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Summary

Price of feed ingredients such as corn and soy-bean meal (SBM) has 

increased because of biofuel production and situation of grain harvest. For 

this reason, the importance of agricultural other major ingredients for swine 

has grown up because of increasing in the cost of major feedstuff. Wheat 

contains high level of crude protein so that supplementation level of SBM 

can be decreased when wheat is a major ingredient in swine diet. Therefore, 

present study was conducted to evaluate various wheat supplementation levels 

on growth performance, blood profiles, pork quality, nutrient digestibility and 

economical analysis in growing-finishing pigs. A total of 120 growing pigs 

([Yorkshire × Landrace] × Duroc), average 27.75 ± 6.391 kg body weight 

were used in growth trial. Pigs were allotted into each treatment by body 

weight and sex in 4 replicates with 6 pigs per pen in a randomized complete 

block (RCB) design. Four phase feeding programs (growing 1 for 1-3 week, 

growing 2 for 4-6 week, finishing 1 for 7-9 week and finishing 2 for 10-11 

week) were used in this experiment. The treatments were included 1) 

Corn-SBM based diet (CON), 2) Corn-SBM based diet + 15% of wheat 

(W15), 3) Corn-SBM based diet + 30% of wheat (W30), 4) Corn-SBM based 

diet + 45% of wheat (W45) and 5) Corn-SBM based diet + 60% of wheat 

(W60). In feeding trial, there was no significant difference in growth 

performance among dietary treatments. However, G:F ratio tended to increase 

(quadratic, p<0.08) when pigs were fed higher wheat diet during finishing 

period. In BUN, creatinine and total protein concentration were not differed 

by dietary treatments. Digestibility of crude ash and fat tended to decrease as 

wheat supplementation level increased (P<0.08). Other nutrient digestibility 
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was not affected by treatments. The proximate analysis of longissimus muscle 

was not affected by dietary level of wheat. Crude ash content in pork was 

decreased linearly as wheat supplementation level was increased (P=0.05).  

There was no significant difference in pH of pork. In pork and fat, L*, a* 

and b* values were not significant differences among dietary treatments. In 

addition, significant differences were not observed on shear force, water 

holding capacity (WHC) and cooking loss by dietary level of wheat. In fatty 

acid composition, the ratio of PUFA to SFA was increased as wheat 

supplementation level increased (P<0.05). When pigs were fed diets containing 

wheat, days to market weight was numerically reached earlier compared to 

basal diet. This experiment demonstrated that supplementation wheat did not 

show negative responses on carcass characteristic as well as growth 

performance of growing/finishing pigs. Also, wheat treatment improved the 

G:F ratio during finishing period and economical profit by estimating total 

feed cost to marketed weight was also increased. Consequently, wheat can be 

supplemented up to 60% in growing-finishing pig without detrimental effects 

on growth and pork quality. The ratio of G:F tended to improve in finishing 

period by wheat inclusion. Moreover, the highest economical profit was 

observed when wheat was supplemented at 30% in diet of growing/finishing 

pigs. 

Keywords: Wheat, Growth performance, Blood profile, Pork quality, 

          Nutrient digestibility, Growing-finishing pigs
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Ⅰ. Introduction

Wheat is the most widely used as ingredients in USA and EU with 

barley (Hasha, 2002). They have supplemented wheat as same percentage of 

corn in Korea swine diets. The concentration of gross energy in wheat is 91 

to 97% relative to corn when utilized in pigs (Zijlstra et al., 1999; Wiseman, 

2000; Sauvant et al., 2004, NRC, 2012). However, crude protein and amino 

acids concentration such as lysine, tryptophan, and threonine are higher in 

wheat than in corn (Stein et al., 2001; Sauvant et al., 2004; Pedersen et al., 

2007; NRC, 2012). When pigs fed wheat-based diets could improve growth 

performance, and had similar pork quality with pigs fed corn-based diets 

when nutrient requirements are equal (Gil et al., 1966; Jensen et al., 1969; 

McConnell et al., 1975; Bell and Keith, 1993; Han et al., 2005). Cromwell 

(2002) reported that wheat can substitute corn entirely in diet from weaning 

to finishing period, as long as diets are balanced for protein and amino acids. 

In addition, digestibility of phosphorus is greater in wheat than in corn 

because of presence of endogenous phytase in wheat (McCance and 

Widdowson, 1944; Mollgaard, 1946; MacMasters et al., 1971; Pointillart et al 

1984), but it is less efficient in degrading the phosphorus bound to phytic 

acid (Phillippy, 1999). Increase of phosphorus digestibility in wheat-based 

swine diets supplemented with phytase (Nortey et al., 2007) and up to 1,000 

FTU of exogenous phytase may be used (Johansen and Poulsen, 2003). For 

this reason, growth performance and carcass quality of wheat-based diets are 

expected to be similar to those of corn-based diet. Moreover, because of 

abundant crude protein level, soy-bean meal concentration could be decreased 

when wheat is a major ingredient in swine diet. This can reduce feed cost. 
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In addition, price of wheat is closely related with corn (Westcott and 

Hoffman, 1999) and amount of wheat in feed industry could be increased in 

2016 (FAO, 2015). 

This experiment was conducted to evaluate different levels of wheat 

as alternatives to corn on growth performance, blood profiles, pork quality, 

nutrient digestibility and economic analysis in growing-finishing pigs.

Ⅱ. Review of Literature

1. Introduction

Since 2006, there were many problems on supplying feed ingredients 

for swine diet such as increased price, environment pollution and production 

of biofuel. For this reason, it is critical to find out alternative feed 

ingredients by maintaining nutrient requirements and growth performance of 

pigs (Stein and de Lange, 2007). Feed cost highly influences on production 

cost in swine farm (Kliebenstein and Lawrence, 1995). Various alternative 

feed ingredients such as barely, wheat, PKM, copra meal, rape seed meal and 

DDGS are experimented and applied for ingredient of swine feed. When 

using those ingredients in swine diets, it could have strengths and weaknesses 

aspects (Stein and de Lange, 2007). 
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Wheat and barley as swine feed ingredients have been widely used in 

USA and EU. Especially, wheat (Triticum aestivum L.) is the major crop 

cultivated in the USA with over 54 million acres planted in 2010. In 

livestock feed industry, about 10% of the wheat production of 16 billion 

gallon is used (USDA-NASS, 2010). Major types of wheat are soft red 

winter, hard red winter, hard red spring, white (NRC, 2012). Many 

researchers also reported that there were no negative effects on growth 

performance and pork quality (Campbell et al., 1995; Schulze et al., 1996; 

Dusel et al., 1997; Patridge et al., 1998; Choct et al., 1999). 

However, in Korea, wheat is not a common ingredient for pigs due to 

its price and production. Nowadays, wheat production has been increased and 

its price decreased. Sometimes wheat is cheaper than corn. For this reason, 

this chapter will be discussed about wheat as a swine feed ingredients.  

  

2. Characteristics of wheat

 2.1 Nutritional value

Based on published paper and data, its nutrient composition is 

summarized in NRC (2012). Wheat has been reported that it can be provided 

as a protein source in swine diet (Stein et al., 2010). Wheat has higher crude 
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Item, % Corn Wheat SBM Barley

Dry matter 88.31 88.67 95.57 89.90

Crude protein  8.24 14.46 45.13 11.33

Ether extract  3.48  1.82  6.64  2.11

NDF  9.11 10.60 - 18.29

ADF  2.88  3.55  6.33  5.78

protein than corn and barley, however there was lower value than barley. It 

also contains high level of NDF and ADF than that of corn (Stein et al., 

2010).. There was lowest ether extract contents in wheat among major feed 

ingredients (Table 1). Wheat contains both water-soluble and insoluble NSP, 

which constitute between 75 and 166 g/kg of the dry matter (NRC 2012). 

Typical contents (g/kg, DM) of major NSP are followings: 81g/kg of 

arabinoxylan, with a range from 35 to 106 g/kg (DM), 8g/kg of glucan, and 

20g/kg of insoluble cellulose. Furthermore, wheat contains 0 to 3g of 

galactose, mannose and uronic acid (Englyst, 1989; Bach Knudsen, 1997).

Table 1. Composition of ingredients for swine

                                                (NRC, 2012)

However, wheat has high level of indispensable amino acids like lysine, 

methionine and tryptophan. This can be the advantage when used in feed 

(Table 2). Three times more tryptophan and 50% higher concentration of 

lysine in wheat maize and almost same amino acid profiles as barley (NRC, 

2012). However, wheat has lower amount of fat than that of corn, which is 
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Item, % Corn Wheat SBM Barley

Lys 0.25 0.39 2.96 0.40

Met 0.18 0.22 0.66 0.20

Thr 0.28 0.40 1.86 0.36

Trp 0.06 0.17 0.66 0.13

Val 0.38 0.58 2.23 0.52

Arg 0.37 0.60 3.45 0.53

converted to the lower energy concentration compared with maize 

(Mavromichalis and Hancock, 1999). Moreover, wheat contains 24g/kg of 

low-molecular-weight sugars and 20g/kg of ash (Shi and Noblet, 1993). While 

lysine and tryptophan are the first and second limiting amino acids in 

corn-based diet, lysine and threonine are the major limiting amino acids in 

wheat-based diets (Adeola et al., 2001). Less soybean meal is needed when 

pigs were fed wheat-based diets, due to the greater concentration of lysine, 

threonine and tryptophan in wheat (Stein et al., 2010). Soy-bean meal 

concentration can be reduced by wheat supplementation because of its 

abundant crude protein level. When comparing energy value among major 

feed ingredients, wheat has a slightly lower digestible (DE), metabolizable 

(ME) and net (NE) energy content than corn, SBM and barley. (Table 3). 

For this reason, oil sources should be supplemented when wheat is a major 

ingredient in swine diet.

Table 2. Essential amino acids content of ingredients for swine

                                                (NRC 2012)



6

Item, kcal/kg Corn Wheat SBM Barley

GE 3933 3788 4256 3939

DE 3451 3313 3619 3150

ME 3395 3215 3294 3073

NE 2672 2472 2087 2327

Item, % Corn Wheat SBM Barley

P 0.26 0.39 0.71 0.36

Phytate P 0.21 0.22 0.38 0.26

ATTD of P 26 46 39 31

STTD of P 34 56 48 36

Ca 0.02 0.06 0.33 0.06

Table 3. Energy value of ingredients for swine

                                                (NRC 2012)

0.35 to 0.39% of total phosphorus is contained in  wheat, and 65% to 

70% of that is in the phytic acid form (Selle et al., 2000; NRC, 2012). 

Phosphorus, phythic acid form phosporus, ATTD, STTD of phospurs and 

calcium are higher than that of corn (Table 4). It is well known that wheat 

contains endogenous phytase in the aleurone layer of the kernel (MacMasters 

et al., 1971; NRC, 2012). However, this phytase is too  little to degrade 

phosphorus bond to phytic acid (Phillippy, 1999). These may have advantages 

when using wheat in swine diets.

Table 4. Minerals content of ingredients for swine

                                                (NRC 2012)

Many researchers reported that there were many variations in the 
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chemical composition of wheat, particularly with relating with starch and 

NSP. The concentration of NSP and DE in wheat are variable according to 

different species, growing area and weather (Longstaff and McNab, 1986; 

Coles et al., 1997; Van Barneveld, 1999). For example, in UK, total NSP 

contents in wheats ranged from 87.6 to 129.2g/kg DM (Austin et al., 1999). 

Many kinds of wheat samples were reviewed and data analysis reported that 

major variable components in the wheats were fiber, starch, and CP 

(Batterham et al., 1980; Taverner et al., 1981; Zijstra et al., 1999; Kim, 

2003). It is likely, therefore, that this wide variation of chemical composition 

of wheat causes variability of the DE value when fed to pigs. Wu and Ewan 

(1979) reported that the coefficient of variation in the concentration of DE in 

wheat is only 2.6%. However, according to the data from 17 more recent 

studies that were summarized by Kim et al. (2005) reported that the 

concentration of DE ranged from 3,177 to 4,761kcal/kg DM basis. These 

results warrant a careful assignment of the energy value of wheat (Stein et 

al., 2005). 

 2.2 International price and production

International prices of wheat generally declined from 2013 to 2015, 

with the wheat price averaging higher than corn in all years. It is because 
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the panted area, harvested area was respectively increased 120% from 2014 

to 2015. Furthermore, forecast area of planted and harvested may be 

increased in 2016. It implies that wheat price can be decreased. According to 

USDA agricultural projections to 2025, feed use of wheat is a lower value 

market for the crop. With near-term wheat supplies are relatively high, wheat 

prices are projected low relatively to corn prices, providing economic 

incentives to feed more wheat.

                                                   (FAO, 2016)

Figure 1. International price of corn, wheat and SBM.

Year
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Item, MT 2013-14 2014-15 2015-16 (Forecasted)

Production 714 720 720

Trade 156 153 148

Consumption 696 707 716

Stock 188 202 206

Table 5. Wheat production, trade, consumption and stock of the world

                                                 (IGC, 2016)

As wheat supplies tighten over the projection period, wheat prices rise 

relative to corn prices and wheat feed use falls over the decade. During 

013-14 and 2014-15, the amount of world trade decreased by 1.28% and that 

of world production has been increased by 1% respectively, and consumption 

has increased by 1.6%. 

Use of wheat for swine feed ingredients

 3.1 Effects of wheat on growth performance

Feeding wheat to pigs wheat-based diets could gain as faster and as 

effectively as pigs fed corn-based diets (Gill et al., 1966; Jensen et al., 1969; 

Lunen and Schelze, 1996; Han et al., 2005). Wheat can be included in 

weaning pigs diets without negative effects on performance (Rodriquez and 

Young, 1981; Seerley et al., 1988). Furthermore, wheat-based diets can 
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improve growth performance and feed efficiency in weaning period (Campbell 

et al., 1995; Schulze et al., 1996; Dusel et al., 1997; Patridge et al., 1998; 

Choct et al., 1999). Growth performance is not different among pigs fed diets 

containing different kind of wheat (Zijlstra et al., 2002). Corn can be 

replaced by wheat completely in diets for all categories of pigs, as long as 

diets are balanced for protein and amino acids (Cromwell, 2002). When 

growing-finishing pigs fed diet which contain wheat rather than corn, growth 

performance and feed efficiency are increased (Van Lunen and Schelze, 1996; 

Patridge et al., 1999). Recently, phytase and xylanase were supplemented in 

swine diet in order to overcome digestive problem which caused by phytate 

and xylan (Pluske et al., 2001; Selle et al, 2003; Kim et al., 2004). Many 

studies was evaluate effect of that kind of enzymes, but there were many 

arguments in results. Most of researchers recommended that using only 

phytase in swine diet because xylanase did not improve growth performance 

or digestibility in whole feeding period (Lindberg et al., 2007; Lyberg et al., 

2008). In early finishing period, there was siginificant difference between 

corn-based diet and wheat-based diet in ADFI (Carr et al., 2005). The lower 

feed intake was observed in wheat-based diet but there were no differences 

in ADG and GF ratio. However, in late finishing period, no difference was 

detected in growth performance between corn and wheat. 

However, a wheat-based diet may bring about digestive problems in 
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some pigs. Finely ground wheat can also lead to transportation problems in 

feeding; it easily absorbs moisture and becomes wet, and it can bridge in 

self-feeders. For these reasons, some feed companies prefer to use corn or 

combination of corn and wheat (Seerley, 1991). 

 

 3.2 Wheat feeding on pork quality

Wheat can be supplemented in diets from the weaner to the finisher 

phase without affecting pork quality (McConnell et al., 1975; Bell and Keith, 

1993; Han et al., 2005). Because of different content of amino acids and 

fatty acids in wheat compared to corn which is widely used in swine feed 

industry, chemical composition of pork may change when pigs fed wheat. 

Wheat can increase PUFA content of pork fat because it contains higher 

content than corn (Warnants et al., 1999; Thacker et al., 2004; NRC 2012).  

Higher PUFA content of pork fat is needed for a human health (Caggiula 

and Mustad, 1997; Wood et al., 2002). Han et al. (2005) reported that wheat 

can increase carcass value, lean yield and decrease loin fat when comparing 

pigs fed corn. Backfat thickness and higher grade were observed when pigs 

fed wheat instead of corn (Han et al., 1976; Bell and Keith, 1993). Backfat 

color can be changed when pigs fed different ingredients in the diets 

(Baurnfeind et al., 1981). Wheat has lower caroteniod content than that of 
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corn (Novus, 1994), pork back fat can be whiter. On the other hand, there 

was no significant difference between corn and wheat in backfat color (Han 

et al., 2005). Carr et al. (2005) stated that there was no difference in 

dressing percent. loin muscle area, meat and fat color, pH and drip loss 

between corn-based diet and wheat-based diet. Moreover, sensory analysis and 

fatty acid composition of pork were not different by feed ingredients. Thus, 

meat quality of pigs fed wheat can perform similar to that of pigs fed corn.

3. Use of supplemental enzyme with wheat

 4.1 Xylanase

Cereal-based diets contain high levels of NSP, which pigs have 

problems in digesting as they lack fiber digesting enzymes. Fibers, the cell 

wall components such as arabinoxylans, cellulose, pectins and ß-glucans, 

which are common in cereals, can increase the viscosity of the small intestine 

digesta and decrease nutrient digestibility (Choct and Annison. 1992; Bedford, 

1995; Souffrant, 2001; Kim et al., 2005). Fiber enzymes like xylanase 

(targeting arabinoxylans) and ß-glucanase (targeting ß-glucans), can be 

supplemented in diets in order to increase the nutritional value (Bedford, 

2000; Sheppy, 2001). In wheat-based diets, degradation of fiber may be 
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accomplished by supplementation of xylanase, since arabinoxylans are major 

cell wall components in such diets (Partridge, 2001; Woyengo et al., 2008). 

Arabinoxylans, which are exist in the endosperm cell walls of wheat, and 

single sediment of arabinose attached along the primary xylan chain (Bedford, 

1995). Wheat contains arabino-xylans representing about 70% of the total 

NSP in wheat; the concentration of arabino-xylans varies from 2.6 to 6.5%, 

depending in part on the cultivar (Zijstra et al., 1999). Supplementation of 

high-NSP wheat by-products from milled flour in swine diets had negative 

effcts on energy and amino acids digestibility that can partially be overcome 

by 

      

                                                     (Lauren, 2012)

Figure 2. Mode of action of xylanase

xylanase (Nortey et al., 2007, 2008). Also, the digestive system of pig does 
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not secrete the xylanase, which is hydrolyze arabino-xylans to arabinose. 

Nowadays, xylanase is widely used in feed industry. The effect of xylanase 

supplementation to wheat-based diets for broilers and laying hens are usually 

positive in nutrient digestibilities, ADFI, and ADG (Campbell and Bedford, 

1992; Bedford, 1995). However, only limited and conflicting research (Van 

Lunen and Schulze, 1996; Mavromichalis et al., 2000) is available on the 

effects of xylanase supplementation on nutrient digestibility and growth 

performance in wheat-based diets for swine. Dietary xylanase improved amico 

acid digestibility of wheat in pigs (Barrera et al., 2004). 

 4.2 Phytase

In cereal diets, phosphorus (P) is mainly exist in the form of phytic 

acid, which is not readily available to pigs (Pointillart et al., 1984; Bedford. 

2000). Phytic acid can reduce the energy and nutrient digestibility in the gut 

(Lenis and Jongbloed, 1999). The digestibility of phosphorus in a diet without 

phytase supplementation depends on the amount of phyticacid and intrinsic 

phytase activity in the different feed stuffs used (Jongbloed and Kemme, 

1990). A range of different types of commercial phytase, originating from a 

variety of micro-organisms has been used in pig diets in order to increase 

phosphorus digestibility by degrading phytic acid (Näsi et al., 1999; Paditz et 



15

al., 2004; Selle & Ravindran, 2008). In addition, phytic acid can form 

insoluble compounds with cations (e.g. calcium, copper, zinc, iron), and any 

treatment of a diet that affects phosphorus digestibility can also affect the 

digestibility of these minerals. Supplementation of pig diets which was added 

with microbial phytase has been shown to increase calcium, phosphorus, 

copper and zinc utilization and consequently decrease the excretion of these 

minerals in feces and urine (Simons et al., 1990; Jongbloed et al., 1992; 

Cromwell et al., 1993; Young et al., 1993).

Since most of the phytic acid is located in the fiber-rich outer layers 

of cereal grains (Reddy et al., 1982), improved fiber degradation may be 

beneficial for the availability of phosphorus. Dietary phytase consistently 

improved phosphorus digestibility in swine diets (Mroz et al., 1994). The

                    

                            (Agranoff, 2009)

Figure 3. Mode of action of phytase in phytic acids
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level of calcium in the diet may also affect the utilization of phytic acid 

phosphorus through the formation of insoluble calcium phytate and/or 

reduction of phytase activity (Talyor, 1965; Wise, 1983).

As mentioned above, many researchers reported about effect of phytase 

and xylanase in wheat-based diet. Phytase was used in this experiment alone, 

because some experiments showed no negative effects on growth performance 

and meat quality in growing-finishing pigs comparing using both phytase and 

xylanase. 



- xvii -

 Ⅲ.  Effects of Wheat Supplementation Levels 

on Growth Performance, Pork Quality, Nutrient 

Digestibility and Economic Analysis in 

Growing-finishing Pigs

Abstract: This study was conducted to evaluate various wheat 

supplementation levels on growth performance, blood profiles, pork quality, 

nutrient digestibility and economical analysis in growing-finishing pigs. A 

total of 120 growing pigs ([Yorkshire × Landrace] × Duroc), average 27.75 ± 

6.391 kg body weight were used in growth trial. Pigs were allotted into each 

treatment by body weight and sex in 4 replicates with 6 pigs per pen in a 

randomized complete block (RCB) design. Four phase feeding programs 

(growing 1 for 1-3 week, growing 2 for 4-6 week, finishing 1 for 7-9 week 

and finishing 2 for 10-11 week) were used in this experiment. The treatments 

were included 1) Corn-SBM based diet (CON), 2) Corn-SBM based diet + 

15% of wheat (W15), 3) Corn-SBM based diet + 30% of wheat (W30), 4) 

Corn-SBM based diet + 45% of wheat (W45) and 5) Corn-SBM based diet 

+ 60% of wheat (W60). In feeding trial, there was no significant difference 

in growth performance among dietary treatments. However, G:F ratio tended 

to increase (quadratic, p<0.08) when pigs were fed higher wheat diet during 

finishing period. In BUN, creatinine and total protein concentration were not 



18

differed by dietary treatments. Digestibility of crude ash and fat tended to 

decrease as wheat supplementation level increased (P<0.08). Other nutrient 

digestibility was not affected by treatments. The proximate analysis of 

longissimus muscle was not affected by dietary level of wheat. Crude ash 

content in pork was decreased linearly as wheat supplementation level was 

increased (P=0.05).  There was no significant difference in pH of pork. In 

pork and fat, L*, a* and b* values were not significant differences among 

dietary treatments. In addition, significant differences were not observed on 

shear force, water holding capacity (WHC) and cooking loss by dietary level 

of wheat. In fatty acid composition, the ratio of PUFA to SFA was increased 

as wheat supplementation level increased (P<0.05). When pigs were fed diets 

containing wheat, days to market weight was numerically reached earlier 

compared to basal diet. This experiment demonstrated that supplementation 

wheat did not show negative responses on carcass characteristic as well as 

growth performance of growing/finishing pigs. Also, wheat treatment improved 

the G:F ratio during finishing period and economical profit by estimating 

total feed cost to marketed weight was also increased. Consequently, wheat 

can be supplemented up to 60% in growing-finishing pig without detrimental 

effects on growth and pork quality. The ratio of G:F tended to improve in 

finishing period by wheat inclusion. Moreover, the highest economical profit 

was observed when wheat was supplemented at 30% in diet of 

growing/finishing pigs.

Keywords: Wheat, Growth performance, Blood profile, Pork quality, 

          Nutrient digestibility, Growing-finishing pigs
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Introduction

Wheat is the most widely used ingredients in EU with barley 

(Hasha, 2002) subsequently it is being supplemented in swine diets like corn 

in Korea. The concentration of gross energy in wheat is 91 to 97% relative 

to corn when utilized in pigs (Zijlstra et al., 1999; Wiseman, 2000; Sauvant 

et al., 2004, NRC, 2012). However, crude protein and amino acids 

concentration such as lysine, tryptophan, and threonine are higher in wheat 

than those of corn (Stein et al., 2001; Sauvant et al., 2004; Pedersen et al., 

2007; NRC, 2012). When pigs were fed wheat-based diets, growth 

performance could improve and similar pork quality was observed compared 

with pigs fed corn-based diets if nutrient requirements are equal (Gill et al., 

1966; Jensen et al., 1969; McConnell et al., 1975; Bell and Keith, 1993; Han 

et al., 2005). Cromwell (2002) reported that wheat can substitute corn entirely 

in diet from weaning to finishing period, as long as diets are balanced for 

protein and amino acids. In addition, digestibility of phosphorus is greater in 

wheat than in corn because of presence of endogenous phytase in wheat 

(McCance and Widdowson, 1944; Mollgaard, 1946; MacMasters et al., 1971; 

Pointillart et al 1984), but it is less efficient in degrading the phosphorus 

bound to phytic acid (Phillippy, 1999). Phosphorus digestibility can be 

increased in wheat-based swine diets with phytase supplementation (Nortey et 

al., 2007) and up to 1,000 FTU of exogenous phytase may be used 

(Johansen and Poulsen, 2003). For this reason, growth performance and 

carcass quality of wheat-based diets are expected to be similar to that of 

corn-based diet. As price of wheat is closely related with corn (Westcott and 
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Hoffman, 1999) and utilization of wheat in feed industry could be increased, 

particularly in 2016 (FAO, 2015). 

Cousequently this experiments was conducted to investigate various 

levels of dietary wheat on growth performance, blood profiles, pork quality, 

nutrient digestibility and economical analysis in growing-finishing pigs. 

Materials and Methods

Experimental animals and management

A total of 120 crossbred ([Yorkshire x Landrace]) x Duroc) pigs 

(27.75 ± 6.391 kg BW) were allotted to one of five treatments considering 

sex and initial body weight in 4 replication with 6 pigs per pen in a 

randomized complete block design. Pen was fully-concrete floor facility (2.60 

by 2.84 m2) in experimental period and equipped with feeder, water nipple, 

and environmentally controlled facility in Seoul National University Farm. 

The experimental period was 11 week.  Experimental period was consisted 

with 4 phases, phase 1 is 0-3 week, phase 2 is 3-6 week, phase 3 is 6-9 

week and phase 4 is 9-11 week. Body weight, and feed intake were collected 

at the end of each phase in order to calculate average daily gain (ADG), 

average daily feed intake (ADFI) and gain to feed ratio (G:F ratio). And 

allotment of feed to all pigs were recorded each day, and waste feed in 

feeder was recorded on the end of each phase. 

Dietary treatments

Dietary treatments were different levels of wheat; 1) CON 
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(Corn-SBM based diet), 2) W15 (Corn-SBM based diet + wheat 15%), 3) W 

30 (Corn-SBM based diet + wheat 30%), 4) W 45 (Corn-SBM based diet + 

wheat 45%), 5) W 60 (Corn-SBM based diet + wheat 60%). All nutrients 

were met or exceeded the requirement of NRC (2012) and experimental diets 

formula and chemical compositions were presented in table 1, 2, 3, and 4. 

Blood sampling and analyses

In each treatment, 6 pigs near average body weight were bled 

through the anterior vena cava to glucose, total cholesterol, creatinine, blood 

urea nitrogen (BUN) and total protein. Blood sampling was done at initial 

day and the ends of each phase. Collected blood samples were in disposable 

culture tube and centrifuged for 15 min by 3,000 rpm at 4°C (Eppendorf 

centrifuge 5810R, Germany). The sera were carefully transferred to 1.5 ml 

plastic tubes and stored at –20°C until later analysis. Total BUN 

concentration was analyzed using a blood analyzer (Ciba-Corning model, 

Express Plus, Ciba Corning diagnostics Co.). Creatinine and total protein 

concentration were measured by kinetic colorimetry assay using a blood 

analyzer (Modular analytics, PE, Roche, Germany).

Nutrient digestibility 

Digestibility trial was conducted in completely randomized design 

(CRD) with 3 replicates to evaluate the nutrient digestibility and nitrogen 

relation. Experimental diet of finishing phase 1 was provided to each 

treatment animals. A total of 15 crossbred growing barrows, averaging 71.16 

± 3.50 kg body weight, were individually allotted to each treatment and 
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housed in a metabolic crate. Total collection method was utilized for the 

apparent digestibility. After a 7 days adaptation period and 5 day of 

collection period was followed to determine the first and last day of 

collections, 0.4% of ferric oxide and chromium oxide were added to 

experimental diets used for the indigestible marker. During the experimental 

period, water was provided ad libitum and all pigs were fed a daily level of 

2.7 times the estimated maintenance requirement for energy (i.e. 106 kcal of 

ME per kg of BW0.75; NRC, 1998). Excreta and urine were collected daily 

and stored -20°C until analysis. 

Chemical Analyses

Diets were ground by a Cyclotec 1093 Sample Mill (Foss Tecator, 

Hillerod, Denmark) and ground diets were analyzed. All analyses were 

performed in duplicate samples and analyses were repeated if results from 

duplicate samples varied more than 5% from the mean. The DM of diet 

samples were determined by oven drying at 135°C for 2 h (method 930.15; 

AOAC International, 2005). Aspartic acid was used as a calibration standard, 

and CP was calculated as N × 6.25 and diets were also analyzed for ash 

(method 942.05; AOAC International, 2005). Collected excreta were pooled 

and dried in an air-forced drying oven at 60°C for 72 h, and ground into 1 

mm particles in a Wiley mill for chemical analysis include moisture, protein, 

fat and ash contents (AOAC, 2005). Total urine was collected daily in a 

plastic container containing 50 ml of 4N H2SO4 and frozen during the 5 day 

collection period for nitrogen retention analyses.
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Carcass traits

At the end of experiment, 4 pigs from each treatment group were 

selected and slaughtered for the carcass analysis. Pork samples were collected 

from nearby 10th rib on right side of carcass. Because of chilling procedure, 

30 minutes after slaughter was regarded as initial time. The pH, meat and 

back-fat color of longissimus muscle were measured at 24 hour. The pH was 

measured using a pH meter (Model720, Thermo Orion, U.S.A). Pork and 

backfat color was determined by CIE color L*, a* and b* values using a 

CR300 (Minolta Camera Co., Japan). Chemical analysis of pork samples were 

conducted by the method of AOAC (2005). 

Pork quality

Centrifuge method was used for measuring water holding capacity of 

pork. Three samples of longissimus muscles were ground and sampled in 

filter tube, then heated in water bath at 80℃ for 20 min and centrifuged for 

10 min at 2,000 rpm at 10°C (Eppendorf centrifuge 5810R, Germany). To 

calculate the cooking loss, longissimus muscles were packed with 

polyethylene bag and heated in water bath until core temperature reached 

72°C and weighed before and after cooking. After heated, samples are cored 

(0.5 inch in diameter) parallel to muscle fiber and the cores were used to 

measure the shear force using a salter (Warner Barzler Shear, USA). The 

amino acid contents in loin meat were determined by ion-exchange 

chromatography (Amino Acid Analyzer L-8900, Hitachi, Tokyo, Japan) with 

post-column derivatization with ninhydrin. Performic acid was used in 

oxidizing amino acids and neutralized with sodium citrate dihydrate, and then 
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hydrolyzed with 6 N HCl for 22 h at 110°C to be liberated from the 

protein. Amino acids were quantified with the internal standard method 

(amino acid mixture standard solution Type H, Wako Chemical, Osaka, 

Japan; L-cysteic acid, Tockyo Chemical Industry, Tokyo, Japan; 

DL-methionine sulfone, Sigma, Missouri, US) by measuring the absorption of 

reaction products with ninhydrin at 570 nm.

Fatty acid composition

Lipids in the pork sample (10 g) were extracted with 100 mL of 

chloroform/methanol (2:1, v/v) according to the procedure of Folch et al. 

(1957). After adding 0.9% NaCl solution, thoroughly mixed. After phase 

separation, the upper layer was removed and the remaining organic layer was 

dried under nitrogen flow. Extracted lipids were mixed with 2 mL of 

BF3-methanol(14%,w/w) before being heated in a water bath (85°C) for 10 h. 

After cooling, hexane (2 mL) and DW (5 mL) were added and centrifuged at 

3,100 rpm for 10 min (HM-150IV, Hanil Co. Ltd., Korea). Then, the top 

hexane layer containing fatty acid methyl esters (FAME) was transferred to 

vial, followed by separation on a gas chromatograph (HP 7890, Agilent 

Technologies, Santa Clara, CA, USA). A split inlet (split ratio, 50:1) was 

used to inject the samples into a capillary column (SPTM2560 

Capillarycolumn; 100 m × 0.25 mm × 0.20 μm film thickness) and ramped 

oven temperature was used (100°C for 5 min, increased to 240°C at 4°C/min 

and maintained for 20 min). The inlet temperature was 225°C. N2 was 

observed as the carrier gas at a constant flow rate of 20 mL/min. 
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Economical analysis

Economical efficiency was calculated using the feed cost without 

considering other factors because pigs were reared in the same environmental 

condition. The total feed cost and feed cost (won) per body weight gain (kg) 

was calculated by using amount of the total feed intake and feed price. The 

days to reaching market weight (110 kg) was assumed from the body weight 

at the end of experimental period and ADG of phase 4.

A total of 20 finishing pigs were slaughtered at slaughter house and 

all carcass was graded by livestock product grading standard (Korea Institute 

for Animal Products Quality Evaluation). 

Statistical Analyses 

Statistical analysis was resulted by least squares mean comparisons 

using General Linear Model (GLM) procedure in SAS (SAS Inst. Inc., Cary, 

NC). Orthogonal polynomial contrasts were performed to analyze the linear or 

quadratic effects of increasing levels of wheat in diet. Each pen was 

considered as an experimental unit in measuring growth performance and 

individual pig was used as an unit for data on blood profile, pork quality, 

carcass traits and economical efficiency. Significance for treatment effects was 

reported at P≤0.05, with a trend between P>0.05 and P≤0.10. Brocken-line 

quadratic models were used for estimation of digestible wheat levels using 

NLIN procedure (Robbin et al., 2006)

Results and Discussion
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Growth performance    

The effect of wheat supplementation on growth performance is shown 

in Table 5. During the whole feeding trial, there were no significant 

differences in body weight (BW), average daily gain (ADG), average daily 

feed intake (ADFI) among treatments. As the dietary wheat supplementation 

levels increased, G:F ratio was tended to increase (linear, p=0.08). As pigs 

were fed higher wheat treatment diets, G:F ratio tended to increase during 7 

to 11 week (quadratic, P=0.06). Using single-slope, broken-line method 

(Robbins et al., 2006), a minimal breakpoint of 37.83% wheat was 

determined (Figure 1). 

Supplementation of wheat level in swine diet has been studied for a 

few years. Seerley et al. (1988) reported that wheat could replace corn-SBM 

based diet by 80.84% in growing period and 85.98% in finishing period. In 

this study, wheat supplementation did not show any negative influence on 

growth performance in growing-finishing pig. 

 Pigs fed wheat supplemented diets could grow similar as pigs fed 

corn-SBM diets (Gill et al., 1966; Jensen et al., 1969; Seerley et al., 1988; 

Van Lunen and Schulze, 1996; Han et al., 2005). There was no significant 

difference in ADG between corn-based diet and wheat-based diet. Wheat 

supplementation level of this experiment was from 20% to 85.98% in 

growing-finishing pigs diet. Thus, growth of pigs fed wheat supplemented diet 

is expected to be similar to that of corn-SBM diets. Wheat could replace 

corn in diets for growing and finishing pigs, if diets are met amino acid and 

protein requirement (Cromwell, 2002). This result demonstrated that the 60% 

of wheat supplementation did not have detrimental effect on growing-finishing 
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pigs’ growth. 

Seerly et al., (1998) and Van Lunen and Schulze (1996) reported that 

pigs fed wheat-based diet had significantly higher ADFI than corn-based diet. 

However, some other researchers reported that there was no significant 

difference between corn and wheat (Partridge et al., 1999; Carr et al., 2005; 

Ball and Magowan, 2012). In weaning pigs, wheat has high palatability in 

previous experiment (Bruneau and Chavez, 1995), but there was no 

significantly difference in ADFI among treatments in the present experiments. 

This result demonstrated that palatability and feed intake were not affected in 

growing-finishing pigs.

Two major enzymes which supplemented in wheat-based diets are 

phytase and xylanase. There were many studies about evaluating efficiency of 

enzymes (Bedford, 1995; Kim et al., 2005; Woyengo et al., 2008). There was 

no significant difference between phytase and both phytase and xylanase in 

both growth performance and nutrient digestibility (Lyberg et al., 2008). 

Generally, there is a positive correlation between G:F ratio and nutrient 

digestibility in pigs. 

Van Lunen and Schulze (1996) reported that 60% of wheat inclusion 

resulted in higher feed consumption but this was not translated into ADG 

resulting in slightly but significantly poorer G:F ratio. However, they 

supplement xylanase instead of phytase. Phytase is one of the reasons why 

G:F ratio improved in wheat treatments. Corn has higher phytic acid than 

wheat (Hídvégi and Lásztity, 2003) and phosphorus digestibility is lower than 

wheat (Barrier-Guillot et al., 1996; NRC, 1998; Spencer et al., 2000; Sauvant 

et al., 2004; Bohlke et al., 2005; Kim et al., 2005; Pedersen et al., 2007). 
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The improvement in G:F ratio with the inclusion of phytase in wheat 

treatments could also be explained by phytase acting on other nutrients which 

are bound to phytate form, thus releasing more energy and protein. 

When comparing particle size of feed ingredients which used in swine 

diet, wheat is more fine than corn. In this study, pigs fed wheat had higher 

G:F ratio than pigs fed corn-SBM treatment in finishing period. These results 

were in agreement with the result of Mavromichalis et al. (2000) which 

demonstrated that feeding wheat as fine particle size had improved G:F ratio 

in finishing pigs. However, regardless of particle size of wheat-based diets, 

corn-SBM diets had higher G:F ratio in finishing period but similar in 

growing period (Seerly et al., 1988). 

The present study showed that the performance of finishing pigs could 

be improved by feed wheat rather than corn. Finishing pigs fed the 

wheat-based diet showed better G:F ratio by 9-14%. Meanwhile, this study 

suggests that a wheat-based diet can be recommended in finishing period. 

Nutrient digestibility

The effect of wheat supplementation levels on nutrient digestibility was 

presented in Table 6. In this trial, wheat supplemented treatments did not 

produce beneficial effect (P>0.05), but pig fed wheat-based diet tended to 

have lower nutrient digestibility of ash and fat than those fed corn-SBM diet 

(P<0.08). Nitrogen retention also was not affected by wheat supplementation 

levels (P>0.05).

There was few researches which were experimented about digestibility 
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of corn and different level of wheat. Some researchers reported that higher 

digestibility of CP and amino acid (Pedersen et al., 2007) but other study 

reported that there were no differences in nitrogen and dry matter digestibility 

when comparing with that or corn (Sauer et al., 1977). In this study, there 

was no improvement of dry matter, CP and nitrogen and we can conclude 

that wheat supplementation did not have negative effect on them.  

The reason why wheat-based diet had low digestibility of crude fat can 

be explained by crude fat composition in experimental diet in finishing period 

1. Wheat-based diets had slightly lower crude fat content than that of 

corn-SBM. Generally, digestibility of them was effected by concentration in 

the diet (Noblet and Perez. 1993). When there was high intact or extracted 

fat in the diet showed higher digestibility of fat (Kil et al., 2010) and dietary 

crude fat increase digestibility of crude fat in pigs (Noblet and Perez, 1993). 

For this reason, crude fat digestibility may be increased. 

Lower digestibility of crude ash could be due to the increased digesta 

passage rate, which in turn decreased digestion and absorption in the small 

intestine (Powell et al., 1994). Digesta passage rate is effected by viscous 

fiber content in pigs diet (Graham et al., 1986). Wheat contains higher crude 

fiber (NRC, 2012) and total NSP (Choct and Annison, 1990) than corn. We 

can conclude that high fiber content increases viscosity of digesta and 

increase passage rate, crude ash digestibility decreased when wheat was 

supplemented in pigs diet. 

Blood profiles

The effect of wheat supplementation levels on blood profiles was 
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presented in Table 7. During whole experimental period, creatinine and BUN 

showed the normal levels regardless of wheat supplementation and no 

significant differences were observed among treatments. However, total protein 

concentration at 6 week tended to decrease as wheat supplementation level 

increased (quadratic. P=0.08).

Bergsjø et al, (1993) reported that negative correlation between protein 

intake and serum total protein concentration. Greater serum total protein level 

indicates that protein status was improved in pigs (Matthews et al., 1998). 

When contaminated wheat level increased, serum total protein level decreased 

in growing pigs (Danicke et al., 2004). Thus, our result was derived from 

inclusion of high level of wheat which could contain toxin more than that of 

corn. However, the normal range of serum total protein level is 5.41 to 6.80 

mg/dL (Miller et al., 1961). High level of wheat did not have detrimental 

effect on serum total protein level. 

Serum BUN concentration usually used as indication of excessive 

amino acids which are inefficiently used in body and released in the blood 

before excretion (Jeong et al., 2010). However, the result of this study was 

not affected to serum BUN concentration and it this indicated that there was 

no difference of excessive amino acid between wheat and corn. 

Blood creatinine is widely used as an index of calculating body muscle 

content and blood creatinine concentration has positive correlation with total 

muscle in body (Baxmann et al., 2008). No difference was detected in this 

experiment so we can conclude that both wheat and corn are not affect to 

muscle production in growing-finishing pigs. `
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Carcass traits 

The effect of wheat supplementation levels on carcass traits was 

presented Table 8. In this study, we can not find any significant difference in 

moisture, crude protein and crude fat. However, crude ash concentration was 

decreased as wheat supplementation level increased (linear, P=0.05). 

In physiochemical property, any significant difference was not detected 

by supplementation levels of wheat on cooking loss, shear force and WHC 

among treatments. 

Numerous studies reported that there was no detrimental effect on pork 

quality when using wheat as feed ingredients (Han et al., 1976; Brendemuhl 

et al., 1996; Han et al., 2005). Crude ash was effected by many kind of 

factors such as iron content in feed ingredient (Olsson et al., 2003) and fat 

content in pork (Daszkiewicz et al., 2005). There are negative correlations 

between crude fat and ash. However, we did not find interrelationship 

between them and only crude ash was decreased. Crude ash content of diet 

was lower in wheat inclusion treatment and control. For this reason, there 

was low crude ash in pork. The content of crude ash indicated an 

evolutionary tenderness when the ash content increased (Okrouhla et al., 

2008). Sensory test may be need to find out relationship between crude ash 

and tenderness. 

No differences among treatments in physiochemical property in this 

study. This results are in accordance with those of Carr et al. (2005), who 

had reported that cooking loss, shear force and water holding capacity was 

not affected by feed ingredients especially between corn and wheat. 
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Pork quality

Tables 9 showed the effect of wheat supplementation levels on meat 

color (Hunter-value) and pH of LM. No significant differences were observed 

in L*, a*, b* value and pH at 24h after slaughter when pigs were fed 

different levels of wheat supplementation (P>0.05). The effect of wheat 

supplementation levels on back-fat color was shown in Table 10. There was 

no significant difference in back-fat color as wheat supplementation level was 

increased (P>0.05). 

There was no negative effect in redness and yellowness of LM by 

wheat supplementation (Carr et al., 2005; Han et al., 2005). These findings 

are in accordance with those of our results. Change of pH value would be 

an important factor that determined the pork quality and had an influence 

physicochemical property and shelf life (Brewer and McKeith, 1999). 

Generally pH represented of PSE (pale soft exudative) and  DFD meat (dark 

firm and dry) (Maganhini et al., 2007). Corn-SBM diet could make 

yellow-color fat because of presense of carotenes and xanthophlls in them 

(Bauernfeild et al., 1981). Han et al., (2005) reported that there was no 

significantly difference between corn-based diet and wheat-based diet. 

Generally, wheat contains lower content of cartenoid than corn so that wheat- 

based diet could make better fat quality. However, our results and other 

studies indicated that fat quality was not affected by feed ingredients.

Fatty acid composition

Table 11 presented effect of wheat supplementation on fatty acid 

composition. There were no significant differences in individual fatty acid 
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(P>0.05). Total PUFA and PUFA to SFA ratio was increased quadratically as 

wheat inclusion level increased (P≤0.05).  

In monogastric animal, especially pig, feed ingredients could affect fatty 

acid composition in pork (Ellis and Isbell, 1926; Enser et al., 2000; Teye et 

al., 2006; Wood et al., 2008). Low proportions of SFA were mainly derived 

from the diet but 18:2 was entirely derived from the diet. However, C16 and 

C18 saturated fatty acids are synthesis in the body and interconversion 

between them (Wood et al., 2008).  NRC (2012) reported that wheat contains 

higher C14:0, C16:0 and SFA and lower C16:0 and PUFA. Han et al, (2005) 

also stated that corn has higher PUFA than wheat and these fatty acid was 

not converted to back-fat composition. This result demonstrated that the pork 

fatty acid composition was not always derived from the diet. Gatlin et al. 

(2002) reported that high level of tallow in the diet was resulted in high 

PUFA concentration on pork. In our study, tallow level was increased when 

wheat supplementation level increased. For this reason, the PUFA content in 

our experiment was effected by tallow supplementation level. In addition, 

Williams (2000) recommened PUFA to SFA ratio above 0.4. It can help to 

achieve a balanced dietary fatty acid intake (Ayo et al., 2007) and make 

healthier pork to customer. 

Economical analysis

The effect of wheat supplementation level on feed cost per weight 

gain, total feed cost per pig and days to market weight were presented in 

Table 12. There was no significant difference in feed cost per weight gain, 

days to market weight and estimated feed cost to market weight during the 
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whole experimental period. Although there was no significant difference, days 

to market weight numerically decrease as supplementation of wheat level was 

60%. Feed cost per weight gain was numerically decreased about 6% in W 

15 and W 30. When we calculate estimated total feed cost, only W 60 was 

higher than any other treatments. 

This result demonstrated that the in economical point of view, the 

replacement of corn with wheat in diets of growing-finishing pigs could 

reduce feed cost when wheat price was higher than corn about 33 won/kg. 

And the highest economical profit was observed in 30% of wheat treatment.  

Conclusion

There were no significant differences in BW, ADG and G:F ratio 

among various levels of dietary wheat treatments. As the dietary wheat 

supplementation levels increased, G:F ratio tended to increase (quadratic 

response, P<0.08). Digestibility of crude fat and ash was also higher as 

wheat supplementation level increased. Blood profiles of experimental pigs 

showed the normal ranges regardless of dietary wheat level during the whole 

experimental period and no differences were observed among treatments. 

Consequently, there were no detrimental effects on carcass traits and pork 

quality although wheat was supplemented up to 60% in diet of growing- 

finishing pigs. In economical analysis, estimated total feed cost could be 

reduced when wheat was supplemented up to 45% in diets but the highest 

economical profit was achieved in 30% of wheat treatment. 
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Ingredients, %
Treatments1

CON W 15 W 30 W 45 W 60

Corn 62.18 48.50 34.82 21.11 7.45

SBM, 45% CP 28.08 26.31 24.55 22.80 21.08

Wheat 0.00 15.00 30.00 45.00 60.00

Wheat bran 3.00 3.00 3.00 3.00 3.00

Palm kernel meal 3.00 3.00 3.00 3.00 3.00

Tallow 1.44 1.86 2.28 2.71 3.13

MDCP 0.83 0.76 0.69 0.63 0.56

Limestone 0.87 0.92 0.96 1.00 1.04

L-lysine-HCl, 78% 0.00 0.04 0.09 0.13 0.18

DL-methionine, 80% 0.00 0.01 0.01 0.02 0.02

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30

Phytase 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00 

Chemical composition　

ME, kcal/kg4 3265.01 3265.01 3265.04 3265.02 3265.01 

Crude protein, %5 17.97 19.95 20.24 17.52 20.21

Crude fat, %5 4.68 5.19 5.15 5.98 6.03

Crude ash, %5 9.45 9.86 10.31 9.52 9.15

Lysine, %4 0.95 0.95 0.95 0.95 0.95 

Methionine, %4 0.28 0.28 0.28 0.28 0.28 

Ca, %4 0.60 0.60 0.60 0.60 0.60 

Total P, %4 0.50 0.50 0.50 0.50 0.50 
1 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 
60%
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 IU; 
vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; calcium 
pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 88 mg; 
Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Analyzed value. 

Table 1. Formula and chemical composition of growing phase1 (GrowingⅠ).
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Ingredients, %
Treatments1

CON W 15 W 30 W 45 W 60

Corn 66.94 53.28 39.57 25.90 12.18

SBM, 45% CP 23.68 21.90 20.16 18.37 16.64

Wheat 0.00 15.00 30.00 45.00 60.00

Wheat bran 3.00 3.00 3.00 3.00 3.00

Palm kernel meal 3.00 3.00 3.00 3.00 3.00

Tallow 1.25 1.66 2.09 2.51 2.94

MDCP 0.75 0.68 0.61 0.54 0.47

Limestone 0.78 0.82 0.87 0.92 0.97

L-lysine-HCl, 78% 0.00 0.05 0.09 0.14 0.18

DL-methionine, 80% 0.00 0.01 0.01 0.02 0.02

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30

Phytase 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00 

Chemical composition4　

ME, kcal/kg4 3265.01 3265.01 3265.03 3265.00 3265.02 

Crude protein, %5 16.61 17.03 15.39 15.83 15.56

Crude fat, %5 4.81 5.30 5.21 5.38 5.44

Crude ash, %5 4.79 4.46 3.85 4.03 4.25

Lysine, %4 0.83 0.83 0.83 0.83 0.83 

Methionine, %4 0.26 0.26 0.26 0.26 0.26 

Ca, %4 0.54 0.54 0.54 0.54 0.54 

Total P, %4 0.47 0.47 0.47 0.47 0.47 
1 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 
60%
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 IU; 
vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; calcium 
pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 88 mg; 
Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Analyzed value. 

Table 2. Formula and chemical composition of growing phase2 (GrowingⅡ).
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Ingredients, %
Treatments1

CON W 15 W 30 W 45 W 60

Corn 69.25 55.59 41.87 28.19 14.52

SBM, 45% CP 21.60 19.86 18.08 16.33 14.58

Wheat 0.00 15.00 30.00 45.00 60.00

Wheat bran 3.00 3.00 3.00 3.00 3.00

Palm kernel meal 3.00 3.00 3.00 3.00 3.00

Tallow 1.14 1.54 1.98 2.40 2.81

MDCP 0.68 0.60 0.53 0.47 0.40

Limestone 0.74 0.77 0.84 0.87 0.90

L-lysine-HCl, 78% 0.00 0.04 0.09 0.13 0.17

DL-methionine, 80% 0.00 0.00 0.01 0.01 0.02

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30

Phytase 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00 

Chemical composition4　

ME, kcal/kg4 3265.01 3265.03 3265.03 3265.00 3265.05 

Crude protein, %5 16.17 15.99 15.28 14.77 14.94

Crude fat, %5 6.78 5.45 4.88 5.38 5.01

Crude ash, %5 4.44 4.22 3.56 3.74 3.94

Lysine, %4 0.78 0.78 0.78 0.78 0.78 

Methionine, %4 0.25 0.25 0.25 0.25 0.25 

Ca, %4 0.50 0.50 0.50 0.50 0.50 

Total P, %4 0.45 0.45 0.45 0.45 0.45 
1 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 
60%
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 IU; 
vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; calcium 
pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 88 mg; 
Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Analyzed value. 

Table 3. Formula and chemical composition of finishing phase1 (FinishingⅠ).
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Ingredients, %
Treatments1

CON W 15 W 30 W 45 W 60

Corn 75.55 61.91 48.19 34.52 20.82

SBM, 45% CP 15.69 13.90 12.15 10.38 8.65

Wheat 0.00 15.00 30.00 45.00 60.00

Wheat bran 3.00 3.00 3.00 3.00 3.00

Palm kernel meal 3.00 3.00 3.00 3.00 3.00

Tallow 0.92 1.33 1.76 2.18 2.60

MDCP 0.51 0.46 0.40 0.32 0.24

Limestone 0.74 0.75 0.80 0.85 0.90

L-lysine-HCl, 78% 0.00 0.05 0.10 0.14 0.18

DL-methionine, 80% 0.00 0.00 0.00 0.01 0.01

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30

Phytase 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00 

Chemical composition4　

ME, kcal/kg4 3265.04 3265.03 3265.03 3265.01 3265.01 

Crude protein, %5 14.60 14.42 13.47 14.07 13.64

Crude fat, %5 5.04 3.56 3.88 4.02 4.46

Crude ash, %5 4.45 3.46 3.26 3.23 3.51

Lysine, %4 0.62 0.62 0.62 0.62 0.62 

Methionine, %4 0.23 0.23 0.23 0.23 0.23 

Ca, %4 0.45 0.45 0.45 0.45 0.45 

Total P, %4 0.40 0.40 0.40 0.40 0.40 
1 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 
60%
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,020 IU; 
vitamin C, 100 IU; vitamin D3, 1,604 IU; vitamin K3, 1.6 mg; rivoflavin, 1.6 mg; calcium 
pantothenic acid, 6 mg; niacin, 10 mg; biotin, 40 ㎍; vitamin B12, 10 ㎍.
3 Provided the following quantities of minerals per kg of complete diet: Fe, 187 mg; Cu, 88 mg; 
Mn, 167 mg; I, 1 mg; Se, 1mg; Zn, 103 mg.
4 Calculated value.
5 Analyzed value. 

Table 4. Formula and chemical composition of finishing phase2 (FinishingⅡ).
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Criteria
Treatments2

SEM3
P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Body weight5, kg

Initial 27.75 27.75 27.75 27.75 27.75 - - -

3 wk 40.44 42.16 39.00 40.41 41.78 1.320 0.55 0.27

6 wk 55.51 56.08 53.94 54.38 56.87 2.014 0.89 0.43

9 wk 75.50 78.30 76.71 76.57 79.93 2.461 0.53 0.93

11 wk 91.70 92.09 91.13 92.19 95.81 2.898 1.00 0.95

ADG, g

0-3 wk 623 686 543 603 668 39.4 0.60 0.16

4-6 wk 718 663 711 685 718 28.0 0.60 0.97

7-9 wk 952 1,058 1,084 1,057 1,098 27.6 0.17 0.24

10-11 wk 996 985 1,030 1,116 1,134 25.6 0.65 0.18

0-6 wk 657 674 627 634 693 31.4 0.83 0.46

7-11 wk 963 1,029 1,019 1,080 1,113 24.8 0.59 0.35

0-11 wk 758 766 756 767 810 21.3 0.95 1.00

ADFI, g

0-3 wk 1,452 1,523 1,361 1,525 1,549 79.3 0.89 0.59

4-6 wk 1,809 1,695 1,656 1,777 1,963 80.2 0.34 0.74

7-9 wk 2,799 2,755 2,801 2,726 2,866 96.7 0.94 0.94

10-11 wk 2,931 2,783 2,726 2,891 3,026 54.5 0.24 0.66

0-6 wk 1,630 1,609 1,508 1,651 1,756 77.0 0.58 0.64

7-11 wk 2,936 2,845 2,849 2,874 3,016 75.4 0.65 0.84

0-11 wk 2,195 2,143 2,091 2,179 2,299 72.1 0.59 0.73

G:F ratio

0-3 wk 0.421 0.448 0.390 0.399 0.435 0.0115 0.47 0.09

4-6 wk 0.406 0.391 0.436 0.373 0.368 0.0110 0.88 0.82

7-9 wk 0.345 0.385 0.397 0.392 0.384 0.0092 0.08 0.06

10-11 wk 0.340 0.357 0.379 0.387 0.376 0.0086 0.61 0.08

0-6 wk 0.404 0.417 0.417 0.384 0.396 0.0070 0.32 0.53

7-11 wk 0.329 0.363 0.360 0.378 0.370 0.0064 0.13 0.06

0-11 wk 0.348 0.357 0.365 0.354 0.354 0.0053 0.42 0.53
1 A total 120 crossbred pigs was fed from average initial body 27.75 ± 6.391 kg and the average final 
body weight was 92.58 kg.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 

Table 5. Effect of wheat supplementation levels on growth performance in 

growing-finishing pigs1.
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Table 6. Effect of wheat supplementation levels on nutrient digestibility in 

growing-finishing pigs1.

Criteria
Treatments2

SEM3
P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Nutrient digestibility, %

Dry matter 92.00 91.22 91.23 90.51 92.30 0.635 0.76 0.53

Crude protein 86.64 85.37 84.96 82.60 86.11 1.147 0.88 0.31

Crude ash 64.12 56.47 47.53 40.55 56.47 4.193 0.56 0.06

Crude fat 90.69 87.85 85.25 86.01 86.53 1.104 0.21 0.07

N-retention, g/day

N-intake 49.18 49.02 50.38 45.46 46.74 - - -

N-feces 6.54 7.12 7.84 7.86 6.50 0.605 0.76 0.43

N-urine 13.55 17.09 12.31 15.87 14.57 0.823 0.27 0.59

N-retention4 29.09 24.81 29.28 21.74 25.67 1.280 0.58 0.51

N-digest 59.03 50.54 58.47 47.59 54.86 2.331 0.42 0.65
1
 A total of 15 crossbred pigs were fed from average initial body weight 71.16 ± 3.50 kg.

2
 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%

3 Standard error of means.
4 N retention = N intake (g) - Fecal N (g) - Urinary N (g)
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Criteria
Treatments2

SEM3
P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Creatinine, mg/dL

 Initial -------------------------------- 0.73 ----------------------------- - - -

 3 week   0.70   0.78   0.93   0.64   0.79 0.047 0.27 0.69

 6 week   0.89   0.94   1.10   0.87   0.77 0.037 0.34 0.40

 9 week   0.73   0.99   1.01   0.94   0.82 0.052 0.14 0.38

 11 week   1.00   1.03   0.94   0.99   1.06 0.039 0.93 0.57

BUN, mg/dL

 Initial -------------------------------- 8.2 ------------------------------ - - -

 3 week 14.8 12.5 12.3 13.4 15.4 0.52 0.13 0.51

 6 week 11.1 11.8 11.0 13.4 12.6 0.38 0.90 0.41

 9 week 13.6 14.2 12.5 14.6 13.7 0.58 0.95 0.82

 11 week 10.8 13.5 12.2 14.3 14.1 0.64 0.36 0.46

Total protein, mg/dL

 Initial -------------------------------- 6.2 ------------------------------ - - -

 3 week  6.6  6.8  6.8  6.4  6.3 0.07 0.23 0.41

 6 week  6.8  6.9  6.6  6.4  6.1 0.09 0.70 0.08

 9 week  6.9  6.9  6.9  6.6  6.5 0.09 0.95 0.38

 11 week  6.9  6.7  6.7  6.4  6.4 0.09 0.93 0.19
1 Least squares means of 6 observations per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 

Table 7. Effect of wheat supplementation levels on blood profiles in 

growing-finishing pigs1.
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Criteria
Treatments3

SEM2
P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Proximate analysis, %

Moisture 70.01 70.16 69.08 70.02 68.39 0.146 0.88 0.34

Crude protein 24.41 24.23 24.80 24.54 24.23 0.258 0.86 0.82

Crude fat 3.79 4.39 3.87 3.29 4.49 0.309 0.45 0.47

Crude ash 1.64 1.46 1.47 1.43 1.43 0.024 0.05 0.10

Physiochemical property , %

Cooking loss5 65.78 65.89 64.44 64.44 65.05 0.333 0.13 0.58

Shear force6 33.66 34.20 33.74 32.20 32.70 0.836 0.35 0.32

WHC7 6.88 6.65 6.08 6.07 6.17 1.566 0.74 0.56
1 Least squares means for four pigs per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 
5 Cooking loss unit: %
6 Shear force unit: kg/0.5 inch2

7 WHC: water holding capacity

Table 8. Effect of wheat supplementation levels on pork quality of 

longissimus muscle1.
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Criteria
Treatments2

SEM3 P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Hunter value

L 50.43 48.88 49.58 49.39 49.42 0.586 0.53 0.92

a  5.27  5.49  5.24  5.87  5.69 0.236 0.99 0.76

b  7.60  7.67  7.08  7.54  7.36 0.173 0.88 0.44

pH value after slaughter

 5.63  5.64  5.55  5.57  5.57 0.020 0.97 0.16
1 Least squares means for four pigs per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 
5 Hunter L: luminance or brightness (vary from black to white), a: red and green component (+a:red,  
  -a:green), b: yellow and blue component (+b:yellow, -a:blue)

Table 9. Effect of wheat supplementation levels on pork color and pH after 

slaughter1.
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Criteria
Treatments2

SEM3 P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Hunter value5

L 75.54 74.86 75.57 74.86 77.13 0.414  0.74  0.99

a  3.53  4.41  4.34  4.21  3.35 0.189  0.19  0.51

b  6.91  7.96  7.92  7.73  7.16 0.179  0.51  0.37
1 Least squares means for four pigs per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 
5 Hunter L: luminance or brightness (vary from black to white), a: red and green component (+a:red,  
  -a:green), b: yellow and blue component (+b:yellow, -a:blue)

Table 10. Effect of wheat supplementation levels on back-fat color after 

slaughter1.
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Criteria
Treatments2

SEM3 P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

C16:0 23.70 24.15 23.34 24.28 23.85 0.361  0.80  0.76

C16:1  2.73  2.98  2.97  3.08  3.24 0.243  0.58  0.50

C18:0 13.03 12.58 12.43 12.65 12.71 0.514  0.50  0.61

C18:1 41.44 42.00 39.61  4.65 39.30 0.897  0.87  0.10

C18:2 12.28 11.46 13.91 12.19 12.22 0.690  0.81  0.11

C18:3  0.73  0.69  0.68  0.67  0.64 0.046  0.56  0.44

Total SFA5 39.26 28.96 37.95 38.96 38.64 0.750  0.58  0.40

Total PUFA6 16.21ab 15.76b 19.09a 17.03ab 18.50ab 0.919  0.86  0.04

PUFA/SFA ratio  0.41b  0.41b  0.50a  0.44ab  0.47ab 0.014  0.73  0.05
1 Least squares means for four pigs per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 
5 Saturated fatty acids
6 Polyunsaturated fatty acids
abc Means in a same row with different superscript letters significantly (P<0.05)

Table 11. Effect of wheat levels on pork fatty acid composition of 

longissimus muscle1.
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Criteria
Treatments2

SEM3
P-value4

CON W 15 W 30 W 45 W 60 Lin. Quad.

Feed cost per weight gain, won/kg

0-3 week   815   774   900   877   828   22.0 0.68 0.11

3-6 week   818   847   799   906   927   23.7 0.88 0.85

6-9 week   939   841   833   842   870   20.4 0.12 0.22

9-11 week   889   859   819   804   842   18.9 0.66 0.13

0-11 week  3,461  3,331  3,320  3,428  3,466   49.2 0.31 0.92

Total feed cost per pig, won/head

0-3 week 10,414 11,006  9,896 11,182 11,427  578.3 0.86 0.79

3-6 week 12,444 11,758 11,566 12,513 13,916  565.1 0.48 0.95

6-9 week 18,858 18,678 19,160 18,773 19,903  664.1 0.98 0.86

9-11 week 12,388 11,852 11,670 12,515 13,190  242.2 0.33 0.98

0-11 week 54,103 53,293 52,321 54,982 58,436 1869.7 0.68 0.99

Estimated total feed cost per pig, won/head

70,076 68,101 66,576 69,686 71,739 1124.5 0.35 0.86

Days to market weight(110kg) from 27.27kg, days

 95.36 95.17 96.39 92.79 89.94 2.863 0.86 0.86
1 Least squares means of 6 observations per treatment.
2 Con : Wheat 0%, W 15: Wheat 15%, W 30: Wheat 30%, W 45: Wheat 45%, W 60: Wheat 60%
3 Standard error of mean.
4 Abbreviation: Lin. (linear) and Quad. (quadratic). 

Table 12. Effect of wheat supplementation on economical efficiency.
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Figure 1. Effect of wheat supplementation levels on G:F ratio in finishing 

phase. Data were fitted to a two-slope, quadtrtic broken-line analysis model 

(Robbins et al., 2006). The break point was 37.83% of wheat.
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Ⅴ. Summary in Korean

본 연 는 사료 내  수 별 첨가가 ·비 돈  적, 도

체특 , 양    경제 에 미 는 향에 하여 알아보고,  

탕  양돈 가에  사료 내 적정  첨가수  제시하  

하여 수행 었다. 평균체  27.75 ± 6.391 kg  3원 종 ([Yorkshire × 

Landrace] × Duroc) 돈 120  공시하 , 전체 5처리 4 복, 복 

당 6 씩 별과 체 에 라 난  (RCBD; Randomized Complete Block 

Design)  하 다. 1) CON : 존  수수-  사료, 2) W 

15 : 사료 +  15%, 3) W 30 : 사료 +  30%, 4) W 45 : 

사료 +  45%, 5) W 60 : 사료 + 60%  처리   하 다. 

사양실험 결과, ·비 돈 사료 내  수 별 첨가에  ·비

돈  체 , 당 체량, 당사료 취량, 사료 에 적  향  미

지 못하는 것  나타났다. 하지만, 사료 에 어 는 비  사양

간동안에  첨가한 처리 에  사료  가하는 경향  나타내

었다 (qudratic, P<0.08). 액 상  한 결과,  creatinine, BUN에 

어 는 적  차 가 나타나지 않았 ,  total protein에 는 6

주차에  감 하는 경향  보 나  돼지  정상  total protein 

도 다 (P=0.08). 비 돈  상  시행  양   실험결과, 

건 , 조단 질, 조 , 질  에  통계적  차가 나타나지 않

았지만, 사료 내  첨가수  가 할수 , 조지  과 조  

 감 하는 경향  나타났다 (P<0.08). 는 사료내 조지  과 조  

함량   첨가 수  가할수  낮아지는 경향  보 에  한 
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것  단 다. 도  후 채취한 등심근  상  한   

결과 수 , 조단 질  조지  함량에  처리 간  적  차 가 

견 지 않앗지만, 조  함량에 는  첨가수 에 라 적  

감 하는 가가 나타났다 (P=0.05). 는  함 한 처리  사료내 

낮  조  함량  도체 질에도 나타난 것  해 다. 돈  pH, 

색  학적 특 에 는 적  차 가 나타나지 않았다. 돈  

지 산 조 에 는  첨가수  가함에 라 돈  내 다  포  

지 산  함량  적  가 하 , 포 지 산  다  포

지 산  비  적  가 하 다 (P<0.05). 적  포 지

산  다  포  지 산  비  0.4 상  경우 사람  취하  

 건강에 적적  향  끼 다고 알 져 는 ,  첨가할수  0.4

상  수  가한 결과,  첨가한 고 는 체에 한 고  

생산할 것  사료 다. 경제   결과, 든 항목에  적  차

가 나타나지는 않았지만, 하체 지   체당 사료비에 는  

15, 30, 45%첨가한 처리 에  CON 보다 사료비  절감 할 수 었고, 

하 에 는 W 60 처리 에   약 6  하  앞당 는 결과가 

나타났다. 실험  진행한 시점  2015  11월  수수   가격  각

각 247원/kg, 280원/kg  것  감안 한다 ,  가격  수수보다 약 

30원 비싸 라도, 15, 30, 45%  첨가는 경제적 득  가져다  수 

,  가격  수수  같아진다  60%가지 첨가하여도 경제적  

 가져다  수  것 다. 결 적   수 별 첨가는 

에 는 적에 별다  향  끼 지 않지만, 비 에 는 사료

 가시켜 주 , 사양 간 전체  보았   양  나 돈

질에 정적  향  끼 지 않는 것  타나났다. 또한,  가격  
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수수보다 비싼 시점에 도 ·비 돈 내   첨가는  체당 사

료비  감 시키는 과가 , 하  앞당  수 므  경제

적  득  얻  수  것  사료 다.
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