Feeding Mannan Oligosaccharides to Sows During Gestation and Lactation
Alters Immune Cells in Milk
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Story in Brief

Thirty sows were used to determine the effects of feeding mannan oligosaccharides (Bio-Mos) during gestation and lactation
on immune cell populations and cytokine concentrations in colostrums and milk. The treatments were a common gestation diet
(control) or the common diet supplemented with Bio-Mos. Samples (40 to 50 mL) of colostrum (d 0) and mature milk (d 14) were
obtained from each sow during lactation. Concentrations of immunoglobulins, cytokines, and the proportion of specific leuko-
cytes were determined in the samples. Sows supplemented with Bio-Mos had fewer mummies at farrowing than control sows (P
< 0.04); however, Bio-Mos supplemented sows had greater weight loss during lactation than control sows (P < 0.01). The concen-
tration of immunoglobulins (P < 0.001) and all leukocytes (P < 0.02) in mature milk was lower than in colostrum. No effect of
Bio-Mos supplementation was detected in milk IFN-y, IL-2, IL-10, or TGF-B concentrations. The proportion of macrophages
(CD14+ leukocytes) decreased in mature milk compared to colostrum of control sows (31.0 vs. 5.2%), while the proportion of this
cell type remained elevated in Bio-Mos supplemented sows (25.5 vs. 20.6%) (treatment x stage of lactation interaction, P < 0.04).
Supplementing the sow’s diet with Bio-Mos during gestation and lactation increased the proportion of macrophages in mature
milk. Further research will reveal if this change in mature milk is beneficial to the development of the nursing piglet’s innate immunity.

Introduction

Intake of colostrum by the newborn piglet is important both
for its immediate survival and its ability to thrive after weaning
(Rooke and Bland, 2002). Furthermore, the immunological com-
ponents of colostrum (i.e., leukocytes, cytokines, growth factors,
etc.) contribute to the development of the piglet’s immune system
(Le Jan, 1996). However, the effects of the diet on the populations
of immune cells and cytokines within the sow’s colostrum and milk
have not been extensively studied. The potential changes in the
concentration of the immune components in colostrum and milk
may impact pig performance during the lactation period and sub-
sequent performance to market weight.

Bio-Mos (Alltech, Inc., Nicholasville, Ky.) has been reported to
alter microbial populations in the gastrointestinal tract, by its abil-
ity to attach to type-1 fimbriae on the cell surface of specific bacte-
ria, interfering with the ability of the bacteria to colonize the intes-
tinal tract (Spring et al., 2000). By supplementing the sow’s diet
with Bio-Mos, to alter pathogen exposure, it may be possible to
positively alter immune cell components of the sow’s milk.
Therefore, the aim of this study was to evaluate if there are any ben-
efits on the immune variables of colostrum and milk from supple-
menting the sow’s diet with Bio-Mos.

Experimental Procedures

Animals and diets. Thirty sows from one farrowing group were
randomly assigned to one of two treatments. The treatments were
a common gestation diet or the common diet supplemented with
Bio-Mos. Treatments began 3 weeks prior to lactation, and contin-
ued through weaning. The control diet was supplemented with
Bio-Mos (2 kg/ton of feed) at the expense of corn and administered
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as the treatment diet. The gestation diets were limit-fed, in which
the amount provided was based on sow condition. Sows continued
on their respective treatment during the lactation phase (1 kg Bio-
Mos/ton of feed), where sows were provided feed ad libitum until
weaning.

Performance and immunological measurements. Initial body
weight of sows was determined when sows began receiving dietary
treatments during gestation (approximately d 86 of gestation). Sow
body weight was determined again when the sows were moved into
the farrowing facility and at weaning. Feed intake of individual
sows was determined during gestation and lactation. The number
of pigs born, pigs born alive, stillborns, and mummies was deter-
mined at farrowing, as well as live pig birth weight and weaning
weight. The number of days for sows to return to estrus following
weaning was also determined.

Samples (40 to 50 mL) of colostrum (d 0) and mature milk (d
14) were obtained from each sow. Sub-samples were centrifuged,
the fat layer discarded, and the supernatant collected for the deter-
mination of IgM, IgG, and IgA immunoglobulin concentrations,
and the concentration of specific cytokines (INF-y, IL-2, IL-10, and
TGEF-B). Leukocytes were isolated from each milk sample, and the
leukocyte population was defined by single stain flow cytometry.
Monoclonal antibodies were used to determine the populations of
T cell subpopulations (CD3, CD4, CD8), macrophages (CD14), IL-
2 receptor on T cells (CD25), gamma/delta T cells (TCRY9), and the
presence of major histocompatability complex-II (MHC-II) on
leukocytes.

Statistical analysis. The data were analyzed as a completely ran-
domized design using the GLM procedure of SAS (SAS Inst., Inc.,
Cary, N.C.). The experimental model used for the analysis of the
immune variables consisted of dietary treatment (control and Bio-
Mos), stage of lactation (colostrum and mature milk), and the
interaction.
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Results and Discussion

Supplementing sows with Bio-Mos during gestation and lacta-
tion reduced (P < 0.04) the number of mummies and increased
sow weight loss during lactation (P < 0.01; Table 1). The greater lac-
tation weight loss of Bio-Mos supplemented sows did not translate
into statistically heavier piglets at weaning, although weaning
weight was 7 Ib heavier per litter.

The concentration of the immunoglobulins, essential for pas-
sive immune protection throughout lactation, was not affected by
dietary treatment (Table 2). There have been reports of Bio-Mos
supplementation increasing the concentration of immunoglobu-
lins in colostrum (Newman and Newman, 2001; Quinn et al.,
2001). Consistent with previously published work (Klobasa et al.,
1987), immunoglobulin concentrations decreased dramatically in
mature milk compared to colostrum (P < 0.001). Bio-Mos supple-
mentation during gestation and lactation did not impact IFN-v, IL-
2, IL-4, or TGF-B concentrations within the colostrum or milk
(Table 2).

As expected, the proportion of all measured cell types
decreased in the mature milk compared to colostrum (P < 0.02;
Table 3). However, there was no treatment effect on CD8+ (cyto-
toxic T cells), CD3+ (T cells), CD4+ (T helper cells), CD25+ (acti-
vated lymphocytes), TCRYS (T cells with Y8 receptor), or MHCII+
(antigen presenting cells) proportions in the colostrum or milk
(Table 3). Interestingly, the proportion of macrophages (CD14+
leukocytes) decreased in mature milk compared to colostrum of
control sows (31.0 vs. 5.2%), while the proportion of this cell type
remained elevated in Bio-Mos supplemented sows (25.5 vs. 20.6%)
(treatment x stage of lactation interaction, P < 0.04). At birth the
piglet’s helper T-cell (Th) population is predominantly differenti-
ated into a Th2 subset. During mid- to late-lactation, as the animal
is exposed to environmental pathogens, the cell population is
directed towards a Thl subset. Each of these cell types has specific
immunological functions directed against certain types of immune
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challenges. The principal function of Th2 cells is to stimulate cell-
mediated (humoral) immune responses against allergens,
helminths, and arthropods; while the principal function of Thl
cells is to stimulate phagocyte-mediated (cytotoxic T cells and
macrophages) defense against bacterial and viral challenges (Abbas
et al., 2000). In a swine production environment, bacterial and viral
challenges cause significant economical losses from reduced animal
performance. By altering the macrophage proportions in the
mature milk with the supplementation of the sow’s diet with Bio-
Mos, we may have directed the development of a Thl subset of
cells, allowing the piglet to become more immunologically mature
at an earlier age.

Implications

Supplementing the sow’s diet with Bio-Mos during gestation
and lactation increased the proportion of macrophages in mature
milk. Further research in this area will reveal how this change may
alter the development of the innate immune system in neonatal

pigs.
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Table 1. Sow and litter performance of sows fed a control or Bio-Mos supplemented diet
during gestation and lactation.

Sow treatment

Trait Control Bio-Mos P —value

Sow performance
Initial gestation weight, Ib 5416 +13.9 555.0 + 12.1 0.47
Final gestation weight, Ib 566.7 £ 13.8 5842+ 121 0.35
Gestation weight gain, Ib 252+26 292+23 0.25
Sow weaning weight, Ib 493.4+14.7 475.8+12.9 0.38
Lactation weight loss, Ib -73.4+94 -109.3+8.2 0.01
Sow ADFI, Ib/d 9.95+0.73 8.93+0.64 0.30
Return to Estrus, d 5.34+0.16 5.08+0.14 0.23

Sow litter performance
Number born alive 12.19+0.77 12.38 £ 0.67 0.86
Number stillborn 1.81 £0.52 1.31£0.46 0.48
Number of mummies 0.71+£0.20 0.13+0.18 0.04
Litter weight, Ib 38.66 +2.33 40.03+2.04 0.66
Piglet weight, Ib 321+0.17 3.30+0.15 0.71
Number weaned 9.23+0.47 9.56 £ 0.41 0.59
Age of pig at weaning, d 21.05 +0.51 21.13+0.45 0.91
Litter weaning weight*, Ib 126.0£9.0 133.0+£7.9 0.57
Pig weaning weight*, Ib 13.60 £ 0.57 13.86 £ 0.50 0.60

*Analyses have both age at weaning and pigs born alive included as covariates.

106



Arkansas Animal Science Department Report 2006

“IX81 Ul passnoasIp (#0°0 = d) uonoesdiul uoleioe| Jo abels x Juswiead | q
'$91A003N8| UO (]|-OHIN) 11-Xe|dwod Aljigeredwoooisiy Jolew jo eouasaid ay) pue
‘(1HO1) siieo | eyep/ewweb ‘(GzaD) siied | uo Joydedsd -1 (#1g0) sefeydosoew (8a0 ‘¥a0 ‘€a0) suoneindodgns |90 | jo suopeindod ,

100 8y c+¢€€ €lcF Ive 1.0 ogc+ccel gecrerl I OHIN
100 v'c+8¢ Elc+ve6l 880 6c¢c+80l} c€CTE gL
100 cec+0e 00c+€0¢c VA A SI2F90} 8l'c+8¢cl Gcad
100 08’ e+67cCl /e €+28C €g0 IS'€F+0¢ee /SE€F I8 q71do
100 €9¢c+2a 8tc+v0c Sv'0 veCF G LECF LY 8d0
100 c8LF LY S LF+6'}E 610 69 F¥'8 0L+ 2L Ao
c00 KTLFLC OL'L+99 0.0 6L'L+09 LVLFEY €ao
anjend Wliw ainiepy wnJ1s0j0) anjeA-d4 Sop-oIg jo1u0D % Nel|
uoneloe| jo ebeis JUSW]EdI} MOS

‘uoijeloe| pue uoneisab bulinp 101p pajuswajddns soj-01g 10 [0JUOD B PA) SMOS JO H|IW diNjew pue wnisojod ay] woJy
s$91A00) N3] Uo (sisAjeue o1PWOIAD MO|} ulels-ajbuls Aq pajedipul se) siayJew adeLins ||99 Jo uoissaidxa aidAjouayd "¢ 9ajgel

‘ooueleA Jo AyeusBoleiey o) enp sisAjeue [eansness 1o} [(} + x) Bo|] pawdojsuel] 1em eled

/90 6C ¥ 0St €CF S 6%°0 Y2 ¥ qel 82 ¥ 60} g-491
980 L'CF+87Cl cc+S.L /€0 €2+9¢9 9¢F+cll O
200 9LFG/LS SLF¥cs8l 9.0 S LFGGE 9L FG'Ge L2l
650 €2€ F 998 962 ¥ 1801 LL0 0/2 ¥ L06 LLE F LSO} A-4NI
Jw/Bd ‘sauolhD
+000°0 69 F L'EYE SSF G019k €80 85 + 8,96 99 ¥ ¥'986 v0|
+000°0 SR AT 8¢C ¥ 8087 S0 0E ¥ 8'ete Y€ ¥ 2'60¢€ NB|
+000°0 68€ ¥ 2'0S 80€ ¥ £°0e19 €60 Gee ¥ +'80ce G/E Fv'2sce [31]]
Jwy/Bu ‘suingojfounww|
anend MIlw aniep wnJi1s0[0) anjean-d SON-0Ig |0U0D uesl

uoneloe) jo ebeig

luswjeal] MOS

‘uoijeloe| pue uolelsab Bbunnp 181p payuswajddns sopy-oig 10

]0J1U09 B Pa) SMOS JO H|IW diNjew pue WNJ}S0j0d 9y} WO} SUOIIBIU32U0d au01A0 pue uingojfounwwy "g a|qel

107





