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Summary

  In domestic pig industry, feed cost is occupying the most part of the cost 

of production, approximately 60%, and about 95% of feed ingredients are 

imported from other countries. Moreover, milk by-products are widely used in 

weaning pigs’ diet that’s why feed expenses of piglet’s diet comprised about 

30% of total feed cost although its amount is below 5% of total swine feed. 

Therefore, management in weaning period is important to save feed cost for 

improving the economical efficiency of swine farm. Weaning period in growth 

phase is very critical because pigs are separated from sows and cereal-based 

feed will be provided instead of sow’ milk. The present study was performed 

to evaluate the influence of dietary levels of milk by-products in weaning 

pigs’ diet on growth performance, blood profiles, carcass characteristics and 

economical analysis for pigs from weaning to finishing. A total of 160 

weaning pigs ([Yorkshire x Landrace] x Duroc; 7.01 ± 1.32 kg initial BW) 

were used in a 19-week feeding trial with 4 phase feeding program. Pigs 

were allotted to one of four treatments, by body weight and gender, in 10 

replicates with 4 pigs per pen in a randomized complete block design 

(RCBD). Dietary treatments were divided into dietary milk by-product levels 

both in early weaning phase (0, 10, 20, or 30%) and late weaning phase (0, 

5, 10, or 15%), respectively. From growing phase, all pigs were fed the 

same commercial diet for 14 weeks of experimental period. In growth trial, 

average daily gain (ADG) and average daily feed intake (ADFI) showed a 

significant difference (P<0.01) in weaning period, but there was no difference 
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at marketing weight as its difference was disappeared as pigs were grown. 

Incidence of diarrhea was not affected by dietary treatments during weaning 

period. Significant differences were not examined on BUN concentration, IgG 

and IgA during whole experimental period. Pork color, pH and proximate 

analysis of longissimus muscle of finishing pigs were not affected by dietary 

milk by-products treatment in weaning period. However, cooking loss and 

WHC were increased in finishing pigs when high levels of milk by-products 

were provided during weaning period. When weaning pigs were fed low 

levels of milk by-products treatment diets, feed cost was saved dramatically 

and pigs were reached earlier market weight. Although pigs were fed low 

levels of milk by-products diet in weaning period, growth performance, blood 

profiles and carcass characteristics were not affected by dietary treatments. 

However, feeding of low levels of milk by-products diet during weaning 

period, feed cost was saved approximately 6.3~11% during whole 

experimental period.

Key words : Milk by-products, Weaning pig, Growing-finishing pig, Growth 

performance, Carcass characteristics, Economical analysis
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I. Introduction

  The domestic korea pig industry is exposed to various challenges, 

such an free trade agreement (FTA) with other foreign countries, 

problem in manure treatment and occur of several diseases in swine.  

A feed cost is occupying the most part of cost of production, 

approximately 60%, and about 95% of feed ingredients for swine diet 

are imported annually from foreign countries. Although swine producers 

in Korea have overcame numerous obstacles, continuous changes and 

developments are needed to keep livestock industry sustainable. During 

the last 10 years, swine industry was pretty good shape because high 

price of pork has been maintained. Because of that, swine produces are 

willing to provide high nutrients feed to raise pigs. Even though pigs 

were fed high nutrient feed, they cannot grown faster because of 

physiological growth pattern of pig. However, pig producers are 

preferring to feed with high quality and price. Practically growth 

performance was improved when weaning pigs were fed diet contained 

high levels of milk by-products. After weaning period, however, growth 

performance of those pigs during growing finishing period is maintained –

or not evaluated yet. As long as swine producers are using high 

nutrients feed for their pigs, feed cost cannot be reduced subsequently 

competitiveness Korea swine industry will not improved. Consequently, 

the current study was conducted to evaluate the effects of various 

levels of milk by-products in weaning pig’s diet on growth 
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performance, blood profile, carcass characteristic and economic analysis 

in pigs grom weaning to finishing. 
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II. Literature Review

1. Introduction

 1.1 Global livestock market and feed ingredients

  During the past years, a rapid global expansion in production and 

consumption of animal products had led to a so-called “livestock 

revolution”, driven by population and income growth coupled with 

urbanization. In these circumstances, Livestock industry also have 

accelerated  growth. From that, corn and soybean meal have been 

considered the conventional ingredients in swine diets in South Korea. 

In particular, those components are the most important ingredients to 

influence the trend of international feed price. In addition, extreme 

climate changes, such as severe drought, are extensively affecting world 

grain market. For these reasons, the price of feed ingredient was 

unstable. Instability of the price in international feed ingredients could 

cause severe damages in Korean pork industry. Recently, the market 

prices of corn and soybean meal is unstable (Figure 1). Market price 

volatility for diets increases the pressure to reduce costs and increase 

efficiency. When the price of dietary raw ingredients dramatically 

increases, the use of alternative, less traditional, raw ingredients in 

formulating diets may become more economically attractive. Moreover, 

the more pork have been imported since FTA between South Korea 

and EU. It has led to decrease the price of pork in south Korea 

because of intense competition is against many other countries. 

Therefore, pork producers need to decrease production cost as well as 

to improve feed efficiency. 
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Figure 1. Major grain price in United state (Unit: $/Metric ton; USDA 

and CLAL, 2015)

 1.2 Situation of swine industry in Korea

  Swine industries is a situation, due to the difficulty of such as FTA 

with EU and USA, ban of ocean disposal animal’s manure, wasting disease 

and transmittable diseases such as FMD, PED, PRRS and PMWS. Table 1 

shows the cost of pig production in major pork producing countries. When 

compared to the average total production costs of European countries and 

total production costs in Korea, the Korea takes more costs of approximately 

40%, which much lacks in the international market competitiveness. It is 

well known that feed cost is comprised approximately 50~60% of total 

cost of pig production (Figure 2). Especially, pig production cost in Korea 

is higher than that of Average EU countries approximately 22%, because 
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feed industry of Korea imports most part of feed ingredients and the cost 

may fluctuated by exporting countries. Better understanding of the processes 

involved in animal nutrition could also contribute to improved management 

of some of the trade-offs that operate to aim that high levels of animal 

performance, such as those associated with lower reproductive performance  

(Butler 2000). Furthermore, the pork price is also fluctuating a lot even. 

Figure 2 is a graph showed the carcass price of Korea in last five years. 

Recent average meat price has formed about 4,200 won (Korean currency) 

since the 2010 foot-and-mouth disease has occurred. However, there was 

drastic rise in the price of meat. In addition, after the occurrence of 

wasting disease and legal infectious diseases, it has also continued instability 

in the meat price (Figure 3).

Table 1. The cost of pig production selected countries (2014, $/carcass, kg)

  Feed

Total 

variable 

costs

Total 

fixed costs
Total cost

Denmark 0.96 1.19 0.32 1.51

France 0.99 1.20 0.34 1.53

Germany 1.03 1.28 0.34 1.62

Netherlands 0.99 1.28 0.31 1.58

USA 0.92 1.08 0.25 1.33

Average EU 1.06 1.29 0.34 1.63

Korea 1.35 2.01 0.34 2.35

(UK BPEX, 2014 and Statistics Korea, 2015)
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Figure 2. Raising cost ratio of marketed pig per head (Statistics korea, 2014)

Figure 3. Trend of pork price in Korea (Unit: won/kg; Korea pork 

association, 2014)
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2. Milk by-products 

2.1 Classification of milk by-products

2.1.1 Whey powder

  

  Whey powder is obtained by drying fresh whey (derived from the 

manufacture of cheeses) that has been pasteurized and to which nothing 

been added as a preservative (Figure 4). The whey powder contains all 

the constituents of fresh whey except water as the same relative proportion. 

It includes approximately  90% lactose, 20% protein, 40% Ca, and 43% 

of the P originally present in milk (Leibbrandt and Benevenga, 1991). 

Stored and shipped in a cool, and dry environment at temperatures by 

less than 27 and relative humidity less than 65%. In general, the ℃ product 

quality of whey powder is regarded high, but amino acid availability can 

be damaged by over heat treatment of product. In addition, whey powder 

is an excellent source of B vitamins, most of which remain in the whey 

during cheese production, but it likely few in vitamins A and D, which 

are retained in the cheese (Cunha, 1977; Seerley, 1991). The quality of 

whey powder was influenced by time, environment, type of cheese produced, 

and the mineral content can be influenced by geographic or location. The 

type of cheese produced and the addition of salt-laden press drippings 

influence the salt content of whey (Leibbrandt and Benevenga, 1991).
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Figure 4. Processing of whey Powder (USDEC, 2014)

2.1.2. Lactose

  Lactose is a disaccharide that is hydrolyzed by the enzyme -galactosidase β

into glucose and galactose molecules. Figure 5 shows processing of 

lactose by concentrating whey or permeate to supersaturate the lactose, 

then removing and drying the lactose crystals. Special processes of 

crystallization, as well as grinding and fractionated sifting, produce types 

of lactose which differ in particle size distribution. Today, the industry 

offers several types of lactose ranging from superfine to extra coarse crystals 

for all applications. The lactose may be anhydrous or contain one molecule 

of water of crystallization or be a mixture of both forms. The lactose 
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content is not less than 98%, with the sulfated ash content not more than 

0.3%, both on a dry basis. The pH of 10% solution is not less than 4.5 

or more than 7.5. In addition, Lactose stimulates the growth of acid forming 

lactobacilli in the intestinal tract. Recent nutritional studies suggest that 

lactobacilli help fight for intestinal disorders and that lactose could be used 

in dietary.  In animal studies, lactose extended life expectancy and reduced 

the accumulation of body fat (Carolyn et al., 2005). The lactose content 

of whey products vary from about 74 to 75% in sweet whey, to less 

than1% in whey protein isolate (Walzem et al., 2002). The slow hydrolysis 

of lactose by the body during digestion generates a prolonged energy 

supply. 

Figure 5. Processing of lactose (Hourigan et al., 2013)
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 2.2 Characteristics of milk by-products

  Dairy products are a abundant source of calcium with high bioavailability. 

The ingredient of milk calcium is derived from milk by a unique separation 

technique. In whey-based products, there are an excellent and cost-efficient 

source of dairy calcium. 

  Lactose is less soluble than sucrose, fructose and dextrose. The relative 

solubility of lactose (25 ) is about 30% that of sucrose. Although the ℃

relatively low solubility of lactose can limit its use in certain applications, 

the lower solubility can be an advantage in many applications. Crystalline 

lactose absorbs very little moisture at high humidity compared to other 

sugars. The non-hygroscopic and free flow nature of Alpha-lactose monohydrate 

makes it an ideal dispersing agent for feed ingredient. Even milk by-products 

have nutritional benefit, the industry has to concern with expense. In the 

last five years the price of Lactose and Whey powder in US, lactose 

was approximately 1200 $/kg, and Whey powder can form the high price 

of 800 $/kg. Nothing in short term to change current state. Higher dairy 

commodity price is also expected to continue driven by factors such as 

Australia drought, small milk production in US. In addition, increasing 

substitution of other dairy components, strong demand for carbohydrates 

for alternative fuels and double digit growth of infant formula in Asia 

(requires whey and lactose solids).
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Figure 6. Lactose and Whey powder price in United state (Unit: $/Ton; 

USDA 2015)

2.3 Nutrient compositions of milk by-products

  Dry whey is manufactured by removing a substantial portion of water 

from fresh sweet whey. That whey is pasteurized and no preservatives 

have been added. Except for moisture, all the constituents of fluid from 

whey are retained in the same relative proportion in dry whey. The lactose, 

primary carbohydrate found in mammal’s milk, is often referred to as milk 

sugar. It is the first and only carbohydrate every newborn mammal 

consumes in crucial amounts.  Dried whey is a by-product of the cheese 

industry that is produced by drying the liquid whey. The dried whey 
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product contains about 70% lactose as well as some high quality protein 

approximately 12%. The nutrient contents and quality value of dried whey 

is variable, being mainly influenced by the temperature used in the drying 

process. Dried whey's color is the best indicator of quality. Whey that 

has been properly dried will have a creamy to yellow color. Whey that 

has been overheated in drying process, it will have dark particles or an 

overall brown color. When overheated, a chemical reaction also occurred 

that binds the lactose and lysine, making both of these  components less 

digestible. Because of this, dark-colored whey should not be used in nursery 

pig's diets. 

  Lactose is isolated from dairy products such as whey and whey permeate, 

which is available after the production of cheese. This product and its 

derivatives are capable of sweetening foods, influencing crystallization, 

adding viscosity, contributing to nutrition and enhancing flavors. Lactose 

itself has no aftertaste and has a clean mouthfeel. There are many diverse 

food applications for lactose because of its relative sweetness, browning 

ability, protein stabilizing qualities, alteration of crystallization, flavor 

enhancement, selective fermentation and nutritive qualities. A high quality, 

edible-grade dried whey is the most common source of lactose. In 

nutritional composition, whey powder or lactose, they have more amount 

of energy than others. Then, lactose is better than whey powder when 

we compare those two things (Table 2). 
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Table 2. Nutrition composition of whey powder and lactose (Unit:%)

  Whey powder Lactose

Energy (kcal/kg) 3,494 3,525

Protein 11.0-14.5% 0.10%

Lactose 63.0-75.0% 95%

fat 1.0-1.5% 0%

Ash 8.2-8.8% 0.1-0.3%

Moisture 3.5-5.0% 4.5-5.5%

(NRC, 2012)

3. Effect of milk by-products supplementation in 

weaning pig diet

 3.1 Digestive enzyme and immune development in piglet

  Weaning is most stressful period in a pig's life because of it make a 

changes such as nutritional (transition from sow's milk to solid feed), 

psychological (isolation from sow and mingling of different litters), and 

environmental factor (shifting from farrowing crates to nursery pens). 

Before weaning, pigs consume sows' milk freely, sow’s milk comprises 

of a greatly digestible liquid that contains approximately 35% fat, 30% 

protein, and 25% lactose (on a dry matter basis). After weaning, pigs 

are predicted to adjust to a dry diet with a very different composition. 

In addition, there was usually ample space for all pigs to have their 

meal together, ordinary feeders in pens do not typically share enough 

space for simultaneous feeding of pigs. Furthermore, when this change 
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in diet, is made various changes in the digestive enzyme of piglets. For 

instance, the enzymes that are required to break down various dietary 

ingredients are developing at different rates. As shown in figure 7, lactase 

(the enzyme associated with the digestion of milk carbohydrates) is high 

at birth, reaches a peak at 2 weeks of age, and it is then rapidly decreases. 

Due to highest secretion of lactase occurred during 2~3 weeks of age, at 

this time, supplemented diet can be used as similar as sow's milk and 

milk by-product is one of example for that. The gastrointestinal tract of 

the newly weaned pig is adapted to a milk based diet as a result of high 

levels of lactase (Coffey and Cromwell, 1995; Maxwell and Carter, 2001). 

On the other hand, around three week of age the ability to metabolize 

milk (lactase) declines while the ability to digest starch, fat and protein 

(amylase, lipase, and protease) increases (Maxwell and Carter, 2001). 

Enzymes involved in the breakdown of the simple proteins found in milk 

are high at birth, while those required for the digestion of the more 

complex proteins found in cereal grains and oilseed meals are low at birth 

and increase with a age. In light of these facts, the ingredients for weaning 

pig’s feed are greatly dependent on the age at which the pigs are weaned. 

Appropriate weaning is crucial to the survival of weaned. 
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Figure 7. Development of Digestive enzymes in the young piglet       

          (Kidder and Manners, 1978)

  Crossover immunity does not exist between the sow and the fetus. 

As a result, the pig is deprived of passive immunity until it consumes 

colostrum (Coffey and Cromwell, 1995). Figure 8 shows the immunological 

changes that are occurring in the young pigs. Passive immunity is the 

highest at birth and quickly declines within the first 1 to 2 week of life. 

Accordingly, passive immunity is declining through the weaning and the 

nursery period, which is a time of high stress that challenges the immature 

immune system. Stress and an immature immune system make the pig 

very vulnerable to disease. 

 The pig's own immune system begins developing at approximately 3 
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weeks of age, but is not able to reach an effective active immune response 

until the pig is 4 to 5 weeks of age. This makes the 2 to 4 weeks old 

pig highly susceptible to disease. Because of the behavioral, biological, 

and immunological changes that are simultaneously occurring at the time 

of weaning, proper attention to nutrition, management, and the environment 

is essential for reducing the newly weaning pig impact of growth check. 

Figure 8. Development of passive and active immunity in the young

piglet (Coffey et al., 1995)
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3.2 Benefits of milk by-products in weaning pig diet

  

  Pigs experience biological stress such as physiological, environmental, 

and social challenges when weaned from the sow. The process of 

weaning is one of the most stressful events in the pig’s life that can 

contribute to intestinal and immune system dysfunctions that result in 

reduced pig health, growth, and feed intake, particularly during the first 

week after weaning. Technological improvements in housing, nutrition, 

health, and management have been used to minimize some of the 

adverse effects of weaning stress, but a greater understanding of the 

biological impact of stress is needed to improve strategies to overcome 

weaning stress. 

  Traditionally dried milk was used as a protein source for the young 

nursery pig (Coffey et al., 1995). Milk is an excellent feed due to the 

nutrient composition, high digestibility, and similarity to a sow’s milk 

(Coffey et al., 1995). Addition of milk products to a corn-SBM based 

diet improves growth performance during the nursery period (Tokach et 

al., 1995; Zijlstra et al., 1996). Dried whey is added to the nursery diet 

as a source of highly digestible carbohydrate which allows the pig to 

more easily transition from a milk based diet to a solid ingredient 

based diet (Coffey et al., 1995). Tokach et al. (1995) showed that 

feeding milk by-products has beneficial effects in pigs during the starter 

phase. Pancreatic enzyme activities in the digestive system look effect 

be higher in pigs fed diets with milk by-products (Graham et al., 1981; 

Lindemann et al., 1986). In addition, Mahan et al. (1992) demonstrated 

that the lactose component of dried whey was primarily responsible for 
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the beneficial effects of dried whey. Dried whey is a major feed 

ingredient added to weaning pig diets that has been shown to increase 

pig growth (Graham et al., 1981, Tokach et al. 1989; Nessmith et al., 

1997). Although high protein digestibility and high AA quality enhances 

the value of whey, its lactose seems to be a primary factor in 

achieving good performance responses in milk by-products (Mahan, 

1992). As indicated researchers by recommended supplement of milk 

by-products is used approximately 10%~47%, without any negative 

effects (Table 3). Most researchers have, however, investigated the 

benefits of milk by-products only during the early phase after weaning. 

As indicated by Mahan et al. (1992), the optimum inclusion rate of 

dried whey in pig diets should be determined mostly on economical 

considerations. Weaning pigs may not consume a sufficient volume of 

whey to satisfy their amino acid needs and to make whey feeding 

economical (Modler 1985). Furthermore, milk by-products is expensive 

and needed that reduce diet cost without loss of pig performance 

(Richert et al., 1992). In conclusion, Does not negatively affect the 

growth performance of weaning pig and economically efficient, it is 

important that the optimal level supplement of milk by- products.
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Table 3. The optimal levels of milk by-products of piglet diets in  

previous reference

3.3 Occurrence of diarrhea

  Piglets after weaning have difficulty in consuming dry feed. They are 

separated from the sow and offered dry feed and plain water along with 

other stress factors (Lalles et al., 2007). It causes weaning anorexia. 

Consequently, the integrity of the gastrointestinal tract may be compromised 

(Pluske et al., 1997). The digestive system is responsible for the intake 

and digestion of feed, absorption of nutrients and the excretion of waste 

material. Pathogenic strains of certain bacteria (those capable of causing 

disease) and non-pathogenic bacteria, are normal inhabitants of specific 

sections of the gut. Some organisms assist in the breakdown of feed and 

the production of nutrients. Changes to the gastrointestinal environment 

may upset the balance between gut and bacteria. In turn, the secretion 

of fluids and electrolytes into the stomach and gut, the rate of passage 

Levels in experiment

Reference Lactose Whey powder Recommended

Mahan et al., 1993 16 to 47 20 / 25 34 to 47

Tokach et al., 1995 0 / 40 - 40

Crow et al., 1995 - - At least 15

Nessmith et al., 1997 0 to 40 - -

Mahan et al., 2004 10 to 25 10 to 15 23

Cromwell et al., 2008
14 to 21d:

 0 to 10
-

27.5 (0 to 7d)/

20 (7 to 14d)/

7.5 (14 to 21d)

Kim et al., 2009 15 / 25 - 25
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of food through the system and the ability to digest and resorb nutrients, 

water and electrolytes are also affected. An upset in the digestive system 

is frequently observed as a diarrhea. Thus, ensuring a fast start of feeding 

after weaning is essential to maintain gut function and piglet growth. In 

general, piglets undergo a diarrhea within 3~10 days after weaning. This 

is associated with proliferation of E. coli in the proximal small intestine 

and has been reported as a cause of considerable economic loss on swine 

producers. Bacteria that have been associated with diarrhea diseases after 

weaning include E. coli and Salmonella species. Pigs become infected with 

Salmonella after consumption of contaminated protein sources, or exposure 

to infected feces from rodents or wild birds. In addition, bacterial diseases 

caused by E. coli, is the most common and widespread in the weaning 

period.

4. Effect of supplementation of milk by-products in 

weaner diet on growth performance in pigs from 

weaning to finishing

  Many studies have investigated the effect of supplement of milk 

by-products in weaning pig diet on growth performance (Graham et al., 

1981, Tokach et al. 1989; Mahan, 1993; Nessmith et al., 1997). During 

weaning period, milk by-products added certain amount in piglet feed 
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improve growth performance and important aspect before slaughter since 

that period is prove how that supplementation is beneficial in growth 

performance. First of all, due to supplementation of milk by-products 

during nursery period, improved growth performance was achieved in 

weaning pig period (Tokach et al., 1995; Zijlstra et al., 1996). Dried 

whey is added to the nursery diet as a source of highly digestible 

ingredient so it may help the piglet to adjust solid ingredient based diet 

from milk based diet easily (Graham et al., 1981, Tokach et al. 1989; 

Mahan, 1993; Coffey et al., 1995; Nessmith et al., 1997). Likewise, 

most of the results associate with supplement of milk by-products in 

weaning pig diet prove that it has positive effect on growth 

performance. In addition, in price aspect, the cost of milk by-products 

is higher than other raw materials prices, so optimal level of milk 

by-products supplementation is necessary and important to achieve 

maximum growth rates. Then, enzyme secretion also changed as pig 

growth daily, so different levels of milk by-product supplementation 

need for that because as they mature, the internal organ, it also grew 

up, and their activity will different than before. Based on that, various 

levels of milk by-products may help to get improved growth rate. Some 

reports have resulted that diet complexity during the starter phase did 

not give any effect on the length of time period until growing to 

finishing  pigs. 

  In weaned pig period, milk by-products supplementation had positive 

effect to growth performance, but that effect did not work when the 

pig reached market weight (Dritz et al., 1996; Whang et al., 2000; 

Wolter et al., 2003), whereas other research have shown that pigs had 
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lighter BW at the end of the starter phase, they spent more time than 

heavier one to reach market weight (Chiba, 1995; Dritz et al., 1996).  

The supplementation of lactose during starter period is beneficial to 

maintaining gut environment and it can help to decrease the fluctuation 

of pig’s market weights (Wolter et al., 2003). Some research had 

investigated diet complexity for weaning pigs and it had concluded that 

complexity improved nursery pig’s performance during the early 

postweaning period, but that diet seemed to had a smallest influence 

during the growing to finishing period (Dritz et al., 1996; Whang et 

al., 2000; Wolter et al., 2003).
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.Ⅲ  Various Levels of Milk By-products in Weaner 

Diet on Growth Performance, Blood Profiles, 

Carcass Characteristics and Economical Analysis in 

Pigs from Weaning to Finishing

Abstract: This experiment was conducted to evaluate various levels of  

milk by-products in weaning pig diet on growth performance, blood 

profiles, carcass characteristics and economical analysis on weaning to 

finishing pigs. A total of 160 weaning pigs ([Yorkshire × Landrace] × 

Duroc), average 7.01 ± 1.32 kg body weight (BW), were alloted to one 

of four treatments by BW and sex in 10 replications with 4 pigs per 

pen in a randomized complete block (RCB) design. Pigs were fed each 

treatment diet with various levels of milk by-products (Phase 1: 0, 10, 

20 and 30%, Phase 2 : 0, 5 10 and 15%), respectively. In feeding 

trial, BW, ADG and ADFI were declined linearly (P<0.01) as low 

levels of milk by-products treatment diets were provided to weaning 

pigs. This growth response by dietary treatment was continued until late 

growing period. However, differences of growth performance by high 

milk by-products treatment in weaning period were disappeared and 

significant difference was not observed among treatments at the end of 

experiment. The concentration of BUN, IgA and IgG had no significant 

difference among dietary treatments. The incidence of diarrhea in 

weaning period was not affected by milk by-products treatment. Pork 

color, pH and proximate analysis of longissimus muscle did not show 
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differences among treatments. In addition, cooking loss was lowered 

when weaning pigs were fed low milk by-products treatment diet 

subsequently WHC was increased in high milk by-products treatment. 

When pigs were fed high milk by-products treatment diet during 

weaning period, feed cost to 110 kg of market weight was increased 

approximately 11% compared to no milk by-products treatment. 

Consequently, weaning pig diet without milk by-products had no 

negative effect on growth performance of finishing pigs and showed the 

most economical efficiency.

Keywords : Milk by-products, Weaning pig, Growing-finishing pig, 

Growth performance, Economical analysis
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Introduction

  Generally, not only corn and SBM but also lactose and whey powder 

are main feed ingredients in weaning pigs diet in Korea. It is well 

known that lactose and whey powder were used as the main raw 

materials in weaning pig’s diet because supplementation of milk 

by-products in weaning pig diet helped maintaining an enhanced 

intestinal environment in pig (Wolter et al., 2003). However, 

international price trends for milk by-products is very unstable, and its 

price is also expensive relatively compared to grains (USDA, 2015). 

Therefore weaning pig’s diet which contained high levels of milk 

by-products resulted in an expensive weaning pigs’ diet and it caused 

an increasing cost of pork production. Recent studies indicated that 

growth performance of weaning pigs was higher by increasing dietary 

lactose in early weaning period (Cromwell et al., 2008) Recently, Jin 

(2013) demonstrated that barley instead of milk by-products in weaning 

pig’s diet caused low growth performance in weaning period. However 

subsequent growth of growing and finishing pigs in barley treatment 

catched up that of milk by-products treatment, resulted in similar days 

to market weight regardless of milk by-products supplementation in 

weaning period. 

  Therefore, this study was conducted to investigate various levels of  

milk by-products in weaning pig’s diet on growth performance and 

blood profiles, subsequent growth performance, carcass characteristics 

and economical analysis in growing-finishing pigs. 
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Materials and Methods

Experimental animals and feeding

  A total of 160 weaning pigs ([Yorkshire × Landrace] × Duroc), 7.01 

± 1.32 kg initial BW, were used in a 19-week feeding trial at 

experimental farm of Seoul National University. Pigs were alloted to 

one of four treatments by BW and sex in 10 replications with 4 pigs 

per pen in a randomized complete block (RCB) design. All pigs were 

housed in an environmentally controlled building with half-slotted 

concrete floors and each pen equipped with a feeder and a nipple 

drinker to provide ad-libitum access. Body weight and feed intake were 

recorded at 0, 2, 5, 9, 13, 17 and 19 week to calculate the average 

daily gain (ADG), average daily feed intake (ADFI) and gain-to-feed 

ratio (G:F ratio). 

  Dietary treatments were: 1) NM: Corn-SBM based diet + (Phase1, 

Phase2: milk by-products 0%), 2) LM: Corn-SBM based diet + 

(Phase1: milk by-products 10%, Phase2: milk by-products 5%), 3) MM 

: Corn-SBM based diet + (Phase1: milk by-products 20%, Phase2: milk 

by-products 10%), 4) HM : Corn-SBM based diet + (Phase1: milk 

by-products 30%, Phase2: milk by-products 15%). After weaning period, 

all pigs were fed the same commercial feed during growing-finishing 

period for 14 weeks. All nutrients were met or exceeded the 

requirement of NRC (1998). The formula and chemical compositions of 

experimental diets were presented in Tables 1, 2, 3 and 4.
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Blood urea nitrogen

  Blood samples were taken from anterior vena cava of 6 pigs per 

treatment for measuring blood urea nitrogen (BUN) after 3 hours of 

fasting. Collected blood samples were quickly centrifuged for 15 min 

by 3,000 rpm at 4 . Then, sera were aspirated by pipette and stored ℃

at 20 until later analysis. The BUN concentration was analyzed – ℃

using blood analyzer (Ciba-Corning model, Express Plus Ciba Corning 

Diagnostics Co.).

Immunological analysis

  Blood samples were taken from anterior vena cava of 6 pigs per 

treatment for measuring immunological analysis after 3 hours of fasting. 

Collected blood samples were quickly centrifuged for 15 min by 3,000 

rpm at 4 . Then, sera samples were aspirated by pipette and stored at ℃

20 until later analysis. Immunoglobulin G (IgG) and immunoglobulin – ℃

A (IgA) were determined by ELISA assay, according to the 

manufacture’s guidelines (ELISA Stater Accessory Package, Pig IgG 

ELISA Quantitation Kit, Pig IgA ELISA Quantitation Kit; Bethyl). All 

samples were assayed in duplicates with 1:20,000 (IgG) or 1:10,000 

(IgA) fold dilution.

Diarrhea incidence

  Incidence of diarrhea was measured every 9:00 am for 35 days. Data 

were recorded by each pen and divided into 2 phases to assess the 

general pattern (Phase 1 and Phase 2). Score of diarrhea incidence was 
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given into 0 to 4 score by counting pigs with evidence of watery 

diarrhea (0= No evidence of watery diarrhea, 1= 1 pigs show evidence 

watery diarrhea, 2= 2 pigs, 3= 3 pigs and 4= all pigs show evidence 

watery diarrhea in the pen). After recording data, evidence of watery 

diarrhea was cleaned away everytime to avoid infection from previous  

day.

Pork quality

  Water holding capacity of pork was measured by centrifuge method. 

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 (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℃ and weighed before and after cooking. After heating, 

samples were chopped (0.5 inch in diameter) parallel to muscle fiber 

and the cores were used to measure the shear force using as alter 

(Warner Bratzler Shear, USA). Cooking loss, shear force, and water 

holding capacity of pork were analyzed by the method of National 

Institute of Animal Science.

Carcass traits

  A total of 5 pigs from each treatment were slaughtered at average 

113.14 kg for the carcass analysis at the end of experiment. 

Longissimus muscles were used from nearby 10th rib on right side of 

carcass. Because of chilling procedure, 30 minutes after slaughter was 
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regarded as initial time. Measurements of pH and pork color were done 

at intial time, 3, 6, 12 and 24 h after slaughter. The pH was measured 

using a pH meter (Model, Themo Orion, U.S.A) and pork color was 

measured by CIE color L*, a* and b* value using a CR300 (Minolta 

Camera Co., Japan). Proximate analysis of pork samples were conducted 

by the method of AOAC (1995).

Economical analysis

  All of the experimental pigs were lived in the same environmental 

condition. Economical efficiency was calculated by feed cost and feed 

efficiency (G:F ratio). The total feed cost (won) per body weight gain 

(kg) was calculated using total feed intake and feed price. Calculation 

of estimated feed cost was done as follows;

Estimated feed cost (won) = 

The days to  market weight (110 kg) was estimated from the body 

weight at the end of feeding trial at 19 weeks from beginning of 

experiment. 

Statistical analysis

  The experimental data was analyzed as a randomized complete block 

design using the General Linear Model (GLM) procedure of SAS. For 

data on growth performance, a pen was considered as an experimental 

Total feed cost from

7 to 107 kg BW  + 

           

feed cost from 107 to 110kg BW

× (110kg final BW)–
weight gain from 107 to 110kg BW
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unit, while individual pig was used as an unit for data on blood 

profile, immunological analysis, diarrhea incidence, pork quality and  

economical analysis. Linear and quadratic effects for equally spaced 

treatments were assessed by measurement of orthogonal polynomial 

contrast. The differences were declared significant at P<0.05 or highly 

significant at P<0.01 and the determination of tendency for all analysis 

was P>0.05 and P<0.10.

Results and Discussion

Growth performance   

  The Influences of various levels of milk by-products in weaning pig 

diet on growth performance during weaning to finishing period was 

presented in Tables 5 and 6. During weaning period, there were 

significant differences (Linear, P<0.01) in BW, ADG and ADFI when 

dietary levels of milk by-products increased. This trend was continued 

until the growing period, thereafter there was no significant difference 

in growth performance among treatments. However, G:F ratios both in 

weaning and growing-finishing period were not affected by dietary milk 

by-products treatment. 

  In current study, pigs fed diets contained various levels of milk 

by-products in Phase 1 and Phase 2 had higher BW, ADG and ADFI  

during weaning period. These results could be explained by secretion of 

digestive enzyme, lactase, and higher utilization of dietary milk 
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by-products in GI tract of weaning pigs. Several beneficial effects of 

high dietary lactose showed improving early performance in terms of 

greater growth rate have been confirmed by previous studies (Nessmith 

et al., 1997a,b; Mavromichalis et al., 2001; Mahan et al., 2004; 

O'Doherty et al., 2005). In addition, high dietary lactose showed 

improving initial stimulation of appetite in weaning pigs. Greater feed 

intake due to high dietary lactose levels has also been reported by 

several researchers (Nessmith et al., 1997c; Cromwell et al., 2008). And 

this growth response by dietary treatment was continued until late 

growing period. However, differences of growth performance by high 

milk by-products treatment in weaning period were disappeared and 

significant difference was not observed among treatments at the end of 

experiment. Shearer and Dunkin (1968) demonstrated that growth of 

weaning pigs could be improved by high levels of dietary lactose but 

subsequent growing-finishing was slower than that in those fed low 

lactose diet. Tokach (1995) also demonstrated that different level of 

milk by-products as supplement in weaning pig diet, it made significant 

difference on growth performance in weaning pig period. However, any 

significant difference was not observed on ADG, ADFI and G:F ratio 

in growing-finishing period. In the present study, BW, ADG and ADFI 

were affected by no or low level of milk by-products in weaning pig 

diet, but this trend was changed dramatically in finishing period, 

resulting in no significant difference of BW, ADG, ADFI and G:F ratio 

at the end of late finishing period.
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Blood profiles

  The influence various level of milk by-products in weaning pig diet 

on blood urea nitrogen (BUN) was shown in Table 7. The 

concentration of BUN has regarded as a good indicator of maximal 

amino acid utilization (Eggum, 1970). It has been found that BUN is 

related directly to protein intake and inversely to protein quality 

(Eggum, 1970; Orok and Bowland, 1975; Bassily et al., 1987). In the 

current study, the concentration of BUN had no significant difference 

among treatments during whole experimental period. Therefore, these 

results indicated that protein utilization in pigs fed no or low levels of 

milk by-products did not show any detrimental effect compared to high 

milk by-products treatment. 

Immune responses

  The Influence of various levels of milk by-products in weaning pig 

diet on IgG and IgA was shown in Table 8. The IgG and IgA are 

usually used as an index of immune in pigs (Heo, 2013). The IgG is 

generally considered as the most common type of antibody in blood 

circulation, which plays an important role to control bacterial infection 

in the body (Haye and Karnegay et al., 1979; Hankins et al., 1994). It 

has the main function in controlling diarrhea and infection via binding 

many types of pathogenic antigens (Bourne, 1973). The importance of 

IgA secretory antibody system in humans in the protection of mucous 

membranes has been demonstrated in a number of studies (Cate et al., 

1966; Smith et al., 1966). The secretory IgA has been shown to 
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possess neutralizing-antibody activity to a number of respiratory and 

enteric viruses (Waldman et al., 1969; Ogra et al., 1971). The 

protective role of secretory IgA in alimentary immunity against 

poliovirus has been reported in studies by Ogra (1971). During the 

whole experimental period, IgG and IgA had no significant difference 

in reduced milk by-products in weaning pig diet on weaning to 

finishing pigs. Therefore, these results demonstrated that pigs fed low 

levels of milk by-products in weaning pig diet had no negative 

influence on the immunological responses.

Incidence of diarrhea 

    The influence of various levels of milk by-products in weaning pig 

diet on diarrhea incidence was shown in Table 9. In weaning period, 

incidence of diarrhea has no significant difference by various levels of 

milk by-products in weaning pig diet. It did not show any difference in 

the frequency of diarrhea due to reduction of milk by-products in 

weaning pig’s diet. Because dietary barley in weaning pig diet was 

considered helpful in preventing diarrhea and plenty of fiber supply. 

Barley had relatively high fiber source that reducing diarrhea occurrence 

(Mateos et al., 2006; Kim et al., 2008). Also, Jin (2013) demonstrated 

that supplement of barley in weaning pig diet showed reduction in  

incidence of diarrhea. Therefore, The present result demonstrated that 

incidence of diarrhea was not affected by reduced milk by-products in 

weaning pig diet.
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Pork quality

  The influence of various levels of milk by-products in weaning pig 

diet on pork quality after slaughter was presented in Table 10. In the 

present study, there were no differences in proximate analysis of the 

pork after slaughter among dietary treatments. Frape (1959) found that 

early growth rate of weaning pigs was influenced by dietary nutrients 

but it did not affect the chemical compositions of the carcass in 

finishing pigs. Although there were no significant differences in 

moisture, crude protein, crude fat and crude ash of longissimus muscles 

in the present study, some pork qualities were affected by dietary 

treatments in weaning period. As the dietary milk by-products 

supplementation was lowered in weaning period, cooking loss was 

decreased (linear and quadratic, P<0.01). In addition, WHC was 

decreased (quadratic, P<0.01) as dietary milk by-products was increased 

in weaning pigs’ diet. Beilken (1986) demonstrated that shear force was 

generally increased when water holding capacity decreased. Shear force 

tended to increase lineally as dietary milk by-products was increased 

(P=0.07). Cooking loss could be an indirect index of WHC because it 

was decreased when WHC had increased (Hamm, 1986). In addition, 

WHC was an important of pork quality index (Warris, 1982; Maribo et 

al., 1998) due to the fact that high WHC improved pork quality (Lucy, 

1972; Monahan et al., 1994; Cheah et al., 1995). In the present study, 

cooking loss was also increased whereas WHC was lowered as dietary 

milk by-products was increased. Therefore lower supplementation of 

milk by-products in weaning pig diet resulted in improving pork quality 

of finishing pig. 
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  Consequently these results demonstrated that pork quality of finishing 

pigs was improved when low level of milk by-products was provided 

in weaning pigs’ diet.

Carcass traits

  The influences of various levels of milk by-products in weaning pig 

diet on subsequent carcass traits after slaughter were presented in 

Tables 11 and 12. In general, the change of pork pH is a very critical 

factor that determines the quality of pork and effects on freshness, 

water holding capacity, tenderness, binding ability, pork color and 

texture (Kauffman et al., 1992). The initial pH is regarded as an 

indication of PSE (pale, soft and exudative) pork and the final pH is 

acknowledged as an estimation of DFD (dark, firm and dry) (Maganhini 

et al., 2007). The result of pH measurement (0 hour to 24 hour) had 

no significant difference among treatments as pork pH level was in the 

normal range (between 5.5 to 6.0). Therefore, various level of milk 

by-products in weaning pig diets did not affect pH of pork (Table 11). 

The result of pork color (CIE value) was presented in Table 12. There 

were no significant differences in a value, L*, a* and b* value at 0, 3, 

6, 12, 24h after slaughter. In pork color, decreasing in redness and 

increasing in yellowness has a negative influence on the freshness of 

pork (Bendall and Wismer-Pederson, 1962). However. there was no 

change in redness or yellowness by levels of milk by-products in 

weaning pig diets. Therefore, these results demonstrated that low levels 

of milk by-products in weaning pig diet did not influence on pork 

color. 
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Economical analysis

  The influence of various level of milk by-products in weaning pig 

diet on feed cost per weight gain, days to market weight (Reached 

110kg body weight) and estimated feed cost to 110kg was presented in 

Table 13. There were significant difference (P<0.01) in feed cost per 

weight gain during 0-2 week, 3-5 week, 0-5 week and overall period 

(P<0.01) among dietary treatments. Increasing feed cost of high milk 

by-products treatment diet is mainly caused by milk by-products 

supplementation. Because of high price of milk by-products 

supplementation in weaning pig diet, feed cost per weight gain was 

increased linearly (P<0.01). In addition, there was no significant 

difference in days to market weight because growth performance was 

not affected by dietary treatments. However, day to market weight was 

increased numerically as supplement of milk by-products in weaning pig 

diet. In estimated feed cost to 110kg, any significant difference was not 

examined. However, estimated feed cost was reduced numerically as 

low level of milk by-products was provided in weaning pig diet. 

  In conclusion, weaning pigs fed lower milk by-products supplemented 

diet showed the greatest economical benefit to swine producers.
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Conclusion

  Various levels of milk by-products in weaning pig’s diet influenced 

on BW, ADFI and ADG before growing period but subsequent growth 

performance of late-finishing pig was not affected by dietary treatments.  

Cooking loss was decreased whereas WHC was increased as milk 

by-products level decreased. When lower level of milk by-products was 

supplemented in weaning pig’s diet, feed cost was decreased without 

any negative effect in growth performance during weaning to finishing 

period. Consequently, feeding of milk by-products in weaning pigs’ diet 

increased growth performance during weaning period but its effect was 

disappeared at the end of late finishing period.

  In conclusion, feeding the high level of milk by-products in weaning 

period did not show positive response at marketing weight pig and no 

beneficial effects were observed in pork quality. Moreover feed cost 

during whole experimental period can be saved about 11% when weaning 

pigs were fed no milk by-products treatment diet before growing period.  
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Treatments1

NM LM MM HM

Ingredients, %

Corn 38.93 28.79 18.61  8.51

Soybean meal 37.62 38.30 38.98 39.64

Wheat bran  1.76  1.72  1.71  1.68

Whey powder  0.00  4.00  8.00 12.00

Lactose  0.00  6.00 12.00 18.00

Fish meal  2.83  2.83  2.83  2.83

Barley 10.13 10.13 10.13 10.13

Palm kernel meal  3.00  3.00  3.00  3.00

Soy-oil  2.76  2.38  2.01  1.61

Mono dicalcium phosphate  1.43  1.40  1.37  1.32

Limestone  0.71  0.65  0.59  0.53

L-Lysine·HCl  0.16  0.13  0.09  0.06

DL-methionine  0.02  0.02  0.03  0.04

Vit. Mix2  0.10  0.10  0.10  0.10

Min. Mix3  0.10  0.10  0.10  0.10

Salt  0.20  0.20  0.20  0.20

Choline-Cl (50%)  0.10  0.10  0.10  0.10

ZnO  0.10  0.10  0.10  0.10

CTCZYME®4  0.05  0.05  0.05  0.05

Total 100.00 100.00 100.00 100.00

Chemical composition5

ME, kcal/kg 3,265.00 3,265.06 3,265.09 3,265.00

Crude protein, % 23.70 23.70 23.70 23.70

Lysine, %   1.35  1.35  1.35  1.35

Methionine, %   0.35  0.35  0.35  0.35

Ca, %   0.80  0.80  0.80  0.80

Total P, %   0.65  0.65  0.65  0.65
1 LM (Non milk by-products), LM (Lower milk by-products, 10%/5%), MM (Middle milk 
by-products , 20%/10%), HM (High milk by-products, 30%/15%)
2 Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; 
Vit D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 
16mg; Niacin, 32mg; d Biotin, 128ug; Vit.B– 12, 20ug.
3 Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 
288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
4 -Mannanase 800 IU/g, provided from CTC bio inc. Koreaβ
5 Calculated value

Table 1. Formula and chemical compositions of the experimental diets 

in phase1 (0 to 2 weeks)
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Treatments

NM LM MM HM

Ingredients, %

Corn 45.64 40.46 35.26 30.06

Soybean meal 30.06 30.23 30.41 30.56

Wheat bran  1.98  2.12  2.28  2.48

Whey powder  0.00  2.00  4.00  6.00

Lactose  0.00  3.00  6.00  9.00

Fish meal  2.65  2.75  2.85  2.95

Barley 12.00 12.00 12.00 12.00

Palm kernel meal  3.00  3.00  3.00  3.00

Soy-oil  2.16  2.00  1.84  1.68

Mono dicalcium phosphate  1.26  1.25  1.23  1.20

Limestone  0.57  0.53  0.49  0.45

L-Lysine·HCl  0.13  0.11  0.09  0.07

Vit. Mix1  0.10  0.10  0.10  0.10

Min. Mix2  0.10  0.10  0.10  0.10

Salt  0.20  0.20  0.20  0.20

Choline-Cl(50%)  0.10  0.10  0.10  0.10

CTCZYME®3  0.05  0.05  0.05  0.05

Total 100.00 100.00 100.00 100.00

Chemical composition4

ME, kcal/kg 3,265.00 3,265.09 3,265.06 3,265.00

Crude protein, % 23.70 23.70 23.70 23.70

Lysine, %  1.35  1.35  1.35  1.35

Methionine, %  0.35  0.35  0.35  0.35

Ca, %  0.80  0.80  0.80  0.80

Total P, %  0.65  0.65  0.65  0.65

1 Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; Vit 
D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium pantothenic acid, 16mg; 
Niacin, 32mg; d Biotin, 128ug; Vit.B– 12, 20ug.
2 Provided the following quantities of minerals per kg of complete diet : Fe, 281mg; Cu, 
288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
3 -Mannanase 800 IU/g, provided from CTC bio inc. Koreaβ
4 Calculated value

Table 2. Formula and chemical compositions of the experimental diets 

in phase2 (3 to 5 weeks)
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Early 

growing 

period

(6-9 week)

Last 

growing 

period

(10-13 week)

Early 

finishing 

period

(14-17 week)

Last 

finishing 

period

(18-19 week)

Proximate analysis (%)

Dry matter 88.57 88.68 88.44 88.21

Crude protein 16.84 16.33 14.05 14.15

Crude ash  4.45  4.05  3.47  3.01

Crude fat  4.07  4.30  3.62  3.55

Table 3. Chemical composition of experimental diet in growing-finishing 

period (6 to 19 weeks)
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Table 4. Supplemented milk by-products levels (0-5 week) and feeding 

program during growing-finishing period.

Treatments NM LM MM HM

0-2 week 0 10 20 30

3-5 week 0 5 10 15

Early growing period Commercial feed (early growing)

Last growing period Commercial feed (last growing)

Early finishing period Commercial feed (early finishing)

Last finishing period Commercial feed (last finishing)
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Table 5. Influences of milk by-products various levels in weaner pig 

diet on growth performance1

Criteria
Treatments2

SEM3 P - value

NM LM MM HM Lin. Quad.

Body weight, kg

Initial  7.01 7.01 7.01 7.01   0.288 - -

 2 week 11.59 12.36 12.21 12.64   0.502  0.04 0.59

 5 week 21.82B 24.09AB 24.72AB 25.27A   0.919  <0.01 0.15

ADG, g

 0-2 week 319 387 372 402  17.0  0.04 0.41

 3-5 week 487b 558ab 596ab 601a  23.1  0.01 0.23

 0-5 week 420B 490A 506A 522A  18.6  <0.01 0.12

ADFI, g

 0-2 week 436 474 503 507 21.7  0.01 0.40

 3-5 week 801B 978A 955A 1,051A 39.8  <0.01 0.22

 0-5 week 655B 776A 774A 834A 31.6  <0.01 0.19

Gain:Feed ratio

 0-2 week 0.737 0.773 0.737 0.790 0.0158  0.40 0.81

 3-5 week 0.609 0.533 0.628 0.576 0.0201  0.98 0.75

 0-5 week 0.644 0.640 0.655 0.628 0.0140  0.88 0.60
1 A total 160 crossbred pigs was fed from average initial body 7.01 ± 1.32 kg and the average final 
body weight was 23.82 kg.
2 LM (Non milk by-products), LM (Lower milk by-products, 10%/5%), MM (Middle milk by-products, 
20%/10%), HM (High milk by-products, 30%/15%)
3 Standard error of the mean    
AB Means with different superscripts in the same row significantly differ (P<0.01)
ab Means with different superscripts in the same row significantly differ (P<0.05)
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Table 6. Influences of milk by-products various levels in weaner diet  

on growth performance in growing-finishing pigs1

Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

Body weight, kg

5 wk 21.82B 24.09AB 24.72AB 25.27A 0.890  <0.01 0.15

9 wk 40.87b 45.84a 44.95a 44.62a 1.117 0.12 0.35

13 wk 66.03b 73.62a 73.00a 73.73a 1.312 0.01 0.07

17 wk 89.67 95.49 91.88 93.01 1.467 0.59 0.38

19 wk 105.41 112.10 109.87 109.71 1.806 0.47 0.31

ADG, g

5-9 wk 681 777 723 691  25.2 0.91 0.17

10-13 wk 867 926 935 970  22.7 0.09 0.76

14-17 wk 877 841 726 742  30.3 0.08 0.68

18-19 wk 926  977 1,058 982  42.3 0.56 0.51

5-13 wk 777 854 836 836  12.7 0.18 0.15

14-19 wk 896 895 837 837  26.8 0.43 0.87

5-19 wk 828 871 843 836  15.4 0.99 0.45

0-19 wk 723 773 756 755  12.9 0.46 0.30

ADFI, g

5-9 wk 1,655b 2,017a 1,853ab 1,955a  62.6 0.08 0.16

10-13 wk 2,614 2,823 2,636 2,880  61.4 0.26 0.88

14-17 wk 2,719 2,976 2,678 2,584 100.3 0.49 0.44

18-19 wk 3,161 3,387 3,240 3,079 104.2 0.71 0.43

5-13 wk 2,151 2,434 2,258 2,433  53.2 0.12 0.56

14-19 wk 2,894 3,139 2,900 2,780  92.1 0.53 0.38

5-19 wk 2,467 2,734 2,532 2,581  57.9 0.79 0.36

0-19 wk 2,001 2,230 2,079 2,131  46.1 0.55 0.32

G:F ratio

5-9 wk 0.417 0.361 0.391 0.356  0.0130 0.17 0.66

10-13 wk 0.333 0.306 0.355 0.342  0.0096 0.39 0.71

14-17 wk 0.323 0.262 0.271 0.292  0.0086 0.26 0.03

18-19 wk 0.292 0.274 0.331 0.325  0.0040 0.26 0.84

5-13 wk 0.362 0.327 0.369 0.346  0.0077 0.95 0.73

14-19 wk 0.309 0.268 0.298 0.304  0.0090 0.85 0.24

5-19 wk 0.335 0.298 0.334 0.327  0.0078 0.90 0.39

0-19 wk 0.362 0.324 0.365 0.357  0.0082 0.74 0.40
1 A total 160 crossbred pigs was fed from average initial body 23.82 kg and the average final body weight was 107.3 
kg
2 Standard error of the mean   
AB Means with different superscripts in the same row significantly differ (P<0.01)
ab Means with different superscripts in the same row significantly differ (P<0.05)
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Figure 1. Influences of milk by-products various levels in weaner diet 

on body weight in weaning to finishing pigs
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Figure 2. Influence of milk by-products various levels in weaner diet 

on average dairy gain (ADG) in weaning to finishing pigs 
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Criteria
Treatments

SEM2
P-value

NM LM MM HM Lin. Quad.

Blood urea nitrogen, mg/dL

Initial ------------------ 14.7 ----------------- - - -

2 week 19.6 19.6 18.7 18.9 0.47 0.53 0.93

5 week 14.8 14.9 15.3 12.7 0.65 0.36 0.37

9 week 10.3 10.1  9.4 11.7 0.50 0.38 0.15

13 week 11.7 11.2  9.8 10.1 0.33 0.11 0.28

17 week  9.3  8.4  9.5  8.4 0.44 0.69 0.93

19 week 10.7 10.9  9.2  7.3 0.66 0.07 0.45

1 Least squares means of 6 observations per treatment.
2 Standard error of means.

Table 7. Influence of milk by-products various levels in weaner diet 

on blood urea nitrogen (BUN) in weaning to finishing pigs1
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Table 8. Influences of milk by-products various levels in weaner diet 

on IgG and IgA in weaning to finishing pigs1

Criteria
Treatments

SEM2
P-value

NM LM MM HM Lin. Quad.

IgG, mg/ml

Initial ----------------- 4.42 ----------------- - - -

2 week 1.29 1.28 1.27 1.27 0.015 0.97 0.75

5 week 1.33 1.29 1.25 1.27 0.018 0.10 0.28

9 week 1.33 1.34 1.29 1.32 0.012 0.43 0.73

13 week 1.34 1.24 1.28 1.27 0.020 0.70 0.57

17 week 1.34 1.34 1.28 1.28 0.016 0.17 0.74

19 week 1.24 1.28 1.26 1.29 0.014 0.27 0.96

IgA, mg/ml

Initial ----------------- 0.44----------------- - - -

2 week 3.98 2.9 1.78 1.63 0.610 0.20 0.68

5 week 1.92 2.22 1.5 1.25 0.234 0.22 0.54

9 week 3.13 4.84 5.23 4.39 0.450 0.43 0.35

13 week 5.99 4.92 4.88 3.42 0.467 0.17 0.86

17 week 3.10 4.77 4.41 4.40 0.460 0.86 0.72

19 week 5.32 4.89 4.86 3.40 0.422 0.27 0.70

1 Least squares means of 6 observations per treatment.
2 Standard error of means.
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Criteria
Treatments

SEM1
P-value

NM LM MM HM Lin. Quad.

Diarrhea incidence2

0-2 week 1.09 1.29 1.68 1.64 0.133 0.28 0.67

3-5 week 0.57 0.49 0.45 0.66 0.064 0.69 0.32

0-5 week 0.80 0.85 0.99 1.09 0.080 0.22 0.88

1 Standard error of means.
2 Diarrhea incidence : 0 (no occurrence) to 4 (diarrhea on all pigs): Data were measured by  
average diarrhea incidence during each phases.

Table 9. Influences of milk by-products various levels in weaner diet 

on diarrhea incidence in weaning pigs
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Criteria
Treatments

SEM2
P-value

NM LM MM HM Lin. Quad.

Proximate analysis, %

Moisture 71.70 70.14 71.35 71.64 0.431 0.82 0.35

Crude protein 21.53 21.62 22.41 20.69 0.236 0.37 0.05

Crude fat  2.27  2.72  3.47  3.21 0.254 0.13 0.48

Crude ash  1.46  1.46  1.19  1.13 0.066 0.05 0.85

Physiochemical property

Cooking loss3
34.10b 30.59c 35.05a 37.08a 0.608 <0.01 <0.01

 Shear force4 6.67 6.49 6.85 7.45 0.167 0.07 0.23

95.79b 96.97a 96.46a 95.40b 0.164 0.05 <0.01 WHC5

1 Least squares means for five observations per treatment.
2 Standard error of means.
3 Cooking loss unit : %
4 Shear force unit : kg/0.5 inch2

5 WHC: water holding capacity
a,b,c Means with different superscripts significant difference (P<0.05).

Table 10. Influences of milk by-products various levels in weaner diet on 

pork quality of longissimus muscle1
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Criteria
Treatments

SEM2
P-value

NM LM MM HM Lin. Quad.

Time after slaughter, hour 

0 hour 5.72 5.77 5.75 5.68 0.046 0.71 0.54

3 hour 5.49 5.51 5.50 5.50 0.018 0.89 0.37

6 hour 5.63 5.62 5.52 5.63 0.028 0.68 0.20

12 hour 5.64 5.62 5.53 5.65 0.025 0.56 0.21

24 hour 5.69 5.63 5.51 5.63 0.028 0.23 0.06

1 Least squares means for five observations per treatment.
2 Standard error of means.

Table 11. Influences of milk by-products various levels in weaner diet 

on pork pH after slaughter1
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Table 12. Influence of milk by-products various levels in weaner diet 

on pork color after slaughter1

Criteria
Treatments 

SEM2
P-value

NM LM MM HM Lin. Quad.

CIE value, L2

0 hour 41.49 41.89 43.19 42.33 0.546 0.51 0.61 

3 hour 41.46 42.46 43.38 42.62 0.670 0.54 0.58 

6 hour 42.81 44.56 45.45 44.50 0.676 0.41 0.40 

12 hour 43.84 45.33 46.83 46.00 0.609 0.19 0.38 

24 hour 45.25 46.61 48.36 46.97 0.516 0.16 0.20 

CIE value, a3

0 hour  2.29  3.18  2.32  3.17 0.224 0.41 0.95

3 hour  2.39  3.06  3.03  3.28 0.210 0.15 0.61

6 hour  3.62  3.71  4.26  3.76 0.237 0.68 0.58

12 hour  3.74  3.92  3.82  4.17 0.196 0.54 0.85

24 hour  4.31  3.90  4.10  4.83 0.169 0.30 0.14

CIE value, b4

0 hour  4.60  5.12  4.93  5.23 0.187 0.37 0.82

3 hour  4.65  5.47  5.59  5.55 0.210 0.14 0.28

6 hour  5.86  6.13  6.93  6.36 0.232 0.36 0.44

12 hour  6.00  6.35  6.68  6.75 0.197 0.23 0.76

24 hour  6.44  6.41  7.10  7.25 0.153 0.20 0.94
1 Least squares means for five observations per treatment.
2 Standard error of mean.
3 L - luminance or brightness (vary from black to white).
4 a - red·green component (+a=red, -a=green).
5 b - yellow·blue component (+b=yellow, -b=blue).
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Table 13. Influences of milk by-products various levels in weaner diet 

on economic analysis in weaning to finishing pigs

Criteria
Treatments 

SEM1
P-value

NM LM MM HM Lin. Quad.

Feed cost per weight gain, won/kg

0-2 week 789B 915B 1,152A 1,228A 47.3 <0.01 0.62

3-5 week 905B 1,070BC 1,095B 1,682A 73.1 <0.01 0.33

6-9 week 1,095 1,116 1,159 1,339 51.3  0.04 0.32

10-13 week 1,337 1,449 1,254 1,339 39.4  0.59 0.86

14-17 week 1,348 1,550 1,615 1,507 38.0  0.11 0.05

18-19 week 1,471 1,545 1,290 1,302 66.4  0.25 0.83

Weaning period 847D 992C 1,124B 1,455A 53.5 <0.01 0.02

Growing period 1,216 1,283 1,207 1,339 24.7  0.17 0.48

Finishing period 1,410 1,548 1,452 1,405 37.0  0.76 0.26

Overall 1,158b 1,261b 1,274b 1,400a 26.8  0.01 0.79

Day to market weight from 7.01 kg, reached 110 kg BW

 141.7  137.7 137.4 137.1 2.11  0.46  0.67

Estimated feed cost to 110 kg, won

123,517 131,349 132,449 137,231 2534.9  0.11  0.40

1 Standard error of mean.
A,B,C,D Means with different superscripts in the same row significantly differ (P<0.01)
a,b Means with different superscripts in the same row significantly differ (P<0.05)
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. Summary in KoreanⅤ

본 연구는 자돈 사료 내 품 이 자돈 돈  장 , , 

액 상 도체품질  경 에 미 는 향에 여 알아보고, , , 

이를 탕  양돈농가에 른 자돈사료 내 품 첨가  

시  여 행 었다 평균 체   원 잡종 . 7.01 ± 1.32 kg 3

이 자돈 를 공시([Yorkshire × Landrace]) × Duroc) 160

며 체 처리 복 복 당 씩 별과 체 에 라 난 법 , 4 10 , 4

 다 실(RCBD; Randomized Complete Block Design) . 

험  처리구는 다 과 같다.  의 양  량1) ZM: NRC (1998)

을 충족하는 수수  위주의 사료 유제품 첨가- + 0% , 

사료 유제품 자돈전 자돈후2) LM: + : 10%, : 5% 3) 

사료 유제품 자돈전 자돈후MM: + : 20%, : 10% 4) HM: 

 사료 유제품 자돈전 자돈후  첨가한 처리+ : 30 %, 15% 

 하 으 육 비육  동안 든 처리 의 실험돈들은 , -

시판사료  동일하게 여하 다. 사양실험 결과 자돈 간에는 체, , 

일당증체량 그리고 일일사료 취량에  품  첨가  증가함

에 라   증가 는 결과를 보 나, 이후 비육  체 에

는 든 처리  간의 유의적 차이는 보이지 않았다 그리고 자돈 . 

사료 내 유제품의 첨가수 이 육 비육  동안에 일당 체량 사- , 

료 취량 그리고 사료 율에 있어 는 유의적인 향은 미 지 못

하는 것으  나타났다. 액 상  분  결과 자돈사료 내 품, 

 첨가 에 른 그리고 에 인 향  미 지 BUN, IgG IgA

못 는 것  나타났다 그리고 자돈  상  시행  사 도 분. 

결과 품 첨가 지 않아도 사 도에 부 인 향  보이지 , 
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않았다 도축 후 채취  등심근  상   돈 일 분 분  결과 . 

분 조단 질 조지   조회분 함량에  처리구간  인 차이, , 

가 견 지 않았다 지만 가열감량에 는 품  첨가 이  낮. 

아짐에 라 가열감량이 낮아지는 결과를 보 며(P 보<0.01), 

에 는 품  첨가 이 낮아짐에 라 게 증가 는 경향linear

(P  보 다 돈  품질 검사에 는 돈  변  그리고 =0.05) .  pH 

돈  색에  요인에 른 인 차이가 나타나지 않았 며, 

 보여  값들  모  상  범 에 속 다 이 결과를 탕. 

이 자돈 사료 내 품  감  돈  품질에 인 향, 

 미 는 것  판단 다 경  분   결과 자돈 사료 내 . , 

품  첨가 이 낮아질  사료 용이  감 었 며 출, 

체 지 소 는  사료 에 있어 품  첨가 지 않  처, 

리구는 품  많이 첨가  처리구보다 원 도  경  이15,000

 보 다. 

결  이 자돈 사료 내 품  첨가 이 증가 면 이, 

자돈  장 에  인 향  미쳤 나 이후 에 어, 

들면  장 에 차이를 보이지 않았다 그리고 품  첨가  . 

감  돈 품질에 인 향  보 며 품  첨가 지 않, 

는 것  사료 용이 감 어 경 인 이득  가장 많이 얻   있  

것  사료 다.
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