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Nitrogen/Protein Analyzer was used. It is a microprocessor based, software-
controlled instrument that determines the nitrogen content in a variety of materials.
Samples were ground thoroughly through a 2 mm screen and next into a 1 mm
screen. Next the milk sample was weighed to approximately 0.2500 g and analyzed.
All samples were analyzed in duplicates. The machine has three phases during an
analysis cycle and results are shown as % N and % CP where the duplicates were

than averaged.

Oligosaccharide Analysis
Chemicals and reagents

Acetonitrile (ACN), chloroform, formic acid (FA), methanol (MeOH), ethanol
(EtOH), trifluoroacetic acid (TFA) and sodium hydroxide (NaOH) were obtained
from Thermo Fisher Scientific (Waltham, MA); sodium acetate (NaAc) was from
Sigma-Aldrich (St Louis, MO). Oligosaccharide standards Lacto-N-difucohexaose
(LNDFH), Lacto-N-fucopentaose I (LNFP-I), Lacto-N-tetraose (LNT), Lacto-N-
neotetraose (LNnT), Lacto-N-hexaose (LNH), Lacto-N-neohexaose (LNnH), N-
acetylgalactosaminyllactose, al-3,81-4-D-galactotriose (3-Hex), 3’-Sialyllactose
(3'SL), 6’-Sialyllactose (6'SL), 3’-Sialyl-N-acetyllactosamine (3'SLN) and 6’-Sialyl-N-
acetyllactosamine (6'SLN) were purchased from V-Labs Inc. (Covington, LA), while
LNH and LDFT standards were purchased from Prozyme Inc. (Hayward, Ca). All
solvents were MS grade, and the water used was nanopure (18.2 ohms).
Oligosaccharide Isolation and Purification

Milk OS were isolated and purified as previously described, with minor

modification (Barile et al., 2010). Briefly, frozen milk samples were completely
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thawed, and a 0.5-mL aliquot of each sample was mixed with an equal volume of
nanopure water and centrifuged at 14,000 x g in a microfuge for 30 min at 4°C to
remove lipids. The top fat layer was removed, and 4 volumes of
chloroform/methanol (2:1, vol/vol) were added, vigorously mixed and the resulting
emulsion was centrifuged at 4,000 x g for 30 min at 4°C. The upper methanol layer
containing OS was transferred to a tube, two volumes of cold ethanol were added
and the solution was frozen for 1 h at -30°C, followed by centrifugation for 30 min
at 4,000 x g and 4°C to precipitate the denatured protein. The supernatant (0OS-rich
fraction) was collected and freeze-dried using a speed vacuum centrifuge.

For OS characterization by Nano LC Chip QToF-MS (Agilent Technologies,
Santa Clara, CA), extracts were purified from the mixture by solid-phase extraction
using nonporous graphitized carbon cartridges (GCC-SPE). Prior to use, each GCC-
SPE cartridge was activated with 3 column volumes (cv) of 80% acetonitrile, 0.1%
trifluoroacetic acid (v/v) and equilibrated with 3 CV of nanopure water. The
carbohydrate-rich solution was loaded onto the cartridge, and salts and
mono/disaccharides were removed by washing with 6 CV of nanopure water. The
OS were eluted with a solution of 40% ACN with 0.1% TFA (v/v) in water and dried
in speed vacuum centrifuge at 35°C overnight.
Characterization by Nano LC Chip QTOF MS

Prior to MS analysis, dried OS samples were reconstituted in 100 pL of
nanopure water. MS analysis was performed with an Agilent 6520 accurate-mass
Quadrupole-Time-of-Flight (Q-TOF) liquid chromatography/mass spectroscopy

(LC/MS) with a micro-fluidic nano-electrospray chip (Agilent Technologies, Santa
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Clara, CA) as previously described (Wu et al., 2011). The micro-fluidic chip
contained one enrichment and one analytical column, both packed with graphitized
carbon. Chromatographic elution was performed with a binary gradient of 3%
ACN/0.1% formic acid in water (solvent A) and 90% ACN/0.1% formic acid in water
(solvent B). The column was initially equilibrated with a flow rate of 0.3 pL/min for
the nanopump and 4 puL/min for the capillary pump. The 65-min gradient was
programmed as follows: 0-2.5 min, 0% B; 2.5-20 min, 0-16% B; 20-30 min, 16-
44% B; 30-35 min, 44-100% B; 35-45 min, 100% B; and 45-65 min, 0% B. Data
were acquired in the positive ionization mode with a 450-2500 mass/charge (m/z)
range. The electrospray capillary voltage was 1700-1900 V. The acquisition rate
was 0.63 spectra/s for both MS and MS/MS modes. Automated precursor selection
was employed based on ion abundance, performing up to 6 MS/MS spectra per
individual MS when precursor was above ion abundance threshold. The precursor
isolation window was selected to be narrow (1.3 m/z) to improve accuracy.
Fragmentation energy was set at 1.8 V/100 Da with an offset of -2.4 V. Internal
calibration was continuously performed by infusing two reference masses: m/z
922.009 and 1221.991 (ESI-TOF Tuning Mix G1969-85000, Agilent Technologies).
QTOF Data Analysis

The Molecular Feature Extraction function of Mass Hunter Qualitative
Analysis Version B.06.00 (Agilent Technologies) was used to generate a list of
deconvoluted masses selected to be in a range of 450-1500 m/z with a 21000
height count and a typical isotopic distribution of small biological molecules. Charge

states allowed were restricted to single and double species. OS compositions were
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determined from the deconvoluted mass list with in-house software, and all OS
compositions were confirmed by tandem MS (MS/MS) analysis. Following MS/MS
identity validation and assessment of reproducible retention times (RT), individual
peaks for each OS were automatically integrated using the Targeted Feature
Extractor from MassHunter Profinder Version B.06.00 (Agilent Technologies). The
RT window allowed for compound matching was restricted to + 0.5 min and *
0.25% of the RT at each time point. Each sample was analyzed in triplicate, 2-
fucosyllactose (2’-FL) added as internal standard to minimize instrumental
variation.

Oligosaccharide  quantification by High  Performance Anion  Exchange
Chromatography —Pulsed Amperometric Detection (HPAEC-PAD)

The quantification of 9 neutral oligosaccharide standards (LNDFH, LDFT,
LNFP-I, LNT, LNnT, N-acetylgalactosaminyllactose, 3-Hex, LNH, LNnH) and 4 acidic
oligosaccharide standards (6’-SLN, 3’-SLN, 6’-SL, 3’-SL) was carried out with a high-
performance anion-exchange chromatography with pulsed amperometric detection
system (Thermo Scientific HPAE-PAD ICS-5000), equipped with a
detector/chromatography module including a pulsed amperometry electrochemical
detector, an electrochemical cell with a disposable gold working electrode, a pH-
Ag/AgCl reference electrode, an auto-sampler, and a single pump. Samples were
diluted and filtered through a 0.22-um membrane (Pall, Port Washington, NY)
before analysis. A 25-uL. sample was injected into the CarboPacPA200 analytical
column (3 x 250 mm, Dionex, Sunnyvale, CA) and a CarboPacPA200 Guard Column

(3 x 50 mm, Dionex) for oligosaccharide analysis, eluting with a 0.5 ml/min and a
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non-isocratic gradient: 0-10 min 50% B, 10-50 min 45% B - 10% C. The column
was equilibrated for 5 min with 10% B followed by 10 min with 50% B. Solvent A
was deionized water, solvent B 200 mM NaOH and solvent C was 100 mM NaAc in
100mM NaOH.

Quantification was assessed by external calibration using a mixture of all
oligosaccharide standards ranging from 0.0001 to 0.03 g/L (coefficient of
determination > 0.999).

Statistical Analyses

Data was analyzed in JMP 12 and used LSMEANS Differences with Tukey-
HSD Adjustment. P < 0.05 was considered significant, non-significant factors were
dropped and the model was run again. For AVG BiW, sow pre-wt, sow pre-BF, Diet,
and TNB were included in the model as fixed effects, sire and litter nested in sire
were random effects. When analyzing AVG WW, sow pre-BF, sow post-BF, number
nursed, number weaned, average birth weight of litter, and diet were included in the
model as fixed effects, sire and litter nested in sire were random effects. For the
analysis of Milk: CP, N, DM, GE, and Insulin were analyzed separately as the
response variables with Diet as a fixed effect. Serum analysis for GLP-2 and Insulin
were analyzed separately as the response variable with diet as a fixed effect. The
model for milk and biomarker analysis included diet, diet x day, and day
interactions. All means are presented as least-squares means (SEM). For the 0S
analysis the normal distribution of the data was evaluated using the Kolmogorov-
Smirnov test (P < 0.05), while homoscedasticity and was checked using Levene’s

test. A two-way analysis of variance (ANOVA) was carried out to evaluate the effect
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of diet and/or time of lactation on Oligosaccharide abundances and concentrations.
In all cases, the Tukey test was also used to assess differences between groups. R
package "stats" (version 2.15.3) was used for all the analyses.
RESULTS

Growth Performance

Gilts fed a restricted diet had significantly less ME intake when compared to
gilts on the other diets (P < 0.0001, Fig. 1). Gilts on the RESTR diet weighed less at
day of breeding compared to the other two diets (P < 0.05). Restricted sows had the
highest amount of total BF at weaning (1.59 mm) numerically, but there was no
statistical difference as shown in Figure 2. Diet of sow had no effect on piglet BiW (P
= 0.39) or piglet WW (P = 0.84).
Milk Composition

Dry matter of milk was not affected by diet, but had a significant day effect in
which dry matter decreased over time (P = 0.003). There were no significant effects
on the average GE of milk. Percent nitrogen and percent crude protein had a
significant day effect in which % N (Fig. 3a) and % CP (Fig. 3b) decreased over time
(P <0.0001). Lastly, when milk insulin was analyzed there was a Diet x Day effect (P
= 0.035) where the milk from RESTR sows had the highest insulin at d 0, but the
lowest insulin concentration at d 14.
Oligosaccharide Profile

Across the two diets (RESTR and CTL) 63 OS were identified. Of the OS
identified, 58.73% were neutral, 15.873% were fucosyl and 25.397% were acidic

(Table 3). Atd 0, CTL had more neutral OS and less acidic OS (P < 0.05) when
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compared to RESTR (Fig. 4). Of the neutral OS quantified, RESTR had more LNnT
than CTL (P < 0.05). Also, both RESTR and CTL had a increase in fucosyl OS and
decrease in acidic OS from d 0 to d 14 (P<0.05; Fig 5). Of the fucosyl OS quantified,
samples from CTL had more LNDFH-I than RESTR (P<0.05) atd 0. Lastly, only the
RESTR showed an increase in neutral OS over time (Fig. 5). Total OS quantification
was lower in the RESTR when compared to CTL (P < 0.05; Fig. 6). Quantification of
OS also decreased in both dietary treatments over time (P < 0.0001; Fig. 7).
Growth Biomarkers

For GLP-2, main effects of day (P < 0.0001), day x diet (P = 0.0087; Fig 8b),
and diet (P = 0.0008) was observed. Across all treatments, concentrations of GLP-2
decreased (P=0.0087) with time. Across all time points, CTL+ had the greatest
concentrations at each time point and RESTR had the lowest concentrations at each
time point when compared to the other treatments. Insulin concentration saw a diet
x day effect (P = 0.0149; Fig. 8a). Of all insulin concentration RESTR had the highest
(0.044 mlU/L) and CTL had the lowest (0.019 miU/L; P = 0.032).

DISCUSSION

Growth Performance

Today there is a high drive for increased longevity of a sow, while
maintaining or improving offspring health and growth performance. In a study
conducted by Miller et al. (2010) it was observed that gilts on an energy-restricted
diet have greater longevity and may result in offspring with a greater WW (Barnett
et al.,, 2017). The idea of restricting energy during gilt development is based on the

premise that restricting the ME should result in decreased fat deposition, but muscle
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accumulation should not be affected (Miller et al., 2010) Although, results from the
batch in the current experiment do not show significant differences in piglet WW,
there is a numerical difference and with more statistical power a greater weight
difference may be seen. Furthermore, it was concluded that restricted energy gilts
tend to eat more once put on a control diet for gestation, thus their energy intake is
greater than the gilts that were always on the control diet. Also, restricted sows lost
less BF than control sows. In a study by Amdi et al. (2013) it was shown that
gestation feeding level affects the number of offspring born alive per litter and
offspring birth weight, where as sow BCS affects weaning weight and growth of
offspring. A sow that loses excessive weight during lactation has higher cortisol
levels. Cortisol is known to be a stress hormone that has the capability of crossing
the placental barrier and excess exposure to it can cause a fetus to have reduced
birth weight (Sekl, 2004; Kranedonk et al., 2006).
Milk Composition

This study showed no difference in milk nutrient composition based on diet.
However due to sows being fed the different dietary treatments before
gestation/lactation this was expected. To our knowledge no previous studies have
analyzed milk samples based on diets fed during the developmental stage of gilts.
However, many studies show that diet does affect maternal milk when fed during
late gestation and lactation. In a study conducted by Amdi et al. (2013), it was
concluded that fatty acid and fat composition change based on dietary interventions
during the gestation and lactation period. While the sows in this study were not

restricted during gestation/lactation they did weigh significantly less than CTL sows
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at this time. According to Amdi et al. (2013), restricted sows pull from fat reserves
and use these components to add nutrients to the secreted milk. Sows are able to
produce adequate quality and quantity of milk in spite of the nutrient deficit that
may be associated with an inadequate diet. However, in order to compensate they
must mobilize more tissues to meet lactation requirements resulting in lower litter
weight (O’Grady et al,, 1973). Additionally, energy from the diet is the primary
contributor of fat for milk composition (Amdi et al., 2013). After the developmental
phase, when sows are switched from their respective treatment diets to a common
diet, RESTR sows have greater feed intake; thus, a greater intake of energy. A diet
which targets limiting amino acids (AA) showed an increase in mammary milk
protein through increased AA absorption to the mammary gland, as well as having
increased nitrogen retention and utilization in the milk protein during peak
lactation periods (Huber et al., 2015). The current experiment was not in
agreement with the study by Huber et al. (2015). The CLT+ diet which has added
CAA showed no differences in milk N when compared to the other dietary
treatments; however, a main cause of these varying results are most likely due to
the time period difference of when the treatment diets were fed.

Insulin regulates energy metabolism and milk production. Furthermore, the
energy source in feed will have an effect on insulin secretion. In this experiment we
saw Insulin concentration in sows milk had a day by diet interaction (P < 0.0349).
Interestingly, milk from sows developed on the RESTR diet had the highest insulin
concentration in early lactation (d 1) but the lowest concentration during mid to

late lactation (d 14). Sows that have greater weight loss during lactation tend to
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have lower insulin levels (Spinka et al., 1999). Due to the fact that CTL sows lost
significantly more BF than RESTR sows, this could explain the higher d 0 insulin
concentrations in RESTR sow milk. Additionally, the more a neonate suckles, the
lower the insulin levels become according to Spinka et al. (1999). Due to the fact
that restricted sows may wean heavier piglets, lower insulin levels could correlate
with RESTR piglets suckling more.
Milk Oligosaccharides

Milk oligosaccharide profiles have shown to vary depending on diet
(Difilippo et al,, (2016). Oligosaccharides are usually classified into 3 groups:
Neutral, Acidic or Fucosyl in which each group has specific beneficial factors.
Previous studies by Mudd et al. (2016) resulted in the characterization of 60 OS
species; however, in the current study, 63 types of OS were quantified. Today there
are over 100 human milk OS quantified (Ninonuevo et al., 2008). Oligosaccharide
(OS) composition analyzed for this study showed a slight difference based on diet
(CLT or RESTR). Total OS abundance decreased over time, which is also seen in
human milk OS. Restricted gilts produced milk with significantly less neutral OS and
significantly more acidic OS on d 0. Of the three subgroups of neutral OS identified,
2 Hex-1 HexNAc, Lacto-N-neotetraose, and Lacto-neotetraose — colostrum of RESTR
gilts had greater amounts of Lacto-N-neotetraose (LNnt). LNnt is shown to be a
prebiotic that stimulates growth of bifidobacterium (LoCasio et al., 2007).
According to Tao et al. (2010), LNnt is one of the few OS that increases in mammals
throughout lactation; however, our results showed the opposite effect. In general

total neutral OS had a slight increase in abundance through lactation, unlike Acidic
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and Fucosyl, agreeing with the results by Mudd et al. (2016). Additionally, there
were no over significant differences in Fucosyl OS, but LNDFH-I (a type of Fucosyl
0S) was significantly lower in RESTR sows on d 0. Currently there are not standards
for all Fucosyl OS that have been quantified. Fucosyl OS normally remain the same
or lower over the period of lactation, however this was not seen in our results.
While Fucosyl OS can deflect pathogens through its prebiotic effects, it has been
shown to cross feed pathogens such as Bifidobacterium adolescentis and Firmicute
bacteria through the end products of Fucosylated-0S fermentation and from
products during the partial breakdown of substrates (Belenguer et al., 2006).
Bacterias such as these reduce the populations of non-utilizing bacteria through
competition and promote gut health (Belenguer et al., 2006). Simple fucosyl OS are
beginning to make their way into infant formula and are said to make formula more
closely related to human breast milk and The microbial profile of infant fecal
samples more similar to fecal samples obtained from infants that consumed breast
milk (Steenhout et al., 2016). However, more complex fucosyl OS are said to have
more beneficial effects. Fucosylated-oligosaccharides can inhibit diarrhea caused by
E. Coli, Campylobacter, Jejune Calicivirus, and higher levels correlate with better
protection (Newburg et al., 2004). Fucosylated-OS are found at very low levels in
porcine milk (Tao et al., 2009; Salcedo et al., 2016) as were they in this experiment.
Tao et al. (2010) found fucosylated-OS make up 1 to 4% of OS in sow milk; however,
in humans, concentrations of fucosylated-0S can reach levels as high as 70%. In the
current experiment Fucosyl OS were ranged between 0.76% and 2.8%; thus, even

lower than previous studies reported.
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Lastly, There was a significant difference in overall acidic OS abundance
among diet on d 0, but no particular acidic OS was significantly higher among diets.
A type of an acidic OS is Sialylated oligosaccharides (SOS), which plays an important
role in neural development and neural protection (Tao et al.,, 2008). Through
competing for the adhesion sites on epithelial surfaces, SOS are able to inhibit
certain pathogens and possibly even help with post-weaning diarrhea. High levels
of SOS in sow’s milk protect the neonate from health challenges such as Rotavirus
(Difilippo et al, 2016). 3’ Sialyllactose is an abundant SOS that down regulates sialic
acid, fucose, and galactose and inhibits pathogen adhesion to the epithelial cell wall
(Difilippo et al., 2016). 3’SL was the most prominent Acidic OS in the milk analyzed,
but was considerably less abundant on d 14 compared to d 0.

Growth Biomarkers

Both insulin and GLP-2 concentration were measured in piglets for insight on
growth biomarkers. While both play a role in protein synthesis, insulin plays a key
role in the development of fast-twitch muscles and GLP-2 stimulates intestinal
growth (Drucker 1998, Davis et al., 2001). In this experiment, a main effect of diet
and a day by diet interaction was observed in blood samples obtained from progeny
for both insulin and GLP-2. Progeny from RESTR sows had the lowest GLP-2
concentrations at both time-points, but was only significantly different from CTL+ at
d 0. Interestingly, RESTR was the only treatment that didn’t have a great decrease
in GLP-2 concentration fromd 1 to d 15 Increased GLP-2 can help reduce weaning
diarrhea and stimulate intestinal adaptation to new diets (Thyman et al., 2014).

GLP-2 is stimulated by enteral intake of nutrients and piglets total parenteral
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nutrition (TPN) fed will have significant decreases in GLP-2 circulation (Petersen et
al,, 2001).

GLP-2 has growth related effects on a neonate through epithelial cell
proliferation resulting in increased intestine mucosal mass, colon mass, villus height
and crypt death. However, low levels of GLP-2 do not correlate with increased
weight. Our results did agree with Petersen et al. (2010) where there was a
decrease in plasma GLP-2 through the postnatal period. Furthermore, Petersen et
al. (2010) reported no difference in body weight based on a control group of
neonate pigs compared to pigs infused with GLP-2 same as our results, however,
Petersen et al, (2010) studied the piglet’s intestines were there was a difference in
small intestine and colon weight.

Insulin concentrations were significantly higher in progeny from RESTR
sows when compared to CTL on d 0. The circulating insulin concentration coincided
with milk insulin of RESTR because, as previously stated, RESTR numerically had
the highest milk insulin concentration at d 0. The growth rate of a mammal is
greatest at its neonate stage (Young, 1970) and the insulin receptor protein is two-
fold higher in a newborn piglet than that of a weanling (Suryawan et al., 2001). The
results of this current experiment agreed and disagreed with those of Suryawan et
al. (2001). While the insulin concentration decreased with age in RESTR progeny,
there was an increase in insulin concentration for both CTL+ and CTL. The results of
varying insulin concentration may relate back to nursing frequency and maternal
stress. Insulin and the efficiency of it in its signaling pathways are essential

determinants of efficient growth during development periods and will decrease



115

with age as seen in RESTR piglets (Davis et al., 2010). Furthermore, insulin
regulates stimulation of protein synthesis in peripheral tissues, as well as whole
body AA disposal (Davis et al., 2001). Increased insulin may play a role in the
increased BiW and WW of piglets from RESTR sows.

In Conclusion GLP-2 had a treatment effect in which progeny from RESTR
sows had the lowest concentrations and progeny from CTL + sows had
concentrations that were highest at both time points when compared across all
treatments. Interestingly, insulin concentrations were increased in progeny from
RESTR sows and much lower in progeny from CTL sows. Furthermore, progeny of
RESTR sows saw a decrease in insulin over time where as progeny from CTL and
CTL+ sows showed an increase. Similar to Petersen et al. (2010) our results did not
show progeny body weight differences; however, future research looking at the
structure of tissues would need to be conducted to see if the differences in GLP-2
concentrations affected the small intestine and colon. Lastly, recording nursing
frequency could help determine why insulin concentrations varied among
treatments. These growth factors are likely to play a key role in growth performance

not only in the nursery, but through out the lifetime of the pig.
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Table 1. Diet Composition of experimental diets (As-Fed Basis, Kg) Composition and nutrient contents of experimental
diets fed to developing gilts d 123 - 240*. Phase 1 and 2 were each 6 weeks long and phase 3 was 4 weeks long.

Phase 1 Phase 2 Phase 3
Item CTL1 RESTR? CTL+3 CTL RESTR CTL+ CTL RESTR CTL+
Ingredient, %:
Corn 72.52 39.95 70.38 76.32 43.73 74.66 80.13 47.5 78.6
Soybean Meal 21.53 17.43 23.35 17.66 13.57 19 13.79 9.71 15
Soybean Hulls - 40 - 40 - 40 -
Beef Tallow 3 3 3 3 3 3
Dicalcium 137 172 137 1.46 18 146 1.54 189  1.54
phosphate
Limestone 0.68 .68 0.66 0.66 0.64 0.64
Sodium Chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin Premix*5  0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Mineral Premix® 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
L-Lysine - - 15 - - 0.15 - - 78.6
Methionine - - .05 - - 0.05 - - 15
Threonine - - .09 - - 0.09 - - -
Tryptophan - - .03 - - 0.03 - - 3
Nutrient Content:
ME (kcal/kg) 3406 2706 3408 - 3408 2707 3410 - 3410
Lys, g/kg 0.7 0.69 0.86 - 0.61 0.59 0.76 - 0.51
Crude Protein % 16.25 15.72 17.21 - 14.72 14.19 15.48 - 13.18
P % 0.6 0.6 0.61 - 0.6 0.6 0.6 - 0.6
Ca% 0.67 0.71 0.67 - 0.67 0.72 0.68 - 0.67
Lys/ME* (g/Mcal) 2.059 2.536 2.057 1.78 2.185 1.785 1.5 1.835 1.504

11



* Data from RESTR 1 and RESTR 2 were analyzed together for growth performance and here on out considered RESTR
1 Control diet (CTL) was formulated to meet 2010 NRC requirements for developing gilts.

2Energy restricted diet (RESTR) was 20% restricted in energy with increased fiber.

3Control Plus (CTL+) contained an addition of crystalline amino acids equivalent to the SID Lys:ME of the RESTR diet
4Provided per kilogram of diet for phase 1 and 2: 5,500 IU of Vitamin A, 550 IU of Vitamin D3, 30 IU of Vitamin E, 4.40
[U of Vitamin K, 33.00 mg of Niacin, 22.05 mg of Panothenic Acid, 11.00 mg of Riboflavin, and 33.00 pg of Vitamin B12
SProvided per kilogram of diet for phase 3: 6,600 IU of Vitamin A, 600 IU of Vitamin D3, 66 1U of Vitamin E, 4.40 IU of
Vitamin K, 33.00 mg of Niacin, 22.05 mg of Panothenic Acid, 11.00 mg of Riboflavin, and 22.05 ug of Vitamin B12, 550
mg of Choline Chloride, 1.65 mg of Folic Acid, 0.22 mg of Biotin

6 Provided per kilogram of diet: 10.50 mg of Copper Sulfate Pentahydrate, 0.26 mg of Calcium lodate, 127.50 mg of
Ferrous Sulfate, 30.00 mg of Manganese Oxide, 0.30 mg of Sodium Selenite, 127.50 mg of Zinc Sulfate, 226.03 mg of
Calcium Carbonate.

Al



Table 2. Composition and nutrient contents of gestation and lactation diet.

Parity 1 and Parity 2

Item: Gestation! Lactation?
Ingredient, %

Corn 77.25 65.68
Soybean Meal 16 27.5
Tallow 3 3
Dicalcium

Phosphate 19 2.33
Limestone 0.925 0.6
Salt 0.5 0.5
Vitamin Premix! 0.25 0.25
Trace Mineral 0.15 0.15
Phytase 0.02 -
Nutrient Content:

ME (kcal/kg) 2605 2536
Crude Protein 11.74 15.75
Lys 0.56 0.85
Total P % 0.67 0.8
Ca% 0.87 0.9

1Gestation diet was fed d 0 of breeding to d 0 post farrowing

2Lactation diet was fed d 0 post farrowing until d 21 post farrowing, sows were put immediately back on gestation diet
atd 21 post farrowing

3Provided per kilogram of diet for phase 3: 6,600 IU of Vitamin A, 600 IU of Vitamin D3, 66 IU of Vitamin E, 4.40 IU of
Vitamin K, 33.00 mg of Niacin, 22.05 mg of Panothenic Acid, 11.00 mg of Riboflavin, and 22.05 pg of Vitamin B12, 550
mg of Choline Chloride, 1.65 mg of Folic Acid, 0.22 mg of Biotin

Al
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Table 3. Oligosaccharide Composition organized by mass. The composition of the OS
is shown as a set of 5 monomers. The following order is as stated with their abbreviations
hex: glucose or galactose; HexNAc: N-acetylhexososamine; Fuc: Fucosamine; Neu5SAc:

N-acetylneuramic acid; and Neu5Gc: N-glycolylneuramic acid (i.e 3 1 0 0 0; or 3 Hex,

1HexNAc; Mudd et al., 2016. RT stands for retention time in which it is the time when
the injection is made and elution occurs

Compound Name _ Mass RT

Compound Name Mass RT Compound Name  Mass RT
20100 488.1708 12.65 11010 6742378 2348 32000
20100 488.1646  14.84 31000 7072477 1582 40010
20100 488.1723 16.35 31000 707.2492  17.86 60000
30000 504.1685 12.74 31000 707.2478 2044 31010
30000 504.1683 13.38 31000 707.2477  22.63 31010
30000 504.1684 13.97 31000 707.2481  28.36 41100
30000 504.1685 15.02 22000 748.2741  17.54 41100
30000 504.1683 16.22 22000 748.2744  15.96 41100
21000 5451948  13.44 22000 7482747 1945 42000
21000 545.1949  15.77 30010 7952644  26.07 42000
21000 545.1948 19.14 30010 795.2648  27.28 42000
12000 586.2208 13.42 30010 795.2643 2491 33000
12000 586.2211 15.08 50000 828.2748 154 33000
20010 633.2116 19.03 21200 837.3014 2438 41010
20010 633.2116 2392 41000 869.3016 2043 32010
40000 666.2209 15.69 41000 869.3015  21.6 42100
40000 666.2229  20.55 41000 869.3007 28.28 42100
40000 666.2217 2147 22100 894.3348  12.08 43000
40000 666.2215 13.55 32000 910.3268  18.43 42010
11010 674.2345 17.2 32000 910.3271  19.37 42010
11010 674.2374 18.96 32000 910.3271 _ 20.19 43010

910.3267
957.3281
990.3279
998.3431
998.3446
1015.358
1015.359
1015.355
1072.381
1072.378
1072.379
1113.406
1113.404
1160.397
1201.42
1218.437
1218.436
1275.456
1363.481
1363.478
1566.55

22.66
26.59
16.59
25.58
29.05
15.87
26.8
17.33
22.64
25.03
30.62
20.77
23.44
28.27
27.13
18.95
20.56
22.28
27.09
30.63
26.22
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Figure 1. Metabolizable Energy intake during gilt developmental period organized
by phase. Means in the same phase with different letters differ (P < 0.05)
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Figure 2. Effects of feeding gilts a RESTR, CTL, or CTL+ diet on Backfat depth at d
109 of gestation (Pre-BF) and d 21 post farrowing (Post-BF) using Aloka 500V real-
time ultrasound instrument. Bars at same time point with different letters differ
based on diet (P < 0.05)
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Figure 3. Effects of feeding gilts a RESTR, CTL, or CTL+ diet on milk composition.
Each bar represents the LSM for %N of 7 sows/diet on d 0 and d 14. Bars of the
same diet group with * differ based on day. * represents a significant difference of P

< 0.05

8 TRT - P=0.9143
7 DAY - P<0.0001*
TRT x DAY - P=0.6326
—SEM=10.263

§36
g 5 y - .
5]
g4 ODO
£3 mD 14
Z 2

1

0

CTL RESTR CTL+




126

Figure 4. Effects of feeding gilts a RESTR or CTL diet on Oligosaccharide Profile.
Each bar represents the LSM for OS abundance of 7 sows/dieton d 0 (a) and d 14
(b). Bars of the same OS group with * differ based on abundance. * represents a
significant difference of P < 0.05
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Figure 5. Effects of feeding gilts a RESTR or CTL diet on neutral (a) Fucosyl (b) or

Acidic (c) OS based on time. Each bar represents the LSM for OS abundance of 7
sows/diet on d 0 and d 14. Bars of the same diet group with * differ based on

abundance. * represents a significant difference of P < 0.05
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Figure 6. Effects of feeding gilts a RESTR or CTL diet on Oligosaccharide abundance.
Each bar represents the LSM for OS abundance of 7 sows/dieton d 0 (a) and d 14
(b). Bars of the same diet group with * differ based on abundance. * represents a
significant difference of P < 0.05. Oligosaccharide abundance decreased significantly
over time (P < 0.0001)
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Figure 7. Effects of feeding gilts a RESTR or CTL diet on Oligosaccharide abundance.
Each bar represents the LSM for OS abundance of 7 sows/diet ond 0 (a) and d 14
(b). Bars of the same time group with * differ based on abundance. * represents a
significant difference of P < 0.05. Oligosaccharide abundance decreased significantly
over time (P < 0.0001)
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Figure 8. Effects of feeding gilts a RESTR, CTL, or CTL+ diet on growth biomarkers,
insulin (a) and GLP-2 (B), in pigletson d 1 and d 15. Bars at same time point with
different letters differ based on diet of the mother (P < 0.05)
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