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ABSTRACT

Two experiments were completed to evaluate the effects of adding liquid lactose
or molasses to pelleted swine diets on pellet quality and pig performance. A total of 194
nursery pigs were used in a 33-d experiment evaluating the effects of liquid lactose
(SweetLac 63; Westway Feed Products, Tomball, TX) or cane molasses on nursery pig
performance and pellet quality. Experimental diets were fed in pelleted form from d 0 to
21, and a common pelleted diet fed from d 21 to 33. Dietary treatments consisted of a
control diet containing 19.1% total sugars from whey powder and whey permeate
(control), and experimental diets with a percentage of whey permeate replaced by either
5 or 10% liquid lactose (SweetLac 63; Westway Feed Products, Houston, TX) (5% LL
and 10% LL, respectively) or 9.4% cane molasses (9.4% M). Hot pellet temperature,
production rate and percent fines decreased (P < 0.05) from the control to 9.4% M
treatments with 5% LL and 10% LL having intermediate effects. Pellet durability index
(PDI) increased (P < 0.05) in 5% LL, 10% LL and 9.4% M respectively. Fromd 0 to 7,
pigs fed the 9.4% M treatment had the best G:F with 10% LL having the intermediate
effect. Fecal consistency scores at d 7 were also firmer in pigs fed 9.4% M with 10% LL
having the intermediate effect. There were improvements in ADFI from d 0 to 21 for
pigs fed up to 10% LL in the diet. The addition of liquid lactose or molasses to nursery
pig diets had an improvement on PDI pellet quality and decrease in percent fines.

In experiment 2, 289 finishing pigs were used in a 53-d experiment evaluating

the effects of liquid lactose (SweetLac 63; Westway Feed Products, Houston, TX) on



pellet quality, finishing pig performance and carcass characteristics. Experimental diets
were fed in pelleted form from d 0 to 53 divided into 3 phases: d 0 to 19, d 19 to 36, and
d 36 to 53. Dietary treatments were a corn-soybean meal control diet with 0 (control),
2.5(2.5% LL),5 (5% LL), and 7.5% (7.5% LL) liquid lactose (as-is) added in the place
of corn. Pellet durability index improved (linear, P < 0.01) with increasing inclusion
rates of liquid lactose. Throughout the 53-d experiment, there were no differences in
ADG, ADFI or final BW. Pigs fed diets with increasing levels of liquid lactose tended
to have improved (quadratic, P = 0.070) G:F, with pigs fed the 2.5% liquid lactose diet
having the best numerical G:F. Additionally, there were no differences among carcass

characteristics.
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CHAPTER |
INTRODUCTION AND REVIEW OF LITERATURE

Introduction

Animal agriculture is a rapidly progressing and innovative industry. Efficiency,
and the ability to produce more is a common thread throughout the industry. As the
primary cost center for a producer, maximizing feed utilization is a major concern.
Pellet processing parameters and feed formulation are key factors in optimizing
economic returns in livestock species. While feed processing and pelleting are not novel
ideas, it has only been recently where substantial achievements in these areas have
occurred and been recognized. Sourcing alternative feed ingredients to either improve
performance or reduce costs, ideally both, is a constant venture that often brings
challenges. The following literature review explores the role of pellet quality in swine
diets, explaining influential factors and how modifications to such factors impact pellet

quality.

Pelleting swine diets

Swine diets are pelleted to improve feed handling characteristics through less
waste, greater bulk density, and better feed distribution (Behnke, 1994). Waste is
decreased with pelleting as fewer fines are generated, provided pellet quality is
maintained. Pigs are more likely to receive an even distribution of nutrients when diets

are pelleted, eliminating sorting and making for easier feeder management. An increase



in bulk density maximizes storage capabilities. Flow ability through feeding systems is
improved by eliminating bridging in storage bins, a common problem with mash diets.
The high heat and temperature needed to form pellets is also responsible for the
destruction of pathogens potentially found in grain. As previously mentioned, the
overarching reason for pelleting pig diets is the growth performance advantage (Behnke,
1994). Management from both a producer and mill perspective determines the extent to
which benefits are observed. However, adding an additional process before the feed
leaves the mill requires time and money — two critical elements for producers.
Additional processing, time and labor increases diet cost often deterring producers from

pelleting. Therefore, swine diets, in most cases, are still fed in mash form.

Pellet quality

A pellet’s ability to withstand packaging and transportation before consumption
defines the pellet quality. Pellet quality is influenced by the formulation developed by
the nutritionist and processing parameters. Nutritionists determine the formulation and
particle size, whereas mill management determines conditioning, die specification,
throughput, and pellet cooling (Behnke, 1994). Pelleting techniques vary from mill to
mill. To maintain pellet quality as new ingredients are introduced a balance must
established between formulations and pellet mill operation.

Pellet quality is measured as percent fines and pellet durability index (PDI),
meant to simulate pellet breakage, due to product handling, from the mill to feed

consumption. Immediately after the pellet is formed, it is exposed to many external



forces, such as, cooling, bagging and transport. Pfost et al. (1962) established a standard
tumble box method to determine PDI. A 500g sample of sifted pellets is added into a
tumble box. The sample is then tumbled for 10 minutes at 50 revolutions per minute.
Pellet durability index is defined as a percentage of whole pellets left after the sample
has been tumbled (ASAE Standard S 269.4). To further demonstrate pellet breakage,
“modified PDI” can be used. Modified PDI follows the same procedures as standard
PDI, however pellet disruption is intensified by adding hex nuts or ball bearings to the
tumble chamber (Fahrenholtz, 2012). In both the standard and modified PDI methods,
fines can be calculated as the weight of the pellet present after agitation divided by the
weight of the pellet before agitation. Typically, an increase in PDI means a decrease in
percent fines as observed by Briggs et al. (1999) and Gilpin et al. (2002).

Through modifications of the standard and modified method established by Pfost
et al. (1962), the Holmen pellet durability test has been established to provide a faster,
higher intensity test. Holmen pellet testers by TekPro (NHP 100, 200, 300) disrupt
pellets in a cone shaped chamber with pressurized air flow
(www.tekpro.com/pellet_durability_tester, accessed Aug. 1 2017). When pellets are
added a timer is set for 30, 60, 90, or 120 seconds, a much smaller increment of time
compared to the traditional method. Fines are captured by a filter during the process;
therefore fines do not have to be sifted before the final weighing. NHP 200 and 300 are
automatic and the NHP 300 model can be placed directly on the processing line. When

considering the methods, the Holmen method is simpler and faster but more costly when



compared to the traditional method established by Pfost et al. (1962). Still, more

research is needed to truly compare the methods.

Effects of steam conditioning on pellet quality

The energy required to operate a pellet mill is minimized when the pellet mill is
producing at maximum rate, which is process specific (Fahrenholz, 2012). Energy
required to form pellets is largely influenced by steam, an additional cost center for
manufacturers. Converting liquid water to vapor through heat causes evaporation from
the liquid, thus requiring energy. With the addition of heat, pressure and temperature
rise simultaneously as particles become excited. However, not all steam is created
equal. Steam quality is defined as the percentage of steam-water mixture in the vapor
phase (Reimer and Beggs, 1993). Saturated steam is completely vapor, whereas wet
steam contains less than 100% vapor. More wet steam is required in order to steam
condition the mash to the correct temperature. Temperature is also effected by steam
quality where if the conditioning temperature is not obtained, the pellet die becomes
clogged. It is at this point where pelleting becomes more trial and error. While steam
conditioning is dependent on the mill personnel it is often overlooked during processing,
although research reflects its importance.

Stoch et al. (1981) observed a 40°C increase in mash temperature when dry
pelleting; however, a 5°C increase was observed when the mash was steam conditioned
to 80°C. Moisture serves as lubricant reducing pellet friction between the mash feed and

the die (Stoch, et al., 1981). Amount of steam added is determined by the temperature



and initial mash moisture to decrease mechanical friction from pellet formation. Gilpin
et al. (2002) measured feed moisture, retention time, steam quality, and energy
utilization from two conditioners. Both conditioners indicated they were significantly
related to mash moisture (12 or 14%), retention time (short or long), steam quality (70,
80, 90, or 100%), and their interactions as influenced by energy consumption and steam
flow to determine pellet quality. Additionally, these authors found that conditioning feed
to 82.2°C with 100% quality steam required a lower flow rate (kg/h) than did the 70%
quality steam for both conditioners. Excess moisture will negatively affects the pelleting
process because of plugging and slippage between rolls and die; thereby, increasing
energy consumption. Pellet quality at the lowest energy cost is dependent on mill
management adjusting for mash moisture, retention time and steam quality (Gilpin,
2002). Greer and Fairchild (1999) observed that addition of moisture to the mixture can
directly improve pellet quality and can be applied via several equipment options. “The
Feed Pelleting Reference Guide” developed by researchers at Kansas State University
and North Carolina State University, provides a general rule-of-thumb that for every 1%
moisture added there is an approximate 12.5°C increase in temperature from steam.
Where optimum conditioned mash moisture is 85°C. In general, conditioned mash
moisture should be from 16 to 17.5% having 4 to 5% of the moisture come from
conditioning. The frictional heat is helpful in gelatinization of starch as well as
destruction of harmful microbes (Reimer and Beggs, 1993). Researchers have found that
steam conditioning provides a harder pellet that improves starch gelatinization, opening

up the starch granule, increasing digestibility (Hancock and Behnke, 2000). While it



could be thought of that steam pressure would have an effect on PDI, it must be balanced
with costs and the requirements of the system (Fahrenholz, 2012). It is not uncommon
for pellet mills to be operating beyond production capacity. Research has found that
production rate will effect pellet durability and energy expenditure (Stark et al., 2009),

as production rates increase pellet quality decreases.

Effects of nutrients and ingredients on pellet quality

Before pelleting, ingredient characteristics, their interactions and how they
respond to the pelleting process must be addressed. Macro- and micronutrients react to
pelleting in different ways. Irreversible reactions occur during pelleting to nutrients in
the feed stuff. Proteins are volatile under pelleting conditions including temperature,
shear, and moisture. Higher protein diets plasticize under heat (Bartikoski, 1962;
MacBain, 1966) and form a harder pellet. Both Briggs (1999) and Calvalcanti et al.
(2005b) found that protein increased PDI, Calvalcanti et al. 2005b, further found that
soybean meal increased pellet quality. Calvacanti et al. (2005a) found that the
interrelationship between protein and starch improved PDI of both were included at high
levels in the diet. Structural carbohydrates increase pellet quality through improved
compressibility; however production rate is often slower from compression. Starch, as
previously mentioned, will gelatinize under heat, pressure, and shear. Gelatinization
typically begins around 52 to 57°C under high moisture conditions (Stevens, 1987). The
amylose and amylopectin of starch molecules become disrupted under the pelleting

conditions. Branched amylopectin collapses and the helical amylose gelatinizes, holding



the molecule together (Remsen and Clark, 1978). Higher fat diets help lubricate the
pellet die; however, fat addition can have excessive die lubrication increasing production
rate before pellet formation has occurred. Chemical stability of vitamins is of concern
and typically addressed by chemical modification, spray drying, and particle size
adjustment of the vitamin. The interrelationships of the macronutrients and
micronutrients paired with pellet processing parameters effect the pellet durability and
availability to the animal. Sourcing different ingredients and by-products to include in

diets will change processing parameters.

Liquid feed

While nutrient type is influential to pellet quality, ingredient form (solid vs
liquid) will affect pellet quality. Liquid feed ingredients can be used in swine diets,
however, are most popular in cattle diets. Feedlots and dairies use liquid feeds as a way
to reduce dustiness and ensure vitamin and mineral nutrient requirements are met. Liquid
feed ingredients added to swine diets can be done in either mash or pelleted form. When
adding liquids to both mash and pelleted diets, an even distribution of the liquid
throughout the feed is critical which can be achieved by modifying mixing time. Mixing
time is dependent on the type of mixer and amount of added moisture. Even ingredient
distribution is important to ensure nutrient requirements are met (McCoy, 1992). Water
is often added to achieve a specified moisture level before pelleting. This can depend on
the initial dry matter of the feed. Liquids can also be applied by spraying the outside of

the pellets before or after the pellet has been cooled (Fairfield et al., 2005). Molasses and



fats are suggested to be sprayed into the mixture to allow even distribution throughout
the mash. Otherwise, clumping of the mash and loss of pellet quality can occur. Liquids
of high viscosity should be heated to decrease viscosity allowing better distribution and
flow. Additionally, hydrophilic liquids should be added first before the addition of
hydrophobic oils so that water can be absorbed for harder pellets. Viscous and sticky
liquids can cause build up within the mixer, decreasing efficiency and increasing wear
on equipment, therefore frequent cleaning could be a necessary additional cost (McCoy,
1992).

Pellet binders serve to provide a more durable pellet and reduce fines. Binding
agents require water to be activated and improve adhesion and cohesion to feed particles.
The most common pellet binders are inorganic clays and protein derived gums (NRC,
2012). Inorganic clays and lignosulphonates (byproducts from the paper industry) should
to be included at 2 to 4% of the diet (AFFCO, 2010). Lignosulfonates are twice as
effective as clays. While pellet binders increase pellet hardness, their influence on

growth performance has not been determined (Hancock and Behnke, 2000).

Sugar

Pelleting sugar provides its own set of challenges. Pellet mill power
requirements increase from the recrystallization of sugars as the mash and die come into
contact (Thomas et al., 1993). Recrystallization after cooling of solubilized sugars
causes binding between feed particulates and can act as a binder (Van den Berg, 1992).

However, if sugars are not sufficiently solubilized due to moisture, added water, or



steam, the benefits of pellet hardness and durability may not be observed. A majority of
sugar is already solubilized in molasses, therefore there are positive effects on pellet
hardness and durability with molasses (Thomas et al., 1993).

Maillard reaction risk increases with use of sugars in combination with amino
acids and moisture. The glucose carbonyl combines with an amine group of amino acid
forming glycosalamine. Especially when moisture is present, free aldehyde and amino
groups may combine to form melanoides that darken the product (Motai, 1976) and
affect color, odor and flavor. While this improves pellet durability, Maillard products
may impair nutritional value (Van Barneveld, 1993; Hendriks et al., 1994). Mahan
(1993), also suggests that Maillard Browning reactions potentially bind some of the
lysine to lactose. Adrian (1967) found bound lysine is 5 to 15 times more likely to be
involved compared to other amino acids because it contains a reactive free amino group
and even more likely with free lysine. It is interesting to note however that
Mavromichalis (2001) found that when lysine is used, a possible reversible reaction
through deamination can be carried-out by intestinal microbes. If lysine is bound it can
cause dramatically detrimental effects to pig growth performance, because lysine is the

first limiting amino acid in growing swine.

Lactose
Most common sources of lactose include whey, whey permeate, deproteinized
whey and crystalline lactose (Dritz et al., 1993; Owen et al., 1993b; Touchette et al.,

1993; Nessmith et al., 1997a). As discussed later, lactose is beneficial in nursery diets.



However, these are all milk byproducts and as such they are volatile, heat sensitive, and
expensive. Therefore, spray dried whey is the preferred source. Lactose made of
monosaccharides, glucose and galactose is also subject to the aforementioned Maillard
browning reactions.

Based on the findings of the aforementioned researchers, phase 1 diets should
contain from 15 to 25% lactose. Phase 2 diets are recommended to contain 10 to 15%
lactose (Crow et al., 1995). Mahan et al. (2004) observed dietary lactose should be
included at 25 to 30%, 15 to 20%, and 10 to 15% in phase 1, 2, and 3 diets respectively.
Mahan observed during the initial 0 to 7 d postweaning period, there was a growth
response only when lactose was added to corn gluten meal-soybean meal and dried whey
diets suggesting that the limiting nutritional factor immediately post weaning was
carbohydrate rather than amino acids. While these diets contained approximately 16%
dietary lactose, there was still an observable growth response when lactose was added to
the diet up to 32% total lactose. Additionally, from d 8 to 14 lactose addition did not
enhance pig growth and in some cases resulted in reduced gain. From d 15to d 21, the
addition of lactose did not improve growth performance. As age and weight gain
increased, carbohydrate became the next limiting nutritional factor following amino
acids. Mahan (2004) found that lactose replacing cornstarch resulted in linear increases
in feed intakes and weight gains for the initial 14-d postweaning period. Throughout the

entire 35-d trial period, there were improvements in growth except for in gain: feed.
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Molasses

Volatility in cost the cost of milk and milk byproducts has led to the investigation
of alternate carbohydrate sources that will not negatively affect pig performance. Yang
et al. (1997) found that growth performance was not affected when a chocolate product
replaced some of the whey used in nursery products. Guo et al. (2015) used a candy co-
product of primarily sucrose to replace 45% of dietary lactose, which at the time was
45% of the price of whey powder and 68% of the price of whey permeate. Another
alternative to consider is sugarcane molasses. As defined by the USDA, sugarcane
molasses is as a clean liquid product by the evaporation of the juice of sugarcane and the
removal of commercially crystalizable sugar (USDA, 1969). Grading of sugarcane
molasses requires a minimum brix, total sugars, ash, total sulfites and color score.
Sugarcane molasses contains 47.5% sucrose as a percent of carbohydrate components
(NRC, 2012).

Diets high in sucrose (Becker et al., 1954a, b) or molasses (Ly, 1996) have been
known to cause scours. Molasses can induce scours at levels greater than 20% inclusion
(Myer and Brendemuhl, 2000). However, scours can be mitigated by dilution of
molasses done by blending with a fibrous residue of sugarcane after processing. In
weaned pigs, the limited presence of sucrase in the small intestines can be the cause of
scours (Becker et al., 1954a; Aherne et al., 1969) as sucrose and are found at high
concentrations molasses. The molasses-scours relationship varies across projects, and

may be driven by molasses quality. Levels up to 20% molasses may have been found

11



acceptable for pigs weighing 10 to 50 kg, and over 50kg molasses can be included up to

40% (Combs and Wallace, 1973; Loeza et al.,1997)

Nursery pigs

Numerous studies have been conducted to determine mash verses pelleted diets
on nursery pig performance. In two nursery experiments, Stark (1994) performed
experiments to determine pellet quality with a mash, pelleted with increased fines and a
pelleted diet. In the first experiment, pellets had a 97% PDI and 94% PDI in the second
experiment. Pigs fed the pelleted diet had a 10% improvement in ADG and 14%
improvement in G:F. Nemechek et al. (2015) conducted 2 nursery experiments with
pelleted diets that had 33% fines and diets with 3% fines. Pigs fed diet with 3% fines
had improved G:F compared diets with 33% fines or meal diet. In the second
experiment, Nemechek et al. (2015) had diets 37% fines and 5% fines. Those researchers
found that 37% or 5% fines had increased ADG compared to pigs fed the meal diet.
Similar to experiment 1, pigs fed pellets with only 5% fines had improved G:F compared
all other diets (Nemechek, 2015).

Arguably, the most critical nutritional period of a pig is the first few weeks post
weaning. The transition from liquid to solid feed as well as milk based to plant based
diets remains an area of extensive research. This is also the time feed is more expensive
for producers. Klobasa et al. (1987) reported milk composition at the time of weaning
with a decrease in total protein and whey protein contents. After a 6 h colostrum-

lactation period, fat and lactose content increased with nearly unchanged levels of total

12



solids. It is the decrease in protein constituent that indicates a transition from colostrum
to mature milk (Klobasa et al., 1987). Foundational work with carbohydrate digestive
enzymes has helped to distinguish simple versus complex carbohydrates and utilization
by nursery pigs. The primary enzyme present the first few months of age is lactase
(Heilsikov, 1951; Dalhiqvist, 1961) which is found in abundance in the small intestine of
nursery pigs, up to the week after weaning. Lactase is more readily available on the villi
of the small intestine than sucrose-isomaltase. When lactase production and activity
decrease at weaning, sucrase availability increases (Nordstrom and Dahlqvist, 1973;
Kelly, 1991b; Guo et al., 2015). As the intestine develops, enzyme presence changes
and sucrose-isomaltase becomes more prevalent. Weaning initiates a decrease in
activity for carbohydrases due to stressors. The onset of sucrase-isomaltase activity is
the result of induction effects of sucrose becoming more prevalent the diet. Sucrase-
isomaltase level, mRNA, and sodium-glucose linked transporter mRNA increase when
sucrose is added to the diets (Manners and Stevens, 1972; Flores, et al., 1988; Yasutake
et al., 1995). This transition occurs by 4 weeks of age.

Lactobacilli implantation in large intestines increases with presence of lactose.
These microbes result in increased volatile fatty acid production in the large intestine.
Fermentative action of lactobacilli increases acidity and inhibits harmful microbial
proliferation such as Escherichia coli and, therefore aid, in growth performance by
decreasing scours. Sucrose can also be fermented by lactobacilli; however, not as

efficiently as lactose.
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Finishing pigs

Moser et al., (1980) observed increased feed intake and poorer feed conversion in
pigs fed no lactose and no effect on ADG. They attributed poor feed conversion to a
greater feed intake by pigs fed lactose. Adaptation may have resulted from dietary
lactose causing an increase in lactase activity, as reported by Bolin et al., (1969).

Numerous studies have been done testing mash diets and pelleted diets of
finishing pigs. Stark et al., (1994) conducted a finishing experiment to determine pellet
quality effects on finishing pig growth performance. Compared to those fed the meal
diet, pigs fed the pelleted diet had improved ADG of 3% and feed efficiency of 5%.
Feed efficiency improvements for pigs fed pelleted diets were lost as the amount of fines
increased. Wondra et al. (1995) fed mash and pelleted diets and had a 4 to 6%
improvement in ADG in pigs fed pelleted diets. De Jong et al. (2016) observed pigs fed
meal had the greatest ADFI, whereas pigs fed pellets had the lowest. Additionally, pigs
fed pelleted diets throughout had the greatest G:F, whereas pigs fed meal were least
efficient. Feed efficiency of 7 and 6% as observed Wondra et al. (1995) and De Jong et
al. (2013), respectively, comparing pigs fed mash and pelleted diets. Feeding pelleted
diets increased ADG and improved G:F, but diet form did not influence HCW or carcass
yield (Nemechek et al., 2015). It is understood that an average improvement of 6% ADG

and 6 to 7% G:F improvement will be observed when pelleting diets (Richart, 2000).
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Carcass characteristic

Many researchers have found no differences in carcass characteristics when
compared to pigs fed meal diets (Paulk and Hancock 2015; Nemechek et al., 2016; De
Jong et al., 2016). However, Potter et al. (2010) found that pigs fed pelleted diets had
better gain efficiency, heavier market weight, and heavier carcass weights when
compared to pigs fed meal diets. Stomach ulceration is a problem with pelleting diets
but is also linked to genetic line, particle size, and environmental stressors (Richert

2000).

Conclusion

Feed is the largest economic expenditure for swine producers and making such
feed as efficient and as low cost as possible is a goal for every producer. The
overarching advantage of pelleting swine diets is the improvements in growth
performance. However, this comes with additional cost. Measuring pellet quality is
important to ensure feed efficiency advantages are achieved. New ingredients
incorporated into mash diets will affect processing parameters of pelleting.
Additionally, ingredient characteristics such as moisture and sugar content, will affect
pellet quality, as well as their interrelationships with other nutrients. Pelleting diets has
been proven to improve growth performance of nursery pigs and finishing pigs, as long
as pellet quality is maintained. However, carcass characteristics are unchanged from
mash to pelleted diets. Future research should be done comparing traditional tumble box

method and Tekpro NHP pellet analyzers as measurements of pellet quality to determine
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efficiency and economics. More information on the incorporation of liquid ingredients
into pelleted diets should be addressed, which could provide options for byproducts and

other ingredients.
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CHAPTER II
EFFECTS OF ADDING LIQUID LACTOSE OR MOLASSES TO PELLETED

NURSERY PIG DIETS ON PELLET QUALITY AND PIG PERFORMANCE

Summary

A total of 194 nursery pigs (DNA Genetics, Line 241 x 600, Columbus, NE;
initially 6.7 + 0.4 kg at 27 d of age) were used in a 33 d experiment evaluating the
effects of liquid lactose (SweetLac 63; Westway Feed Products, Tomball, TX) or cane
molasses on nursery pig performance and pellet quality. At weaning, pigs were allotted
to pens by initial BW and pens were randomly assigned to 1 of 4 dietary treatments
within location block in the barn. There were 8 pens per treatment with 4 to 7 pigs per
pen. The number of barrows and gilts per pen balanced across treatment. Experimental
diets were fed from d 0 to 21, and a common diet fed from d 21 to 33. Dietary
treatments consisted of a pelleted control diet containing 19.1% total sugars from whey
powder and whey permeate (control), and a percentage of whey permeate was replaced
by either 5 or 10% liquid lactose (SweetLac 63; Westway Feed Products, Houston, TX;
5% LL and 10% LL, respectively) or 9.4% cane molasses (9.4% M) for dietary
treatments. All diets were balanced for standard ileal digestible (SID) lysine and total
sugars. Hot pellet temperature decreased (P < 0.05) when 10% LL was added to the diet
when compared to the control, with 5% LL and 9.4% M treatments having an
intermediate effect. Production rate decreased (P < 0.05) when 10% LL was added to

the diet compared to the control, with 5% LL and 9.4% M treatments having an
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intermediate effect. Holmen 60 s, increased (P < 0.05) with 5% LL, 10% LL and 9.4%
M added to the diet with no differences among the 10% LL and 9.4%M treatments. For
Holmen 120 s, PDI increased (P < 0.05) 5% LL, 10% LL and 9.4% M, respectively.
From d 0 to 21, there were no differences in pig ADG and G:F between treatments.
There was an increase (P < 0.05) in ADFI of pigs fed up to 10% LL in the diet. From d 0
to 33, ADFI increased (P < 0.05) in pigs fed 10% LL compared to those fed the control
diet, with pigs fed the 5% LL and 9.4% M diets having intermediate ADFI.
Additionally, fecal constancy scores at d 7 were firmer (P < 0.05) in pigs fed 9.4% M
with the 10% LL treatment having an intermediate effect. In summary, the addition of
liquid lactose or molasses to nursery pig diets had an improvement in PDI pellet quality

and decrease in percent fines without negatively impacting pig performance.

Introduction

Getting nursery pigs started on feed and off to a good start is one key to success
for swine producers. Milk and animal-based products are included in early nursery pig
diets to help weaned pigs transition from a milk-based liquid diet to a plant-based solid
diet. Dried whey powder and dried whey permeate (73% and 85% lactose, respectively)
are milk based products commonly used in nursery pig diets. Previous research has
demonstrated that increasing the levels of lactose in nursery pig diets using dried whey
resulted in an improvement in pig performance (Mahan et al., 2004). This can be
explained by the high level of lactase activity in a newly weaned pig which leads to

lactose being more digestible than starch (Tokach et al., 1994). Although these specialty
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ingredients result in improvements in pig performance, they add significant cost to
nursery pig diets. Previous research has demonstrated that a portion of whey may be
replaced by non-lactose carbohydrate sources. These alternative carbohydrates include
dextrose, sucrose, or by-products of candy manufacturers (Stephas and Miller, 1998).
One possible source of sucrose is sugar cane molasses. Sugar cane molasses is a by-
product of the cane sugar refining. It contains approximately 47.5% sucrose. A possible
alternate lactose source is liquid lactose (SweetLac 63; Westway Feed Products,
Tomball, TX), a byproduct of the cheese making process. SweetlLac 63 is a condensed
liquid feed ingredient that contains high concentrations of lactose (36%) with additional
simple sugars glucose (5.2%), maltose (3.5%), and fructose and sucrose (<0.1%).
Pelleting swine diets has been shown to have benefits for both the swine
producer and the feed manufacture. Based on the average of data summarized by Paulk
(2011), pelleting diets for growing-finishing pigs resulted in improvements in rate and
efficiency of gain. However, the benefits in pig performance due to pelleting can be lost
if pellet quality is not maintained. Stark et al (1994) reported decrease in feed efficiency
of nursery pigs when fed pelleted diets with up to 25% fines. Schell and van Heugten
(1998) reported a linear decrease in G:F in growing pigs as pelleting fines increased
from 2.5 to 40%. Therefore, improving pellet quality without reducing pellet mill
throughput would benefit profit of feed mill manufactures and swine producers.
Improved pellet quality can be observed through the addition of a steam conditioner.

Skoch et al. (1981) found that increased steam conditioning led to a decrease in
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mechanical friction during pelleting due to lower hot pellet temperature rise across the
pellet die and, therefore, improvement in pellet durability.

Alternative sources of lactose or non-lactose carbohydrates were evaluated for
inclusion in nursery pig diets. It is hypothesized that liquid lactose (SweetLac 63;
Westway Feed Products, Tomball, TX) or sugar cane molasses can be included in diets
to improved pellet quality, leading to improvements in nursery pig performance. The
objective of this experiment is to evaluate the use of liquid lactose or sugar cane

molasses in nursery pig diets on pellet quality and growth performance.

Materials and methods

Texas A&M University Institutional Animal Care and Use Committee approved
the protocol used in this experiment. The study was conducted at Texas A&M
University, O.D. Butler Animal Science Teaching, Research and Extension Center
(College Station, TX).

A total of 194 nursery pigs (Line 241 x 600; DNA Genetics, Columbus, NE;
initially 6.7 + 0.4 kg) from 2 consecutive groups were used in a 33 d trial with treatments
replicated equally in both groups. Pigs were weaned at 27 d, moved to the nursery, and
started on dietary treatments. Pigs were housed in 16 pens per group (1.5 x 1.5m metal
slatted pens). Pens were equipped with nipple waterers and 4 to 5 hole stainless steel
feeders for ad libitum access to water and feed. At weaning, pigs were assigned to pens
balanced by BW with 4 to 7 pigs per pen. Group 1 pens contained 7 total pigs with 4

gilts and 3 barrows or 4 barrows and 3 gilts. Group 2 pens contained 5 or 6 total pigs
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with 3 or 4 gilts, respectively, and 2 barrows. Pens of pigs were allotted to 1 of 4 dietary
treatments balanced by initial BW, number of barrow and gilts per pen, and within
group. Pens of pigs were also blocked by location within group. Overall, there were 8
pens per treatment. Dietary treatments consisted of a control diet containing 19.1% total
sugars from whey powder and whey permeate, and the control diet with a percentage of
whey permeate replaced by either 5 or 10% liquid lactose (SweetLac 63; Westway Feed
Products, Houston, TX) or 9.4% cane molasses. All diets were balanced for SID Lys and
total sugars and fed in pelleted form. Diets were formulated with consideration of
increased moisture content provided by liquid lactose and molasses. Concentration of
diet components were initially decreased to allow for moisture loss during the pelleting
process. After pelleting, expected levels of dietary components were achieved. Dietary
treatments were split into 2 separate phases. Phase 1 was fed from day 0 to 7 and phase
2 from day 7 to 21. Phase 3 was a common pelleted diet fed across all pens from day 21
to 33.

Phase 1 and 2 were mixed and pelleted at the Texas A&M University Poultry
Science Teaching, Research, and Extension Center using a CPM Pellet Mill (Master
Model HD, Series 2000). In order, to pellet the 10% LL and 9.4% M diets the process
was done without the addition of steam. To remain consistent, no steam was added while
pelleting any diets. Pellet mill throughput and hot pellet temperature were measured
during pelleting. Four consecutive 60 second collections of pellets were weighed to
measure production rate. Hot pellet temperature was measured at the center of the

sample after all pellets were collected. A representative sample was used to determine
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percent fines and pellet durability index (PDI). Percent fines were established by the
difference of the weight of the sifted pellet and the weight of the sifted pellet after
tumbling divided by the weight of the sifted pellets. A Seedburo Pellet Durability Tester
with 4, 0.3 x 0.14 x 0.3m tumble chambers was used to determine PDI. Pellet
subsamples of 0.23 kg were collected from pellets fed into a one-gallon bag per
treatment per phase. Each diet and phase had four 500-g samples sifted with a number-6
screen (3.35 mm) sifter. The sifted samples were tumbled for 10 minutes, simulating
breakage from the time pellets are expelled until consumed by the animal. After tumble,
pellets were re-sifted using the number-6 screen (3.35 mm) sifter and weighed. As an
additional measurement of pellet durability, the Holmen pellet durability test was
performed at Kansas State University using the Holmen NHP100 (Tekpro Limited,
Norflok, United Kingdom; Table 4). Samples of 100-g were weighed and sifted then
tested at 60 and 120 seconds under a pressurized air flow to simulate breakage from mill
to consumption. With all methods, pellet durability index was calculated as weight of
pellets after tumbling/weight of pellets before tumbling x 100 (ASAE S269.4; ASAE,
1991).

Pig weights and feed disappearance were measured ond 0, 7, 21, and 33 for
calculation of ADG, ADFI, and G:F. Fecal samples were collected on d 7 and 14 to
visually examine fecal consistency and to determine DM of fecal samples. Samples were
collected using rectal massage from 4 pigs per pen. Then, 5 individuals, blinded to
treatments, scored samples based on a scale provided by Smiricky (2002). The scale is as

follows; 1 = hard, dry pellet; 2 = firm, formed stool; 3 = soft, moist stool that retains
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shape; 4 = soft, moist stool that assumes shape of container, and 5 = water liquid that can
be poured. An average of individual scores was taken by sample and by pen. Fecal
samples were then used for partial and laboratory DM. Entire sample was then weighed
and dried in a forced-air drying oven at 50°C for 24-h. Samples were allowed to air
equilibrate for 24-h and weighed to complete partial DM. Laboratory DM was obtained
by grinding samples in a Hamilton Beach coffee grinder. A 1-g subsample from the
original sample was then weighed and dried at 105 C for 24-h. DM samples were air

equilibrated in a desiccator for 0.25-h and weighed to determine final percent DM.

Statistical analysis

Pellet data was analyzed as a randomize complete block design using PROC
MIXED in SAS (SAS Institute, Inc., Cary, NC) with batch of feed as the experimental
unit. Dietary treatments were used as a fixed effect. Phase was used as a blocking factor
and considered a random effect. Treatment means were separated using the PDIFFS
option from the LSMEANS statement of SAS. Results from experiment were considered
significant at P < 0.05 and a tendency between P > 0.05 and P <0.10.

Growth data was analyzed as a generalized random complete block design using
PROC MIXED in SAS (SAS Institute, Inc., Cary, NC) with pen as experimental unit.
Dietary treatments were used as a fixed effect. Pen location within group was used as a
blocking factor and considered a random effect. Treatment means were separated using
the PDIFFS option from the LSMEANS statement of SAS. Results from experiment

were considered significant at P < 0.05 and a tendency between P > 0.05 and P <0.10.
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Results

Hot pellet temperature and production rate decreased (P < 0.05) when 10% LL
was added to the diet compared to the control, with 5% LL and 9.4% M treatments being
intermediate (Table A4). Percent fines decreased (P < 0.05) from the control to 9.4% M,
with 5% LL and 10% LL being intermediate. Standard PDI increased (P < 0.05) with
9.4% M compared to the control, with 5% LL and 10% LL being intermediate. For the
Holmen 60 s, PDI increased (P < 0.05) with 5% LL, 10% LL and 9.4% M added to the
diet with no differences among the 10% LL and 9.4%M treatments. For Holmen 120 s,
PDI were least (P < 0.05) for control followed by 5% LL, 10% LL and 9.4% M.

From d 0 to 7, there were no significant treatment effects on ADG or ADFI. Pigs
fed the control and 5% LL had decreased (P < 0.05) G:F compared to pigs fed 10% LL
and 9.4% M (Table A5). From d 7 to 21, there were no differences in ADG or G:F. Pigs
fed 10% LL had increased (P < 0.05) ADFI compared to the control with the 5% LL and
9.4% M treatments having an intermediate effect. From d 21 to 33, pigs fed the 9.4% M
treatment had decreased (P < 0.05) ADG compared to those fed control and the 10 % LL
diets.

From d 0 to 21, there were no treatment effects on ADG or G:F. In pigs fed the
control diet, ADFI decreased (P < 0.05) compared to those fed 10% LL with 5% LL and
9.4% M being intermediate (Table A5). From d 0 to 33, ADFI increased (P < 0.05) 10%
LL inclusion when compared to all diets. Overall, there were no treatment effects on

ADG or G:F.
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Fecal consistency on d 7 was improved (P < 0.05) in the 9.4% M diets compared
to the control and 5% LL diets (Table A6). There were no treatment effects in fecal

consistency score on d 14.

Discussion

Moisture serves as lubricant reducing the pelleting friction between the feed and
the die (Stoch, etal., 1981). Inclusion of sugar increases the resistance at the feed-die
interface (Thomas et al., 1998). In order to pellet the current experimental diets with
10% LL and 9.4% M, the process was done without the addition of steam due to mill
limitations of die plugging. Therefore, no steam was added while pelleting any diets to
remain consistent. However, liquid ingredients add lubrication to the die keeping hot
pellet temperature from increasing.

Pellet quality, as measured by percent fines and PDI, was improved when liquid
lactose or molasses were added to the diet compared to the control. Recent research
indicates the pellet quality benefits of steam conditioning up to 17% (Feed Pellet
Reference Guide). In the experiment herein, the addition of moisture from adding 5%
LL, 10% LL, and 9.4% M treatments to the mixer were 1.59%, 3.17%, and 2.43%,
respectively. In addition to added moisture, binding properties of sugars might occur via
recrystallization of sugars or the formation of a glass after cooling (Thomas et al. 1998).
Prolonged exposure to heat in the pellet die has been suggested to increase “cook’ and
pellet durability (Fahrenholz, 2012). The risk of Maillard browning reactions will

increase with use of sugars. Especially when moisture is present. Free aldehyde and
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amino groups may combine to form melanoides that darken the product (Motai, 1976).
While this improves pellet durability, Maillard products may impair nutritional value
(Van Barneveld, 1993; Hendriks et al., 1994). Mahan 1993 also suggests that Maillard
Browning reactions potentially bind some of the lysine to lactose.

Pelleting swine diets has been proven to improve growth performance and
decrease feed wastage (Stark, 1994). Stark (1994) observed that nursery pigs fed
pelleted diets had a 10% and 14% improvement in ADG and G:F, respectively,
compared to pigs fed mash diets. Nemechek et al. (2015) observed nursery pigs fed
mash diets tended to have decreased ADG and G:F compared with pigs fed pellets, with
an intermediate response in ADG and G:F in those fed poor-quality pellets. However
the benefits of pelleting come with an increase in diet cost. Although pellet quality was
improved in the current experiment, it did not result in improved growth performance.

Lactose is essential in post weaning pig diets for up to 3 weeks after weaning
(Fahey, 2000). Nessmith et al., (1997) found that the lactose fraction of dried whey can
be replaced by crystalline lactose and deproteinized whey in nursery pig diets; however,
these replacements must be of equal quality to the dried whey. Touchette et al., (1995)
also observed that crystalline lactose was an acceptable alternative to dried whey in
nursery pig diets. Most common sources of lactose include whey, whey permeate,
deproteinized whey, and crystalline lactose (Dritz et al., 1993; Owen et al., 1993b;
Touchette et al., 1995; Nessmith et al., 1997a). In the experiment conducted herein,
liquid lactose was evaluated to be a replacement to dried whey and whey permeate. The

control diets were formulated to have 18.7 and 10.1% lactose or total sugars for phase 1
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and 2 diets, respectively. In our experiment, 12.8 and 25.1% of the total sugar in phase 1
diets and 22.8 and 44.5% of the total sugar in phase 2 diets were replaced using 5% LL
and 10% LL, respectively. Because LL is a majority lactose with a minority of other
sugars, this resulted in the final 5% LL and 10% LL diets having 97.3% lactose with 2.
7% other sugars and 95.2% lactose with 4.8% other sugars for phase 1 and 96.0%
lactose with 4.0% other sugars and 91.1% lactose with 8.9% other sugars for phase 2,
respectively. In this experiment it was demonstrated that up to 10% LL could be added
to the diet without negatively influencing growth performance.

Alternate sugar sources have been proven to partially replace up to 45% of
dietary lactose in nursery pig diets using candy co-products (Guo et al. 2015). In
previous experiments, candy co-products increased intakes due to added sweetness from
sucrose compared to lactose. In the experiment herein, sugars for phase 1 diets were
24.6% other sugars and 75.4% lactose whereas phase 2 diet sugars were 44.05% other
sugars and 55.45% lactose. Mavromichalis et al. (2001) found that diets with molasses
which is composed of sucrose can effectively replace the lactose portion of nursery pig
diets. When pigs were fed the 9.4% M treatment growth performance was intermediate
compared to all other diets with firmer fecal consistency at d 0 to 7. When pigs were fed

the common diet after being fed the 9.4% M treatment, ADG decreased.

Conclusions

Hot pellet temperature and production rate decreased when 10% LL was added to

the diet, with 5% LL and 9.4% M treatments having intermediate effects. The addition
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molasses to nursery pig diets had an improvement on PDI pellet quality and decrease in
percent fines without negatively impacting pig performance with liquid lactose at 5% LL
and 10% LL, respectively having intermediate effects. However, more research is
needed to troubleshoot pelleting challenges.

Growth performance and fecal consistency of nursery pigs was not negatively
affected with inclusion of liquid lactose or molasses in the diet. However, the current
study would suggest that increasing liquid lactose to up to 10% of the diet would
increase nursery pig feed intake from d 0 to 21 post weaning. The data suggests that
trends and differences in ADFI may contribute to ADG improvements. Although, pigs
fed up to 10% liquid lactose had numerically the heaviest BW, these differences were
not significant. Therefore, ingredient and diet cost should be considered when selecting

the appropriate sugar combination in the diet formula.
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CHAPTER IlI
EFFECTS OF ADDING LIQUID LACTOSE TO PELLETED FINISHING PIG DIETS

ON PELLET QUALITY, PIG PERFORMANCE, AND CARCASS

CHARACTERISTICS

Summary

A total of 289 finishing pigs (DNA 241 x 600; initially 53.5 + 0.5 kg BW) were
used in a 53 d experiment evaluating the effects of liquid lactose (SweetLac 63;
Westway Feed Products, Houston, TX) on finishing pig performance and pellet quality.
Pigs were allotted to pens by BW and pens were randomly assigned to 1 of 4 dietary
treatments within location block and group. There were 6 pens per treatment with 8 to
14 pigs per pen, with number of pigs per pen and gender balanced across treatment.
Dietary treatments were a corn-soybean meal control diet with 0, 2.5, 5, and 7.5% liquid
lactose (as-is) added in the place of corn. All diets were balanced for standardized ileal
digestible (SID) lysine. Diets were fed in pelleted form and pellet quality was assessed
based on pellet durability index (PDI) and percentage fines. Pellet durability index
improved (linear, P < 0.01) with increasing inclusion level of liquid lactose. There were
no differences in ADG, ADFI and final BW. Pigs fed diets with increasing levels of
liquid lactose tended to have improved (quadratic, P = 0.07) G:F, with pigs fed the 2.5%
liquid lactose diet having the greatest G:F. There were no differences in carcass
characteristics. In summary, diets with added liquid lactose had an improved pellet

quality with no differences in growth performance or carcass characteristics.
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Introduction

Pelleting swine diets has demonstrated benefits for both the swine producer and
the feed manufacture. Based on the average of data summarized by Paulk (2011),
pelleting diets for growing-finishing pigs resulted in improvements in rate and efficiency
of gain. However, these benefits in pig performance due to pelleting can be diminished if
pellet quality is not maintained. Schell and van Heugten (1998) reported a linear
decrease in G:F in growing pigs as pelleting fines increased from 2.5 to 40%. Pellet
quality can be affected by diet moisture and ingredients. Moisture serves as lubricant
reducing the pelleting friction between the feed and the die (Stoch et al., 1981).
However, not without a threshold as it has been proven, that initial mash moisture of
14% resulted in the most efficient mill operation paired with the highest quality pellet
(Muirhead, 1999). In more recently it has been proven that conditioned mash moistures
of up to 17% are beneficial (Feed Pelleting Reference Guide).

Finding the most affordable ingredient sources without sacrificing performance is
a common goal among producers. Liquid lactose is a byproduct of the cheese making
process and its potential value as a feed ingredient has not been adequately studied.
Although, liquid feed products are most common in cattle diets, this byproduct could be
utilized as carbohydrate source when formulating swine diets. Liquid lactose as a feed
ingredient can affect pellet quality because of its high moisture and sugar contents. This
byproduct could serve as a carbohydrate alternative in swine diets, as long as pellet

quality is maintained and pig performance is not negatively impacted.
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It is hypothesized that liquid lactose can be used to improve pellet quality leading
to improved pig performance. Thus, the objective is to determine the effects of adding
liquid lactose to pelleted swine diets on pellet quality and growing-finishing pig

performance and carcass characteristics.

Materials and methods

Texas A&M University Institutional Animal Care and Use Committee approved
the protocol used in this experiment. The study was conducted at Texas A&M
University, O.D. Butler Animal Science Teaching, Research and Extension Center
(College Station, TX).

A total of 289 finishing pigs (Line 241 x 600; DNA Genetics, Columbus, NE;
initially 53.5 £ 0.5 kg BW) from 3 groups of pigs were used in a 53 d trial. Treatment
was replicated equally in all three groups of pigs. Pigs were housed on solid concrete
pens in a fully open sided barn throughout the duration of the experiment. There were 8
pens per group. Pens were equipped with nipple waterers and stainless steel feeders for
ad libitum access to water and feed. Pigs were assigned to pens balanced by BW and
gender with 8 to 14 pigs per pen. Group 1 pens contained 6 barrows and 8 gilts for 108
total pigs. Group 2 pens contained 6 to 8 barrows and 6 to 7 gilts per pen for 107 total
pigs. Group 3 pens contained 3 to 4 barrows and 5 to 7 gilts per pen for a total of 74
pigs. Pens of pigs were allotted to 1 of 4 dietary treatments balanced by BW, number of
barrow and gilts per pen, and within group. Dietary treatments were blocked by location

within each group. Overall, there were 6 pens per treatment. Dietary treatments consisted
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of a control diet with 0, 2.5, 5 and 7.5% liquid lactose (SweetLac 63; Westway Feed
Products, Tomball, TX), respectively. Pigs were fed dietary treatments for 53 days in 3
phases. Groups 1 and 3 were fed each phase: d 0 to 19; d 19 to 36, and d 36 to 53.
Group 2 was fed each phase: d 0 to 21; d 21 to 36, and d 36 to 53.

All diets were formulated and balanced for SID Lys and fed in pelleted form. The
liquid lactose source used contained 31.7% moisture. Therefore, diets were formulated
under the assumption that additional moisture from liquid lactose would be removed
during the pellet cooling process (Table 1). Concentration of diet components were
initially decreased to allow for moisture loss during the pelleting process. After the
pelleting process, components were returned to expected levels. Two batches of all diets
were pelleted at a commercial feed mill, and pelleted using a Sprout 26W pellet mill.
Pellets were steam conditioned to a target of 85°C, however conditioning temperatures
of approximately only 37.8°C were achieved because of additional moisture provided by
liquid lactose ingredient. Samples were collected when feed was added to the feeder
during each phase and then analyzed for percentage fines and pellet durability index
(PDI).

Percentage fines were determined before testing pellets for durability. Samples
were sifted using a number-6 screen (3.35 mm). The amount of fines was then weighed
and percentage fines were calculated using the following formula: weight of fines/weight
of sample x 100. Pellet durability index (PDI) was determined using both the tumble box
(ASAE S269.4; ASAE, 1991) and Holmen methods. For the tumble box method, a

Seedburo Pellet Durability Tester with 4, 0.3m x 0.14m x 0.3m tumble chambers was
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used. The 500-g samples of pellets were placed in the tumble box and tumbled for 10
minutes. After 10 min, pellets were removed from the tumble box and re-sifted using
the number-6 screen (3.35 mm) and remaining pellets were weighed. Pellet durability
was determined by the weight of the sifted pellets after tumbling/weight of the pellets
before tumbling x 100. As an additional measurement of pellet durability, the Holman
NHP100 (Tekpro Limited, Norfolk, UK) procedure was performed at 60 and 120 s using
forced air agitation to disrupt pellets, simulating breakage from mill to consumption.

On d 53, pigs were shipped approximately 332 miles to a commercial abattoir for
harvest and to determine carcass measurements. Pigs were killed on d 54 and hot
carcass weights (HCW) were measured, including the head of the carcass. Carcasses
were allowed to chill overnight and fat thickness and loin eye area were measured. Fat
thickness measurements were measured using a backfat ruler and included first rib, last
rib, last lumbar vertebra, and tenth rib fat thickness (10th RFT). Loin eye area (LEA)
was measured using a grid. Carcass yield and percent fat free lean (FFL) were
calculated (NPPC, 2001). Carcass yield was calculated by dividing the HCW at the
plant by the live weight at the farm before transport to the plant. Fat free lean equation

was provided by National Pork Board/American Meat Science Association.

Statistical analysis
Pelleting data were analyzed as a generalized random complete block design with
batch as experimental unit. Dietary treatments were fixed effects and phase was

considered a random effect. Growth and carcass data were analyzed as a generalized
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random complete block design using PROC MIXED in SAS (SAS Institute, Inc., Cary,
NC) with pen as experimental unit. Dietary treatments were used as a fixed effect.
Location block within group was used as a blocking factor and considered a random
effect. Treatment means were separated using LSMEANS statement of SAS. In
addition, data were analyzed for linear and quadratic effects of increasing liquid lactose
concentrations. Results from experiment were considered significantat P < 0.05 and a

tendency between P > 0.05 and P <0.10.

Results

Two batches of the experimental diets were pelleted thus an average value was
established for chemical analysis of experimental diets (Table B3). Results of diet
analysis were similar to formulated values. Increasing liquid lactose in the diet improved
(linear, P < 0.01) pellet PDI for all methods (Table B4).

For d 0 to 53, there were no differences in ADG, ADFI, G:F or final BW in pigs
fed increasing levels of liquid lactose (Table B5). There was tendency (quadratic, P =
0.07) for G:F to increase in pigs fed increasing levels of liquid lactose. Pigs fed 2.5%
liquid lactose had the numerically greatest G:F. Additionally, there were no differences
in HCW, yield, fat, or muscle measurements between pigs fed dietary treatments (Table
B6).

In conclusion, pellet quality was improved by increasing liquid lactose in the
diet. There was a tendency for improved feed efficiency, with pigs fed diets containing

2.5% liquid lactose having optimal feed efficiency.
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Discussion

Potential advantages to pelleting swine diets include improved animal
performance through increased bulk density, and reduced selective feeding, reduced feed
waste, and decreases in harmful pathogens present (Behnke, 1994). However this comes
with the disadvantage of reduced production rate and increased cost associated with
pelleting diets. Previous research demonstrated that pigs fed the pelleted diets had a 3%
greater ADG and 5% improvement in G:F compared to those fed meal diets. However,
these improvements diminished as pellet quality decreased.

Pellet quality is affected by moisture content and ingredient formulation. A
recent study observed the benefits of conditioned mash moisture in pelleted diets up to
17% (Feed Pelleting Reference Guide). The combinations of heat, hydration and shear
during pelleting disrupts starch molecules causing gelatinization improving pellet
durability and digestibility (Fahey, Reese et al., 2000). In the experiment herein,
increasing liquid lactose in the diet improved pellet quality with all measures of PDI.

Literature suggests that pelleting diets improves G:F but there has been varying
effects on ADFI and ADG. When foundational work is compared, there is an average
improvement of 6% in rate of gain and 6 to 7% in efficiency of gain for pelleted diets
fed to finishing pigs (Fahey and Reese, 2000). Researchers attribute growth
performance improvements to increased nutrient digestibility and decreased feed
wastage (Wondra et al., 1995). However, pellet quality is also a contributing factor.
Stark et al., (1994) conducted a finishing experiment to determine pellet quality effects

on finishing pig growth performance. Compared to those fed the meal diet, pigs fed the
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pelleted diet had improved ADG of 3% and G:F of 5%. Gain: feed improvements for
pigs fed pelleted diets were lost as the amount of fines increased. In the experiment
herein, ADG was not effected with only a tendency for G:F improvement.

Many researchers have not found differences in carcass characteristics when
compared to pigs fed meal diets (Paulk and Hancock 2015; Nemechek et al., 2016; De
Jong et al., 2016). There were no differences in HCW, fat, and muscle measurements

between pigs fed dietary treatments in the current study.

Conclusions

In conclusion, pellet quality was improved with addition of liquid lactose in the
diet. There was a tendency for improved feed efficiency, with pigs fed diets containing
2.5% liquid lactose. Optimal liquid lactose inclusion should be determined with

economic consideration.
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CHAPTER IV

SUMMARY

Pelleting swine diets has demonstrated benefits for both the swine producer and
the feed manufacture. Producers and feed manufacturers are constantly striving to
improve pellet quality and find the most affordable ingredient sources without
sacrificing pig performance. Results of these experiments indicate that pellet quality can
be improved with the addition of liquid lactose to the diet. Hot pellet temperature and
production rate decreased when 10% LL was added to the diet, with 5% LL and 9.4% M
treatments having intermediate effects. The addition molasses to nursery pig diets had an
improvement on PDI pellet quality and decrease in percent fines without negatively
impacting pig performance with liquid lactose at 5% LL and 10% LL, respectively
having intermediate effects. Growth performance and fecal consistency of nursery pigs
was not negatively affected with inclusion of liquid lactose or molasses in the diet.
However, the current study would suggest that increasing liquid lactose to up to 10% of
the diet would increase nursery pig feed intake from d 0 to 21 post weaning. The data
suggests that trends and differences in ADFI may contribute to ADG improvements.

There was a tendency for improved feed efficiency in finishing pigs fed diets
containing 2.5% liquid lactose. More research is needed to troubleshoot challenges of
pelleting liquid ingredients. Optimal liquid lactose inclusion should be determined with

economic consideration.
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APPENDIX A

CHAPTER Il TABLES

Table Al: Chemical analysis of liquid lactose product

(as-fed basis)*
Item, % LL?
Crude Protein 3.18
Amino Acid Content®
Taurine
Hydroxyproline 0.01
Aspartic Acid 0.16
Threonine 0.08
Serine 0.07
Glutamic Acid 0.32
Proline 0.14
Glycine 0.08
Alanine 0.13
Cysteine 0.03
Valine 0.10
Methionine 0.02
Isoleucine 0.08
Leucine 0.17
Tyrosine 0.03
Phenylalanine 0.07
Hydroxylysine 0.01
Ornithine 0.01
Lysine 0.04
Histidine 0.03
Arginine 0.04
Tryptophan <0.02
Moisture 31.70
Crude Fat 7.40
Crude Fiber
Ash 9.46

! Analyzed at University of Missouri Agricultural
Experiment Station Chemical Laboratories (ESCL)
(Columbia, MO).

2 SweetLac 63 (LL), liquid lactose product was
obtained by Westway Feed Products (Tomball, TX).
3 Percent of total amino acid in ingredient
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Table A2: Formulated diet composition (as-fed) basis!

Phase 1 Phase 2 Phase 3
Item Control 5% LL? 10%LL 9.4% M3 Control 5% LL 10%LL 9.4%M Common Diet
Ingredient, %
Corn 3197  30.64 29.34 29.03 3149 3024 28.87 28.57 50.90
Soybean Meal, 46.5% 29.33  28.93 28.48 28.88 30.07 29.60 29.19 29.55 25.84
Corn DDGS 5.00 4.93 4.85 4.92 20.00 19.72 19.42 19.67 20.00
Fish Meal Combined 5.00 4.93 4.85 4.92
Milk, Whey Powder 12.50 12.32 12.14 12.30 7.50 7.39 7.28 7.38
Milk, Whey Permeate, 85% 11.25 8.38 5.58 5.80 5.50 2.71 0.00 0.15
SweetlLac 63 0.00 5.00 10.00 5.00 10.00
Molasses Cane 9.40 9.40
Soybean oil 2.00 1.97 1.94 1.97 2.00 1.97 1.94 1.97
Monocalcium phosphate, 21% P 0.50 0.44 0.36 0.57 0.95 0.89 0.83 1.03 0.95
Limestone, ground 0.85 0.86 0.87 0.62 1.00 0.99 1.00 0.76 1.15
Sodium chloride 0.30 0.30 0.29 0.30 0.35 0.35 0.34 0.34 0.35
L-Lys-HCL 0.33 0.33 0.33 0.34 0.40 0.40 0.40 0.41 0.40
DL-Met 0.18 0.18 0.18 0.18 0.13 0.12 0.13 0.13 0.06
L-Thr 0.14 0.14 0.14 0.14 0.12 0.11 0.11 0.12 0.09
L-Trp 0.01 0.01 0.00
VTM Premix* 0.25 0.25 0.24 0.25 0.25 0.25 0.24 0.25 0.25
Phytase® 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Zinc oxide 0.40 0.39 0.39 0.39 0.25 0.25 0.24 0.25
Total 100 100 100 100 100 100 100 100 100
Calculated analysis
Standard ileal digestible (SID) AA,%
Lys 1.44 1.44 1.44 1.44 1.35 1.35 1.35 1.35 1.20
lle:Lys ratio 60 60 60 60 64 63 63 63 64
Leu:Lys ratio 117 116 115 115 138 137 136 136 150
Met:Lys ratio 36 37 36 36 34 34 34 34 32
Met+Cys:Lys ratio 57 57 57 57 57 57 57 57 56
Thr:Lys ratio 63 63 63 63 63 63 63 63 62
Trp:Lys ratio 18.1 17.9 17.7 17.6 18.2 18.2 18.2 18.2 17.3
Val:Lys ratio 65 65 65 65 70 70 70 69 72
Total Lys,% 1.61 1.61 1.61 1.61 1.54 1.54 1.54 1.54 1.39
ME. Kcal/kg 3,430 3,406 3,380 3,157 3,393 3,369 3,342 3,117 3283
NE, kcal/kg 2,383 2,282 2,180 2,167 1,969 1,870 1,768 1,753 855
SID Lys: ME ratio, g/mcal 1.48 1.47 1.46 1.36 1.34 1.33 1.32 1.23 1.25
CP, % 235 234 234 23.6 24.0 23.9 239 24.1 225
Crude fat, % 4.6 4.6 4.7 4.5 53 54 55 53 3.9
Crude fiber, % 2.2 2.2 2.2 2.2 3.6 3.6 3.5 35 3.8
Ca, % 0.82 0.82 0.82 0.82 0.70 0.70 0.70 0.70 0.64
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Table A2: (continued)

P, % 0.70 0.70 0.70 0.70 0.69 0.69 0.69 0.69 0.64
Available P, % 0.45 0.45 0.45 0.45 0.43 0.43 0.43 0.43 0.36
Lactose, % 18.7 18.2 17.8 141 10.1 9.7 9.2 5.6 0.0
Sugar, % 18.7 18.7 18.7 18.7 10.1 10.1 10.1 10.1 0.0

! Treatment diets were fed during phase 1 from d 0 to 7 and phase 2 from d7 to 21, with a common phase 3 diet fed from d 21 to 33. All diets
were fed in pelleted form.

2 LL = SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).

8 M = Sugar Cane Molasses.

4VTM = vitamin and trace mineral premix, which provide per kilogram premix: 725,747 U vitamin A, 136,078 1U vitamin D, 3,629 IU vitamin
E, 91 mg vitamin K, 3 mg B12, 2,722 mg Niacin, 1814 mg pantothenic acid, 454 mg riboflavin, 18 mg biotin, 91 mg folic acid, 181 mg
pyridoxine, 3,005ppm Zn phase 1, 1,925 ppm Zn phase 2, 125 ppm Zn phase 3, 125ppm Fe, 22 ppm Mg, 15ppm Cu, 0.6 ppm 1, 0.3 ppm Se

> RONOZYME HiPhos 2,700 provided 201 phytase units (FYT)/kg with a release of 0.05% available P.
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Table A3: Chemical Analysis of Experimental Diets (as-fed)?

Phase 1 Phase 2 Phase 3
Item, % Control 5% LL?> 10% LL 9.4% M?® Control 5% LL 10%LL 9.4% Common Diet
M
Mash
Moisture* 9.12 10.25 12.03 11.51 10.74  11.23 12.89 12.27
Pellet®
Moisture 9.9 10.3 11.9 115 8.8 10.4 11.8 114 11.7
Dry Matter 90.1 89.7 88.1 88.5 91.2 89.6 88.2 88.6 88.3
Crude Protein 23.6 23.2 23.3 23.8 235 24.9 23.9 23.4 22.2
Crude Fiber 3.2 3.0 3.3 2.9 3.9 4.3 4.3 4.3 4.2
Ethanol Soluble CHO (Sugar) 11.6 12.6 12.6 144 13.1 11.0 11.1 12.9 4.3
Crude Fat 4.1 4.5 4.5 4.0 4.7 4.8 4.6 4.7 3.1
Ash 7.4 7.9 7.7 7.7 7.8 7.2 8.0 7.6 5.8
Calcium 0.9 1.0 0.9 0.9 1.2 1.0 1.0 0.9 0.7
Phosphorus 0.7 0.7 0.7 0.7 0.8 0.7 0.7 0.7 0.7
Non Fiber Carbohydrates 55.1 54.0 52.7 53.0 55.2 52.7 51.6 53.0 57.3
Non Structural Carbohydrates 11.6 12.6 12.6 14.4 13.1 11.0 11.1 12.9 4.3

! Liquid lactose product was obtained by Westway Feed Products (Tomball, TX).

2 LL = (SweetLac 63; Westway Feed Products, Tomball, TX).

8 M = Sugar Cane Molasses.

4 Moisture of the experimental mash diets that were pelleted.

> Pellet samples were analyzed at Cumberland Valley Analytical Services (Hagerstown, MD).
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Table A4: Pellet Quality of Experimental Diets

Item Control 5% LL? 10% LL 9.4% M?2 SEM Probability, P<
Hot Pellet 69.44° 62.62b 59.36? 63.562b 7.993 0.0417
Temperature, °C?

Production Rate, 0.44b 0.43ab 0.39a 0.41ab 0.016 0.0300
(metric tons/hr)8

Fines, %3 6.96°¢ 3.93P 3.01° 1.842 1.134 0.0128
PDI, %* 93.04°2 96.08"%¢ 96.99¢d 98.17¢ 1.134 0.0128
Holmen 60, %° 87.10? 91.63P 94.80¢d 96.43¢ 1.214 0.0012
Holmen 120, % 74.70° 83.45" 90.65¢ 93.65¢ 2.146 0.0003

1LL = SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).

2M = Sugar Cane Molasses.

3 Hot Pellet Temperatures were recorded with a single probe digital thermometer at the center of
collected sample.

“Production rate was measured as the weight of the pellets collected divided by 60 s.

5Percentage fines were determined using a number 6 screen (3.35 mm).

6 A Seedboro Pellet Durability Tester was used to determine PDI (pellet durability index). Pellets were
tumbled in 500-g samples of feed for 10 min, then, using a number-6 screen (3.35 mm) fines were sifted
from the sample.

"Holmen NHP100 (Tekpro Limited, Norfolk, United Kingdom) process was run at 60 and 120 s as an
additional PDI parameter, completed at Kansas State University.

a-d Means within a row with different superscripts differ (P < 0.05).
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Table A5: Effects of liquid lactose and molasses in nursery pig diets on growth
performance®?3

Item Control 5% LL 10%LL 94% M  SEM Probability, P<
dOto7

ADG, g 127 133 162 150 24.8 0.168

ADFl,g 196 202 207 193 18.7 0.656

G:F 0.6042 0.622? 0.736°  0.753°  0.067 0.022
d7to21

ADG,g 243 270 264 262 17.8 0.718

ADFl,g 3712 417% 454° 405% 19.5 0.046

G:F 0.652 0.645 0.584 0.649 0.036 0.390
d21to 33

ADG,g  460° 449% 476° 410P 25.6 0.062

ADFl,g 674 692 704 633 32.8 0.192

G:F 0.683 0.652 0.675 0.643 0.017 0.296
dOto21

ADG,g 204 224 230 225 17.1 0.577

ADFl, g 3122 3452 372° 334 17.0 0.064

G:F 0.645 0.646 0.617 0.671 0.034 0.600
d0to 33

ADG,g 297 306 320 292 13.2 0.499

ADFl, g  444° 471% 492° 4432 15.8 0.109

G:F 0.667 0.649 0.650 0.660 0.017 0.807
BW, kg

d7 7.62 7.64 7.85 7.79 0.089 0.148

d21 11.02 11.42 11.55 11.46 0.300 0.588

d 33 16.54 16.81 17.26 16.38 0.461 0.535

1 Atotal of 194 nursery pigs (DNA 241 x 600; initially 6.7 + 0.4 kg at 27 d of age)
were used with 8 replicate pens per treatment and 4-7 pig per pen. Research was
conducted at Texas A&M University, O.D. Butler Animal Science Teaching and
Research Center, Nutrition and Physiology Center (College Station, TX).

2 Experimental diets were fed from d 0 to 21 followed by a common diet d 21-33.

% Liquid Lactose product was obtained by Westway Feed Products (Tomball, TX).
4 Control Diet with 19.1% total sugars from whey powder and whey permeate (85%
lactose).

® 5% SweetLac; 12 % of the total sugars replaced by 5% liquid lactose (44.7% total
sugars).

®10% SweetLac; 24% total sugars replaced by 10% liquid lactose (44.7% total sugars).
79.4% molasses; 24% total sugars with 9.4% molasses.

8 Sugar Cane Molasses.

&¢ Means within a row with different superscripts differ (P < 0.05).
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Table A6: Fecal Consistency and DM, % on d 7 and 14 of Experimental Diets*

Item Control 5% LL2 10% LL 9.4% M® SEM Probability, P<
Score
d7 3.862 4002  351% 3.15° 0.213 0.030
d14 3.88 4.05 3.95 3.72 0.123 0.297
DM, %
d7 16.74 16.87  19.04 20.35 2.120 0.482
d14 15.49 13.99  14.89 16.89 0.997 0.246

1Smiricky (2002); 1 = hard, dry pellet; 2 = firm, formed stool; 3 = soft, moist stool
that retains shape; 4 = soft, moist stool that assumes shape of container, and 5 =
water liquid that can be poured.

2 LL = SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).

3 M = Sugar Cane Molasses.

&¢ Means within a row with different superscripts differ (P < 0.05).

53



APPENDIX B
CHAPTER Il TABLES

Table B1: Chemical analysis of SweetLac 63, liquid
lactose product (as-fed basis)?

Item, % LL!
Crude Protein, 3.18
Amino Acid Content®
Taurine
Hydroxyproline 0.01
Aspartic Acid 0.16
Threonine 0.08
Serine 0.07
Glutamic Acid 0.32
Proline 0.14
Glycine 0.08
Alanine 0.13
Cysteine 0.03
Valine 0.10
Methionine 0.02
Isoleucine 0.08
Leucine 0.17
Tyrosine 0.03
Phenylalanine 0.07
Hydroxylysine 0.01
Ornithine 0.01
Lysine 0.04
Histidine 0.03
Arginine 0.04
Tryptophan <0.02
Moisture 31.70
Crude Fat 7.40
Crude Fiber
Ash 9.46

! Product was obtained by Westway Feed Products
(Tomball, TX).

2 Analyzed at University of Missouri Agricultural
Experiment Station Chemical Laboratories (ESCL)
(Columbia, MO).

8 Amino acid percent in ingredient.
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Table B2: Formulated diet composition (as-fed) basis!

Phase 1 Phase 2 Phase 3
Item Control 2.5%?2 5%3 7.5%* Control 2.5% 5% 7.5% Control  2.5% 5% 7.5%
Ingredient, %
Comn 61.36 59.43 57.51 55.59 66.26 64.34 6242 60.50 69.20 67.28 65.35 63.43
Soybean Meal, Dehull, Sol Extr 16.32 16.42 16.52 16.61 11.57 11.67 11.76 11.86 8.85 8.94 9.04 9.14
Corn DDGS, >6 and <9% Oil 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00  20.00 20.00 20.00
Limestone, ground 1.43 1.43 1.43 1.43 1.28 1.28 1.28 1.28 1.10 1.10 1.10 1.10
Sodium chloride 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
L-Lys-HCL 0.28 0.28 0.28 0.28 0.27 0.27 0.27 0.27 0.24 0.24 0.24 0.24
VTM Premix® 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Phytase® 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
SweetLac (90% DM) 1.83 3.65 5.48 1.83 3.65 5.48 1.83 3.65 5.48
Total 100 100 100 100 100 100 100 100 100 100 100 100
Calculated Analysis
Standard ileal digestible (SID)
AA%
Lys 0.87 0.87 0.87 0.87 0.75 0.75 0.75 0.75 0.66 0.66 0.66 0.66
Ile;Lys ratio 70 70 70 70 71 71 71 71 74 74 74 74
Leu:Lys ratio 181 180 178 177 196 194 192 191 213 211 209 207
Met:Lys ratio 32 32 32 32 35 35 34 34 38 37 37 37
Met+Cys:lys ratio 62 61 61 60 66 65 65 64 71 71 70 70
Thr;Lys ratio 61 61 61 61 62 62 62 62 65 65 65 65
Trp;Lys ratio 18 18 18 18 17 17 17 17 17 17 17 17
Val;Lys ratio 82 82 82 82 85 85 85 85 90 90 90 90
Total Lys,% 1.03 1.03 1.03 1.03 0.90 0.90 0.90 0.90 0.80 0.80 0.80 0.80
ME. Kcal/lb 1,502 1,498 1,493 1,488 1,507 1,502 1,497 1,493 1,511 1,506 1,501 1,496
SID Lys: ME ratio, g/mcal 0.87 0.87 0.87 0.87 0.75 0.75 0.75 0.75 0.66 0.66 0.66 0.65
CP, % 18.6 18.5 18.5 18.4 16.7 16.7 16.6 16.5 15.6 15.6 155 15.4
Crude fat, % 42 41 4.1 41 43 42 42 4.2 4.3 4.3 4.3 4.3
Crude fiber, % 3.6 3.6 3.6 35 35 35 35 34 35 35 34 34
Ca, % 0.59 0.60 0.60 0.61 0.53 0.53 0.54 0.54 0.45 0.46 0.46 0.47
P, % 0.40 0.40 0.41 0.42 0.37 0.38 0.39 0.40 0.36 0.37 0.38 0.39
Available P, % 0.14 0.15 0.16 0.17 0.14 0.15 0.16 0.17 0.13 0.14 0.15 0.17
Lactose, % 0.0 0.9 1.9 2.8 0.0 0.9 1.9 2.8 0.0 0.9 1.9 2.8

! Phase 1 diet was fed from d 0 to 19; phase 2 from d 19 to 36, and phase 3 from d 36 to 53. All diets were fed in pelleted form.
23,4 Phases contain increasing amounts of SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).
> VTM = vitamin and trace mineral premix, which provide per ton of premix: 8,000,000 IU vitamin A, 1,500,000 IU vitamin D, 40,000 IU vitamin E, 1,000 mg vitamin K, 30
mg B12, 30,000 mg Niacin, 20,000 mg pantothenic acid, 5,000 mg riboflavin, 200 mg biotin, 1,000 mg folic acid, 2,000 mg pyridoxine, 125 ppm Zn, 125 ppm Fe, 22 ppm

Mn, 15 ppm Cu, 0.60 ppm I, 0.30 ppm Se. Vitamin concentrations are expressed on a per Ib of product basis; whereas mineral concentrations are expressed on a total

percentage of premix basis.

6 RONOZYME HiPhos 2,700 provided 201 phytase units (FYT)/Ib with a release of 0.11%, 0.10%, and 0.09% of available P respectively for each phase.
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Table B3: Chemical Analysis of Experimental Diets (as-fed)*?

Phase 1 Phase 2 Phase 3
Item, % Control  2.5%°  5%*  7.5%° Control  2.5% 5% 7.5% Control  2.5% 5% 7.5%
Moisture 11.40 11.70 11.93 12.23 10.23 1097 11.33 11.17 10.90 11.37 11.77  12.07
Dry Matter 88.60 88.30 88.07 87.77 89.77 89.03 88.67 88.83 89.10 88.63 88.23  87.97
Crude Protein 17.60 18.19 18.67 19.10 16.76 16.65 17.63 17.42 15.15 15.07 15.35 15.45
Crude Fiber 3.57 3.89 3.96 3.69 4.13 3.68 3.46 3.20 3.39 3.46 3.15 3.23
Ethanol Soluble CHO (Sugar) 4,61 5.30 5.61 6.14 4.31 4.25 4.64 5.33 3.47 4.05 4,73 5.31
Crude Fat 3.02 3.19 3.51 3.34 3.58 3.68 3.43 3.43 3.73 3.42 3.32 3.34
Ash 4.47 4.46 5.02 5.29 4.28 4.14 4.60 4,79 3.50 3.79 3.77 3.80
Calcium 0.66 0.64 0.74 0.65 0.62 0.50 0.49 0.57 0.42 0.38 0.36 0.40
Phosphorus 0.44 0.46 0.48 0.49 0.41 0.41 0.42 0.44 0.40 0.41 0.42 0.42
Non Fiber Carbohydrates 63.50 62.45 60.85 60.04 65.17 6458 63.03 63.24 66.73 66.33 65.76  65.36
Non Structural Carbohydrates 461 5.30 5.61 6.14 4.31 4.25 4.64 5.33 3.47 4.05 4.73 5.31

! Samples were analyzed at Cumberland Valley Analytical Services (Hagerstown, MD).

2 Liquid lactose product was obtained by Westway Feed Products (Tomball, TX).

3,4.5 Phases contain increasing amounts of SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).
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Table B4: Pellet Quality of Experimental Diets

Contrast P-value?

Item, % Control 2.5%?2 5%3 7.5%* SEM Linear Quadratic
Fines5® 3.96 2.57 3.22 1.83 1.481 0.251 0.997
PDI7 93.18 94.74 95.83 96.72 0.817 0.005 0.687
Holmen, 60 s8 85.65 89.96 91.94 92.40 1.357 0.002 0.173
Holmen, 120 s° 67.17 77.06 81.84 83.32 2.771 0.001 0.146

1 Results from experiment were considered significant at P < 0.05 and a tendency between P
> 0.05 and P <0.10.

2.3 4phases contain increasing amounts of SweetLac (SweetLac 63; Westway Feed Products,
Tomball, TX).

SPercentage fines were determined using a number 6 screen (3.35 mm).

Percentage Fines = (Weight of tumbled and sifted pellet (g)-Weight of sifted pellet (g)) /
Weight of sifted pellet (g).

"PDI (pellet durability index) was determined by tumbling 500-g samples of feed for 10 min
and then using a number-6 screen (3.35 mm) to sift off the fines.

8 Holmen NHP pellet durability tester (Tekpro Limited, Norfolk, United Kingdom) at 60

seconds.

9Holmen NHP pellet durability tester (Tekpro Limited, Norfolk, United Kingdom) at 120

seconds.
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Table B5: Effects of increasing liquid lactose in finishing pig diets on growth performance?®?

Contrast P-value?

Item Control 2.5%4 5%5 7.5%5 SEM Linear Quadratic
B W, kg

do 53.9 53.8 53.9 54.2 1.04 0.831 0.817
d 53 120.0 118.5 120.0 118.7 2.031 0.697 0.958
d0to53

ADG, kg 1.21 1.22 1.23 1.21 0.029 0.852 0.517
ADFI, kg 3.31 3.18 3.26 3.27 0.104 0.694 0.231
G:F 0.367 0.385 0.379 0.372 0.011 0.791 0.070

1A total of 289 finishing pigs (DNA 241 x 600; initially 54 kg) were used with 6 replicate pens per
treatment and 8 to 14 pigs per pen. Research was conducted at Texas A&M University, O.D. Butler
Animal Science Teaching and Research Center, Nutrition and Physiology Center (College Station,
TX).

2Three phases of experimental diets were fed from d 0 to 19, d 19 to 36 and d 36 to 53 for Phases 1,
2 and 3, respectively.

SResults from experiment were considered significant at P < 0.05 and a tendency between P > 0.05
and P <0.10.

456 phases contain increasing amounts of liquid lactose (SweetLac 63; Westway Feed Products,
Tomball, TX).
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Table B6: Carcass composition characteristics of pigs fed liquid lactose?

Contrast P-value?

Iltem Control 2.5%3 5%* 7.5%° SEM Linear Quadratic
Hot carcass Wt, kg® 91.46 90.90 92.18 90.37 1.855 0.737 0.640
Yield, %7 75.31 75.77 75.68 74.99 0.662 0.616 0.241
Fat, cm

Firstrib 1.53 1.53 1.53 1.52 0.070 0.832 0.817
Last rib 0.93 0.89 0.90 0.89 0.050 0.500 0.658
Last lumbar vertebra 0.90 0.85 0.91 0.87 0.042 0.755 0.889
10th rib fat thickness 0.74 0.72 0.72 0.71 0.028 0.408 0.871
Muscle

Loin eye area, sq.cm. 49.94 49.94 49.81 49.35 1.355 0.656 0.809
Fat free lean, % 53.68 53.90 53.70 53.99 0.464 0.630 0.910
Muscle score 2.32 2.34 2.34 2.33 0.057 0.935 0.730

1Pigs were shipped on d 53 to Union Slaughter (Del Rio, Texas) to determine carcass measurements and
characteristics.

2 Results from experiment were considered significant at P < 0.05 and a tendency between P > 0.05 and
P <0.10.

345 L =SweetLac (SweetLac 63; Westway Feed Products, Tomball, TX).

6 Yield percentage = HCW / Live Weight x 100.

" Percent of Fat Free Lean (%FFL) = [8.558+ (0.456xHC W) - (21.896x10th RFT) + (3.005xLEA) /
HCW] x 100.

59





