to the control sow’s prog-
eny; however, by day 10, there was no difference (P = 0.753)
in nursery pig BW between the two sow treatments. There
was no evidence for difference (P > 0.10) for nursery dietary
treatment on any growth measurements from days 0 to 10. In
phase 2 (days 10 to 24), there was no evidence (P > 0.10) for
difference for either sow or nursery treatments on any of the
response criteria.

In phase 3 (days 24 to 38), there was a tendency (P = 0.090)
for increased ADFI for progeny of sows that were fed the con-
trol diet. There was no difference (P > 0.10) for previous sow
treatment on ADG, G:F, or day 38 BW. Interestingly, pigs fed
the DFM treatment in the nursery had increased (P < 0.05)
ADG, G:F and day 38 BW compared to the control treatment
with pigs fed YCW intermediate.

Journal of Animal Science, 2022, Vol. 100, No. 6

For the overall period (days 0 to 38), a tendency (P = 0.080)
was observed for improved G:F of offspring from sows fed
yeast additives from day 110 of gestation through weaning.
As mentioned previously, pigs fed the DFM treatment in the
nursery had greater (P < 0.05) ending BW compared to the
control treatment with pigs fed YCW intermediate. Regard-
less of dietary treatment, there was no difference (P > 0.05)
in ADG or ADFI for the overall period. There was no evi-
dence for statistical difference (P > 0.10) for the percentage of
removals between treatments in this study.

Discussion

Probiotics are beneficial, live microorganisms that withstand
the acidic pH of the stomach and reach the hindgut to manip-
ulate microbial population and their activities. As reviewed
by Liao and Nyachoti (2017) and Cameron and McAllister
(2019), probiotics increase the desirable microbes in the gut
while out-competing enteric pathogens, which can lead to
increased short-chain fatty acid (SCFA) production, improved
intestinal lining integrity, increased nutrient absorption, and
ultimately improved growth. Most probiotics include bacteria,

Table 6. Main effects of yeast-fed sows and DFM-fed nursery pigs on growth performance of nursery pigs, Exp. 2’

Item Sow treatment? SEM P Nursery treatment SEM P
Control Yeast Control YCW? DFM*
BW, kg
do 5.90 5.64 0.017 < 0.001 5.78 5.77 5.76 0.022 0.738
d10 6.67 6.65 0.061 0.753 6.59 6.71 6.69 0.077 0.498
d 24 13.21 13.31 0.139 0.591 13.01 13.38 13.39 0.174 0.206
d 38 21.50 21.57 0.203 0.800 20.98° 21.71% 21.922 0.255 0.028
Phase 1 (days 0 to 10)
ADG, g 75 100 5.9 0.003 81 90 92 7.4 0.508
ADFL g 127 151 5.2 0.002 128 147 143 6.6 0.103
G:E, g/kg® 570 655 26.0 0.023 594 610 634 32.7 0.680
Phase 2 (days 10 to 24)
ADG, g 458 460 7.0 0.815 447 463 467 8.7 0.235
ADFL g 590 594 9.5 0.738 572 600 604 11.9 0.117
G:E, g/kg 778 775 5.9 0.772 783 773 774 7.5 0.547
Phase 3 (days 24 to 38)
ADG, g 592 586 7.4 0.553 5700 595 6042 9.3 0.033
ADFL, g 900 875 10.2 0.090 876 893 893 12.8 0.533
G:F, g/kg 659 670 6.3 0.191 651° 666 677° 7.9 0.057
Overall (days 0 to 38)
ADG, g 402 406 5.8 0.596 391 410 411 7.2 0.094
ADFL, g 575 573 7.5 0.811 560 584 579 9.4 0.173
G:F, g/kg 698 709 4.6 0.080 698 703 711 5.7 0.276
Removals, % 4.1 5.4 2.08 0.625 4.0 3.6 7.5 2.54 0.402

'A total of 330 pigs (initially 5.8 = 0.03 kg BW) were used in a 38-d nursery trial with 6 pigs per pen and 16 to 20 pens per treatment. Pigs were weaned

at approximately 19 d of age and allotted to treatment in completely randomized design. Dietary treatments were arranged in a 2 x 3 factorial with main
effects of sow treatment (control or yeast additives) and nursery pig treatment (control, YCW, or DEM). All interactions, P > 0.10 unless otherwise noted.
2Sow treatment consisted of providing a control diet or a yeast-based pre- and probiotic diet supplemented with Actisaf Sc 47 HR+ at 0.10% and
SafMannan at 0.025% (Phileo by Lesaffre, Milwaukee, WI) from day 110 of gestation until weaning.

SYCW was a yeast-extract blend with SafMannan (0.05% in phases 1, 2, and 3) and NucleoSaf (0.05% in phase 1, 0.025% in phase 2, and 0% in phase 3);

Phileo by Lesaffre, Milwaukee, WI.

“DFM was a Bacillus spp. and yeast-extract blend of MicroSaf-S (0.10% in phases 1, 2, and 3) and NucleoSaf (0.05% in phase 1, 0.025% in phase 2 and

0% in phase 3); Phileo by Lesaffre, Milwaukee, W1I.
’Sow x nursery interaction, P = 0.081.
*dSuperscripts signify a statistical difference of P < 0.05.
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such as Bacillus, Lactobacillus, Bifidobacterium, and Pedio-
coccus or yeast (S. cerevisiae; Stein and Kil, 2006; Cameron
and McAllister, 2019). Although similar to probiotics, prebi-
otics are not live microorganisms. Instead, prebiotics function
as a substrate, through fermentation and SCFA production, to
selectively stimulate the favorable gut microorganisms (Gib-
son et al., 2004). Inulin, lactulose, fructo-olgosaccharides,
and transgalacto-oligosaccharides can be easily fermented,;
thus, they are some of the most commonly used prebiotics in
nursery pig diets (Gibson et al., 2004).

In Exp. 1, live S. cerevisiae strain NCYC Sc 47 was evalu-
ated as the probiotic (ActiSaf Sc 47 HR+; Phileo by Lesaffre,
Milwaukee, WI). We evaluated two yeast-based prebiotics
in both Exp. 1 and Exp. 2, which included a yeast cell wall
fraction with concentrated mannan-oligosaccharides and
B-glucans (SafMannan; Phileo by Lesaffre, Milwaukee, WI)
and a yeast extract containing > 6% unbound nucleotides
(NucleoSaf; Phileo by Lesaffre, Milwaukee, WI). The unique
qualities of live yeast and yeast extracts are partially due
to the B-glucans and o-mannans in the yeast cell wall and
the fact that they also include free nucleotides (Avarima
and Amariei et al., 2021). Some of the benefits from feeding
nursery pigs live yeast (probiotic) and yeast extracts (prebi-
otic) include enhanced immunity (Perez-Sotelo et al., 2011;
Zanello et al., 2011; Badia et al., 2012), minimized ETEC
challenges (Kiarie et al., 2011; Che et al., 2017; Trevisi et
al., 2017), adsorption of mycotoxins in the feed (Kogan
and Kocher, 2007), and increased growth (Shen et al., 2009;
Kiros et al., 2018).

In Exp. 2, YCW contained the same yeast extracts as in
Exp. 1 (SafMannan and NucleoSaf) but did not contain a
probiotic source. Direct fed microbial 2 contained a blend
of Bacillus spp. and yeast extracts (MicroSaf-S and Nucleo-
Saf; Phileo by Lesaffre, Milwaukee, WI). Bacillus-based pro-
biotics are spores that can withstand the acidic pH of the
stomach and high temperatures of pelleting making them one
of the most utilized probiotics in swine diets (Stein and Kil,
2006). Bacillus spores germinate at the more neutral pH of
the small intestine allowing for a higher likelihood for col-
onization and production of enzymes leading to an increase
in SCFA (Smiricky-Tjardes et al., 2003). Increasing SCFA
production in a young pig can lower the digesta pH, which
becomes less hospitable for enteric pathogens and can lead to
reduced occurrences of PWD (Pollmann et al., 1990; Bajagai
et al., 2016).

Although feeding pre- and probiotics has promising results
on growth performance in the nursery, there is still inconsis-
tency in literature (Zimmerman et al., 2016). Many studies
have observed increased ADG, ADFIL, and BW when live S.
cerevisiae and yeast extracts were fed in the nursery (Shen et
al., 2009; Kiarie et al., 2011; Kiros et al., 2018). In contrast,
we observed reduced ADG during the common (days 24 to
45) and overall (days 0 to 45) periods with little statistical
impact on any of the remaining growth criteria when pigs
were fed the live yeast S. cerevisiae and yeast extracts in Exp.
1. While growth performance was not different for pigs fed
YCW, it was intermediate between control and DFM. Sim-
ilarly, feeding live yeast and/or yeast extracts did not affect
nursery pig growth performance in some studies (Perez-Sotelo
et al., 2011; Trevisi et al., 2015). When pigs were fed a Bacil-
lus spp. and yeast extract blend (DFM), they had improved
ADG and G:F in phase 3 (days 24 to 38) and heavier end of
nursery BW. When Lee et al. (2011) fed a yeast-Bacillus blend

"

for 35 d post-weaning, they saw no added growth benefit
from the inclusion of the probiotic blend.

Some literature does not report improvement in ADG,
ADFI, or BW when Bacillus was included in nursery diets
(Williams et al., 2018; Menegat et al., 2019; Wang et al.,
2021); however, other studies report an improvement in
G:F in the early nursery period (Cai et al., 2015; Wang et al,
2021). A possible explanation for the improvement in some
growth performance criteria in Exp. 2 for DFM could be
because there was a synergistic effect of the Bacillus spp. and
the yeast cell wall fraction (MicroSaf-S), without the inclusion
of the unbound nucleotides (NucleoSaf), which resulted in an
improvement in the later nursery period, regardless of sow
treatment. The results from both experiments further exem-
plify the variability in results when feeding pre- and probiot-
ics in the nursery.

Some studies have observed an increase in sow ADFI
during lactation when yeast products were included in the
diet (Chance et al., unpublished data; Tan et al., 2021). It
is generally observed that when sows have increased intake
during lactation, they tend to wean heavier pigs (Eissen et
al., 2003; Krahn et al., 2021). Even though our study and
Tan et al. (2021) observed increased sow ADFI in lactation,
they did not observe an improvement in litter or individ-
ual pig weaning weight. However, feeding sows yeast addi-
tives has shown to improve offspring immunity (Zanello et
al., 2012; Gao et al., 2021), increase exposure to beneficial
microorganisms through the sow feces (Hasan et al., 2018),
and increase growth pre-weaning (Kim et al., 2008; Shen
et al., 2011). These benefits may allow for the offspring to
be more physiologically prepared for the stressful weaning
period. In the present study, pigs were weaned from sows that
were fed the live yeast S. cerevisiae strain NCYC Sc 47 (Acti-
Saf HR+; Phileo by Lesaffre, Milwaukee, WI) which served
as the yeast-based probiotic from entry into the farrowing
house (approximately ay 110 of gestation) through lactation.
A yeast cell wall fraction with concentrated mannan-oligo-
saccharides and B-glucans derived from Saccharomyces cere-
visige (SafMannan; Phileo by Lesaffre, Milwaukee, WI) was
also fed and considered a yeast-based prebiotic.

The immunological and microbiological benefits observed
pre-weaning may be the main contributing factors to the
improvement in growth post-weaning as a few studies have
observed improved growth in the nursery when pigs were
weaned from sows fed yeast. Both Lu et al. (2019) and Lough-
miller et al. (2021) reported increased ADG and ADFI in the
nursery when pigs were weaned from sows that were fed live
yeast through gestation and lactation, which is consistent with
the results from days 0 to 24 and 0 to 45 in Exp. 1 and days
0 to 10 in Exp. 2. Both of the present experiments showed
the potential for improved G:F when pigs were weaned from
sows supplemented with yeast which was consistent with Lu
et al. (2019) but not with Loughmiller et al. (2021).

To the best of our knowledge, there are no data following
the offspring of sows fed a lactation diet with or with yeast on
the antimicrobial resistance of gut bacteria. A sow treatment
x nursery treatment x sampling day interaction was observed
for gentamicin in the current study. This interaction revealed
fecal E. coli from progeny of yeast-fed sows that were also fed
yeast in the nursery had higher MIC on day 5 post-weaning
but lower MIC on day 24 compared to pigs from the yeast-fed
sows but fed a control diet in the nursery. Furthermore, off-
spring of sows fed yeast tended to have increased resistance to
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gentamicin than offspring of sows fed the control diet in the
farrowing house. It is important to note that, while there were
statistical differences, all fecal E. coli were susceptible to gen-
tamicin. Gentamicin is an aminoglycoside class antimicrobial,
and it targets the 30s ribosomal subunit to prevent protein
synthesis (Yoshizawa et al., 1998). It is commonly used to
treat Gram-negative bacterial infections but can also be used
to treat a select few Gram-positive bacteria in both humans
and animals.

Ciprofloxacin and nalidixic acid are in the fluoroquinolone
and quinolone antimicrobial classes. Ciprofloxacin is used as
broad-spectrum antimicrobial and nalidixic acid, which was
once used to treat primarily Gram-negative bacteria infec-
tions, is no longer used clinically (Crumplin and Smith, 1975;
Davis et al., 1996). Ciprofloaxicin is widely used in human
medicine; however, it is not approved for use in farm animals,
but is used under extra label in companion animals. Fluoro-
quinolones prevent bacteria DNA synthesis by inhibiting the
DNA gyrase enzyme resulting in cell death (Paton and Reeves,
1988). We observed a sow treatment x nursery treatment x
sampling day interaction for ciprofloxacin. Fecal E. coli of
offspring of yeast-fed sows that were fed yeast in the nursery
appeared to have higher MIC on days 24 and 45 but lower
MIC on day 5 compared to pigs also weaned from sows fed
yeast and fed the control diet in the nursery. Furthermore,
progeny of sows fed yeast in the farrowing house tended to
have increased resistance to ciprofloxacin and nalidixic acid.
However, regardless of sow treatment, all fecal E. coli were
susceptible to ciprofloxacin and nalidixic acid at all sampling
time points.

Sulfisoxazole and trimpethorim/sulfamethoxazole are
broad-spectrum antibiotics and inhibit the dihydropteroate
enzyme needed for folic acid synthesis, and folates are import-
ant cofactors for nucleic acid synthesis (Kapoor et al., 2017).
Sulfisoxazole and trimpethorim/sulfamethoxazole are com-
monly used antibiotics in both human and livestock medicine.
A sow treatment x nursery treatment x sampling day interac-
tion was observed for both sulfisoxazole and trimpethorim/
sulfamethoxazole in our study. Progeny of the control sows
that were fed live yeast and yeast extracts in the nursery had
lower MIC values to sulfisoxazole on day 45 and to trimpeth-
orim/sulfamethoxazole on day 5 compared to offspring that
were also from the control sows but were fed a control diet in
the nursery. Once again, all fecal E. coli isolates were suscepti-
ble to both sulfisoxazole and trimpethorim/sulfamethoxazole
regardless of treatment or sampling day.

Azithromycin is in the azalide family, a more specific class
of macrolide antimicrobials (Bakheit et al., 2014). Chloram-
phenicol is a partially synthesized antibiotic from Strepto-
myces venequelae in the phenicol class (National Center for
Biotechnology Information, 2021). Both azithromycin and
chloramphenicol are broad-spectrum antibiotics that inter-
fere with protein synthesis by binding to the 50s ribosomal
subunit resulting in bacterial cell death (Bakheit et al., 2014;
National Center for Biotechnology Information, 2021). How-
ever, azithromycin is commonly utilized in both humans and
animals while chloramphenicol is rarely used in human med-
icine and prohibited in food animals. We observed a decrease
in MIC values for the antimicrobial’s azithromycin and chlor-
amphenicol in nursery pig fecal E. coli w isolates when live
yeast and yeast extracts were included in the diet. All MIC
values were under the CLSI breakpoint for azithromycin and
chloramphenicol and were considered either susceptible or
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intermediate. Adversely, the addition of the same combina-
tion of live yeast and yeast extracts used in Exp. 1 did not
impact the resistance of fecal E. coli in nursery pigs (Chance
et al., 2021). Using the same 14 antimicrobials evaluated in
our study, Williams et al. (2018) also observed no difference
in the resistance of fecal E. coli from nursery pigs that were
fed a bacillus-based DFM or a blend of lactic acid producing
DFM compared to pigs fed a control diet.

In conclusion, for Exp. 1, when sows were fed a live yeast
and yeast extract from day 110 of gestation through wean-
ing, their progeny were heavier at weaning and had increased
ADG, ADFI, and heavier BW throughout the nursery period.
However, feeding yeast additives in the nursery tended to
reduce ADG and lower nursery ending BW. Offspring from
sows that were fed yeast might increase the potential of fecal
E. coli resistance to nalidixic acid, ciprofloxacin, and genta-
micin. Yet, feeding live yeast and yeast extracts in the nursery
may lessen the resistance of azithromycin and chlorampheni-
col of fecal E. coli. In Exp. 2, feeding yeast additives from day
110 of gestation through lactation improved progeny nurs-
ery growth performance from days 0 to 10 post-weaning and
tended to improve overall G:FE. Additionally, feeding DFM in
nursery diets improved final BW and late nursery ADG and
G:F compared to pigs not fed a DFM. Thus, in Exp. 2, the
addition of yeast additives in sow diets had more impact on
offspring’s growth performance in the early nursery while
the inclusion of DFMs in the nursery had more influence on
growth later in the nursery.
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