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Abstract

The objective was to investigate the impact of prefarrow macro mineral and
vitamin supplementation on sow livability. In Study A, sows (n = 321) were
randomly allocated in a 2 x 2 factorial design. Treatments consisted of two top
dressed supplements administered from day 110 of gestation until farrowing:
1) 50 g of dicalcium phosphate (18.5% phosphorus) and 2) extra vitamins. In
Study B, sows (n = 415) were either top dressed from day 109 of gestation until
farrowing with both 50 g of dicalcium phosphate (18.5% phosphorus) and ex-
tra vitamins, or received no extra supplementation. Control diets met or ex-
ceeded NRC (2012) recommendations. Sows were classified as having lived
from day 109 or 110 of gestation until weaning or not. Chi-square tests were
used to determine whether the two categorical variables were related. In Study
A, sow mortality was lower (P < 0.05) for sows top dressed with both dicalcium
phosphate and extra vitamins compared to Control sows or those top dressed
with dicalcium phosphate alone (1.3% vs. 9.0% and 9.1%, respectively). Mor-
tality for sows receiving only extra vitamins (5.6%) did not differ (P > 0.05)
from the other treatments. In Study B, sows receiving the combination of
dicalcium phosphate and extra vitamins tended (P = 0.07) to have lower mor-
tality than Control sows (3.9% vs. 8.1%). When combining data from Studies
A and B, sows top dressed with both dicalcium phosphate and extra vitamins
had lower (P < 0.01) mortality than the Control sows (3.2% vs. 8.4%). Across
both studies, sows receiving the combination of extra macro minerals and vit-
amins had fewer (P < 0.05) prolapses (1.1% vs. 3.8%), which was primarily
driven by a reduction (P < 0.01) in rectal prolapses (0% vs. 2.4%). First parity
sows supplemented with the combination had lower (P < 0.01) mortality than
the Control group (0% vs. 10.4%). In summary, the combination of extra
macro mineral and vitamin supplementation enhanced sow livability.
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1. Introduction

Sow mortality levels have continued to impact US pig farmers for multiple decades
[1] [2]. Poor sow livability is problematic for farmers as it is both an economic
and a well-being concern. Hence, management strategies are needed to mitigate
current sow mortality levels.

Investigation of nutritional techniques to enhance sow livability are warranted.
Improvements to maternal line genetics and sow management practices have rap-
idly increased litter sizes [1] [2]. However, sow nutrition recommendations, for a
multitude of nutrients, have not changed this century [3] [4]. Therefore, the ob-
jective of the current study was to investigate the impact of prefarrow macro min-

eral and vitamin supplementation on sow health and well-being.

2. Materials and Methods
2.1. Study A

Sows (n = 321), within a 3600 sow commercial farm in eastern North Carolina
were used. Females consisted of PIC maternal genetics. In lactation, sows were
housed in individual farrowing stalls with ad libitum access to water. Farrowing
rooms were mechanically ventilated. Prefarrow, sows were hand fed 2.27 kg of a
lactation diet containing 0.85% total calcium and 0.57% total phosphorus. After
farrowing, sows were fed ad libitum. The lactation diet met or exceeded the Na-
tional Research Council’s recommendations [4]. In late gestation, sows were ran-
domly assigned within parity to one of four treatments in a 2 x 2 factorial design.
Treatments consisted of two top dressed supplements administered from day 110
of gestation until farrowing: 1) 50 g of dicalcium phosphate (FEEDPHOS', South-
eastern Minerals, Inc., Bainbridge, USA; minimum 18.5% phosphorus and mini-
mum 20% calcium) and 2) extra vitamins (dsm-firmenich, Plainsboro, USA; Ta-
ble 1). Top dress supplements were added to the sow’s daily feed allotment while
in her farrowing stall. Sow body condition was measured at day 110 of gestation
using the Knauer sow caliper [5]. Sows that had not farrowed by day 114 of gesta-
tion were induced with 1 ml of prostaglandin F,. (Lutalyse’, Zoetis Inc., Kalama-
200, USA). Farm staff assisted sows during farrowing at their discretion. Piglets

were weaned at approximately 22 days of age.

Table 1. Total daily vitamin levels fed prefarrow for Study A and Study B.

Study A Study B
Vitamin'
Control Extra Vitamins Control Extra Vitamins

Biotin, mg 0.6 2.4 1.3 3.1
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Continued
Folic acid, mg 3.7 16.0 9.2 21.5
Menadione, mg 10.0 23.0 9.7 22.6
Niacin, mg 75 198 92 215
Pantothenic acid, mg 62 165 76 179
Pyridoxine, mg 7.5 24 12.3 29
Riboflavin, mg 17.5 45 20.5 48
Thiamine, mg 5 13 6 14
Vitamin A, IU 19,994 54,081 25,509 59,597
Vitamin B12, mg 0.08 0.19 0.08 0.19
Vitamin D3, IU 4498 9271 3573 8345
HyD’, mg 0.085 0.085 - -
Total vitamin D3, IU 7897 12,670 3573 8345
Vitamin E, IU 150 491 256 597

"Total vitamin levels fed from day 110 of gestation until farrowing in Study A and from day
109 of gestation until farrowing in Study B, HyD® (dsm-firmenich, Plainsboro, NJ USA),
Total vitamin D3 = provided 3400 IU of 25-OH-D; from HyD" in Study A.

Farm staff classified sow mortality causes. Mortality codes included difficulty

farrowing, failing to farrow, lame, prolapse, and other.

2.2.Study B

Sows (n = 415) within a 3600 sow commercial farm (within a different production
system than Study A) in eastern North Carolina were used. Females consisted of
PIC maternal genetics. In lactation, sows were housed in individual farrowing
stalls with ad libitum access to water. Farrowing rooms were naturally ventilated.
Prefarrow, sows were fed 1.82 kg of a lactation diet containing 0.90% total calcium
and 0.58% total phosphorus. After farrowing, sows were fed ad libitum. The lac-
tation diet met or exceeded the National Research Council’s recommendations
[4]. In late gestation, sows were randomly assigned to one of two treatments. Sows
were either top dressed from day 109 of gestation until farrowing with 50 g of
dicalcium phosphate and extra vitamins (Table 1) or received no extra supple-
mentation. The top dress supplement was formulated the same as those used in
Study A and added to the sow’s daily feed allotment while in her farrowing stall.
Sow body condition was monitored using the Knauer sow caliper [5]. Sows were
not induced to farrow. Farm staft assisted sows during farrowing at their discre-
tion. Piglets were weaned at approximately 21 days of age.

Farm staff classified sow mortality causes. Mortality codes included difficulty

farrowing, lame, prolapse, sudden death, and unknown.
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2.3. Statistical Analysis

All data analyzed were categorical in nature. Sows were classified as having lived
from day 109 or 110 of gestation until weaning or not. Further, sows were catego-
rized as having died within seven days of farrowing (early lactation) or having
died in middle or late lactation (day eight of lactation until weaning). Chi-square

tests were exclusively used to determine if two categorical variables were related.

3. Results

Sow mortality across the lactation period was 6.2% and 6.0% for Study A and
Study B, respectively. Average number of piglets born alive, stillborn piglets, and
mummies per litter were 14.9, 0.9, and 0.5 for Study A, and 15.3, 1.5, and 0.5 for
Study B. Average sow parity was 3.1 and 3.2 for Study A and Study B, respectively.
Within both studies, treatments did not differ (P > 0.33) for average sow parity or
sow caliper score.

Sow livability differed (P < 0.05) in Study A and tended (P = 0.07) to differ in
Study B. In Study A, sow mortality was lower (P < 0.05) for sows top dressed with
both dicalcium phosphate and extra vitamins compared to Control sows or those
top dressed with dicalcium phosphate alone (Figure 1). Mortality for sows receiv-
ing only extra vitamins did not differ (P > 0.05) from the other treatments. In
Study B, sows receiving the combination of dicalcium phosphate and extra vita-

mins tended (P = 0.07) to have lower mortality than Control sows (3.9% vs. 8.1%).
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Figure 1. Study A, sow mortality was lower (P < 0.05) for sows top dressed (from day 110
of gestation until farrowing) with both 50 g of dicalcium phosphate and extra vitamins
compared to Control sows or those top dressed with dicalcium phosphate alone. Mortality
for sows receiving only extra vitamins did not differ (P > 0.05) from the other treatments.

When combining data from Studies A and B, sows top dressed with both dical-
cium phosphate and extra vitamins had lower mortality than the Control sows (P
< 0.01; Figure 2). Farm recorded mortality codes are presented in Table 2. Across
both studies, sows receiving the combination of extra macro minerals and vita-

mins had fewer prolapses (P < 0.05), which was primarily driven by a reduction
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in rectal prolapses (P < 0.01; Figure 3). First parity sows supplemented with the
combination had significantly lower mortality than the Control group (0% vs.

10.4%, P < 0.01).
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Figure 2. Combining data from Studies A and B, sows top dressed (from day 109 or 110 of
gestation) with both 50 g of dicalcium phosphate and extra vitamins had lower (P < 0.01)
mortality than the Control sows.

iol

Dical & extra vitamins Control

- N w B

Sow prolapse in lactation, %

o

m Uterine & vaginal m Rectal

Figure 3. Across Study A and Study B, sows receiving the combination of extra dicalcium
phosphate and vitamins had fewer (P < 0.05) prolapses, which was primarily driven by a
reduction (P < 0.01) in rectal prolapses.

Table 2. Farm recorded lactation mortality codes for Study A and Study B.

Study” g;ﬁf;z;lnt}gf Failing to farrow Lame Ute;irr;el:;asiinal pIr{cflzc ;ie Other S:;i:t;n
Study A
Control 78 2 2 1 2 -
Dical 77 1 3 3 -
Extra vitamins 90 3 1 1 -
Dical & extra vitamins 76 1 -
Study B
Control 209 3 - 1 4 6 - 3
Dical & extra vitamins 206 1 - 1 3 - 3

"Top dressed supplements administered daily from day 109 or 110 of gestation until farrowing, Dical = 50 g of dicalcium phosphate
(18.5% phosphorus).
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Again analyzing the combined data from Studies A and B, Figure 4 illustrates
the timing of sow mortality during lactation. No differences (P = 0.79) were ob-
served in early lactation between sows receiving the combination of extra macro
minerals and vitamins with the control group (3.2% vs. 4.6%, respectively). How-
ever, in middle and late lactation, sows top dressed with the combination exhib-
ited lower (P < 0.01) sow mortality rates (0% vs. 3.9%).
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Figure 4. Timing of sow mortality during lactation for Control sows and sows top dressed
(from day 109 or 110 of gestation) with both 50 g of dicalcium phosphate and extra vita-
mins. No differences (P = 0.79) were observed in early lactation between sows receiving the
combination of extra macro minerals and vitamins with the control group (3.2% vs. 4.6%,
respectively). However, in middle and late lactation, sows top dressed with the combination
exhibited lower (P < 0.01) sow mortality rates (0% vs. 3.9%).

4. Discussion

Oxidative stress (an imbalance between free radicals and antioxidants in the body)
leads to cell and tissue damage, which can impair sow health and reproductive
performance. Primiparous females are reported to experience higher levels of ox-
idative stress than multiparous sows [6]. Further, previous research [7] indicated
that antioxidant nutrient levels (specifically vitamins A and E) reach their lowest
points during late gestation and early lactation. In the current study, prefarrow
macro mineral and vitamin supplementation was particularly beneficial for the
livability of primiparous sows. Taken together, these findings suggest that provid-
ing extra antioxidant supplementation beyond NRC (2012) requirements may im-
prove the health and livability of first parity females reared under commercial
conditions.

Several studies suggest supplementation of antioxidants, around the time of far-
rowing, may enhance sow livability. In late gestation, [8] supplemented sows with

1.05 g of vitamin C and 500 IU of vitamin E, twice weekly, from day 87 of gestation
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until farrowing. Sows supplemented with these vitamins had numerically lower
(P = 0.11) mortality from sudden death and prolapse when compared to Control
sows (3.0% vs. 6.0%). Further, the supplementation tended (P = 0.08) to reduce
the number of sows that died at or before farrowing. Hence, extra antioxidant
support in late gestation may help sows survive until farrowing. In lactation, [9]
fed 0.45 kg of a top dress supplement for five days beginning at farrowing house
entry, and 0.23 kg of the same supplement from day six until weaning. The 0.45
kg supplement contained 67% beet pulp, 18% wheat bran, enzymes (phytase and
xylanase), vitamin C (754 mg), vitamin D (14,617 IU), and vitamin E (465 IU).
The authors reported the lactation supplement numerically (P = 0.15) reduced
sow mortality when compared to controls (1.3% vs. 4.0%). Similarly, [10] top
dressed ImmuFend® (TechMix, LLC, Stewart, USA), a propriety blend of zinc and
vitamins C, E, B12, B1, K, A, and D, from day 105 of gestation until five days post-
farrowing or until weaning. The authors reported that sows receiving ImmuFend®
tended (P = 0.10) to have lower mortality when compared to controls (3.9% vs.
6.0%). Collectively, these studies support the concept that timely supplementation
of antioxidants can improve sow livability.

While previous research has implicated nutrition in the occurrence of prolapse
across various species, a recent study connected prefarrow sow nutrition to pelvic
organ prolapse. A North American study [11] evaluating 53 swine farms across 26
production systems found that farms with high pelvic organ prolapse rates fed
diets with higher standardized total tract digestibility (STTD) of phosphorus (0.49%
vs. 0.39%) and a narrower analyzed calcium to STTD phosphorus ratio (1.7 vs.
2.2). This relationship between mineral balance and prolapse is mirrored in other
species as well. In buffalo, researchers noted lower serum calcium and phosphorus
levels in prolapsed females compared to healthy counterparts [12] [13]. Nutritional
interventions in sheep, specifically an injection of vitamins A, D, and E, reduced
the incidence of vaginal prolapse in breeding ewes [14]. This trend extends to hu-
man medicine, where a systematic review linked pelvic organ prolapse with lower
serum vitamin D (25-OH-D;) levels [15]. Collectively, these cross species findings
suggest that calcium and/or phosphorus metabolism are perhaps key components
in the prolapse etiology.

The results concerning prolapse are further supported by a genomic study in-
vestigating the genetic architecture of the condition in sows. Specifically, [16]
aimed to confirm the association between genetics and sow prolapse while iden-
tifying genomic regions and candidate genes linked to the disorder. The authors
reported that genes on several chromosomes (1, 3, 7, 10, 12, and 14) were associ-
ated with sow prolapse. Candidate genes included those related to bone mineral
density, bone strength, calcium homeostasis, and blood calcium levels, among
other biological processes. Therefore, the reduction in sow prolapse incidence
achieved by feeding higher levels of calcium, phosphorus, and vitamin D appears
biologically plausible.

The interpretation of the current results is subject to several limitations. While
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sow livability improved across two production systems with distinct diets, the
dicalcium phosphate and extra vitamin top dress program may require adaptation
for diets outside the studied range. Furthermore, because the specific treatments
from Study A were not replicated in Study B, their individual performance in dif-
ferent environments remains unknown. Consequently, caution is advised when
interpreting results for treatments that were not repeated across both studies.
Given the hyperprolificacy of modern maternal genotypes, [17] and [18] rec-
ommended that the swine industry work to better understand the micro and macro
nutrient requirements of modern sow genotypes in commercial environments.
This statement is well supported by the results of the current study, as we observed
that increased prefarrow nutritional support enhanced sow livability. Future stud-
ies should work to identify specific micro nutrients that impact sow health and
livability. However, whether concepts from the current study can be implemented
into existing diets remains in question. Hence, further investigation into the micro
nutrient requirements of the modern sow under commercial conditions remains

essential.
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