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ABSTRACT

Three experiments wete conducted to evaluate the nutritional value of Manitoba,

grown com cultivars for swine.
j.

In Experimen! l,the effect of corn hqat'units (ClrU) ràting ofcom cultivars and
:

'

field location on the chemical and nutrient composition of thirty-six corn cultivarp

replicated in two locations (St. Piene and Reinland) in Manitoba was detefmined.

Cultivars from each location were fi.lrther subdivided into low CHU rated cultivars (less

than 2300 CIIIJ) and high CHU rated cultivars (23}0or more CHLD. S4mples were

analyzed for dry matter (DM), crude protein (CP), acid detergent fiber (ADF), neutral

detergent fiber (NDF), fat (hexane extract), ash and total and phytate phosphorus. Data on

yield, bushel weight ahd moisture content at haryest were alsq çollected as agronomic

parameters. As expected, there was a significant effect (^F < 0.05) of location on DM, CP,

ADF, ash, phytate and total phosphorus contents and on feld. Comheat units rating had

an effect (P < 0.05) on CP, bushel weighl and yield with the low CHU rated cultivars

Le high CHU rated cultivars.

In Experiment2,the digestible energy, CP and amino acids (AA) contents of the

two most widely grown corn cultivars in Manitoba obtained from three locations were

determined using six ileal cannulated ba¡rows with an average initial body weight (BW)

of 21.5 + 0.9 kg (mean + SD) according to a 6 x 6 Latin square design. There was an

effect (P <0.05) of location on apparent ileal digestible CP and AA and on digestible

energy (DE). Location significantly affected (P < 0.05) the digestible contents of all AA

except lysine, threonine, alanine, glycine, proline and serine. Cultivar had an effect on

apparent ileal digestible CP and AA and on DE. Cultivar significantly affected (P < 0.05)
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the digestible contents of all AA except lysine, phenylalanine, valine and cysteine.

Overall, the digestible energy, protein and.!A in the two corn cultivars averaged 3662

kcal kg-r, 5.95% and0.4Oo/o, respectively.

Based on the results of Experiment2,Experiment 3 was conducted to determine

- ' hing Pigs fed diets based onthe performance and carcass characteristics of growing-finis

the two com cultivars. Twenty-four Cotswold pigs with an average initial BW of 41.4 +

1.4 kg (mean + SD) were blocked by BW and sex and randomly allotted to one of three

dietary treatments based on; 1) barley (control), 2) corn cultivar:l and 3) corn cultivar 2

on a three-phase feeding program for the 20-50kg, 50-80 kg and 80-1 10 kg BW range'

The diets were formulated to contain 3,500 kcal kg-r DE and 0.g5o/o,0.75% and0.64o/o

total lysine for phases I, II and III, respectively. There were no effects (P > 0.05) of

dietary treatments on average daily gain (ADG), average daily feed intake (ADFI) and

gain:feed ratio (G:F) in all the three phases. The overall ADG, ADFI and G:F averaged

0.87 kg, 2.43 kgand 0.36, respectively. Carcass length, dressing percentage, loin eye

area, loin depth, midline backfat thickness, 1Oth rib backfat thickness, belly firmness fat

color and the amount of saturated fatty acids, monounsaturated fatty acids and total

unsaturated fatty acids in belly fat and backfat were similar (P > 0.05) across dietary

treatments. Pigs fed diet based on corn cultivar 2 contained a higher (P < 0.05) amount of

polyunsaturated fatty acids in their backfat compared with those fed barley-based diet.

The results from the three experiments show that the nutritional composition of

corn varies with field location and CHU rating and that digestible energy, protein and AA

contents of corn vary with location and cultivar. Furthermore, growth performance and
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carcass characteristics of pigs fed diets based on Manitoba-grown corn cultivars were

similar to those fed barley-based diets.
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1.0 GENERAL INTRODUCTION

Com (Zea mays L.), tropical in origin, has since been adapted to areas with short

growing seasons like Manitoba. Recently, there was a dramatic increase in the quantity of

corn produced in Manitoba. For instance, Manitoba Agriculture, Food and Rural

Initiatives (MAFzu) (2003) reported a46.5%increase in the amount of corn produced in

2002 compared to 200I.Also, Manitoba is the leading producer of grain corn in westem

Canada (MAFRI2003). Although wheat and barley are the main sources of energy in

westem Canadian swine feeds, with the present growth rate in corn production, there is

interest in increasing the use ofcorn as an energy source.

Temperatures in most parts of Canada are usually too low for corn production.

This has triggered the use of cumulative temperatures such as corn heat units (CHU) in

place of calendar days for measuring the temperatures required for the growth and

development of corn. According to MAFRI (undated), "com heat units are a measure of

useful heat required for growth and development of com". Corn heat units are estimated

based on the daily minimum and maximum temperatures. Therefore, the amount of CHU

varies with location and as a result, cultivars and geographical locations are rated based

on CFIU and these ratings are used to determine the appropriate cultivar for a particular

field location. Grain com cultivars grown in Manitoba require a minimum amount of

2200 CHU to reach maturity and based on CHU requirement, alarger part (about 95%) of

Manitoba's agricultural land is capable of supporting the production of grain corn.

The use of nutritional book values, such as those published by the National

Research Council CNRC), to formulate feed for pigs poses a big challenge to the swine
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industry beeause the feeding value of feedstufß changes with location. It has been well

documented that chemical and nutrient composition of com, like other feedstuffs,

changes from region to region even within the same cultivar (Singh et at. 2000; Kuo et al.

200I: Schmidt et aL.2002). This is basically due to variability in factors such as growing

conditions, cultivars and management practices that affect grain quality. Therefore, swine

producers that use book values to formulate diets for pigs are faced with a possibility of

over- or under-supplying dietary nutrients relative to the animals' requirements. In order

to efficiently incorporate Manitoba grown corn cultivars into swine diets, it is important

to quantify the amount and bioavailability of nutrients in the cultivars grown locally. This

is because knowledge of the feeding value of locally available feedstuffs will allow for

accurate and cost-effective formulation of swine diets. Furtherïnore, manipulation of

dietary supply of nutrients to minimize excretion of nutrient requires precise knowledge

of the feeding value of locally available feedstuffs. The feeding value of Manitoba-grown

corn cultivars for swine is yet to be determined.

Various indicators have been used to determine the nutritive value of feedstuffs

and these include chemical and nutrient composition, nutrient bioavailability, animal

performance and product quality. Chemical and nutrient composition of feedstuffs are

determined through proximate (which is a chemical determination of moisture, crude

protein (CP), crude fiber, ash, ether extract and nitrogen-free extract components of

feedstuffs) and other laboratory analyses used to determine nutrients such as amino acids

(AA) and phosphorus (Crampton and Harris 1969). However, chemical and nutrient

composition of feedstuffs estimated through proximate and other laboratory analyses only

serve as an indicator of the potential nutritive value of the feedstuff and it has been
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suggested that these measurements are not adequate indicators of the feeding value of

feedstuffs (D'Alfonso 2002).

Nutrient bioavailability is "the proportionof the nutrient that is digested, absorbed

and metabolized through normal pathways" (Srinivasan 2001). Nutrient digestibility (the

difference between the nutrient intake and ouþut) is often used as an indicator of

available nutrients. In fact, for some nutrients such as CP and AA, determination of their

digestibility values in feedstuffs are preferred as a routine evaluation of the feeding value

of feedstufß for feed formulation purposes because availability measurements are

expensive and time-consuming (Gabert et al. 2001). Apparent digestibility of nutrient, a

measure of the difference between the nutrient intake and output, does not dislinguish

dietary nutrient from the endogenous nutrient losses in the gut of an animal. For CP and

AA, standardized and true ileal digestibilities are prefened to apparent ileal digestibility

(AID) because basal and specific endogenous CP and AA losses are accounted for,

respectively, and they are more additive in a mixture of feedstuffs (Nyachoti et al. 1997,

2002; Rademacher 2001; Moter and Stein 2004). Basal endogenous CP and AA losses

are products of regular metabolic activities of the animal while specific endogenous CP

and AA losses are secreted as a result of nutritional factors such as type and source of

fiber, anti nutritional factors and level and quality of protein (Butts et al. 1993; Hess and

Sève 1999; Rademacher et al. 2000; Moter and Stein 2004). Although true ileal

digestibility of CP and AA account for specific endogenous CP and AA losses related to

that particular feedstuff, it is expensive to employ as a routine assay for measuring CP

and AA digestibility of every feedstuff in a practical feed formulation because it requires

animal experiments. Standardized ileal CP and AA digestibility on the other hand can be
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calculated from the previously determined book values of endogenous CP and AA losses

making it less expensive and more suitable as a routine estimate of CP and AA

digestibility.

Digestibility of nutrients has been estimated using different approaches such as

direct, difference and regression methods (Fan and Sauer 1995; Gabert et al. 2001). The

decision as to which approach to use depends on the chemical and nutrient composition

of the feedstuff and its palatability (Gabert et al. 2001). While feedstuffs that are high in

protein content can be evaluated using any ofthe three approaches, the difference and

regression approaches are more suitable for feedstuffs that are low in protein content (Fan

and Sauer 1995). 
:

For profitable swine production, it is important to bring pigs to market at the

earliest possible time and to produce good quality products. Therefore, animal

performance and carcass and pork quality characteristics such as back fat thickness, loin

depth, and fat color (National Pork Producers Council G\fPPC) 1998; Burson 2001) are

critical to profitability. Lean meat and firm, white fat are preferred (Lampe et aI.2004;

Carr et al. 2005) as these are closely associated with human health, pork product

processing and local and international market demands. Colored fat could increase the

processing cost of lard especially the cost associated with bleaching (a process of

removing coloring materials from fats). Furthermore, it has been well established that pig

performance and pork quality are affected by the composition of diets (Berg 2001;

Averette Gatlin et al. 2003) and therefore, feeding diets high in unsaturated fats could

reduce the concentration of saturated fatty acids in pork fat. Although meat with a low

concentration ofsaturated fatty acids could reduce the risk ofcardiovascular diseases in



humans, feeding a diet containing high amount of unsaturated fat results in soft bellies,

which are difficult to slice and often yield lower quality.bacon (St. John et al.1987;

Shackelford et al. 1990; Canoll et al. 1999)

Thus, a complete evaluation of the feeding value of an ingredient should be done

in light of nutrient digestibility, animal performance and end product quality.

It was hypothesized that:

1. Chemical and nutrient composition of com varies with CHU rating of corn cultivar and

with field location.

2. Digestible energy, CP and AA contents of corn vary with cultivar and field location.

3. Feeding corn-based diet to growing finishing pigs will produce similar growth

performance and carcass characteristics as barley-based diet.

The overall objectives of these studies were:

1. To evaluate the chemical composition and nutritive value of Manitoba-grown

corn cultivars fed to growing pigs.

2. To determine growth performance and carcass characteristics of pigs fed diets

based on Manitoba-grown corn.
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2.1

2.0 LITERATURE REVIE\ry

INTRODUCTION

The swine industry is a very important component of the agricultural sector in

Canada and other parts of North America. Sustainability of this sector depends partly on

the proper management of dietary nutrient supply. This is because feed, energy being the

major component, represents more than half of the total cost of production (Noblet and

Perezl993). Production of barley and wheat, traditionallythe main sources of energy in

swine diets in western Canada,was recently challenged by drought conditions in the

Prairies and also by mycotoxin infection (Loyns 2002; Clowes and, Zljl,stra2003). Corn,

which is an excellent energy source, has been reported to be more resistant to fusarium

head blight compared to barley and wheat (Loyns 2002).Likewise, Campbell et al.

(2002) and Scott (lggl)observed that compared with barley and wheat, com has a higher

incidence but lower content of deoxynivalenol (DON) (a mycotoxin that induces anorexia

in pigs) contamination. The relationship between the incidence and concentration of

DON in corn was attributed to the presence of husk cover for corn kemels. However,

there is only limited information on the relative susceptibility of various cereal grains to

mycotoxin infections and this needs to be investigated.

Production of corn (Zea mays L.) became commercially significant in Manitoba in

the late 1970s (MAFRI 2003). The increased production was a result of the extensive

work by plant breeders to adapt corn to areas with short growing seasons. In Manitoba,

grain corn production has experienced a tremendous growth in the last four years. The

number of farms where grain corn is cultivated increased by 29o/o, the seeded area



increased by 4l% and the harvested areainqeased by 55% in2002 compared with 2001

(Table 2.1'). Grain corn production in Manitoba has not only increased in terms of

tonnage, but also in terms of amount of dollars generated. For example, in 1999, 2000,

2001 and 2002,the cash receipts were 19, 2I,22 and 35 million dollars, respectively

(Table 2.1); In addition to increased production, Manitoba grown corn is attracting a lot

of interest as a swine feedstuff because it is locally grown and therefore offers

opportunities to effectively manage dietary nutrients and maintain sustainability. Until

now, the amount of Manitoba grain corn used in the swine industry has been small partly

due to availability and lack of data on the feeding value of the available cultivars.

The use of locally-grown com cultivars would be beneficial to corn growers and

pig producers. Environmental conservation, reduced cost of transportation and handling

and addition of value to feedstuffs arepartof the reasons why the use of locally grown

feedstuffs should be encouraged (House et al.2002). As environmental conservation has

become an important issue in livestock production, the use of locally available

ingredients has potential to reduce net accumulation of nutrients that results from

importation of feedstuff and thereby enhance nutrient recycling within an ecosystem.

This review will explore the feeding value of grain corn for swine in terms of chemical

composition, nutrient digestibility, animal performance and product quality.



Table 2.1. Grain corn production, capital expenses and cash receipts in Manitoba
between 1999 and:2002.

Year

t999 2001 '02 as a%o of '01

Estimated number of farms

Crop production

Seeded area ('000 acres)

Harvested area ('000 acres)

Yield/acre (bushels)

Production (million bushels)

Average price ($ bu-t)

Value of production ($ million)

Estimated total expenses ($ ac-l)

Cash receipts ($ million)

540.0

110.0

100.0

94.0

9.4

2.6

24.t

268.8

19.2

600.0

145.0

130.0

80.0

t0.4

2.7

28.3

263.6

2T.4

r29.2

140.9

15s.0

94.9

146.5

t20.0

178.6

96.0

158.8

542.0 700.0

110.0 155.0

100.0 155.0

98.s 93.5

9.9 14.5

3.0 3.6

29.5 52.7

279.0 267.8

22.1 35.1

Adapted from MAFRI (2003)



)7 CORN AS A FEEDSTUFF FOR SWINE

Corn is the most commonly used cereal grain in animal feed in North America

and it is widely accepted as an excellent source of energy in swine diets. Also, because

corn is used in relatively large amounts in most swine diets, it makes a significant

contribution to the dietary amount of other nutrients like CP and AA. It has been shown

that when fed to pigs, corn has superior or equal feeding value as barley (ZiRong et al.

2002; Lampe et a\.2004), which along with wheat are traditionally the main sources of

energy in swine diets in westem Canada. Although the feeding value of corn for swine

has been evaluated extensively, its variability in chemical and nutrient composition from

location to location (D'Alfonso zlI2)warrants evaluation of the feeding value of locally

available cultivars in order to optimize their use as a feedstuff.

2.2.1 Chemical and nutrÍent composÍtion of corn

The chemical and nutrient composition of corn varies with location because it

depends on factors such as genetics, climatic conditions, management practices, handling

and processing (Pomeranz and Bechtel 1978; D'Alfonso 2002). Table 2.2 shows the

published chemical and nutrient composition of corn.

Corn is a one-seeded fruit whose structure consists of pericarp (about 6%),

endosperm (83%) and germ (ll%) (Pomeranz and Bechtel 1978). Atl the three parts of

the corn kernel vary in nutrient composition. The pericarp contains 73% insoluble non-

starch carbohydrates, 16%o fiber,7Yo protein and 2%o oil; the endosperm contains 85%

starch and l2%o protein while germ contains mostly oil (81-85%) and limited amounts of

protein and carbohydrate (Pomeranz and Bechtel 197S). The kernel, generally high in
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Table 2.2. chemical and nutrient composition of grain corn (DM basis)
References'

Dry matter,%a

Crude Protein, o/o

Ether Extract, %o

Ash, %

Nitro gen-free extractiv es, %o

ADF, %

NDF, %

Gross Energy, Mcal/kg

Essential amino acids, oÁ

Arginine

Histidine

Isoleucine

Leucine

Lysine

Methionine

Phenyalanine

Threonine

Tryptophan

Valine

91

6.8-8.2

89

9.3

4.4

3.1

10.8

0.42

0.26

0.31

l.1l

0.29

0.19

0.44

0.33

0.07

0.44

11

4.2

1.3

7.2

4.16

0.49

0.31

0.38

t.45

0.28

0.28

0.s3

0.35

0.57

9.8

2.8

9.6

4.r0-4.15

0.39

0.22

0.30

0.96

0.27

0.16

0.40

0.28

0.06

0.39

0.42

0.33

0.36

1,.34

0.27

0.22

0.54

0.38

0.06

0.s0

1, Moeser et al. (2002); 2, NRC (1998); 3, Sproule et al. (1988);4, Ortega et al. (1986).
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carbohydrates (mostly starch) and low in protein, contains a small amount of fat, fiber,

ash and important minerals and vitamins such as calcium, phosphorus, niacin and

carotene (Pomeranz and Bechtel 1978; NRC 1998; Prasanna et a1.2001). Although corn

is a poor source of two indispensable AA namely lysine:and tryptophan (Qi et al.

undated; Prasanna et al. 2001), it is especially valued for its high energy content which is

the most expensive component of a swine diet. Corn has higher digestible energy (DE)

content (3525 kcal kg-t) compared with barley and wheat, (3050 and 3365 kcal kg-r,

respectively) (ltIRC 1998). Charactenzation of corn cultivars from different locations

offers an opportunity to manage the dietary supply of nutrients in swine diets to closely

match the animals' requirements. This will not only minim izethecost of production by

preventing excessive supply of dietary nutrients but will also minimize the amount of

nutrients (e.g. nitrogen and phosphorus) excreted into the environment and the associated

pollution problems.

2.2.1.1 Corn carbohydrates

Corn carbohydrates, like other grain cereals, are made up of starch, pentosans and

sugar (Pomeranz and Bechtel 1978). The high amount of starch (about 7l% of the corn

kenrel) in corn makes it a concentrated source of dietary energy (Johnson et al. 1999;

Prasanna et al. 2001). Corn starch is a pol¡rmer of glucose linked together as alpha l-4 or

1-6 linkages (Johnson et al. 1999). Alpha 1-4 linkage forms a linear chain molecule

called amylose and alpha l-6 forms a branch chain molecule called amylopectin (Johnson

et al.1999). Regular corn starch contains about 27Vo anrylose, which is responsible for

the gel formation property of starch and about 73o/o amylopectin, which is responsible for
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the viscous property ofstarch (Johnson et al. 1999). In fact, alteration ofthe ratio of

amylose to amylopectin in corn starch changes the starch property. For example, waxy

com, contains 100% amylopectin, has a viscous starch (Rooney and Pflugfelder 1986).

However, r'¡/axy corn has been reported to have equal or superior feeding value compared

with regular corn when fed to growing and finishing pigs (Johnston and Anderson 1996;

Swantek et al. 1996; Camp et al. 2003). Superior feeding value of waxy com relative to

regular corn has been related to higher availability of branched chain amylopectin

compared with the straight chain amylose (Rooneyand Pflugfelder 1986; Granfeldt et al.

1993). However, due to the viscous property of amylopectin, nutrients in waxy corn

might not be well utilized by young pigs because their digestive systems have not been

developed fully. The nutritional value of waxy corn for young pigs requires further

investigation.

2.2. t .2 Corn protein

Corn contains four types of protein, which include water-soluble proteins

(albumins), salt-soluble proteins (globulins), alcohol-soluble proteins (prolamins) and

acid- and alkali-soluble proteins (glutelins) (Pomeranz and Bechtel 1978). Prolamins

which are otherwise called zeins are the predominant protein in corn and are found only

in the endosperm (Prasanna et al. 2001). Zeins constitute about 60% of the endosperm

and are rich in glutamine, leucine and proline but contain no lysine and tryptophan

(Prasanna et al. 2001). Although, albumins, globulins and glutelins are balanced in AA

contents, the com kernel as a whole is deficient in lysine and tryptophan due to the effect

of zeins (Prasanna et al. 2001).
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2.3 TNDICATORS OF CORN QUALITY

Corn growers evaluate corn quality based on agronomic parameters (yield and

bushel weight) while livestock producers are interested in the chemical and nutrient

profile of corn. Zijlstraet al. (2003) reported that bushel weight, which has been used

traditionally as a measure of grain quality, is not a good indicator of the nutritive value of

cereal grains, including corn. Of interest to livestock producers are oil and protein

contents of grain corn (Roozeboom and Herrman 2001). High oil content in corn has an

advantage of increasing the energy concentration of diet and at the same time reducing

the amount of dust in feed. Increased protein content in grain corn can drastically reduce

feed cost by reducing the amount of expensive protein supplements required. In fact,

additional 1olo increase in protein and oil contents of corn can reduce the cost of feed by

$5 and $2, respectively, for every ton of com depending on the amount of soybean and

grease oil replaced in the diet (Roozeboom and Herrman 2001).

2,4 FACTORS AFFECTING CORN QUALITY

It has been well documented that grain corn quality, both agronomical and

nutritional, varies. Corn quality varies with cultivar (Moss et al. 2001; Schneider et al.

2004) andlocation(D'Alfonso2002; Schmidt ef aL.2002) asaresultofvariabilityin

factors such as fertilizer type and quantity, precipitation, processing and storage and

genetics that affect corn quality. Although the effects of these factors on agronomic

quality indicators such as yield have been widely studied, there is limited information on

their effects on the chemical composition and nutrient bioavailability in corn. Thus, there
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is need for research to charactenze the effects of factors that affect growth and

development of corn (and other feedstuffs) on the chemical composition and nutrient

bioavailability in order to efficiently manage dietary nutrient supply in livestock diets.

2.4,1 Soil texture, organic matter and moisture content

Corn prefers well drained soils especially sandy-loam or silty-clay-loam textured

soils compared with poorly drained (clay) or rapidly drained (sandy) soils (MAFRI

undated). Furthermore, soil differs in organic matter (OM) content and high OM usually

translates to greater N minerali zationand availability and hence, greater yields

(Mahmoudj afan et al. 1997: Schmidt et aL.2002). Rainfall and grain com yield are

positively correlated (Carreker e:tal. L97\;Garlipp I976;Drury and Tan 1995). In a study

by Schmidt et al. (2002),variation in nitrogen availability to corn plants among different

locations in a field was partly attributed to soil water content.

Availability of nutrients, through soil water, to plant is closely associated with soil

texture. For example, excess soil water, which can result from a poorly drained soil, is

detrimental to corn growth and yield and it increases the rate of susceptibility to diseases

(Carter et al. 1990; MAFRI undated). According to Durst and Beegle (1999),when soil

is saturated or under anaerobic conditions as a result of excessive rainfall or poor

drainage, soil bacteria use up nitrate oxygen and convert nitrate nitrogen to nitrogen gas,

a form that is unavailable to plant and that is readily lost to the atmosphere. FurtherTnore,

excessive rainfall in a rapidly drained soil leads to leaching of soil nitrate before plants

get any chance to absorb it (Figure 2.1). Likewise, inadequate supply of water or low

water input limits potential grain yield, retards growth, and in severe cases may lead to
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development of nutrient deficiency symptoms (MAFRI undated; Liang et al. l99l). Since

soil water plays an important role in nutrient uptake by plants, any factor that reduces

efficiency of nutrient uptake through soil water could affect grain nutrient concentration.

However, the relationship between soil texture and soil moisture content in relation to

nutritional quality of grain com has not been fully explored.

2.4.2 FertilÍzer type and amount

Soil fertility is important to corn yield and nutrient content. Yield and protein

content of grain corn increase with nitrogen fertilization (Cherney and Cox 1992; Moss et

al' 2001; MAFRI undated). Furthermore, fertilizer type and amount may affect corn

yield, nutrient content and nutrient digestibility. For instance, in a study by Moss et al.

(2001), corn fertilized with a low (a.5 Mg ha-r) amount of broiler litter had lower N-

uptake and whole plant yield compared to corn fertilized with a medium (9 Mg ha-')

amount of broiler litter or ammonium nitrate commercial fertilizer (202kghat).

Although yield and nutrient content of corn fertilized with appropriate rate of broiler litter

\ryas comparable to that of ammonium nitrate fertilizer, in vitro dry matter (DM)

digestibility was lower (Moss et al. 2001). Nutrient defrciency generally retards plant

growth and consequently reduces yield (MAFRI undated). However, the effects of type

and amount of fertilizer on nutrient digestibility, an important quality indicator for swine

producers, of grain corn in animal studies are yet to be fully addressed.
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Figure 2.1. Nitrogen cycle

Source: Durst and Beegle (1999)
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2.4.3 Row spacing and plant density

and increase yield is of economic importance to com growers (Farnham 20Ol). Fulton

(1970)and Norwood (2001) reported a higher yield for plants grown at high density.

Likewise, high grain yield has been associated with corn grown in narrow row spacing

(Lutz et al. I97I; Fulton 7970;Porter et al. 1997). Row spacing had no effect on grain

moisture content (Porter et al.1997; Farnham 2001) but the effects of row spacing and

plant density on chemical composition and feeding value of corn have not been

evaluated.

2.4.4 Genetics

The role of genetics in developing corn cultivars with better agronomic and

nutritive potential can not be over emphasized. Over the years, plant breeders have

targeted specific, desirable traits, such as yield (Duvick 1992,1997; Tollenaar and Lee

2002), days to maturity and foliage characteristics (Modarres et al. 1998; Begna et al.

1999; Dijak et al. 1999), protein, lysine and oil contents (o'Quinn et al. 2000), and

herbicide tolerance (Ridley et aL.2002;Herman et a|.2004). Tollenaar and Lee (2002)

reported that 60yo of the improvement made to yield of grain corn can be attributed to

genetics and 40% to improved agronomic practices. A significant interaction between

genetics and agronomic management was reported for production of desirable yield

(Duvick 1997: Tollenaar and Lee 2002). The genetic-environment interaction suggests

that the agronomic and nutritional quality potential of a plant might not be fully

expressed under unfavorable growing conditions. A good understanding of the suitable
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gro'wing conditions for differenf corn cultivars will enhance expression of their full

genetic potential and will be of great benefit in producing quality grain corn for livestock

feed. Furtherïnore, corn cultivars that can be grown successfully in areas with short

growing season have been developed by plant breeders. However, it is unknown whether

the nutritional quality of these cultivars was altered while they were being developed.

2.4,6 ProcessingTechniques

Processing of grains for storage and at feed mills can have a significant effect on

their nutritional value. Prolonged post-harvest drlng of corn at high temperature could

result in heat damage and hence reduce its nutritional value for pigs and poultry (MAFRI

undated; Jensen et al. 1960; Emerick et al. 1961). The observed relationship between heat

damage and feeding value of grains might be due to starch degradation and unavailability

of limiting amino acids (Mitner and Woodforde 1965).

V/hole grains are usually subjected to various forms of processing such as

grinding and pelleting before they are fed to pigs and poultry. It has been shown that for

grinding, the type of mill (hammer mill vs roller mill) used has no consistent effects on

nutrient digestibility and animal performance. For example, Reece et al. (1985) reported

an increase in the efhciency of gain when broiler chicks were fed corn milled in a roller

mill compared with a hammermill. However, Ohh et al. (1983) failed to find such effects

of mill tlpe (hammermill vs roller mill) on nutritional value of corn and sorghum fed to

nursery pigs. V/ondra et al. (1995a) also reported inconsistent results of the effects of mill

type on animal performance and nutrient digestibility. In that study, coarsely ground (800

¡rm) roller mill processed corn had higher nutrient digestibility compared with hammer
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milled com. However, finely ground (a00 ¡im) roller mill processed corn had higher

nutrient digestibility in one experiment and lower nutrient digestibility in another. This

inconsistency in the effect of mill type on nutrient digestibility in relation to particle size

warrants further research.

Generally, the particle size of grain used to formulate diets has been shown to

affect digestibility of nutrients and feed efficiency. For example, feed efficiency and

nutrient digestibility of finishing pigs were improved when com particle size was reduced

from 1,000 to 400 ¡rm (V/ondra et al. 1995b). Compared with mash diets, pelleted diets

have been shown in most studies to increase feed efficiency and nutrient digestibility in

995b). The improvement in nutrient digestibility

might be due to inactivation of anti-nutritional factors as a result of the heat treatment

involved in pelleting (Mavromichalis and Baker 2000). With the current environmental

concems related to intensive livestock production, grain processing techniques that offer

opportunities to increase digestibility and reduce fecal excretion of nutrients will be of

great benefit to the swine industry.

2.5 CORN HEAT UNITS AND CORN PRODUCTION

Corn heat units (CHU) are cumulative temperatures that have been adopted as a

means of measuring growth and development of com in areas like Manitoba with low

temperatures. Plett (1992) reported that CHU is the most consistent thermal index for

measuring growth and development of corn. For efficient corn production, both the

cultivar and fTeld location are rated based on CHU. In other words, selection of a corn
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cultivar that can be grown successfully in a particular area is based on its CHU rating and

on the CHU accumulation at the field location during the planting season (MAFRI

undated). Daily CHU accumulation is calculated as follows (MAFRI undated):

îL_rr t _[t.s(r,'- a.a) +3.3(r",*-10)-.084(2,.--1 0)l
'l12J

where Tmin: daily minimum temperature fC) and Tn.'r*: daily maximum temperature

cc).

It is expected that the CHU accumulation in an area will vary within and between

years as daily maximum and minimum temperatures are important determinants of CHU.

Indeed, this has been shown to be the case by Major et al. (1978) who reported that there

\ryas a substantial year to year variability in the amount of CHU accumulated in an area.

Corn heat units accumulation at field location has been shown to influence chemical

composition and yield of grain corn. Lianget al. (1993) reported a reduction in the N

concentration of grain com as CHU accumulation at the field location exceeded 3000

irrespective of plant population, fefülizer rate and precipitation. The authors attributed

the reduced N concentration of grain to reduced N uptake at very.low or very high CHU

levels. Likewise, Liang et al. (1991) found a curvilinear relationship, at conventional

population density, between grain corn yield and the increasing amount of CHU

accumulation at the field location; yield increased as the amount of CHU accumulated

increased from 2836 to 3013 and thereafter dropped. Furthermore, Dwyer et al. (1991)

reported an increase in yield as the amount of CHU accumulated at the field location

increased from2832 CHU to 3232 CIilJ. There is, however, lack of information on the

effects of CHU rating of corn on the chemical composition and nutrient concentration of
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grain corn. Detailed knowledge of the effect of CHU rating of com cultivar on the

feeding value of corn (e.g. nutrient digestibility) will help in selecting cultivars to grow

for use in animal diets.

2,6 DIETARY SUPPLY OF NUTRIENTS

One of the indicators of the feeding value of a feedstuff is the digestibility of its

nutrients, which is a measure of the disappearance of nutrients from the gastrointestinal

tract. Insufficient supply of dietary nutrients will prevent the full manifestation of the

genetic production potential of livestock. On the other hand, excessive dietary supply of

nutrients could escalate the cost of production that could otherwise be avoided and this

could impair profitability and sustainability of the livestock industry. Moreover,

excessive dietary supply of nutrients could lead to high amounts being excreted in feces

and a high concentration of nutrients in manure, especially nitrogen and phosphorus, has

been associated with environmental pollution (Kornegay,1996). Generally, manipulation

of dietary supply of nutrients has been suggested as an effective tool in improving

nutrient utilization by animals and thereby reducing environmental concems related to

livestock production (Miner 1999; Knowlton et aL.2004; Powers 2004). Therefore, in

order to optimize nutrient utilization by livestock, an accurate estimation of nutrient

digestibility coefficients of feedstuff is important. Digestibility coefficients of nutrients

are measured typically at the ileal or fecal level.
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2.6.1 Digestibility coeffïcients

Ileal digestibility coefficients are measured by estimating the difference between

dietary nutrient content and the digesta nutrient content at the tenninal ileum while total

tract digestibility coefficients are estimates of the difference between the amount of

nutrient fed to the animals and the amount excreted in feces. Measurement of digestibility

coefficient, whether ileal or total tract, can be apparent, standardized or true. Apparent

digestibility of a nutrient is a direct measurement of nutrient digestibility without

accounting for endogenous nutrient losses in digesta or feces. For cp and AA

standardized and true ileal digestibilities provide better estimates of digestibility than

AID because they are more additive in a mixture of feedstuffs (Nyacho ti et al. 1997,

2})Z;Rademacher 2001). True ileal CP and AA digestibility coefficients are apparent

ileal digestibility coefficients corrected for specific endogenous Cp and AA losses related

to the feed ingested. Standardized ileal CP and AA digestibility coefficients are apparent

ileal digestibility coefficients corrected for non-specific (basal) endogenous Cp and AA

losses (Rademacher et al. 2000). The non-specific endogenous Cp and AA losses are

based on the average values derived from a number of animal studies, and therefore

standardized CP and AA digestibility is more suitable as a routine measure of Cp and AA

digestibility in practical feed formulation.

The appropriateness of ileal or total tract digestibility for a particular nutrient

depends basically on the nutrient of interest. For example, true ileal and true total tract

digestibility of phosphorus were not different (Fan et al. 2001; Ajakaiye et al. 2003) but

the digestible energy (DE) content of feedstuffs is measured at fecal level because DE
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measured at the fecal level provides a better estimate of the energy available for pig use.

However, ileal rather than total tract digestibility measurements are preferred for AA

because total tract AA digestibility coefficients do not account for modifications that

occur to AA metabolism due to the activities of hind gut miroflora (Zebrow ska 1973;Li

and Sauer 1994). Hind gut microflora are capable of utilizing dietary protein and

synthesizing AA. Total tract AA digestibility can therefore be underestimated or

overestimated as a result of AA degradation or de novo synthesis of AA, respectively

(Sauer and Ozimek 1986; Darragh and Hodgkinson 2000). Also, the efficiency of

utilization for the nitrogen absorbed at the hind gut for body metabolism is negligible

(Just et al. 1981).

2.7 TECHNIQUES FOR ESTIMATING NUTRIENT DIGESTIBILITY

Three major approaches, direct, difference and regression, are used to evaluate

ileal and total tract digestibilities of a nutrient. The direct approach involves feeding the

test ingredient as the sole source of the desired nutrient (Lin et al. 1987). ln a case where

the feedstuff can not be fed solely for a long time or where the amount available is

limited, the test feed ingredient can be fed along with another feedstuff that supplies the

nutrient of interest (Fan and Sauer 1995; Adeola 2001). This approach is called the

indirect method and is based on the assumption that there is no interaction between the

desired nutrient digestibility in the test feedstuff and the other feedstuff (Furuya and Kaji

l99I; Fan et al. 1993). Another widely used approach is the regression method, and like

the difference method, it involves the use of basal and test diets and it is based on the
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assumption that there is no interaction between digestibilities of the desired nutrient in

the basal and test feedstuffs (Fan and Sauer 1995). In this approach, a series oftest diets

are formulated using graded levels of the desired nutrient and these levels are

accomplished through mixture of various of amounts of basal and test feedstuffs.

Detailed estimation of apparent nutrient digestibility, including mathematical equations,

using the three approaches has been fully reviewed by Fan and Sauer (1995).

The choice of the approach to use for dete¡mining nutrient digestibility

coeffÏcients depends on palatability and the nutrient content of the test feedstuff. Adeola

and Bajjalieh (1997) reported similar DE values for corn cultivars evaluated with the

direct and difference methods. With respect to CP and AA, feedstuffs with high levels

can be evaluated using any ofthe three approaches; the difference and regression

approaches are suitable for feedstuffs with low protein content (Fan and Sauer 1995;

Gabert et al. 2001); and the regression method is more appropriate for less palatable

feedstufß (Fan and Sauer 1995). Although nutrient digestibility is a good indicator of

feedstuff quality, a complete evaluation of the feeding value of a feedstuff has to be done

in light of its effects on animal performance and end product quality.

2.8 GROWTI{ PERFORMANCE AND CARCASS AND PORK

CHARACTERISTICS AS A MEASURE OF'FEEDING VALUE

In order to maximize profit in the swine industry, producers aim at bringing pigs

to market at the earliest possible time and at the lowest possible cost without

compromising product quality. In this light, pigs have been genetically developed over
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the years for high growth rates, low feed conversion ratio and high lean meat percentage

(Holck et al. 1998; Karlsson et al.1999). Expression of these genetic potentials is closely

related to environmental conditions (Holck et al. 1998; Frank et al. 1998) and nutrition

(Ellis and Mckeith 1999). From a nutritional point of view, growth performance, carcass

characteristics and fat quality are important indicators of the feeding value of a feedstuff.

Measures of growth performance include average daily gain (ADG), average daily feed

intake (ADFI) and feed:gain ratio. A feedstuff that produces high ADG at the lowest

amount of feed intake has the potential for reducing the costs of production by reducing

the amount of time required to raise the pig to market and thereby cutting down on

associated costs of production such as housing and labor cost. For example, according to

Dial et al. (2001), a pig betwe en20 and 110 kg body weight is expected to have an ADG

of 0.75 kg, ADFI of 2.2!kg and gain:feed ratio of 0.34. A feedstuff will be of good

feeding value if it can support animal performance equal to or more than that standard.

Beside growth performance, which is particularly of interest to swine producers, effect of

feedstuff on carcass and fat qualities are important in order to meet the competitive local

and international market demands (Lampe et aL.2004). Lean meat and firm, white fat are

prefened (Carroll et al. l999;Averette Galtin et al.2003;Carr et al. 2005). Feeding diets

high in carotenoids (naturally occurring fat soluble pigments found in plants) to pigs

might result in production of yellow fat and thereby cause a reduction in the market value

ofthe pork products.

Furthermore, nutrition has been reported to be an effective tool in altering the

fatty acids profile of pork and fat tissue. Berg (2001) and Ellis and McKeith (1999)

reported that apart from the de novo synthesis of fat, pork fatty acid profile is a product of
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dietary fatty acid profile. Feeding diets high in unsaturated fats to pigs has been

associated with a lower concentration of saturated fatty acids in pork and consumption of

unsaturated fat has a potential of reducing the risk of coronary heart diseases in humans

by reducing low density lipoprotein-cholesterol (Rentfrow et al. 2003). However, a high

amount of unsaturated fats in pork can pose serious processing problems. Difficulty in

belly slicing, reduced visual attractiveness of sausage and susceptibility to rapid oxidative

rancidity are among the problems associated with high amounts of unsaturated fats in

pork (Carroll et al. 1999; Averette Gatlin et al.2003;Carr et al. 2005). For bacon

processing, it is recommended that the amount of linoleic acid (lg:2) and poly

unsaturated fatty acid (PUFA), the major contributors to soft belly, should not exceed 14

and l5o/o,respectively, in the belly fat (NIPPC 2000). Likewise, less then 23% of PUFA in

the backfat of pigs is recommended for salami making (Warnants et al. 1998). A feedstuff

with good feeding value should support the fat deposition in the bell¡z fat and backfat of

pigs in a way that will not impair end product processing.

As discussed, it is well established that nutrition affects animal performance and

carcass and fat qualities. Utilization of dietary energy for either protein deposition (pD)

or lipid deposition (LD) can affect carcass quality. An appropriate ratio of AA to energy

must be supplied in the diet in order to optimize protein utilization for PD. In a study by

Bikker et al. (1994), PD remained constant with increased lysine intake beyond the

amount required for optimal PD but with increased energy intake, PD, LD and LD:pD

ratio increased in gilts with high genetic potential for lean gain. Generally, at the

appropriate dietary AA to energy ratio, a feedstuff with good feeding value will

maximize animal performance and support production of lean meat and white, firm fat.



27

2.9 CONCLUSION

The recent increase in com production in Manitoba has generated interest in

increasing its inclusion in swine diets. However, chemical and nutrient composition of

gtain corn varies with cultivar and field location. The variability in chemical composition

of corn due to field location is partly due to the differences in growing conditions because

factors such as precipitation and soil texture that influence com quality vary with

geographical location. Although the effects of these factors on the agronomical indicators

of grain com quality (e.g. yield) have been widely studied, only limited information is

available on their effects on the feeding value of corn. Therefore, the variability in

chernical and nutritional composition of corn warrants evaluafion of the nutritive value of

locally available cultivars.

In addition to the effects of field location and cultivar on the nutritive value of

corn, CHU accumulated at the field location which influences kernel development might

also have an impact on the chemical and nutrient composition and the feeding value of

corn. Both the field location and com cultivars are rated based on CHU and this

information is used in selecting appropriate corn cultivars for a particular field location.

Corn heat units accumulation at field location affect yield and nitrogen concentration of

grain corn but the effect of CHU rating of corn cultivars on their feeding value has not

been investigated.

Chemical composition of a feedsfuff shows only its potential nutritive value; it

provides no clue as to the bioavailability of the nutrients to the animal and the associated

effects on the end product. A complete evaluation of a feedstuff should be done in the
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light of chemical and nutrient composition, nutrients digestibility, animal performance

and product quality.

In this project, Manitota grown corn cultivars will be evaluated for their chemical

composition and feeding value through a series of experiments. The results from this

project will be beneficial to the corn growers in selecting appropriate corn cultivars for

various field locations in Manitoba. Furthermore, the data from this project will enhance

the sustainability of the Manitoba swine industry by providing much needed data on the

feeding value of Manitoba-grown corn cultivars. The use of locally grown corn cultivars

will not only reduce the cost of feed but will reduce fecal excretion of nutrients as a resr:lt

of improved precision in diet formulation for swine.
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3.1

3.0 MANUSCRIPT I

Chemical composition and agronomic parameters of Manitoba grown corn cultivars

as affected by corn heat unÍts and field location.

ABSTRACT

Factors such as location are known to influence the nutritive value of feedstuffs.

For corn, the amount of corn heat units (CIIIJ) which influences kemel development may

also have an impact on its nutritive value as a feedstuff, Therefore, a study was conducted

to evaluate the nutrient profile of Manitoba-gïowïr corn cultivars as affected by location

and the CHU rating of corn. Samples of thirty-six corn cultivars from each of two

locations (St. Pierre and Reinland) were further subdivided into low CHU rated cultivars

(less than 2300 CHU) and high CHU rated cultivars (2300 or more ClIu). Samples were

analyzed for dry matter (DM), crude protein (CP), fiber (ADF and NDF), fat (hexane

extract), ash and total and phytate phosphorus. Data on yield, bushel weight and moisture

content at harvest were also collected. Data were analyzedas a completely randomized

design with a 2 x 2 factorial arrangement of treatment. As expected, there was a

significant effect (P < 0.05) of location on DM, CP, ADF, ash, phyate and total

phosphorus contents and yield. Com cultivars from St. Piene had higher (P < 0.05) CP

(10.4 vs. 9.5yo), ash (l .3 vs. l.2o/o), ADF (3.0 vs. 2.7yo), phytate phosphorus (0.22 vs.

0.19%) and total phosphorus (0.40 vs. 0.35%) contents and yield (165 vs. 129 bu/ac) but

lower DM (88.4 vs. 89.8%) content compared with those frorn Reinland. Com heat units

rating of corn had an effect (P < 0.05) on CP, bushel weight and yield. Low CHU rated
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cultivars had higher (P < 0.05) CP (10,12 vs.9.76%) and bushel weight (62.0 vs. 59.9 lb

bu-r; but lower (P : 0.0003) yield (1a0 vs. 154 bu ac'r) compared with high cHU rated

cultivars. However, there was no interaction effect of location and CHU rating on any of

the parameters rteasured. The results show that field location and amount of CHU have,

significant effects on the nutritional composition and agtonomic parameters of corn

cultivars.

INTRODUCTION

There has been a considerable increase in corn (Zea mays L.) production in

Manitoba over the last 4 years. Although corn is originally from the tropics, it has since

been adapted to areas with low temperatures and short growing seasons like Manitoba

(MAFRI undated). ln 2001, Manitoba produced almost the entire Westem Canadian grain

corn crop. Also, seeded area increased from 110,000 acres in 2001 to 155,000 acres in

2002 (MAFRI2003). This increase in corn production has stimulated the interest in using

locally grown com cultivars in swine diets. Furtherrnore, recent drought conditions and

high incidences of mycotoxins in the Prairies have threatened the production and

utilization, respectively, of barley and wheat that are the traditional energy sources in

swine diets in westem Canada (Loyns 2002; Clowes andZijlstra2O03).

ln areas with low temperatures such as Manitoba, cumulative temperatures such

as corn heat units (CfilÐ have been employed as a means of measuring growth and

developmeut of corn (Plett 1992). Corn heat units are a measure of useful heat required

for growth and development of corn (MAFzu undated). Corn heat units accumulation
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vary with geographical location and serves as a determinant of grain com cultivar that

can be grown successfully in each location. Grain corn cultivars in Manitoba require

2200 to 2400 CHIJ to reach maturity and based on this amount of CHU, about 95Yo of

Manitoba agricultural land can support the production of grain corn (MAFRI undated).

Generally, both the cultivar and the field location are rated based on CHU in determining

the appropriate cultivar for a particular field location.

As with other feed ingredients, chemical and nutrient composition of corn varies

with location (Singh et al. 2000; Kuo et al.Z}}l;D'Alfonso 2002; Schmidt et al:2002).

The reported differences in nutrient composition of grain corn due to location were

attributed to variability of factors such as temperature, precipitation and soil fertility that

influence the nutrient profile of corn. Manitoba-grown corn cultivars are yet to be

charactenzed in terms of chemical and nutrient composition, which is an important grain

quality indicator for swine producers. Therefore, charactenzation of the nutrient

composition of the locally available corn cultivars is important in order to efhciently

incorporate them into swine diets. Furtherrnore, charactenzation of the locally available

corn cultivars would provide a cheaper feedstuff for the Manitoba swine industry

compared to imported corn considering the cost of transportation (Loyns 2002). Utilizing

locally available corn cultivars would also offer opportunities to reduce net accumulation

of nutrients in the soil resulting from importation of feedstuffs (House et aL.2002) and

thus, enhances environmental conservation and nutrient recycling within an ecosystem.

Although the effects of location on nutrient composition of corn have been widely

studied, the impact of the CHU rating of corn on nutrient profile of corn cultivars is yet to

be addressed.
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3.4 OBJECTIVES

To evaluate the chemical composition of Manitoba grown corn cultivars.

To determine the effects of corn heat units rating of corn and field location on

nutrient profile and some agronomic parameters of corn.

MATERIALS AND METHODS

1.

2.

3.4

3.4.1 General experimental protocol

Thirty-six cultivars of corn were evaluated in this study. These cultivars were

replicated in two experimental stations of Manitoba Agriculture, Food, and Rural

Initiatives (MAFzu), St. Pierre and Reinland during 2003 planting season (May to

October). Based on the average annual accumulation of CHU in Manitoba, St. Pierre

represents an areawith low amount of CHU with an average annual accumulation of

2400 CHU while Reinland represents an aÍeawith high amount of CHU having an

average annual accumulation of 2700 CHU. However, the year 2003 was an unusually

warm year and the amounts of CHU accumulated at St. Pierre and Reinland from May I

to October 31 were approximately 2950 and 3007, respectively. The soil textures in St.

Pierre and Reinland are loamy and sandy soil, respectively. Cultivars within location

were further divided into low CHU rated cultivars (2100 - 2299 CHLI) and high CHU

rated cultivars (2300 -2700 CfilÐ.

St. Pierre and Reinland field locations were seeded on the 5th and 6th May, 2003. The

plot at St. Pierre was fertilized before planting with injected liquid manure, followed by
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incorporation of 20 lbs N and 15 lbs K2O into the soil. Field location at Reinland was

fertilized pre-seeding with 40 lbs N, 45 lbs PzOs, l5 lbs KzO and 15 lbs S and banded at

seeding with 55 lbs N, 10 lbs PzOs, 10 lbs KzO and 3 lbs S. At both locations, weeds

were controlled with a combination of Accent and Banvel II.

3.4.2 Sample Preparation and Chemical Analyses

A sub-sample (approximately 5009) of each cultivar was ground in a'Wiley mill

through a l-mm sieve and thoroughly mixed prior to analyses. Samples were analyzed for

DM, CP, fat (hexane extract), ash, fiber (acid detergent fîber (ADF) and neutral detergent

fiber (NDF)) and phytate and total phosphorus

Dry matter was determined by drying a 5 g sample in a pre-weighed silica dish in

vacuum oven to a constant weight at 100'C overnight. The sample was cooled in a

desiccator and weighed. Nitrogen was determined using a LECO CNS-2000 Elemental

Analyzer (LECO Corp., St. Joseph, MI) and CP was calculated using the formula N x

6.25. Ash was analyzed according to Association of Official Analytical Chemists

(AOAC) (1990) procedures by ashing a I g sample in a pre-weighed 45 mL silica

crucible for 12 h in a muffle furnace at 600"C.

Fat content was determined according to AOAC (1990) procedures using SER i48

solvent extraction apparatus with Viton seals (VELP6 Scientifica, Usmate, Italy). A 5 g

sample was weighed into an extraction thimble and connected to the extraction unit with

thimble connector. Hexane (75 mL) was dispensed into a pre-weighed extraction beaker,

placed right below the thimble in the extraction unit and the unit was closed. The thimble
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was lowered into the hexane, extracted for 60 minutes, washed for 60 minutes and hexane

was recovered for l8 minutes.

Neutral detergent fiber content was determined using a refluxing apparatus,

ANKOM200 leNrOU Technology Corporation, Fairport, NY), according to a procedure

outlined by Van Soest and Wine (1967) and modified by Robertson and Van Soest (1977)

with the addition of a-amylase enzyme (Termamyl; Novo Nordisk A/S, Bagsvaerd,

Denmark). Briefl¡ samples were treated with boiling neutral detergent to dissolve

protein, enzyme,carbohydrate and ash. Amylase was added to digest the starch and the

samples were later washed with acetone to remove fat and pigments. Acid detergent fiber

was determined following a similar procedure except that acid detergent buffer solution

was used in place of neutral detergent buffer and no amylase was added.

Total phosphorus was determined according to AOAC (1990) procedures. Briefly, I g

sample was weighed into a 50 mL borosilicate tube and ashed for 12 h in a muffle

furnace at 600"C. To each sample, 10 mL of a solution containing 5 N HCI and HNO3

(I% v/v) was added and the mixture heated in a sonicator water bath at 65'C for I h, after

which caps were removed and the tubes allowed to settle overnight. Standards with

phosphorus concentration range of 0 to 15 ¡t"glmLwere prepared. The absorbance of

samples was read against that of the standard solutions at 400 rul using Phannacia

Ultrospec 2000 spectrophotometer (Pharmacia Biotech, Cambridge, England). Phytate

content was determined according to the method of Haug and Lantzsch (1983). Briefly,

10 mL of 0.2 N HCI was added to 100 mg of sample, shaken at room temperature for 3 h

and then filtered. After filteration, 2 mL of ferric solution was added to I mL of the

filtrate in the hydrolysis tube and boiled for 30 min. The mixture was cooled for 15 min
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each on ice and room temperature and centrifuged (Centra GP8, International Equipment

Co., Needham Heights) at 3000 rpm for 30 min. To I mL of the supernatant, l.5 mL of

bipyridine solution was added and the absorbance was read after 10 minutes against

distilled water at 519 nm using Pharmacia Ultrospec 2000 spectrophotometer.

Data on yield, moisture content at harvest and bushel weight were collected as

agronomic parameters.

3.4.4 Statistical Analysis

Data were analyzedas a completely randomized design with 2 x 2 factorial

arrangement of treatment using GLM procedures of SAS (SAS Inst., lnc., Cary, NC).

When a significant F-value (P < 0.05) was indicated by the ANOVA, the Bonferroni test

was used to separate and compare treatment means. The model used was y,jk: l¿ + b¡ +d¡

+ bdù + e¡r. 'Where yijr: nutrient content of com; ¡l: population mean; b¡ : the main

effect of i'th CHU; d¡ : the main effect ofj'th location; bdij : the interaction of the two

main effects and e¡r is the residual deviation of k'th com cultivar in the ij'th treatment.

RESULTS AIID DISCUSSION

Chemical composition and agronomic parameters of Manitoba grown corn

cultivars as affected by field location and CHU rating of corn are shown in Table 3. I .

There was no interaction of CHU rating of corn and location on any of the parameters

measured (P > 0.10) and therefore, only main effects are presented.

3.5
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Table 3.1. Corn heat unÍts rating of corn cultivars and location effects on agronomical
parameters and nutritional composition of Manitoba-grown corn cultivars'

Reinland St. Pierre P value

Low High Low High SEMY CHUï L*

Nutritional composition
(n'
Drymatter

Crude protein

Fat (Hexane extract)

ADF

NDF

Ash

Phosphorus

Phytate

Agronomic data

Moisture (%)

Bushel weight (lb bu-t)

Yield (bu ac-r)

89.71 88.36

9.34 10.54

4.lg 4.49

2.74 2.92

9.23 8.96

r.22 1.36

0.34 0.4t

0.t7 0.23

89.87

9.7r

4.45

2.66

9.11

r.24

0.35

0.19

88.49

10.18

4.44

3.00

8.92

1.34

0.40

0.22

0.11

0.13

0.10

0.09

0.16

0.03

0.01

0.01

16.87 17.93 t7.51

61.30 58.85 62.71

121.84 136.05 158.70

17.88 0.43

57.27 1.s9

t7t.26 3.44

0.9218 <0.0001

0.0067 <0.0001

0.1265 0.1327

0.3663 0.0049

0.8155 0.1653

0.4289 0.0002

0.0695 <0.0001

0.2184 <0.0001

0.1020 0.5010

0.0t62 0.9578

0.0003 <0.0001

'Values are least square means

vPooled standard error of the means

*Corn heat units rating of corn cultivars

*Location

"Expressed on DM basis
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There was no difference (P :0.9218) in DM content of low CHU rated and high

CHU rated cultivars and it averaged 89.I%in both groups. However, location had an

effect (P < 0.05) on DM content. Despite the fact that the year the study was conducted

was abnormally warm (more than 2900 CHU accumulation atthe field locations), corn

cultivars from Reinland had higher (P < 0.0001) DM content compared with those from

St. Piene (89.8 vs. 88.4%).In general, DM content of all the corn cultivars evaluated

ranged from 87.1 to 90.6o/oand these are within the range of values that have been

reported in previous studies (NRC 1998; Adeola and Bajjalieh 1997; Moeser et al. 200n).

The difference in DM content observed between the two locations might be due to

differences in grain maturity. Moss et al. (2001) attributed an increase in whole plant DM

to greater grain maturity. Since Reinland had higher amount of accumulated CHU, DM

deposition might be favored.

Corn heat units rating and field location had an effect (P < 0.05) on CP content of

the corn cultivars. Crude protein content of low CHU rated cultivars (10.|%)was higher

(P : 0.0067) compared with that of high CHU rated cultivars (g.8%).This suggests that

as plant breeders selected for high CHU rated cultivars, CP content of grain was reduced.

Furthermore, the fact that low CHU rated cultivars had higher CP content though similar

DM content compared with high CHU rated cultivars means that low CHU favors

accumulation of CP in corn kernel. Cultivars from St. Pierre had higher (P < 0.0001) CP

content (10.4 vs. 9.5%) compared with cultivars from Reinland. This is in agreement with

the findings of Wiersma et aL (1993) who reported decreased whole plant protein content

with increased maturity of corn. It also agrees with Liang et al. (1993) who reported a

sharp reduction in the N uptake and grain N concentration as the amount of CHU of field
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location increased irrespective of fertilizer rate and water input. Crude protein was

expectedto increase with increased EM but the opposite was the case in the current

study. The higher CP content of the corn cultivars in St. Pierre compared with those from

Reinland could be due to differences in soil texture among other confounding

,nuirorr*ental and climatic factors. Under adequate soil N and moisture contents, com,

like other plants, has capacity to increase N uptake which would result in high CP:DM

ratio in the grain (Sattell et al. 1999). St. Piene is characteized by a well drained loamy

soil that can hold moisture better than the rapidly drained sandy soils in Reinland. Crude

protein content of all the analyzed corn cultivars ranged from 8.0 to ll.7o/o and these are

equal to or higher than values reported previously (Ortega et al. 1986; Sproule et al.

1988; Adeola and Bajjali eh 1997;Moeser et al.2002). About 60 and 90% of corn

cultivars in Reinland and St. Pierre, respectively, had higher CP content compared to the

NRC (1998) value (Figure 3.1a). The difference observed in CP content in the current

study and others could be due to differences in genetic composition of the cultivars and

growing conditions (Singh et al. 2000; D'Alfonso 2002; Schmdit etal.2002).

There was no effect of CHU rating (P :0.1265) or field location (P : 0.1327) on

the fat content of the corn cultivars evaluated. Fat content averaged 4.5 and 4.3o/o inlow

and high CHU rated cultivars, respectively, and 4.3 and 4,5o/o ín Reinland and St. Pierre,

respectively. However, about 30 and 50% of cultivars in Reinland and St. Pierre had

higher fat content compared to the NRC (1998) value (Figure 3.lb). In all the cultivars

evaluated, fat (hexane extract) contents ranged from 3.7 to 6.2o/o, arange which compares

with the values reported in previous studies (Burgoon et al. 1992; Adeola and Bajjalieh

2000; Yin et aL.2002).
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Corn heat units rating had no effect (P:0.4289) on the ash content of the com

cultivars, and it averaged 1 .3o/o for all cultivars regardless of CHU rating. However, there

was an effect of location on the ash content. The ash content of the cultivars from St.

Pierre was higher (P : 0.0002) compared with the contenf of those from R.einland (1.3

vs. 1.2 %). Thehigher ash content in St. Pierre corn could be attributed to differences in

growing condition such as the soil texture of the area. Since plants obtained their

nutrients mainly through soil water, nutrient uptake in St. Piene might be improved due

to its good water holding capacity hence the higher ash content. In all the cultivar

evaluated, ash content ranged from 1.0 to 1.8% and these values are consistent with those

reported by Burgoon et al. (Iggz)and Adeola and Bajjalieh (1997).

Corn heat units rating (P:0.8155) and field location (P:0.1653) had no effect

on !{DF content. It averaged 9.0 and 9.1%inlow CHU and high CHU rated cultivars,

respectivel y, and,9.2 and 8.9%oin Reinland and St. Pierre, respectively. In the current

study, NDF content of the cultivars ranged from 7.5 to 10.8%. Compared to NRC (1998),

about 96 anl. 100% of cultivars in Reinland and St. Pierre, respectively, had lower NDF

content (Figure 3.2a).Low CHU and high CHU rated cultivars were similar (P:0.3663)

in ADF content (2.8 vs. 2.9%) but cultivars from Reinland had lower (P:0.0049) ADF

content compared with those from St. Pierre (2.7 vs.3.0%). Acid detergent fiber content

ranged from 2.1 to 3.\yo.In comparison to NRC (1993), about 91 and 73Yo of the

cultivars in Reinland and St. Pierre, respectively, had lower ADF value (Figure 3.2b).

Low CHU rated cultivars tended to have higher (P : 0.0695) total phosphorus

content than high CHU rated cultivars (0.38 vs.0.37%). There was an effect of location
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on total phosphorus content. Total phosphorus content was higher (P < 0.0001) in

cultivars from St. Pierre (0.40%) than in those from Reinland (0.35%).In all the analyzed

samples, total phosphorus content ranged from 0.26 to 0,41o/o. [n general, about 40%o and

97Yo of cultivars in Reinland and St. Pierre, respectively, had higher total phosphoms

content compared with NRC (1998) value. Low CHU and high CHU rated cultivars had

similar (P : 0.2184) phytate phosphorus content (0.21 vs. 0.LTo/ù The cultivars from

Reinland had lower (P < 0.0001) phytate phosphorus content than those from St. Pierre

(0.19 vs, 0.22%).In all the a¡ralyzedcultivars, phytate phosphorus ranged from 0.12 to

0.24%.As expected, the effect of location on phytate and total phosphorus followed the

same trend as with the ash conJent. The ratio of phytate phosphorus to total phosphorus

ranged between 0.44 and 0.65. Although phytate phosphorus content in these cultivars

were comparable to the values reported by Spencer et al. (2000) and Veum et al. (2001),

the ratios of phytate phosphorus to total phosphorus were smaller compared to the ratio of

0.8 reported by these authors. Pigs have inadequate phytase enzyrne required to

hydrolyze phytate phosphorus molecule and as result the majority of phytate phosphorus

passes through the gastro-intestinal tract undigested (Omogbenigun et al. 2003).

Therefore, from nutritional point of view, low value of the ratio of phytate phosphorus to

total phosphorus observed in this study shows that Manitoba-grown corn cultivars have

higher amount of available phosphorus compared with values reported by Spencer et al.

(2000) and Veum et al. (2001), and utilization of phosphorus in these cultivars by pigs

will likely be enhanced.

Corn heat units rating and field location had an effect (P < 0.05) on leld of the

com cultivars. Low CHU rated cultivars had lower (P : 0.0003) yield compared with
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high CHU rated cultivars (140 vs. 154 bu ac-r). This agrees with the findings of Dwyer et

al. (1991) where high CHU rated cultivars had higher (P <0.05) yield than low CHU

rated cultivars (9.8 and 6.9 Mg ha-t). Corn cultivars from St. Pierre had higher (P <

0.000I) yield compared'with those from Reinland (165 vs. 129 bu ac-t¡. The difference in

yìeld observed between the two locations is in accordance with findings of other

researchers (Schmidt et aL 2002; Singh et al. 2000) showing that field location has an

effect on the yield of grain corn. However, this result is contrary to the hndings of Dwyer

et al. (1991) who reported higher yield (P <0 05) in an area with high CHU (3232CH[I)

conrpared to an area with low CHU (2832 CIilJ) (9.5 vs. 8.3 Mg har¡. The reason for this

difference could be due to differences in growing conditions; factors such as soil texture,

precipitation and drainage affect growth and development of corn and subsequently yield

varies with geographical location. The yield of the corn cultivars evaluated in the current

study ranged from 100 to 200 bu ac-r.

There was an effect of CHU rating but not of location on bushel weight. In the

current study, bushel weight ranged from 53.4 to 66.21b bu-l and these values are within

commercially acceptable range (Lilburn and Dale 1989). Low CHU rated cultivars (62 lb

bu-r¡ had higher (P = 0.0162) bushel weight compared with high CHU rated ones (58 lb

bu-'¡. Although the effect of CHU on bushel weight has not been reported, the observed

difference in the current study could be attributed to differences in genetic composition of

the cultivars which is one of the major factors affecting bushel weight (Lilburn and Dale

1989). This result suggests that low CHU rated cultivars have heavier kemels compared

with high CHU rated cultivars. It would be expected that high CHU rated cultivars will

have higher bushel weight due to higher yield observed in high CHU rated cultivars.
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However, according to Sunde et al. (1976), shape and size of kernel affect bushel weight

of com. Largerkernels may have lower bushel weight compared with smaller kernels

even if they have the same density because larger kernels may pack loosely. Furthermore,

presence of air pockets in corn kernel affects bushel weight (Sunde et al. 1976i). Bushel

weight of the corn cultivars in Reinland (60.1 lb bu-r) and St. Piene (60.0 lb bu-r) were

similar (P : 0.9578).

In the current study, moisture content at harvest ranged from 13.4 to 22.IYo.

Neither CHU nor location had any effect on the moisture content at harvest. Low CHU

rated cultivars and high CHU rated cultivars were similar (P :0.1020) in moisture

content at harvest (l7.2vs 17.g%). There was no difference (P : 0.5010) in the moisture

content of the cultivars from St. Pierre and Reinlan d, (I7.4 and,17.7%o,respectively). This

observation is contrary to the report of Dwyer et al. (1991) that areas with low amount of

CHU had higher (P <0.05) grain moisture content at harvest.

CONCLUSIONS

The chemical composition and agronomic parameters of com cultivars vary with

field location and CHU rating of com cultivars. Low CHU rated cultivars had higher

amount of CP compared with high CHU rated cultivars. Corn heat units rating of the seed

and the field location should be considered by corn producers in order to produce com of

high agronomical and nutritional quality. Clearly, from the chemical composition,

Manitoba-grown corn cultivars have an excellent nutritional profile which encourages

their inclusion in swine diets.

3.6
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4.0 MAIIUSCRIPT II

Digestibte energy, protein and amino acÍd content in selected Manitoba-grown corn

cultivars fed to growing pigs.

4.1 ABSTRACT

The objective of this study was to determine digestible energy (DE) and ileal

digestible crude protein (CP) and amino acids (AA) contents in two corn cultivars

commonly grown in Manitoba. Samples of the cultivars 39W54 and39M27 obtained

from St. Pierre, Reinland and Carman were used in the study. Six Cotswold barrows with

an initial BW of 21.5 + 0.9 kg (mean * SD) and equipped with a T-cannula at the distal

ileum were fed six diets according to a 6 x 6 Latin square design. Diets containedgTYo

corn as the only source of energy and protein andL.3o/ochromic oxide as a digestibility

marker. After a 4-d acclimation period to experimental diets, fecal samples were

collected for I2h each on two consecutive days followed by ileal digesta collection for

l2 h on each of the next two days for each experimental period. Apparent total tract

digestibilities of energy and CP and apparent and standar dizedileal digestibilities of CP

and AA were calculated. There \rr'as an effect (P <0.05) of location on ileal digestible CP

and AA and on DE. Standar dizedileal digestible CP content of cultivars from Carman

and Reinland (7.3%) was higher (P < 0.05) than for those from St. Pierre (6.8%).

Cultivars from Reinland had highest (P < 0.05) contents of standardized ileal digestible

aspartic acid, methionine, histidine and arginine (0.64,0.23,0.22 and0.37 %o,

respectively) compared with those from Carman and St. Piene. Cultivars from Carman

had highest (P < 0.05) contents of standardized ileal digestible phenylalanine and
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cysteine (0.50 and 0.27, respectively) compared with those from Reinland and St. Piene.

Digestible energy content of cultivars from Carman was higher (P < 0.05) than the value

for those from St. Pierre (3673 vs.3644kcal kg-r) but similar to the value for those from

Reinland (3669 kcal kg-t). Cultivar 39W54 had higher (P < 0.05) contents of

standardized ileat digestible CP, histidine, aspartic acid, threonine, serine, glutamic acid,

nine and arginine (7 .70,0.21,0.5g,0.24,0.61', 1.62',0'57 ,0.18, 0.69proline, glycine, ala 70,0.21,0.59,0.24

and 0.36 o/o, respectively) than cultivar 39M27. Cultivar 39M27 had higher (P < 0.05)

contents of standardized ileal digestible methionine, isoleucine and tyrosine (0.22,0.31

and0.29%o, respectively) compared with cultivar 39W54. The DE content of cultivar

3gMZ7 was higher (P < 0.05) compared with that of 39W54 (3674 vs. 3651 kcal kg-t).

The current.dataindicate that digestible energy, CP and AA contents of corn varywith

location and cultivar and this should be considered when formulating diets for pigs.

4.2 INTRODUCTION

Corn is an excellent source of energy in swine diets and because it is included at

high amount, it makes a significant contribution to other nutrients such as CP and AA.

Recent increase in corn production in Manitoba (MAFRI 2003) has generated interest in

increasing its use as an energy source in swine diets. Thus far, only a limited amount of

locally grown corn has been routinely included in swine diets partly due to availability

and lack of data on its feeding value.

The chemical and nutrient profile of corn has been shown to vary widely

depending on such factors as cultivar and field location (Sproule et al. 1988; NRC 1998;
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Singh et al. 2000; Moeser et aL.2002; Schmdit ef al.2002). For instance, the CP and

starch contents in com from different countries were shown to vary from7.4to 8.8% and

64.5%fo 6i,9.6% (as is basis), respectively (D'Alfonso 2002). In another study, CP

content in two com cultivars varied from 8.8 to 10.6%o(DM basis) (Yin et al. 2002).The

energy content in corn has been reported to vary from 4.10 to 4.44 Mcal kg-r (DM basis)

(Sproule et al. 1988; Adeola and Bajjali eh 1997;Moeser et al.2002). Clearly, grain corn

varies in energy and nutrient composition and therefore, charactenzing the nutritive value

of locally available corn cultivars is critical to accurate and cost-effective diet

formulation. To date, energy and nutrient digestibilities in Manitoba-grown com cultivars

are yet to be determined.

The objective of this study was to determine the digestible energy and CP and 44.

contents in representative Manitoba gtown corn cultivars fed to growing pigs.

4.3 MATERIALS A¡ID METHODS

4.3.1 General

Two cultivars of com, 39W54 and39M27, were obtained from three locations, St.

Pierre, Reinland and Carman, in Manitoba in 2003. The CHU rating of 39V/54 and

39M27 were 2100 and 2150, respectively and the CHU accumulations at St. Pierre,

Reinland and Carman in 2003 growing season were 2950, 2942 and3007, respectively.

The use of pigs and experimental procedures were reviewed and approved by the Animal

Care Committee of the University of Manitoba, and animals were cared for according to

the standard guidelines of the Canadian Council on Animal Care (CCAC 1993).
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4.3.2 AnÍmals and Housing

Six Cotswold bârows, obtained from the Universit¡r of Manitoba's Glenlea Swine

Research Farm, with an average initial BW of 21.5 + 0.9 kg (mean + SD) were used in

this study. Pigs were individually housed in adjustable metabolism crates [70"(length) x

24"(breadth) x 32"(height)] with smooth transparent plastic sides and plastic-covered

expanded metal sheet flooring in a temperature-controlled room (22 r 2'C).Pigs were

allowed 8-d to adjust to the metabolism crates after which they were surgically fitted with

a simple T-cannula at the distal ileum as described by Sauer et al. (1983). Immediately

after surgery, pigs were returned to their metabolism crates and allowed a 10-d post-

surgery recovery period during which they were fed twice daily increasing amounts of a

commercial grower diet. Pigs had unlimited access to drinking water from low pressure

drinking nipples. Each pig received excenel (Upjohn company, Orangeville, Ontario,

Canada) intramuscularly (1 mLllT kg BV/) a day before and three days after surgery.

Throughout the experimental period, pigs were washed twice daily with hibitane (Wyeth-

Ayerst Canada lnc.) and zincoderm (Rhone Merieux Canada Inc.) was applied to the

cannula site to minimize skin irritation.

4.3.3 Experimental Diets

Six diets were formulated to contain 97o/o com (Table 4.1) as the sole source of

energy and protein. Diets 1,2 and 3 contained 39M27 from St. Pierre, Reinland and

Carman, respectively, while diets 4, 5 and 6 contained 39W54 from St. Pierre, Reinland

and Carman, respectively. Prior to diet mixing, the corn samples were ground in a

hammer mill through a 3 mm screen. Vitamins and minerals were supplemented to meet
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Table 4.1. In

Item

Ingredient (%o)

Corn
Dicalcium,Phosphate
Limestone
Vitamin-Mineral Premix"
Chromic Oxide

redient com osition of the ex

C al culat ed nutri ent c omp os itionv
Digestible energy (kcal kg.r) 34tg 34Ig
Ç{ude þrotein (Zo) 8.3 8.3 8.3 8.3 8.3 8.3

in E,

15'2 IU; vitamin K, 1.3 mg; choline chloride, 210 mg;niacin, 24.7 mg;calcium pantothenat e,23.lmg; riboflav in,7.9mg; Thiamine,

0.84 mg; pyridoxine, 0.84 mg; vitamin 812, 2l t g;biotin, 42 ttg; folic acid, 0.42 mg;ca, 0.4g vo;p,0.22 %;Nacl, 0.2g %;Na, 0.12

To;}lg,0.01%;Mn,23.1 -g; Fe,96.6 mg;2n,8g.2 mg; Cu, 105 mg; I, 0.5 mg.

vBased on NRC (199S) feed composition data.

39M27 39W54

erimental diets
St. Piene

97

0.4
1,5

0.8
0.3

97 97 97 97
0.4 0.4 0.4 0.4
1.5 1.5 1.5 1.5
0.8 0.8 0.8 0.8
0.3 0.3 0.3 0.3

39M27 39W54

Reinland

39M27 39Ws4

97

0.4
1.5

0.8
0.3
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or exceed NRC (1998) recor4mendations. Chromic oxide (0.3%) was used as a

digestibility marker for determining energy and nutrient digestibilities. Diets were

provided to the animals in a mash form.

4.3.4 Experimental design and procedures

The six experimental diets were fed to the six pigs in a 6 x 6 Latin square design

at2.6times maintenance energy requirements (Agricultural Research Council 1981)

based on their BW at the beginning of each experimental period. Daily feed allowance

was divided into two equal portions and fed at 0800 and t600. Feed refusal and spillage

were recorded and used to determine actual dry matter intake. Each experimental period

lasted 8-d with a 4-d acclimation period to experirnental diets, Feces and ileal digesta

were collected over a 12hperiod (0800 to 2000) on days 5 and 6 and days 7 and 8,

respectively. Ileal digesta were collected into soft transparent bags containing l0 mL of

formic acid (v/v) solution to minimize microbial activities. All samples were frozen

immediately after collection at -20'C.

4.3.5 Sample Preparation and Chemical Analyses

Ileal digesta samples were pooled per pig per period by homogenizing the

samples in a heavy duty blender (Waring Commercial@, Torrington, Conneticut) and

about 200 g digesta was sub-sampled for chemical analyses. Fecal and ileal samples were

freeze dried, and along with diet samples, they were finely ground in a CBG5 Smart

GrindrM coffee grinder (Applica Consumer Products, Inc., Shelton) and thoroughly
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mixed before analyses. Diet, fecal and digesta samples were analyzed for energy, DM, N

(for CP) and chromic oxide. Digesta and diet samples were further analyzed for AA.

Dry matter and N contents were determined as described in manuscript 1. Diet

and digesta samples were analyzed for AA according to AOAC (1990) procedures using

an ion exchange column in LKB 4151 Alpha plus AA analyzer(LKB Biochrom,

Cambridge, UK) equipped with an Ll<B 4029 programmer and a 33934 Hewlett-Packard

Integrator (Hewlett-Packard Co., Avondale, USA), which uses a cation exchange column.

Briefly, a 100 mg sample was weighed into a side-arm hydrolysis tube. Following

addition of 2 drops of 2-Octanol, the sample was hydrolyzed with 4 mL of 6 N HCl. A lid

was placed on the tube and then the tube evacuated for 30 s before the lid was tightly

secured. The sample was then digested in a pre-heated block at 110"C for 24h. The

sample was cooled to room temperature and neutralizedwith 4 mL of 25Yo w/v NaOH

and then made up to 50 mL with a sodium citrate solution (fìH2.2).The sample was

thoroughly mixed and filtered through a'Whatman # 40 filter paper and a0.22 ¡,m nylon

syringe filter. Cysteine and methionine were determined by oxidizing a mixture of 100

mg sample and? drops of Z-Octanol with 2mL performic acid (88% formic acid and

35%oHzOz mixed in a 9:1 ratio) in the fridge for 20 h. At the end of the 20h,0.4 gof

sodium metabisulphate was added to the sample, allowed to stand for 6 h in the

fumehood and oxidized with 2 mL concentrated HCl. The sample was then digested in a

pre-heated block for 16 h at I l0'C, cooled to room temperature and then neutralized with

25o/owlv NaOH. The rest of the procedure was the same as for the regular AA analysis

method. Tryptophan was not determined.
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Diet, fecal and digesta samples were analyzed for energy using an adabiatic bomb

calorimeter (Parr Instrument company Inc. Moline, Illinois, usA). chromic oxide

concentration in diet, fecal and digesta samples was determined following the procedure

described by Williams et al. (1962).

4.3.6 DigestibÍlÍty Calculation and Statistical Analysis

Apparent digestibilities of energy and nutrient were calculated using the following

equation (Nyachoti et al. 1997):

Digestibility,o/o: [l-(Nr/CrÐ x (N¿/CrÐ] x 100

where N¡ is energy or nutrient concentration in feces or digesta (%); N¿ is energy or

nutrient concentration in diet (%); Cr¿is chromic oxide concentration in diet and Crr is

chromic oxide concentration in feces or digesta.

Standardized ileal digestibilities (SID) of protein and AA were determined by

correcting the apparent ileal digestibilities (AID) for non-specific endogenous protein and

AA losses according to the following equation (Rademacher et al. 2000):

SID, %: AID + (Ne/Ì.üoi.1) x 100

where AID: apparent ileal digestibility of CP or AA (decimal percent); NDiet: Cp or AA

concentration in the diet (mg tg-l nU¡; and Npl: non-specific endogenous Cp or AA

loss (mg t<g-t OVtt¡.

Data were subjected to analysis of variance as a Latin square design with a 2 x 3

arrangement of treatment using GLM procedures of SAS (SAS Inst., Inc., Cary, NC). The

effects of pig (n:6), period (n=6) and diet (n:6) were included in the model as sources of

variation. The individual pig was considered as the experimental unit. When a significant
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F-value (P<0.05) was indicated by the ANOVA, dietary treatment means were separated

and compared by Tukey's test.

RESULTS AND DISCUSSION

The analyzed nutrient composition of the corn samples used in this study is shown

in Table 4.2.In all the locations, DM, CP, ADF and NDF contents were higher while

hexane extract (fat) content was lower in 39W54 compared with 39M27. Variability in

the chemical composition of com types has been well documented. Yin ef al. (2002)

reported a CP content (DM basis) of 8.8 and 10.6to/o and a crude fat content (DM basis) of

3.1 and 3.6Yo inthe two cultivars of corn evaluated. Similarly, Moeser et al. (2002)

observed differences in the GE (4.15 vs. 4.10 Mcal kg-l, DM basis) and CP (6.8 vs. 8.2o/o,

DM basis) contents in the two cultivars of grain corn evaluated. The difference in the

chemical composition of corn cultivars from the same location might be due to

differences in genetic composition of the cultivars (Yin et a1.2002).In the current study,

when AA content was expressed as a proportion of CP, the levels of AA in the two

cultivars evaluated were comparable irrespective of location (Table 4.3). When AA

content of the corn samples evaluated in this study was expressed as a proportion of CP

content, leucine and glutamic acid were present in the highest levels among the

indispensable and dispensable AA, respectively, an observation that is similar to the

report of Snow et al. (2004). The nutrient contents of all the samples evaluated in this

study were within the range that has been reported in previous studies (Adeola and

Bajjalieh 1997; NRC 1998; Snow et aL.2004).
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Table4.2.Analyzedcompositionofcorncultivars(39M@
different locatÍons in Manitoba (st. pierre, Reinrand and carman) (as is-basis)

St. Pierre Reinland
Item
Dry matter

Crude protein
Hexane extract
ADF
NDF
Amino Acids
Indispensable

Arginine
Histidine
Isoluecine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Serine

39M27 39V/s4 39M27 39W54 39M27 39W54
88.87 90.4s 88.6s 90.23
8,57

4.08

2.32

7.07

9.63

3.82
2.72
9.25

88.61
8.74

3.98

2.62
7.69

0.30
0.19
0.31

1.07
0.24
0.31

0.37
0.29
0.39

0.70
0.66
0.19
1.29
0.31

0.76
0.66
0.29

89.0s
9.48

3.60

2.78

8.98

0.32

0.24
0.31

1.33

0.26
0.21

0.46
0.34
0.43

0.74
0.70
0.20
1.40

0.33
0.87

0.71

0.34

8.30

3;95

2.5s
7.69

9.52

3.89

2.86

8.34

0.30

0.22
0.31

1" 13

0.24
0.22
0.46
0.30
0.44

0.66
0.65
0.19
1.32
0.33
0.7r
0.66
0.33

0.32

0.25
0.35
1.28

0.26
0.23
0.4s
0.33
0.50

0.77
0.73
0.20
1.51

0.38
0.87
0.72
0.36

0.33

0.23
0.29
1.06

0.26
0.21

0.42
0.26
0.43

0.67
0.65
0.19
1.26

0.32
0.67

0.65
0.29

0.3s
0.24
434
1.23

0.24
0.21

0.48
0.31

0.47

0.74
0.75
0.2r
1.51

0.36
0.89

0.73
0.36Twosi
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TabIe4.3.Proportionofaminoacidsrelativet
Q9M27 and 39\il54) grown in different locations in Manitoba (St. pÍerre, Reintand
andCarman) \ ---7-

St. Pierre Reinland Carman
Amino acids 39M27 39Ws4 39M27 39Ws4 39M27 39Ws4

Indispensable

Arginine
Histidine
Isoluecine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline

15.40 15.68

3.50
2.57
3.62

1 3.19
2.80
2.57
5.37
3.50
5.13

7.70
7.58
2.22

3.32
2.60
3.63

13.29
2.70
2.39
4.67
3.43
5.19

8.00
7.s8
2:08

3.43

2.r7
3.55

12.24
2.75
3.55
4.23
3.32
4.46

8.01

7.55
2.t7

14.76

3.55
8.70

3.38

2.53
3.27

r4.03
2.74
2.22
4.85
3.59
4.54

7.81

7.38
2.tt

r4.77
3.48
9.18

3.98

2.77
3.49

t2.77
3.13
2.53
s.06
3.r3
5.18

8.07
7.83
))o

3.68

2.52
3.s7

12.92
2.52
2.2r
s.04
3.26
4.94

7.77
7.88
2.21

1s.18 15.86
3.85
8.28

3.95
9.03

3.86
8.07

3.78
9.3sSerine 7.70 7.48 7.55 7.4g 7.83 7.67Tyrosine 3.85 3.74 3.32 3.5g 3.4g 3.78
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Analyzed CP content of the experimental diets (Table 4.4) is comparable to the

calculated values (Table 4.1) for 39M27 but not for 39W54. This observation could be

explained by the variability in genetic composition of corn cultivars as in previous studies

(Singh et al. 2000; Yin et al.2002).

There was no interaction effect (P > 0.10) of location and cultivar on the AID of

DM, CP and energy, therefore only main effects are presented (Table 4.5). Apparent ileal

digestibility of DM was higher (P < 0.05) in the corn cultivars from Reinland compared

with those from St. Pierre and Carman. Apparent ileal digestibility of energy in cultivars

from Reinland was higher (P : 0.0018) than in those from St. Pierre but was not different

from the cultivars from Carman (P > 0.10). Apparent ileal digestibility of Cp was similar

across all the locations and averaged 60,61, and 57%oinCarman, Reinland and St. pierre,

respectively. The higher CP protein content in cultivar 3 gWs4compared with cultivar

39M27 (Table 4.2)wasreflected in the AID of CP in the two cultivars with cultivar

39W54 having a higher (P < 0.05) digestibility compared with cultiv ar 39M27 (Table

4.5). The observed differences in the AID of energy, CP and AA with respect to cultivar

and field location are in agreement with previous research (Yin et aI.2002; Snow et al.

2004). However, the values obtained for the AID of DM, CP and energy in the current

study were lower than the values obtained by Yin et al. (2002) where average values of

78,77 and7\%o, were reported for AID of DM, Cp and energy, respectively. This

observation could be explained by the differences in cultivar and source (includes factors

such as field location, growing conditions and management practices) of the com samples

evaluated.
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Table 4.4. Analyzed composition of the experimental diets (7o), as fed basis
St. Pierre Reinland Carman

Itern 39M27 39W54 39M27 39W54 39M27 39W54
DM
CP
NDF
ADF
Amino Acids
Indispensable

Arginine
Histidine
Isoluecine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Serine
Tyrosine

89.8
8.4
7.0
2.t

0.25
0.21

0.28
I.T2
0.2s
0.23
0.44
0.28
0.4s

0.69
0.58
0.28
1.30
0.32
0.74
0.65
0.31

92.2

9.6
7.6
2.6

0.34
0.23
0.27
1.32
0.27
0.19
0.41
0.34
0.49

0.77
0.70
0.29
t.45
0.36
0.82
0.75
0.3s

88.s
8.4
7.2
2.5

0.36
0.21
0.30
t.r4
0.2s
0.28
0.40
0.29
0.47

0.68
0.67
0.27
t.27
0.32
0.74
0.60
0.29

90.3
g..q

8.4
2.4

0.38
0.23
0.30
r.l8
0.2s
0.22
0.36
0.28
0.49

0.74
0.77
0.27
1.42

0.36
0.74
0.66
0.27

89.0
8:4
7.0
2.5

0.31

0.18
0.35
1.27
0.24
0.1 8

0i.45

0.27
0.4s

0.70
0.62
0.29
t.2t
0.36
0.75
0.59
0.44

89.3
9.6
8.5
2,3

0.36
0.20
0.30
1.31

0.23
0.23
0.51
0.3:2

0.42

0.78
0.63
0.28
1.54
0.36
0.84
0.74
0.3s
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end 39rü54 ied to growiùg pigs aF in{ueuced by loceÍignl .

- 

St. Pierrd Reinland ca¡man P value

Item
Ileal digestibility
Dry mitter 69.7 70.0 73.2 73.1 70.6 71.4 0.85 0.0021 0.7396

Cruderprotein
Energy 69.3 69.0 73.0 72.4 70.2 71.2 0.89 0.0026 0.9747

Total nad digestibi lity
Dry matter 85.S 85.4 85.9 85.9 85.ó 85.0 0.20 0.0166 0.0456

Crude protein 75.6 V7.3 75.7 79.0 75.8 79.3 0.88 O.4ll7 0.0007

Energy 84.4 83.8 84.5 84.4 84.3 83.8 0.28 0.3173 0.0781

'Values are least square means

vCorn samples w€re grown at St. Pierrg Reinland and Carman.

Tooled standard error ofthe least square means

39NW 39W54 39M27 39W54 39lvl27 39W54 SEM' Location Cultivar
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The effect of interaction between location and cultivar on ATTD of DM, Cp and

energy was not significant (P > 0.10) and therefore, only the effects of location and

cultivars are presented (Table 4.5). Corn cultivars from Reinland had higher (p :0.0127)

ATTD of DM compared with those from Carman but ATTD of DM of cultivars from St.

Pierre were comparable (P > 0.10) with those from both locations. There was no effect

(P > 0.10) of location on the ATTD of CP and energy. Cultivar had an effect (p < 0.05)

on ATTD of DM and CP. Cultivar 39W54 had a higher (P < 0.05) ATTD of Cp just as

observed for AID of CP but a lower ATTD of DM compared with 39M27. The effect of

cultivar on the ATTD of energy tended to be higher (p : 0.07g1) in3gM5Tcompared

with 39W54, attendthat is completely different from AID of energy (Table 4.5). The

difference observed in the pattern of nutrient digestibility, as affected by location and

cultivar, at the ileal level and fecal level might be due to microbial intervention on

nutrient digestibility at the hindgut. For example, hind gut bacteria are capable of

utilizing dietary protein and synthesizing AA (Li and Sauer lggì).In the current study,

the values obtained for the ATTD of DM, energy and Cp were higher than the values

obtained for AID (Table 4.5) which is in agreement with previous research (Moeser et al.

2002; Yin et aL.2002). The ATTD of DM, CP and energy of the corn samples evaluated

in the current study were comparable to the values reported by Adeola and Bajjalieh

(1997) and Snow et al. (2004) but lower than the values reported by Moeser et al. (2002)

and Yin et al' (2002). Again the variability in the ATTD of DM, Cp and energy further

confirms the variability in nutrient digestibility value of grain corn with respect to field

location and cultivar.



60

Location had no effect (P > 0.05) on the AID of AA. except for methionine and

phenylalanine among the indispensable AA, and for aspartic acid, cysteine and tyrosine

among the dispensable AA (Table 4.6). Compared with cultivars from Reinland, those

from Carman had higher (P < 0.05) AID for phenylalanine and tyrosine but lower values

for methionine and aspartic acid. Except for phenylalanine and cysteine, where cultivars

from St. Pierre had lower (P < 0.05) values, AID of AA in cultivars from St. pierre and
:

Catman were similar (P > 0.05). Apparent ileal digestibilities of aspartic acid and

cysteine were lower (P < 0.05) in cultivars from St. Pierre compared with those from

Reinland. Apparent ileal digestibility of arginine tended to be higher (p : 0.0554) in

cultivars from Reinland compared with those from St. piene. Cultivars from Carman

tended to have higher (P : 0.0693) AID of leucine compared with those from St. pierre.

Cultivar had an effect (P < 0.05) on the AID of arginine and methionine. Cultivar 3gW54

had higher (P :0.0496) AID for arginine compared with 39M27. The higher AID

digestibility of arginine in 39W54 compared with 39M27 is similar to the trend observed

in AID and ATTD of CP (Table 4.5) but the reverse was the case for the AID of

methionine with 39W54 having lower value compared with 39M27. This observation

shows that the digestibility of individual AA is unique and does not necessarily follow

the same pattern as CP digestibility. There was an interaction effect (p < 0.05) of

location and cultivar on the AID of methionine, cysteine and glycine. This implies that

the pattern of AID of methionine, cysteine and glycine in 39M27 and.3g:yr54varies with

location. For example, 39W54 and 39M27 had similar AID for methionine in Carman

and Reinland but in St. Pierre, 39Mr27 had higher digestibility (Figure 4.1). Apparenr

ileal digestibility of most AA in this study were comparable to the values reported by
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Table 4.6. Apparent ileal
rovyrn

Amino acids 39M27 39W54
Indispensable

Arginine
Histidine
Isoluecine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

Dispensable
Alanine
Aspartic acid
Cysteine
Glutamic acid

as influenced
St. Pie

6r.9
7t.8
69.6
8 r.3
44.7

79.7
74.0
51.8
68.8

74.2
59.6

72.0
79.2
t9.7
30.5
67.6
69.2

location"

69.3

70.8
67.3
80.6
51.8
69.4
72.5
57.6
67.2

75.6
64.3

69.2
70.4
34.9
57.3
66.r
73.9

39M27 39V/54
Reinland

72.8
76.3
65.3
82.2
46.7
82.9
75.5
55.4
67.3

76.1

67.2
73.1

81.4
20.4
3r.6
68.9
68.9

Glycine
Proline
Serine

73.2
75.7
66.3
82.2
46.8
76.0
7t.0
51.5
68.6

7s.9
70.0
77.9
80.9
32.6
4l.r
71.5
67.0Twosine

39M27 39W54 SEM*

'Values are least square means

vCom samples were grown at St. Pierre, Reinland and Carman.

"Pooled standard error of the least square means

*Interraction between location and cultivar

Carman

66.r
70.1

73.9
8s.6
44.5

71.5
76.9
s0.5
69.s

7t.1,

64.3
80.6
78.7
29.5
30.4
67.1
80.9

73.0
v3.2
66.7
83.2
46.8
74.0
80.5
54.7
64.8

73.6
60.9
75.6
81.6
20.6
37.4
70.4
77.r

2.84
2.6s
2.s8
t.42
4.r4
2.15
2.36
2.73
t.92

1.55

2.t2
1.30

3.45
4.17
10.00
r.78
3.31

Location Cultivar LxC*

0.0554
0.162s
0.2387
0.0693
0.8282
0.0159
0.0493
0.7382
0.8888

0.4r6s
0.0093

<0.0001

0.1660
0.8579
0.5883
0.2068
0.0101

P value

0.0496 0.3825
0.8102 0.6969
0.1869 0.2952
0.3891 0.6768
0.3624 0.6917
0.0118 0;,02rr
0.674s 0.2473
0.3789 0.1919
0.2908 0.3146

0.9100
0.4334
0.3524
0.4615
0.0851
0.0920
0.3186
0.9059

0.8382
0.1649
0.0032
0.2360
0.0181
0.5673
0.3600
0.4t79
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Stein et al. (1999) and Snow et al. (2004) but were lower than the values reported by

Burgoon et al. (1992), NRC (1998) and:Yin et al. (2002).

Stan dardizedileal digestibilities of CP and AA are shown in Table 4.7. Except for

methionine, the observed effects (P > 0.05) of location and cultivar on AID of

indispensable AA were completely eliminated for SID. Location had an effect (P < 0.05)

only on the SID of aspartic acid and cysteine for dispensable AA. As observed for the

AID of AA, cultivars from Reinland had higher (P < 0.05) SID of methionine compared

with cultivars from Carman, and of aspartic acid compared with cultivars from Carman

and St. Pierre. Standardized ileal digestibility of cysteine was lower (P < 0.05) in

cultivars from St. Pierre compared with those from Reinland. There was an effect (P <

0.05) of cultivar on the SID of crude protein and methionine. Similar to the trend

observed for AID of CP and methionine, 39W5  hadhigher (P : 0.0287) SID of CP but

lower (P = 0.0193) value for methionine compared with 3gM27.There was no effect (P

> 0.05) of interaction between location and cultivar on the SID of any of indispensable

AA. However, the interaction between location and cultivar tended to be significant (P :

0.0633) for methionine. For dispensable AA, the interaction between location and

cultivar was only significant (P < 0.05) for SID of cysteine and glycine. The values

observed for SID of CP and AA in the current study were lower than the value obtained

by Yin et al. (2002), and this could be due to differences in the source and type of

cultivars used.

The DE and apparent and standardized ileal digestible CP and AA contents of the

com samples evaluated are presented in Table 4.8 and 4.9. The effect of location on
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Table4.7Standardizedilealdigestibititiesofcrudeproteinand
39W54 fed to growlng pigs 3s influenced by locationz

.Item 39N127 39w54 39M27 39w54 39M27 3ews4 strMx
Crude protein 68.7 70.2 71.4 74,3
Amino Acids
Indispensable
Arginine 87.5
Histidine 85.5
Isoluecine. 85.9
Leucine 89.4
Lysine 59.0
Methionine 83.9
Phenylalanine 90.1
Threonine 67.8
Valine 83.7

Dispensable
Alanine 81.7
Aspartic acid 72.8
Cysteine 78.8
Glutamic acid 104.2
Glycine 36.4
Proline 51.0
Serine 76.5

88.8
83.9
84. I
87.6
65.4
74.8
87.9
7t.r
81.3

82,.s

75.5
7s.8
93.3
49.2

76.3
74.0

90.7
89.5
80.0
90.0
61.2

86.4
91.9
70.7
8r.2

83.6

78.5
80.1

106.5
36.s
51.8
78.3

90.1

88.3
81.4
89.9
61.3

80.6
89.6
67.8
82.r

82.9
80.0
84.8

103.8
47.:4

6t.7
80.2

39M27 39W54 SEM' Location Cultivar L*H*

"Values are least square means

vCorn samples were grown at St. Pierre, Reinland and Carman.

*Pooled standard error of the least square means

86.7
8s.9
85.1

92.7

59.1

76.8

91.5
66.8
83.6

81.5

75.9
86.9

10s.1
44.2

s0.3
76.8

90.8
87.3

81.7
90.1

62.s
78.4
93.s
68.7
80.6

80.3
73.0
82.8
t02.5
35.2
55.4
78. I

2.83 0.7228 0.4944 0.7068
2.6s 0.3042 0.8227 0.8161
2.58 0.2580 0.s469 0.6354
r.42 0.1586 0.2ts7 0.6668
4.14 0.9374 0.3402 0.7508
z.ts 0.0359 0.0193 0.0633
2.36 0.3447 0.6636 0.5897
2.73 0.7926 0.7307 0.5034
1.92 0.9140 0.3s03 0.s669

0.506r

1.55

2.12
1.30

3.44
4.17
10.00
t.78

0.3236
0.0470
<0.0001

0.1701
0.7033
0.ss98
0.1073

0.73s5
0.8047
0.3873
0.0689
0.1480
0.1153
0.8740

0.8326
0.3922
0.0044
0.4025
0.0277
0.5836
0.4t79
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'"lnterraction between location and cultivar
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Table 4.8 Apparent digestible energy (kcal kg-r) and ileal digestible crude protein and amino aciOq"Z"¡ contents in corn
cultivars 39M27 and 39W54 fed to

Item
Energy
Crude protein
Amino acids
Indìspensable
Arginine
Histidine
Isoluecine
Leucine
Lysine
Methionine
Phenylalanine
Threonine
Valine

Dispensable
Alanine
Aspartic acid
Cystine
Glutamic acid
Glycine
Proline
Serine

St. Pie

3664
5.2

0.r7
0.17
0.21
1.01

0.r2
0.21
0.34
0.16
0.34

0.58
0.39
0.22
t.t4
0.07
0.2s
0,49
0.24

3625
6.1

0.25
0.r7
0.20
1.16

0.15
0.14
0.35
0.2t
0.35

0.63
0.49
0.22
1.1 1

0.14
0.51

0.54
0.28

rowing pigs as influenced by location (DM basis

3678
5.6

0.30
0.19
0.22
1.06

0.13
0.26
0.34
0.18
0.36

0.59
0.50
0.22
1.16

0.08
0.27
0.47
0.23

Reinland Carman

3660 3680
6.6 5.4

'Values are least square means

0.31
0.19
4.22
1.08

0.13
0.18
0.28
0.r6
0.38

0.62
0.60
0.24
1.28

0.13
0.34
0.53
0.20

vCorn samples were grown at St. Pierre, Reinland and Carman.

39W54 SEM" Location Cultivar L*Cv
3667

6.8

0.23
0.t4
0.33
t.22
0.t2
0.15
0.39
0.16
0.37

0.59
0.47
0.27
t.07
0.t2
0.26
0.M
0.40

r2.t4 0.0541
0.r7 0.029s

0.01 <.0001
0.01 0.0001
0.01 <.0001
0.02 <.0001
0.01 0.3308
0.00 <.0001
0.01 <.0001
0.01 0.1052
0.01 0.0202

0.01 0.6938
0.02 <.0001
0.00 <.0001
0.0s 0.0196
0.02 0.9949
0.08 0.5631
0.01 0.3586

0.29
0.17
0.22
t.22
0.t2
0.19
0.45
0.19
0.30

0.64
0.43
0.23
t.4l
0.08
0.3s
0.59
0.30

P value

0.0292 0.5567
<.0001 0.2t16

<.0001 0.0063
0.0302 0.2769
<.0001 <.0001
0.0027 0.0029
0.3529 0.2899
<.0001 <.0001
0.5831 <.0001
0.0109 0.0010
0.2040 0.0012

<.0001 0.6696
0.0005 0.0002
0.2050 <.0001
0.0055 0.0080
0.0s66 0.0107
0.0522 0.4869
<.0001 0.0034

0.01 <.0001 0.0131 <.0001
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*Pooled 
standard error of the least square means

*lnterraction 
between location and cultivar
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Table 4.9. Standardized ileal digestible crude protein and amino acids contents (%) in corn cultivars 39M27 and

P value
Item 3gIvf27 3gW54 3gM27 3gW54 3gVfn 3gW54 SEMy
Crude Protein 6.4 7.3 6.8 7.8 6.5 8.0 0.17 0.0286 <.0001 0.2157
Amino Acids
Indispensable
Arginine 0.25
Histidine 0.20
Isoluecine 0.26
Leucine 1.11
Lysine 0.16
Methionine 0.22
Phenylalanine 0.41
Threonine 0.21

Valine 0.,42

0.33
0.20
0.2,5

1.26
0.19
0.15
0.42
0.26
0.43

0.69
0.57
0.24
1.47

0.2a
0.68
0.60

Dispensable
Alanine
Aspafic acid
Cystine
Glutamic acid
Glycine
Proline
Serine

0.37
0.22
0.27
1.16
0.17
0.27
0.41
0.23
0.43

0.6s
0.59
0.24
r.53
0.13

0.43
0.s3

0.63
0.47
0.24
1.50
0.13

0.42
0,55

0.38
0.23
0.27
1.18
0.17
0.19
0.36
0.21

0.45

0.68
0.68
0.26
1.64
0.19

0.51

0.s9
'Values are least square means

vCorn samples were grown at St. Pierre, Reinland and Carman.

*Pooled standard error of the least square means

0.30
0.17
0.38
t.32
0.16
0.16
0.46
0.21

0.44

0.64
0.56

0.29
1.43

0.18

0.43
0.51

0.37
0.20
0.27
r.32
0.16
0.20
0.53
0.24
0.38

0.70
0.51

0.25
1.77
0.14
0.s2
0.65

0.01

0.01
0.01

0.02
0.0r
0.01

0.01
0.01

0.01

0.01

0.02
0.00
0.0s
0.02

0.08
0.01

<.0001
<.0001
<.0001
<.0001
0.3308
<.0001
<.0001
0.1052
0.0144

0.7373
<.0001

<.0001

0.0916
0.9776
0.s641
0.33s9

<.0001 0.0041
0.0154 0.1970
<.0001 <.0001

0.0027 0.0029
0.3529 0.2899
<.0001 <.0001
0.4578 <.0001
0.0109 0.0010
0.1014 0.0006

<0.0001 0.5317
0.0008 0.0002
0.r376 <.0001
0.005s 0.0080
0.0387 0.011s
0.0509 0.4776
<.0001 0.0033
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*Interraction between location and cultivar
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apparent and standardizedileal digestible AA was significant(P < 0.05) for

indispensable AA except for lysine and threonine, and for dispensable AA except for

alanine, glycine, proline and serine (Table 4.8 and 4.9). Compared with cultivars from

Carman, cultivars from Reinland had higher (P < 0.05) standardized ileal digestible

aspartic acid, valine and methionine contents but lower (P < 0.05) cysteine and leucine

contents. Cultivars from St. Pierre had lower (P < 0.05) standardized ileal digestible

aspartic acid and methionine contents compared with cultivars from Reinland, and lower

(P < 0.05) values for cysteine and isoleucine compared with cultivars from Carman.

Cultivars from Carman, Reinland and St. Pierre were all significantly different (P < 0.05)

in standard ized,ilealdigestible tyrosine, phenylalanine, histidine and arginine contents.

Standardized ileal digestible CP content of cultivars from Carman and Reinland was

higher (P < 0.0001) compared with that of Cultivars from St. Pierre. Digestible energy

content of cultivars from Carman tended to be higher (P :0.0541) compared with that of

cultivars from St. Pierre but DE content of cultivars from Reinland was comparable to

that of cultivars from Carman and St. Pierre (Tables 4.8).

Cultivar had an effect (P < 0.05) on the apparent and sta¡dardizedileal digestible

cP and AA and on DE (Tables 4.8 and 4.9). cultivar 39w54 had higher (p < 0.05)

standardized ileal digestible histidine, aspartic acid, threonine, serine, glutamic acid,

proline, glycine, alanine and arginine contents but lower (P < 0.05) methionine,

isoleucine and tyrosine contents compared with 39M27. Cultivar 39M27 had higher (P <

0.0292) DE content compared with 39W54. There v/as a significant (P < 0.05) effect of

interaction between location and cultivar on apparent and standardizedileal digestible

AA except for histidine, lysine, alanine and proline. Digestible energy, Cp and AA
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7l

contents in the corn samples evaluated in the current study were comparable to the values

reported by Yin et aI.2002.

CONCLUSIONS

Digestibility of energy, CP and AA in the com samples evaluated in the current

study varied with location and cultivar. Similarly, digestible energy, CP and AA contents

were considerably variable between cultivar and location, thus emphasizing the need for

nutritional characterization of locally auailable corn cultivars before incorporating them

into swine diets. The data indicate that the digestible energy, CP and AA contents of the

Manitoba-grown corn cultivars are similar to published values.
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5.0 MANUSCRIPT III

Growth performance and carcass characteristics of pigs fed Manitoba grorryn corn

cultivars.

5.1 ABSTRACT

An experiment was conducted to determine growth performance, carcass characteristics

and fat quality of growing-finishing pigs fed diets based on two widely gro\¡/n corn

cultivars in Manitoba. Twenty-four Cotswold growing pigs (4L4 + 1.4 kg(mean + SD)

initial BW) individually housed in floor pens were blocked by BW and sex and randomly

allotted from within block to one of three diets to give eight replicate pigs per diet.

Fxperimental diets consisted of a control based on barley and two corn based diets

containing corn 39M27 or corn 39V/54 as the main energy sources. A three-phase

feeding program for 20-50 kg (phase Ð, 50-80 kg (phase II) and 80-110 kg (phase III)

BV/ range was used. Diets for each phase contained 3.5 Mcal kg-r DE, but total lysine

was 0.95%,0.75yo and 0.640/o in phase I, II and III diets, respectively. Average daily gain

(ADG), average daily feed intake (ADFÐ and gain to feed ratio (G:F) were monitored

weekly during each phase. Pigs were slaughtered after reaching a minimum BV/ of 100

kg. There were no effects (P > 0.05) of diet on ADG (lsmean + SE) (0.87 * 0.04, 0.85 +

0.05 and 0.90 + 0.05 kg for phase I, II and III, respectively), ADFI (lsmean + SE) (1.96 *

0.07,2.46 + 0.08 and2.86 + 0.09 kg for phase I, II and III, respectively) and G:F (lsmean

+ SE) (0.45 + 0.02, 0.34 t 0.02 and 0.31 * 0.02 for phase I, II and III, respectively).

Carcass length, dressing percentage, loin eye aÍea,loin depth, backfat thickness, belly

firmness and L*, b* and a* fat color were similar (P > 0.05) across dietary treatments.
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Pigs fed the diet based on corn 39W54 had a higher (P < 0.05) concentration of

polyunsaturated fatty acids in their backfat compared with those fed the barley-based diet

but the amount of saturated, monounsaturated and total unsaturated fatty acids in the

belly fat and backfat were similar (P > 0.05) across dietary treatments. The results

suggest that growth performance, carcass characteristics and fat quality of pigs fed diets

based on Manitoba-grown com cultivars and those fed the barley-based diet were

comparable.

5.2 INTRODUCTION

It is often speculated that pigs fed corn-based diets will produce inferior quality

products compared with pigs fed barley- or wheat based diets in terms of meat and fat

color and fat firmness (Lampe et al.2004;Carr et al. 2005). This argument is based on

the fact that yellow corn contains higher amount of carotenoids and unsaturated fatty

acids compared with barley and wheat (NIRC 1998). Carotenoids are naturally occurring

fat soluble pigments often found in plants (Priolo et a|.2002;Prache et al. 2003) and

feeding diets containing feedstuff with high amount of carotenoids to pigs might result in

production of colored fat as opposed to white fat that is in high demand in international

markets. Another product quality concerns related to feeding corn-based diets to pigs is

production of soft fats due to the high content of unsaturated fatty acids in corn. Berg

(2001) and Ellis and McKeith (1999) reported that apart from the de novo synthesis of

fat, pork fatty acid profile is a product of dietary fatty acids profile. ln other words, high

amount of dietary unsaturated fatty acids will result in pork products with high amount of
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unsaturated fatty acids. Although, dietary unsaturated fat can have some health benefits

such as reducing the risk of cardiovascular diseases in humans, a high amount of

unsaturated fats in pork has been associated with some serious product processing and

quality problems such as difficulty in belly slicing, visually unaltractive sausage and

susceptibility to rapid oxidative rancidity. According to Carr et al. (2005), pigs fed corn-

based diet were more efficient than those fed a barley-based diet. Furthermore, the

authors failed to find any beneficial effect of barley compared with corn on all the carcass

and fat quality characteristics evaluated, which contradicts results of others (Robertson et

a,l.Ig99). Clearly, the effects of feeding corn to swine relative to barley on growth

performance and carcass characteristics have not been conclusively determined.

Furthermore, the effects of specif,rc corn cultivars on these parameters have not been well

researched. Therefore, the objective of this study was to evaluate the effects of

representative Manitoba-grown com cultivars on growth performance and carcass and fat

characteristics of growing-finishing pigs. A sample of locally grown barley was also

evaluated as the control.

5.3 MATERIALS AND METHODS

5.3.1 Animals and Diets

Twenty-four Cotswold pigs (12 banows and 12 gilts), obtained from the

University of Manitoba's Glenlea Swine Research Farm, with an average initial BW of

4l.4 + 1r4kg (mean + SD), were used in this study. Pigs were blocked on the basis of
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BW and sex into eight blocks each with three pigs. Pigs from each block were randomly

allotted to one of the three treatment groups resulting in a total of eight pigs per

treatment.

Each treatment group was assigned to one of the three dietary treatments

consisting of a barley-based diet (control) and two diets each containing one of the two

most cultivated corn cultivars in Manitob a,39M27 and 39W54. The CHU rating of

3gM27 and 39W54 were 2150 and 2100, respectively. The barley sample was obtained

from University of Manitoba Glenlea Research Farm and the corn samples were obtained

from Carman. All grain samples were from the 2003 planting season harvest. Pigs were

fed on:a three-phase dietary program for BrW 20-50 kg (phase I), 50-80 kg (phase II) and

80-110 kg (phase III) as is usually done in the industry. The diets were formulated to

meet the NRC (1998) recommendations for each phase (Table 5.1). The dietary level of

CP, lysine and DE were comparable across dietary treatments within each phase.

Pigs were housed individually in floor pens 172" (length) x 48" (breadth) x 36,,

(height)] with plastic-covered expended metal sheet flooring in a temperature controlled

room (19"C to 2l"C). Each pen was equipped with a feeder and a nipple drinker to allow

unrestricted access to feed and water at all times. Diets were provided to the animals as a

mash. Individual pig weight and feed disappearance were measured weekly during each

phase to determine average daily gain (ADG), average daily feed intake (ADFI) and gain

to feed ratio. The use of pigs and the experimental procedures were reviewed and

approved by the Animal Care Committee of the University of Manitoba, and animals

were cared for according to the standard guidelines of the Canadian Council on Animal

Care (CCAC, 1993).
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Table 5.1. Ingredient composition and 
"

Item

Ingredient (%o)

Corn

Barley

Soybean Meal

Canola Meal
Dicalcium
phosphate

CaCO¡

Mineral Premix'
Vitamin Premix*
Lysine-HCl

Salt

78.26

tt.20
7.73

0.06

1.18

0.s0

0.50

0.r7

0.40

72.00

15.30

9.9r

0:I2

t.t7
0.s0

0.s0

0.10

0.40
Calculated
Composition'
cP (%)
Lysine (%)
Ca (o/o)

P (%)
Ca:P

72.00

15.3

9.9r

0.t2

t.t7
0.50

0.50

0.10

0.40

DE (Mcal ks-r

83.85

4.98

8.70

0.02

0.98

0.50

0.50

0.12

0.3s

" Represents 39M27.

YRepresents 39W54.

17.55
0.95
0.59
0.49
1.20
3.50

77.17

7.90

12.53

0.06

a.94

0.50

0.50

0.0s

0.35

39Ws4

17.49
0.9s
0.60
0.s0
t.20
3.50

77.t7

7.90

t2.53

0.06

0.94

0.50

0.50

0.05

0.35

17.79
0.95
0.60
0.50
r.20
3.50

Barley 39M27

Phase III

- 79.7s

89.71

3.89 5.00

4.00 13.00

0.01 0.01

0.93 0.88

0.50 0.s0

0.50 0.s0
0.l l 0.01

0.35 0.35

15.62

0.75
0.50
0.45
1.11

3.50

39W54

15.39
0,75
0.50
0.4s
1.1 1

3.50

79.75

5.00

13.00

0.01

0.88

0.50

0.50

0.01

0.35

Ls.70
0.75
0.s0
0.45
1.1 I
3.50

14.14
0.63
0.4s
0.40
I.T2
3.40

14.42
0.64
0.46
0.4t
I.t2
3.50

14.74
0.64
0.46
0.41
1.t2
3.s0
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.supplied 
the following kg-r of complete diet: copper, 15 mg; iodine, 0.21 mg; iron, 100 mg; manganese,40 mg; selenium, 0.30 mg;

zinc, 150 mg for phase I diets; and copper, 15 rng; iodine, 0.21 mg; iron, 100 mg; manganese, 20 mg; selenium, 0.15 mg; zinc, 100

mg for phase 2 and.3 diets.

*Supplied the following kg-r of complete diet: vitamin A, 8250 IU; vitamin D3, 825 IU; vitamin E, 40 IU; vitamin K3, 4 mg;

riboflavin, 5 -g; niacin, 35 mg; vitamin 812,25 ¡^lg; biotin, 200 ¡tgfor phase I,2 and,3 diets.

nCalculated 
based on NRC (199S) feed composition data except CP that was based on analyzed values.
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5.3.2 Carcass Evaluation

one pig was removed during the experiment due to poor growth performance. After

reaching a minimum live Brü/ of 100 kg, all pigs were slaughtered at the Meat Science

Laboratory of Animal Science Department, University of Manitoba after I g h of feed

deprivation' Prior to slaughter, pigs were weighed and then given an intramuscular

injection of acepromazinemareate (0.3 mg kg-r BW, Atravet 10 mg Injectabre) (wyeth

Anirnal Health, ON, Canada) mixed in a single syringe with l5 mg kg-r BW ketamine

hydrochloride Ketalea (Bimeda-MTC Animal Health Inc., oN, canada) as a pre_

anesthetic tranquilizer. once tranquilized sufficientl¡ approximately 20 mgkg-r Bw of
sodium pentobarbital (Bimeda-MTC Animal Health lnc., oN, canada) was administered

intravenously through the lateral ear vein to provide for a plane of surgical anaesthesia

but not enough to cause respiratory arrest. Pigs were then exsanguinated and the viscera

were removed' The dressing percentage was determined as the ratio of hot carcass weight

to live weight at slaughter. The carcasses were then split into two by cutting through the

backbone and then stored in a cooler at 4oC.

After 24 h in the cooler, carcass length was measured on the right half of the

carcass as a distance between the cranial face of the first rib and the tip of the aitch bone.

The belly was fabricated from the right half of the carcass according to the procedure of
UN/ECE standard for porcine carcasses and cuts (ECE rggT)and the leaf fat and the

attached ribs and cartilages were removed. Approximately r4,, x r9,, be¡y was cut out

and subjected to the belly flex test according to the procedure of Rentfrow et al. (2003).

Briefly, the carcass was centered on a polyvinyl chroride pipe (3.5,, diameter) mounted

perpendicularly on a board marked with a 1 inch grid matrix with the skin side down and
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the chine side against the board . Lateraland vertical flexes were calculated as the average

of the lateral and vertical Ieft and right flexes determined relative to the grid matrix on the

left and right side of the board, respectivery (Figure 5.1). About 50 g leaf fat was

removed for belly fat fatty acid analysis.

The left half of the carcass was evaluated for backfat thickness, loin depth and

loin eye area (LEA). Midline backfat thickness was measured perpendicular to the skin at

the first and last rib and at the last lumbar. The carcass was cut using the Hobart meat

cutting machine (The Hobart Mfg. Co. Ltd., Toronto, Canada) between the 10th and l lth
ribs to determine the 10th rib fat thickness, loin depth and loin eye area. The outline of
the loin eye was traced on an acetate paper and the loin eye area was later determined

using a 0'25cm2 grid. samples of subcutaneous fat were obtained from the area of lOth

and l lth ribs for backfat fatty acid and fat color analysis, respectively. The samples,

about 50 g for fatty acid analysis and approximately 8 cm x 10 cm in dimension for fat

color analysis, were carefully separated from the attached muscle. Fat samples were

stored in a -80"c freezer until required for further anarysis.

Fat color was evaluated for the Commission International de l,Eclairage (CIE) L*
(lightness), a* (red-green scale) and b* (yellow-blue scale) values (cIE 1976) using a

Minolta Spectrophotometer cM-3500d (Minolta co., Ltd. osaka, Japan). The

spectrophotometer was calibrated using the manufacturer's zero calibration and white,

standard calibration caps' The L* scale ranged rrom 0%o to ll}o/o,that is, the higher the

value, the lighter the color, a* scale ranged from negative (green) to positive (red) and b*

scale ranged from negative (blue) to positive (yellow). Each sample was read thrice.
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5.3.3 Fatty Acid Analysis

Feed ingredient samples (corn and barley) and belly fat and backfat samples were

analyzed for fatty acids. A representative sample of each grain ground through a 1 mm

sieve and thoroughly mixed was subjected to lipid extraction as described in manuscript I

according to AOAC (1990) procedures. Extracted oil was methylated following the

procedure of Folch et al. (1957). Briefly, 1 mL of hexane was added to 100 mg of the

extracted oil and then 0.1 mL of the mixture was evaporated to dryness under nitrogen'

gas in a waffn water bath (30"C) using an evaporation unit equipped with a heating

system (N-evap, Organomation Associates Inc., Berlin, USA). Then I mL of toluene and

1.2 mL of methanolic HCI were added and the tubes tightly capped before being placed

in an oven set at 80"C for 60 min. Samples were then cooled to room temperature for 10

minutes before adding 1 mL each of deionized water and hexane and the mixture

vortexed for 20 seconds and centrifuged (TJ-6 Centrifuge, Beckman, USA) for 4 min at

2000 rpm. The hexane layer was transferred into a clean tube and,2 mLof water was

added, vortexed and centrifuged for 4 min. Part of the hexane layer was transferred into a

gas chromatograph vial and the cap secured.

Belly fat and backfat samples were extracted and methylated according to the

procedures of Folch et al. (1957). Briefly, 500 mg of adipose tissue was weighed into a

glass tube containing 10 mL of a mixture of 2:1 chloroform methanol and 0.01% of

butylated hydroxytoluene. The tissue was then homogenized with a tissue homogenizer

(Polytron, Kinematica GMBH, Luzern-Schweiz, Switzerland). The mixture was filtered

through a'Whatman #4 filter paper into a clean screw top tube. To the filtrant, 2.3 mL of

0.73% sodium chloride was added and the mixture was vortexed and centrifuged (GS-6
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centrifuge, Beckman, usA) for l0 min at 1500 rpm. The top layer was removed and

discarded. The side of the tube was rinsed down with|ml of a theoretical upper phase

solution (chloroform:methanol:w ater 3:48:47) andthe remaining top layer was discarded.

The bottom layer was transferred into a 15 mL screw top tube, evaporated to dryness

under nitrogen in a 30oC water bath. The tube was vortexed after rinsing the side down

twice with I mL chloroform. The sample was then methylated as described above for the

feedstuffs.

Fatty acid methyl esters were analyzed using a Hewlett-packard 5g90A gas

chromatograph equipped with an autosampling injection system llp 7673.The 100 m

long column, Agilent Hp-88 capilary column (J and w scientific, Folsom, u.s), was

made of fused silica coated with 88%o cyanopropyl aryl siloxane (0.25 mm i.d. and0.2

¡^m film thickness)' The column temperature started at 50"C and after 1 min, it increased

at arate of 2T'C/min to 160oC and held at this level for 23 min.The temperature then
'

increased at atate of 2"C/min to 210'C and was held there for 7 min. To clean the column

between samples, the column temperature was increased at arate of 2['C/minto 240.C

and was held at that level for 5 min. The flame ionization detector temperature was kept

constant at 300"C. The fatty acid methyl esters were identified using a methyl ester

standard GLC-461(Nu Check prep, Inc., MN, USA).

5,3.4 Statistical Analysis

All data were subjected to analysis of variance as a randomized complete block

design using GLM procedures of SAS (sAS krst., rnc., cary, NC). The effects of brock

(n:8), gender (n:2) and dietary treatment (n:3) were included in the model as sources of



5i.4

83

variation. The individual pig was considered as the experimental unit. When a significant

F-value (P < 0.05) was indicated by the ANOVA, dietary treatment means were

separated and compared using Tukey's test. Belly fat and backfat fatty acid profiles were

compared using the t-test.

RESULTS AND DISCUSSION

The fatty acid profiles of barley and the two corn cultivars are presented in Table

5 .2. Barley had a higher amount of saturated fatty acids (SFA) compared with the two

com cultivars, with the amount of myristic acid (14:0), palmitic acid (16:0) and arachidic

acid (20:0) in barley being at least 367,"/0,50Yo, atnd,306yo,respectively, higher than in the

two corn cultivars. However, the two corn cultivars had higher amounts of oleic acid

compared with barley. This observation is consistent with previous research showing that

corn has a higher amount of unsaturated fatty acids compared with barley (NRC 1998;

Carr et al. 2005). There were differences in the fatty acid profiles of the two corn

cultivars (Table 5.2), which further confirms reports of variability in the chemical and

nutlient composition of corn (Sproule et al. 1988; Adeola and Bajjali eh L997; Moeser et

al. 2002; Yin et aL 2A0\. The fatty acid profiles of the corn cultivars evaluated in the

current study were similar to the values reported by Rentfrow et al. (2003). Compared

with the report of Carr et al. (2005), corn and barley samples evaluated in this study had

lower amounts of palmitic acid (16:0), palmitoleic acid (16:1) and stearic acid (18:0) but

higher values for linoleic (18:2) and linolenic acid (18:3). ln the barley and corn samples

evaluated in the current study, palmitic acid and linoleic acid constituted the highest
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Table 5.2.Fatty acid profiles Ín barley and the corn cultivars used in the

Com
mental diets"

Fatty acidVp) Barley 39M27 39W54
Capric (10:0)
Myristic (14:0)
Palmitic (16:0)
Palmitoleic (16:1)
Stearic (18:0)
Oleic (18:1)
Linoleic (18:2)
Linolenic (18:3)
Arachidic (20:0)

0.16 r 0.00

0.28 + 0.00
17.19 t 0.12
0.19 + 0.03

1.57 + 0.11

14.35 * 0.20

57.02 + 0.t2
0.35 + 0.00
5.64 + 0.13

0.16 + 0.02
0.03 + 0.02

10.32 + 0.08
0.13 + 0.02

1177 + 0.04
30.24 + 0.04
54.61 + 0.20
0.48 * 0.03
1.26 * 0:01

0.13 + 0.01

0.06 + 0.02

11.44 + 0.2r
0.13 r 0.02

2,00 + 0.10

25.67 + 0.16

57.73 + 0.29

0.50 + 0.02
1.39 + 0.01

'Mean f standard deviation
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proportion of saturated and total unsaturated fatty acids, respectively (Table 5.2), and this

observation is comparable with the reports of Rentfrow et al. (2003) and Can et al.

(200s).

5.4.1 Growth Performance

There were no treatment x gender interactions (P > 0.10) in any of the parameters

measured for growth performance, therefore only the effects of treatment and gender are

presented. Average daily feed intake, ADG and gain:feed ratio (G:F) are presented in

Table 5,3. There were no differences (P > 0.10) in ADFI, ADG and G:F of pigs fed the

barley-based diets compared with those fed diets based on either of the two com cultivars

during any phase of the study. Likewise, there were no dietary effects (P > 0.10) on the

overall ADFI, ADG and G:F. This observation is consistent with the results of Lampe et

al. (200Q showing no differences (P > 0.05) in ADFI, ADG and G:F of growing-

finishing pigs fed barley-based diet compared to those fed corn-based diets. Likewise,

Carr et al. (2005) failed to show any differences (P > 0.05) in ADFI, ADG and G:F of

pigs (45 to 80 kg BW) fed a barley- based diet and those fed a com-based diet.

The gender effect was observed only for ADFI and ADG in phase II and ADFI in

phase III. In phase II, barrows had higher (P : 0.036) ADFI and ADG (P : 0.0352)

conrpared with gilts. ln phase III, barrows ate more feed than gilts (P :0.0443), which is

consistent with previous studies (Hahn et al. 1995; Warnants et al. 1996; Hyun et al.

2004). However, G:F was comparable (P > 0.10) between gilts and barrows in all the

three phases, an observation that is similar to the findings of Warnants et al. (1999) and

Piedrafita et al. (2001). Overall, ADG of barrows tended to be higher (P :0.0720)
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Table 5.3. Effects of diet and

Item
Initial BW, kg
Final BW, kg

Phase I (3S-50 kg)
ADG, Kg
ADFI, Kg

G:F

Phase II (50-S0 kg)
ADG, Kg
ADFI, Kg
G:F

Barley

der on

40.69
107.90

0.84
1.90
0.44

0.86
2.40
0.33

39M27

Phase III (80-110 kg)
ADG, kg 0.84
ADFI, kg 2.75
G:F 0.30

Overall (38-110 kg)
ADG, kg 0.85
ADFI, kg 2.35
G:F 0.36

41.50
t07.25

39W54

0.86
2.03
0.43

0.80
2.42
0.33

0.89
2.80
0.31

0.85
2.41

0.36

42.00
I 08.13

0.92
1.95
0.49

0.89
2:56
0.35

0.97
3.02
0.31

0.93
2.51

0.39

SEMY P value

"Values are least square means

)'Pooled standard error of the least square means.

a,å Values within a row and gender bearing different letters differ (P < 0.05).

0.38
1.19

0.04
0.07
0.02

0.0s
0.08
0.02

0.05
0.09
0.02

0.03
0.06
0.01

0.1004
0.8537

0.4643
0.4830
0.1633

0.3951
0.3203
0.8196

0.2273
0.1169
0.8947

0.1170
0.27t9
0.2867

Barrow
41.6

108.3

0.89
2.0t
0.45

0.92a
2.57a
0.36

0.92
2.97a
0.31

0.91

2.52a
0.37

Gilt
41.2

r07.2

0.87
1.91

0.47

0.78b
2.35b
0.32

0.87
2.74b
0.31

0.84
2.33b
0.37

SEMY P value
0.64 0.4138
0.87 0.4386

0.04 0.7046
0.04 0.2488
0.02 0.4878

0.03 0.0352
0.03 0.0360
0.01 0.1293

0.06 0.4113
0.07 0.0443
0.02 0.7520

0.01 0.0732
0.03 0.0333
0.01 0.7624
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compared with that of gilts. As observed in phase II and III, overall ADFI of barrows was

higher (P : 0.0333) than that of gilts. However, there were no effects (p > 0.10) of

gender on the overall G:F.

The values obtained for ADG, AÐFI and G:F for barley- and corn-based diets in

the current study were similar to the values reported in previous studies (NRC, 1998;

Dial et al. 2001; House et aL.2002, Carr et al. 2005).

5.4.2 Carcass characteristics

Carcass characteristics of pigs fed barley- and corn-based diets are shown in

Table 5.4. There were no differences (P > 0.05) in dressing percentage, carcass length,

backfat thickness, loin depth and loin eye area among dietary treatments. This agrees

closely with the findings of Carr et al. (2005) showing similarity in the carcass and fat

quality of pigs fed corn- and barley-based diets. Likewise, Hyun et al. (2004) did not find

any differences in the carcass characteristics of pigs that were fed diets based on different

cultivars of corn. The values for the above mentioned characteristics obtained in the

current study were comparable to the published values for pigs fed barley- and com-

based diets (Camp et al. 2003; Shelton et al. 2003; Carr et al. 2005).

The belly firmness measured with the belly flex test was not affected by dietary

treatment (P > 0.10). The values observed for the belly flex test for pigs that received

corn cultivar I and corn cultivar 2 were higher than the values reported by Rentfrow et al.

(2003) who reported 14 inches and 10 inches for vertical and lateral flex, respectively, for

a similar size of belly for pigs fed conventional corn-based diet. However, the trend was

the same in that, in the current study, the vertical flex had higher values compared with
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Table 5.4. Effects of diet and

Item
Dressing percent
Carcass length, cm

Midline backfat
Frrst nb, cm
Last rib, cm
Last lumbar, cm

10th rib fat, cm
Loin depth, cm
Loin eye area, cmz
Vertical belly flex, cm
Lateral belly flex, cm

Back fat color*
Lx
a*
b*

Barl

der on carcass characteristics of

81.8
81.6

39M27

3.1
2.5
2.1

2.0
6.8
49.4
15.6
14.4

84.3
82.4

39W54

3.3
2.3
1.9

2.0
6.s

48.5
t7.r
14.4

81.8
I 1.5

1.5

83.0
82.0

3.2
2.6
2.0

1.9

6.1
45.4
16.1

t4.t

82.0
12.0

t.7
alues are least square means

vPooled standard error of the lsmeans.

*L* : lightness; a* : redness; b* : yellowness

ø,å values within a row and gender bearing different letters differ (P < 0.05).

SEMY P value
0.87
0.97

0.15
0.19
0.22

0.16
0.31
r.92
t.24
1.58

0.4
0.31
0.23

82.0
11.3

1.9

0.1928
0.8624

0.7607
0,4888
0.8646

0.8043
0.3758
0.28s9
0.7500
0.9867

0.9s78
0.4228
0.2964

Barrow
83.0
81.7

Gilt
83.0
82.3

3.2
2.3
2.0

1.8

6.8
50.6b
t7.l
13.2

81.7
1 1.6

1.7

3.2
2.5
2.0

2.t
6.3

45.2a
15.6
15.3

SEMY P value
0.34 0.9785
0.97 0.5748

0.09 0.8s75
0.13 0.3231
0.18 0.9s67

0.10 0.t792
0.11 0.2547
1.50 0.0320
0.91 0.3181
0.97 0.2878

0.29 0.5255
0.19 0.9048
0.21 0.9t02
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the lateral flex. Belly flex of pigs fed the barley-based diet was similar to that of pigs fed

the corn-based diets though this could not be compared to previous research because this

approach has not yet been used previously to measure belly firmness in pigs fed barley-

based diets.

There was no effect of dietary treatment on the CIE L*a*b* fat color (P > 0.10).

Barley, com cultivar 1 and corn cultivar 2 produced fat tissues that were similar in

lightness (L*), redness (at) and yellowness (b*). Similar to the result of the present

study, Carr et al. (2005) did not find any differences (P < 0.05) in L*, a* and bx backfat

color of pigs fed barley-based diet compared to those fed corn-based diets. Feeding diets

based on com as opposed to barley to finishing pigs has been associated with deposition

of yellow fat due to the higher concentration of carotenoids in com. However, similar to

other studies, the results of the current study show that the presence of carotenoids in

yellow com grown in Manitoba does not have any negative effect on the carcass fat color

in finishing pigs.

Of all the carcass parameters measured, only the LEA was significantly affected

by gender. Gilts had higher (P :0.032) LEA compared with barrows, which is consistent

with the findings of Cromwell et al. (1993) and Hahn et al. (1995) showing that gilts

utilize more dietary energy for protein deposition tliari lipid deposition conrpared with

barrows. This observation is also consistent with the well established fact that gilts are

generally leaner than barrows. There were no effects (P > 0.10) of treatmen¡ x gender

interaction on any of the carcass quality parameters evaluated.
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5.4.3 Fatty acid profiles of the backfat and belly fat

The effects of dietary treatment and gender on the profile,of fatty acids in backfat

are presented in Table 5.5. Pigs on the barley-based diet tended to have higher

pentadecanoic acid (15:0) (P :0.0829), palmitoleic acid (16:1) (P:0.0805) and

heptadecanoic acid (17:0) (P : 0.0842) compared with those fed the diet based on corn

39W54. Pigs on the barley-based diet had a higher (P < 0.05) concentration of

heptadecenoic acid (17:l) (P < 0.05) in their backfat compared with those that received

diets based on com. The concentration of eicosenoic acid (zß:l)in the backfat of pigs fed

diets based on barley and corn 39M77 was higher (P < 0.05) compared with those fed

corn 39W54. The backfat of pigs fed diet based on corn 39W54 had higher (P < 0.05)

concentration of linoleic acid (18:2) and polyunsaturated acids (PUFA) compared with

pigs fed diet based on barley. Linoleic acid (18:2) is the only PLJFA that was significantly

(P -- 0.0376) affected by dietary treatment and it is probably the component responsible

for the dietary differences observed in the concentration of PUFA in the backfat of the

pigs. Other authors have reported a positive conelation between linoleic acid (18:2) and

PUFA in pork fat (Averette Gatlin et al.2002; Rentfrow et al. 2003). Despite the fact that

the backfat from pigs fed diet based on corn 3gW54 had a higher concentration of PUFA

compared with those fed diet based on barley, the concentration of PUFA in the backfat

of all pigs irrespective of dietary treatment were within the range (less than 23%)

recommended for salami making (Warnants et al. 1998). The fatty acid profiles of

backfat of pigs fed barley and corn diets in the current study are comparable to the values

reported by Carr et al. (2005) for these feedstuffs. The differences in the fatty acid

composition of barley and the two com cultivars used in the current study did not
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Table 5.5. Effect of diet and

Fattv acid
Capric (10;0)
Lauric (12:0)
Myristic (1a:0)
Pentadecanoic (15:0)
Palmitic (16:0)
Palmitelaidoic (1 6: 1t)
Palmitoleic 16:l
Heptadecanoic (17:0)
Heptadecenoic (17:1)
Stearic (18:0)
Oleic (18:l)
Linoleic (18:2)
Linolenic (18:3)
Arachidic (20:0)
Eicosenoic (20:1)
Eicosadienoic (20:2)
Eicosatrienoic (20:3)
Behenoic (22:0)
Docosapentaenoic, (22:5)
SFA*
MUFA*
PUFA"
UFAU
SFA:UFA

der on backfat fa

Barl
0.08
0.08
1.51

0.05
27.58
0.41
2.36
0.30
0.23a
16.00
34.07
ll.33a
0.2s
1.11

0.84a
0.53
0.08
0.39
0.10

47.73
40,19
12.37a
52.55
0.93

39M27
0.08
0.09
1.56

0.04
27.57
0.43
2.22
0.23
0.r6b

15.69
33.69
14.48ab
0.30
0.97
0.84a
0.62
0.07
0.38
0.09

47.25
37.38
15.62ab
53.00
0.90

acid profiles in finishin

39W54
0.09
0.09
1.49
0.04

26.32
0.37
1.90
0.22
0.13b

15.74
33.8s
15.60b
0.28
0.99
0.64b
0.s7
0.08
0.38
0.09

45.99
37.50
16.74b
54.24
0.8s

SEMY

0.01
0,01

0.06
0.01

0.82
0.04
0.13
0.02
0.02
0.7s
r.02
1.01

0.02
0.07
0.06
0.04
0.01

0.03
0.01
1.38

t.25
t.04
1.39
0.05

"Values are least square means.

P value

vPooled standard error of the least square means.

0.4844
0.2077
0.6623
0.0829
0.4653
0.4333
0.0805
0.0842
0.0070
0.9552
0.9663
0.0376
0.2142
0.3960
0.0473
0.4373
0.7730
0.9227
0.6191
0.6633
0.2741
0.0385
0.6801
0.s685

Barrow
0.08
0.09
t.54
0.0s

27.54
0.38
2.23
0.25
0.17

t6.04
33.7t
13.02
0.28
1.07
0.81

0.s6
0.08
0.36
0.09

47.54
38.62
14.09
52.7r

0.92

Gilt
0.08
0.09
1.50
0.04

26.77
0.43
2.r0
0.26
0.17

15.59
34.04
14.s9
0.28
0.98
0.74
0.s9
0.08
0.40
0.09

46.44
38.04
15.73

53.82
0.87

SEMY

0.01
0.01
0.05
0.01

0.64
0.03
0.08
0.01
0.01
0.89
0.89
0.83
0.01
0.04
0.06
0.05
0.01

0.03
0.01
t.49
1.40
0.89
1.48
0.0s

P value
0.8024
0.3773
0.6219
0.3343
0.4359
0.2478
0.4235
0.7390
0.9512
0.6160
0.7849
0.2076
0.7087
0.2745
0.3603
0.5593
0.8728
0.31 16

0.79t7
0.5068
0.7186
0.1979
0.5040
0.4163
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*Total 
saturated fatty acids.

*Monounsaturated 
fatty acids.

nPolyunsaturated 
fatty acids.

uTotal 
unsaturated fatty acids.

a,b values within a row and diet bearing different letters differ (p < 0.05).
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affect the deposition of total saturated fatty acids (SFA) and total unsaturated fatty acids

(UFA) in the backfat of pigs. The concentration of SFA and UFA in the backfat was

similar (P > 0.05) across dietary treatments. There were no effects (P > 0.10) of gender

files.and treatme¡1 x gender interaction on backfat fatty acid pro

The effects of the dietary treatment and gender on the fatty acid profiles of belly

fat are shown in Table 5.6. Pigs fed the barley-based diet had a highe r (P :0.0519)

concentration of palmitic acid (16:0) and a lower (P : 0.0048) concentration of

eicosatrienoic acid (20:3) in the belly fat compared with those fed diet based on corn

I heptadecenoic acid (17:l)

were higher (P < 0.05) in the pigs fed the barley-based diet compared with those fed

either diets based on corn- Pigs fed the barley-based diet tended to have higher

:0) (P:0.079), SFr jFA:UFAconcentration of pentadecanoic acid (15:0) (P :0.079), SFA (P : 0.0788) and I

ratio (P :0.0879) but lower concentration of oleic acid (18:1) (P :0.0721) and linoleic

acid (18:2) (P = 0.06S4), PUFA (P :0.0623) and UFA (P : 0.0828) in their belly fat

compared with those fed diets based on corn 39W54. Although, the concentration of

linoleic acid (18:2) (P < 0.0654) and PUFA (P :0.0623) in the belly fat of pigs that

received diet based on corn 39W54 tended to be higher compared with those that

received barley-based diet, the values were still within the recommended range of less

than I4Yo and l5%o, respectively, required for quality bacon processing (I.IPPC 2000).

This observation is in agreement with the belly flex results showing no differences in the

belly firmness across dietary treatments. Furthermore, the concentration of linoleic acid

in the backfat and belly fat among dietary treatments was within the accepted value of
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Fattv acid
Capric (10:0)
Lauric (12:0)-
Myristic (1a:0)
Pentadecanoic (15:0)
Palmitic (16:0)
Palmitelaidoic (l 6: I t)
Palmitoleic 16:1
Heptadecanoic (17:0)
Heptadecenoic (17:1)
Stearic (18:0)
Oleic (18:1).
Linoleic (18:2)
Linolenic (18:3)
Arachidic (20:0)
Eicosenoic (20:1)
Eicosadienoic (20:2)
Eicosatrienoic (20:3)
Behenoic (22:0)
Docosapentaenoic (22 : 5)
SFA*
MUFA"
PUFAU
UFAt
SFA:UFA

Barle
0.10
0.10
1.59
0.04

29.74a
0.37
2.r5
0.28a
0.17a

t9.48
32.27
10.08
0.26
0.93
0.62
0.36
0.05ø
0.32
0.09

53.20
36.1 5

r0.93
47.09

1.18

Cultivar I
0.11
0.11
r.73
0.04

29.I7ab
0.31

2.05
0.rgb
0.ttb

18.05
32.98
1 1.63
0.26
0.79
0.55
0.38
0.06ab
0.30
0.08

51.1 I
36.61
t2.47
49.08

r.05

Cultivar 2 SEMY
0.10
0.10
1.53

0.03
26.t2b

0.30
1.81

0.20b
0.10å

16.41

36.03
13.45
0.26
0.90
0.53
0.46
0.07b
0.34
0.08

46.3r
39.43
14.45

s3.88
0.87

0.0r
0.01

0.08
0.01

0.95
0.03
0.21
0.02
0.01

1.13
1.10
0.90
0.02
0.06
0.05
0.04
0.01

0.02
0.01
L97
r.46
0.93
r.93
0.09

"Values are least square means

vPooled standard error of the least square means.

P value
0.6866
0.r743
0.0281
0.0790
0.0519
0.2058
0.5242
0.0091
0.0024
0.1954
0.072r
0.06s4
0.9475
0.2418
0.420r
0.1 87 1

0.0048
0.352t
0.6268
0.0788
0.2624
0.0623
0.0827
0.0879

Barrow
0.1 1c
0.11c
t.74c
0.05c

29.56
0.31

2.t3
0.23
0.13

t8.73
31.29c
1 1.35
0.23c
0.89
0.57
0.38
0.06
0.32
0.08

52.37
35.66
12.20
47.86

T.T2

Gilt
0.09d
0.09d
r.sÙd
0.04d

27.r2
0.34
r.87
0.22
0.r2

t7.22
36.23d
t2.09
0.28d
0.86
0.56
0.42
0.06
0.32
0.08

48.05
39.1 3

13.04
52.t7
0.95

SEMY
0.01
0.01
0.07
0.01

0.95
0.01
0.13
0.01

0.01
0.97
t.69
0.48
0.01
0.04
0.02
0.02
0.01

0.02
0.01
1.93
r.72
0.s2
r.93
0.08

P value
0.0227
0.0037
0.1933
0.0364
0.0683
0.3327
0.3339
0.7574
0.4332
0.2936
0.0039
0.5149
0.0228
0.7209
0.9354
0.4334
0.6936
0.8927
0.3783
0.1012
0.0785
0.4727
0.1022
0.t273
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xEffect of treatmen¿ x gender interaction (p < 0:05).

*Saturated fatty acids.

"Monounsaturated fatty acids.

uPolyunsaturated 
fatty acids.

tTotal unsaturated fatty acids.

¿,å values within a row and diet bearing different letters differ (p < 0.05).

c,d values within a row and gender bearing different letters differ (p < 0.05).
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less than 30%io; above this value, oxidative rancidity becomes a serious problem (Houben

and Krol 1980). From these results, the variability in fatty acid composition of the corn

cultivars evaluated in this study (Table 5.2)hadno negative effect on fat firmness as both

cultivars supported deposition of fatty acids into the belly fat and backfat of pigs in the

same way.

ntrary to the observed patternrof fatty acid deposition in the backfat of barrows

and gilts, the belly fat of barrows had higher concentration of capric acid (10:0), lauric

acid (12:0), myristic acid (14:0) and pentadecanoic acid (15:0) but lower concentration of

oleic (18:1) and linolenic acid (18:3) compare with gilts (p < 0.05). The effect of gender

tended to be significant for palmitic acid (P : 0.0683) and monounsaturated fatty acids

(MUFA) (P :0'0785). However, there were no differences (P > 0.10) in the belly fat

concentration of SFA, PUFA, UFA and SFA: UFA ratio of barrows and gilts. Differences

in the profile of fatty acids deposition in gilts and barrows have been reported by other

authors. For example, Vy'arnants et al. (1999) reported higher (P < 0.01) concentration of

palmitic and SFA but lower (P < 0.01) concentration of eicosenoic acid (20:1),

eicosadienoic acid (20:2) and eicosatetraenoic acid (20:4) in the backfat of barows

compared with gilts. Likewise, Piedrafita et al. (2001) reported that gilts had higher (p <

0.01) concentration of linoleic (18:2), linolenic acid (18:3) an,J UFA but a lower (p <

0.01) concentration of stearic (18:0) in the backfat compared with barrows. From the

results of the current and previous studies, it is evident that gilts tend to deposit more

UFA compared with barrows. Although in the current study, gender had no effect on the

fatty acid profiles of the backfat as observed by previous authors, the differences were

clearly shown in the fatty acid profiles of the belly fat.
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There was a treatment x gender interaction (P < 0.05) on lauric acid (12:0) and

oleic acid (18:1) contents of the belly fat. While there was no difference (P > 0.05) in the

lauric acid concentration in the belly fat of gilts and barrows receiving barley and corn

3gM27 diets, the barrows fed corn 39W54had a higher (P : 0.0175) value compared

witlr the gilts (0. I2o/o vs0.087o). Similarly, the gilts fed corn 39V/54 had a higher (P :

0.0347) concentration of oleic acid in their belly fat compared with the barrows but the

concentration was not different for the gilts and barrows on barley and com 3gM27 diets.

The difference between the concentration of linoleic acid (18:0), SFA, M(IFA,

PUFA and UFA in the backfat and belly fat within dietary treatments is shown in Table

5.7. There were no differences (P > 0.05) in the concentration of linoleic acid, SFA,

MUFA, PUFA and UFA in the backfat and belly fat and this suggests that deposition of

these fatty acids in the belly fat and backfat were similar.

5.5 CONCLUSIONS

The results suggest that the feeding value of Manitoba-grown corn cultivars in

terms of pig performance and carcass characteristics was comparable to barley. Pigs fed

com-based diets had similar fat color and the concentration of total saturated and

unsaturated fatty acids compared with those fed the barley-based diet. Variability in the

fatty acid profiles of the corn cultivars evaluated in this study did not have any effect on

the fatty acid profiles of the backfat and belly fat as the concentration of SFA, MUFA,

PUFA and UFA deposited in the backfat and belly fat of pigs fed diets based on the two

cultivars was not different. Within each diet, the deposition of saturated and unsaturated
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Table5.7Comparisonoftheamountofdifferentfattyacidsinthebackfa
barlev and two corn cultivars'

Linoleic (18:2) Il,4
sFA* 47.7
MUFA* 40.2
PUFAN 12.4
uFAu 52.6

acid Back

alues are least square means

vPooled standard error of the least square means.

*Saturated fatty acids

*Monounsaturated fatty acids

"Polyunsaturated fatty acids

uTotal unsafurated fatty acids

Barley
Bell
r0.3
53:2
36.2
10.9
47.1

Back
39M27

12.5
47.3
37.4
15.6

53.0

Bell
10.5
51.1

36.6
12.s
49.1

Back
39W54

15.2
46.0
37.5
16.7
54.2

13.1

46.3

39.4
14.5
53.9

Back
SEMY

1.16
1.46
1.31

0.96
1.47

1.26
2.03
t.69
0.83
2.03
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fatty acids into belly fat and backfat was comparable and in all cases, the amounts were

withindesired1evelsforsafestorageandprocessingrequirements.Manitobacorn

cultivars can be fed to swine without any negative effects on growth performance and

carcass and fat characteristics.
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6.0 GENERAL DISCUSSION

The recent increase in the acreage and tonnage of corn production in Manitoba

has stimulated interest in its use in swine feed. However, because the chemical and

nutrient composition of corn, like other feedstufß, varies with location and cultivar

(Singh et al.2000;Schmidt et al. 2002;Yin et aI.2002),it is critical that the nutritional

value of the locally available cultivars for swine is determined. Such information is

valuable in designing effective feeding programs incorporating Manitoba-grown corn in

swine diets. Fufherïnore, cumulative temperature measurements such as CHU are

ernployed as a means of measuring growth and development of corn in areas with low

temperatures such as Manitoba (MAFRI undated). In this system, both the field location

and com cultivars are rated on the basis of CHU accumulation and requirement,

respectively, to determine the appropriate cultivar for a particular location. However until

now, the impact of the CHU rating of corn cultivars on their nutritional profile has not

been addressed.

The nutrient and chemical composition of a feedstuff reflect only its potential as

a feedstuff for a certain class of livestock. To better describe the nutritive value of any

ingredient, in vivo experiments using the livestock species to which the ingredient will be

fed must be completed. Measurements of nutrient digestibility, animal performance and

product quality are commonly used as indicators of the feeding value of feed ingredients.

In this thesis, a series of experiments were conducted to characterize the nutritive value

of Manitoba-grown corn cultivars for swine through the determination of chemical and

nutrient composition, performance of growing-frnishing pigs and carcass and fat

characteristics of finishing pigs fed Manitoba-grown corn-based diets.
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In Manuscript I, the impact of field location and CHU on the chemical and

nutrient composition of Manitoba.g¡own corn cultivars was evaluated. The results from

this experiment showed that nutrient and chemical composition of corn varies with

locafion, which is in agreement with findings of previous studies.,Corn cultivars from the

high CHU rated area had a higher amount of DM, which implies that high CHU allows

corn more time to mature and deposit more DM in the ker¡els. Indeed, as observed in the

current study, Moss et al. (2001) reported that the DM content in the whole plant

increased with increased grain maturity. It was expected that the CP content of the com

cultivars evaluated will follow the same pattem as the DM content, but instead the

cultivars grown in the low CHU rated area contained higher amount of CP, ADF, ash,

total and phytate phosphorus compared with those grown in the high CHU rated area.

This observation could be explained by the fact that the protein content in the whole corn

plant declines as the plant matures (Wiersma et al. lgg3).Also, the observation by Liang

et al. (1993) that N uptake and corn grain N content were reduced with an increase in

CHU rating of field location irrespective of fertilizer rate and water input may help

explain why the CP content of cultivars grown in the high CHU rated area was lower

compared with those grown in the low CHU rated area. This observation might also be

due to differences in the growing conditions, such as topography, soil texture and

precipitation, in the two locations. In the present study, the soil texture of the low CHU

rated area was loamy while that of the high CHU rated area was sandy. Sattell et al.

(l 999) reported that com has the capacity to increase its N uptake, and hence high

CP:DM ratio, under adequate soil N and moisture content, a condition that is more likely

to exist in loamy soil texture than in sandy soil. It is also possible that high CHU rated
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area favors more starch deposition which will then decrease the concentration of other

nutrient components.

The yield of corn cultivars from the low CFIU rated areawas higher compared

with that of cultivars from the high CHU rated area (165 vs: 129buac-r¡. However, this
l

result is contrary to the results of Dwyer et al. (1991) and Liang et al. (1993) who

reported higher yield in an aÍeawith high CHU compared to an area with low CHU (9.5

vs 8.3 Mg ha-r). The reason for the observed difference in response of yield to CHU

rating of field location between the current study and that of Dwyer et al. (1991) and

Liang et al. (1993) could be due to differences in growing conditions.

In general the nutrient and chemical composition of all the corn cultivars

evaluated was sirnilar to or higher than values reported in previous studies (Ortega et al.

1986; Sproule et al. 1988; Burgoon et al. 1992;Adeola and Bajjali eh 1997; Spencer et al.

2000; Veum ef al. 2001; Moeser et al. 2002!). As expected, the chemical and nutrient

composition of corn varied with geographical location. The low CHU rated cultivars had

higher nutrient content compared with the high CHU rated cultivars.

The feeding value of Manitobâ¡grown corn cultivars for swine was further

evaluated in a study designed to determine the digestible energy, CP and AA contents in

some selected Manitoba-grown corn cultivars (Manuscript II). This study utilized the two

most widely grown cultivars, 39M27 and 39W54, from three locations in Manitoba,

representing areas with low, moderate and high CHU. These cultivars were included in

the cultivars that were evaluated in Manuscript I. Following the same trend observed in

Manuscript I, the results show that digestible energy and CP and AA were variable with

location. Also, digestible energy, protein and AA varied with cultivar, an observation that
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could be explained by the differences in genetic composition of corn cultivars. The

variability due to cultivar in the digestible energy and nutrient content of com observed in

the present study is in agreement with the findings of Yin et al. (2002:).

As stated previously, a complete assessment of the feeding value of a feedstuff

should include evaluation of its effects on animal performance and carcass quality. Thus,

in Manuscript III, the two corn cultivars that are most widely grown in Manitoba (i.e.

3gM27 and 39W54, same as Manuscript II) were evaluated in this respect using barley as

the control. The results show that pig performance as indicated by ADG, ADFI and G:F

was not influenced by dietary treatment. On the basis of these results and those of others

(Lampe et al 2004;Carr et al.200'5),it can be concluded that pig feeds based on corn or

barley should support similar performance as long as the diets are formulated to meet the

pig's nutrient requirements. A major concern regarding the use of com in finishing pig

diet is that it could negatively affect carcass fat color and fatty acid composition because

it contains a higher amount of carotenoid and unsaturated fatty acids compared with

barley (NIRC 1998). However, in agreement with the results of Can et al. (2005), the

results of the current study showed that the fat color and fatty acid profiles of pigs fed

com-based diets and those fed barley-based diets were comparable. Likewise, no effects

of dietary treatment were observed on carcass quality measurements such as dressing

percentage, LEA, loin depth, midline fat thickness, 10th rib fat depth, belly firmness and

fat color. Although the chemical and nutrient composition (Manuscript I) and digestible

energy and nutrient contents (Manuscript II) of the corn cultivars evaluated in Manuscript

III vary, this was not reflected in pig performance and carcass characteristics. The present

data therefore indicate that corn cultivars evaluated in this study supported the
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perfoÍnance of growing-finishing pigs and carcass characteristics to the same extent

despite variability in nutrient composition.

It can, therefore, be concluded that Manitoba-grorwn corn cultivars have an

excellent nutritional profile. Com heat units as well as field location affect chemical and

nutrient composition of corn. The digestible energy, protein and AA contents of com

vary with field location and cultivar and this should be considered when formulating diets

for swine. Manitoba-grown corn can be included in growing-finishing swine diets

without impairing growth performance and carcass and fat qualities.
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7.0 CONCLUSIONS

Based on the results obtained in this thesis, it can be concluded that:

1. Nutrient and chemical composition and agronomic parameters of corn vary with

location.

2. Com heat units rating affects nutrient composition and agronomic parameters of corn

with low CHU rated cultivars having higher crude protein content and bushel weight

compared with high CHU rated cultivars.

3. Digestible energy and nutrient contents of com vary with cultivar and field location

and this should be considered when formulating swine diets.

4. Com-based diets support similar pig performance as does barley-based diets.

5. Feeding com-based diets to pigs produce similar carcass characteristics as barley-based

diets.

6. Corn-based diets produce similar fatty acid profiles in the belly fat and backfat of pigs

as does the barley-based diet. The difference in the fatty acid profile of barley and corn

does not produce a conesponding effect on total amount of saturated fatty acids and total

amount of unsaturated fatty acids in the belly fat and backfat.
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7. Feeding corn-based diets to finishing pigs produce similar fat color as barley-based

diet.

8. Manitoba corn cultivars can be incorporated into swine diets without having any

negative effect on growth performance, carcass characteristics and fat quality.

Future Research:

l. Studies should be conducted to determine the effects of growing conditions such as

soil texture, soil moisture content, fefülizer type and quantity, row spacing and plant

density on the nutritional quality of grain corn. This will help to understand the growing

conditions that arecritical to nutritional quality of grain corn.

2. Additional research should also be conducted to determine the effect of CHU

accumulation on nutrient uptake, starch and nutrient deposition in corn kernel and its net

effect on nutritional quality of grain corn.

3. Studies should be conducted to determine effects of CHU rating of corn and CHU

accumulation on nutrient digestibility.

4. Nutritional benefits of low phytate phosphorus to total phosphorus ratio in Manitoba-

grown corn in terms of phosphorus digestibility and phosphorus excretion should be

investigated.
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5. Future research should evaluate the concentration of carotenoids in Manitoba-grown

corn cultivars and the effects of CHU rating of corn, CHU accumulation at field location

and cultivar on caroteinoids concentration in com. This will help to clarify the

contradictory effects of feeding com to pigs on pork fat color in previous studies.
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9.0 APPENDIX

Agronomic data of corn cultivars from two Ioc
evaluated in Manuscriot I

St. Pierre Reinland

Cultivar
Name

Yield
bu ac-t

Bushel
weight
lb bu-r

Moisture
o//o

Yield
bu ao-l

134
I2T
tt2
129
105
124
134
137

Bushel
weight
lb bu-r

Moisture
%

2791
K083
K080
KlO8LL
N02-K1
N03-D8
HL 2093
HL 2OT7

HLX2023
DKC26-7 5
DKC27-12
DKC27-T5
39R34
39P78
39W54
39T71
39T68
39F45
39M27
x077zXT
N06-J6
MZI3O
MZl8-O2RR
HL2222
HLB260
BIXXlO
DAXXAR
LEXXIC
x2475
2338
DKC29-95
DKC33-08
39H85
39H84
39GT2
39T70

2275
2100
2125
2250
2100
2200
2225
2200
2200
2200
2250
2250
2225
2050
2t00
2250
2250
2000
2150
22s0
2300
2300
2350
2375
2375
2300
2300
2450
2359
2300
23s0
24s0
2500
2450
2300
2300

200
169
t40
172
t49
145
t42
r44
138
159

148
162
175
150
162
181

181

108
r69
180
151

168

t64
177

177

171
174
r89
155

159

150

175
192
18s

195

156

60.79
60.63
64.96
62.23
61.s9
62.07
60.30
62.7r
6r.43
62.5s
65.76

62.87
63.67
64.80
63.67
62.s5
63.03
63.67
63.51
6T.43
62.55
62.23
66.08
60.r4
61.43
61.27
62.23
59.50
59.02
59.1 8

62.07
62.23
59.02
58.86
60.30
60.14

19.0

t9.2
T7.I
19.6

19.6
17.2

14.4

16.3
18.0

18.1

18.8
17.5

16.9
15.8

15.9
t7.9
16.4

17.1

16.6

18.8

18.3
15.5

17.7

15.7

17.0

18.9

20.6
t9.9
16.5

19.0

16.0

16.8

t7.9
19.1

20.7
16.5

t4t
127

t04
118
tt4
118

100
125
145
111

t37
131

136

135

I2t
12s

137
135

14s
134
139
130

125
161

r38

59.82
59.1 8

63.35
59.98
59.82
63.51
60.t4
62.39
59.66
58.54
61.1 1

61.43
63.35
60.95
60.14
63.03
61.43
60.95
60.30
62.5s
6t.43
60.63
59.98
59.s0
s9.98
60.47
61.27
58.22
56.62
57.58
60.30
58.54
58.86
60.79
6L27
61.27

2r.8
16.3

17.8

17.0

18.0
15.4
13.9
17.4
17.5
t7.I
17.1

2r.0
ls.9
14.3
1,4.5

t7.6
18.1

16.9

1s.3
15.2

19.8

15.4

18.1

17.8
t5.7
17.3

t7.7
2r.6
17.9

16.6
16.7

t7.t
15.I
15.1

17.2

1s.5

tt7
144
t22


