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Summary

  This experiment was conducted to evaluate various levels of milk 

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

intestinal morphology, muscle fiber diameter and diarrhea incidence on 

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

Duroc), average 5.97 ± 1.53 kg body weight (BW), were allotted to one of 

four treatments in 5 replications with 8 pigs per pen by BW and sex in a 

randomized complete block (RCB) design. Pigs were fed each treatment diet 

with various levels of milk by-product (phase1: 30, 20, 10 or 5%; phase2: 

15, 10, 5 or 0%) for 5 weeks (phase1: 0-2 week, phase2: 3-5 week). Growth 

performance was decreased linearly as milk by-product level decreased during 

phase 2 and whole experimental period (linear response, P<0.05). However, 

pigs fed milk by-product 10%-5% diet had similar growth performance 

compared to pigs fed milk by-product 30%-15%. In blood profiles, there was 

no significant difference in BUN, IGF-1, IgA and IgG among treatments. The 

villus height and crypt depth of small intestine (proximal, mid and distal 

small intestine) had no significant differences among dietary treatments. Also 

muscle fiber diameter was not affected by dietary milk by-product levels. The 

incidence of diarrhea had no significant difference by dietary treatments. 

Consequently, inclusion of milk by-product at 10% and 5% both in phase 1 

and phase 2, respectively had no negative influence on growth performance 
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and other measurements compared with inclusion of high levels of milk 

by-product. 

Keywords : Milk by-products, Weaning pigs, Growth performance, Intestinal 

morphology, Muscle fiber diameter
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I. Introduction

  Currently, the domestic pig industry is suffering from problems such 

as the conclusion of an FTA, livestock manure disposal, various 

diseases, and high production costs. In terms of production cost, feed 

cost in domestic pig farms accounts for approximately 50 to 60% of 

total cost of production. In particular, Korea has higher feed cost than 

that of other countries because main ingredients are imported from 

abroad. Therefore the swine industry in Korea will be continually 

affected by price of ingredients subsequently domestic livestock industry 

will be considerably damaged. In order to stabilize and develop the 

domestic swine industry, it is necessary to lower the production cost. 

Korea as well as many other countries around the world are looking 

for various alternatives in order to save feed cost problem. One of 

them is looking for ways to replace or reduce the expensive ingredients 

that occupy a high proportion of ingredients. 

  In diet of weaning pigs, it is common to use a high proportion of 

milk by-products in Korea. The use of these milk by-products is 

entirely dependent on import from other countries. Also, there was a 

jump in prices of ingredients in 2007-2008, moreover, price fluctuations 

could be happened at any time in the future. Lactose and whey powder 

are the major milk processing ingredients in weaning pig feed, and in 
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2014, its prices per kilogram were about 1,100 won and 1,400 won, 

respectively. Since the addition of excess milk by-products in weaning 

diets resulted in increasing the cost of production in swine industry.  

Consequently, this experiment was conducted to evaluate various levels 

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

profiles, diarrhea incidence, intestinal morphology, muscle fiber diameter

and economic analysis in weaning pigs. 
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II. Literature Review

1. Introduction

1.1 Global livestock market and feed ingredients

  World livestock markets are still enormously expanding and the 

subsidiary business has been rapidly moved to meet the customers' 

taste. In these circumstances, livestock industry also has accelerated 

growth. Since 2007, world grain market prices has increased 

remarkably because of competition among producing feed for livestock 

and producing crops for biofuel. Corn and soybean meal are one of 

the main feed ingredients for swine industry. Prices for major feed 

ingredients such as corn, soybean meal and wheat in world market 

have sharply risen up and unstable for a few years (Figure 1). In 

particular, those components are the most important ingredients to 

influence the trend of international feed price. Feed cost is highly 

occupied in production cost in swine farm. For that reason, 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. 
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Figure 1. Major grain prices in United state (CBOT, 2015)

1.2 Situation of swine industry in Korea

  It shows the cost of pig production in major pork producing 

countries (Table 1). Compared to the average total production cost of 

European countries and the total production cost of Korea, Korea costs 

about 40% more than Europe. 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 other countries because feed industry of Korea depends heavily on 

imports for the most part of feed ingredients. Moreover tax, shipping 

charge, storage cost, grain deterioration and even importing a breeding 

swine also influences negatively on pig production cost. Furthermore, 

swine industries have challenged a lot of matters such as FTA with 

other countries, ban of ocean disposal animal’s manure, wasting 
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disease and transmittable diseases such as FMD, PED, PRRS and 

PMWS. Recently hot weather in summer which influences sow's 

reproductivity has been negatively influenced on the cost of pig 

production.

Table 1. The cost of pig production selected countries (2015, $/carcass, 

kg)

  Feed

Other 

variable  

cost

Total 

variable 

costs

Labor Depreciation

Total 

fixed 

costs

Total 

cost

Denmark 0.96 0.23 1.19 0.13 0.18 0.32 1.51

France 0.99 0.20 1.20 0.14 0.20 0.34 1.53

Germany 1.03 0.25 1.28 0.13 0.21 0.34 1.62

Netherlands 0.99 0.29 1.28 0.14 0.17 0.31 1.58

USA 0.92 0.16 1.08 0.13 0.12 0.25 1.33

Average EU 1.06 0.23 1.29 0.13 0.21 0.34 1.63

Korea 1.35 0.66 2.01 0.12 0.22 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,  

         2015)

2 Milk by-product 

2.1 Classification of milk by-products

2.1.1 Whey powder

  Whey includes approximately 90% lactose, 20% protein, 40% Ca, and 

43% of the P originally present in milk (Leibbrandt and Benevenga, 

1991). Whey powder derived from cheese production includes no casein 

protein. In contrast to casein, the protein fraction of whey is composed 

of the valuable functional proteins, immunoglobulins, lactoperoxidase 

and lactoferrin. These factors improve immunity, have antimicrobial 
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effects and stimulate oxygen transport. 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 best 

known dairy product that is used in weaning pig diets is whey powder. 

However there are different kinds and qualities of whey powder 

available on the market. In figure 3, it explains the main three 

processes that are used nowadays to produce either hard cheese with 

sweet whey, or soft (curd) cheese with acidified whey or caseinates 

with acidified whey.

Figure 3. Different kinds of whey powder (International pig 

topics-volume10 number5)
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2.1.2. Lactose

  Lactose (Figure 4) is a disaccharide carbohydrate which is only 

produced as part of the milk of mammals and as a storage 

carbohydrate in the seeds of a few plants. The enzymology of lactose 

synthesis in the mammary gland is well understood. It is formed by the 

condensation of the hexose sugars glucose and galactose to give a 

beta-(1,4) linked product. Lactose is a major component of dried whey 

and exists in crystalline and amorphous forms. The crystalline forms are 

alpha lactose monohydrate, anhydrous alpha lactose, beta lactose and 

compound crystals. The consequences for dairy and pharmaceutical 

products of the inter conversion of these forms are described. Moisture 

induced crystallization of amorphous lactose is a cause of physical and 

chemical instability in dairy and pharmaceutical products. Today, lactose 

is widely used in the food and confectionery industries since it has a 

low sweetness (30% that of sucrose), binds flavour and aromas and 

increases the storage life of products.

Figure 4. The structure of α- and β-lactose 



- 9 -

2.2 Characteristics of milk by-products

  Milk by-product may be defined as a product of commercial value 

produced during the manufacture of a main product. Whey is the milk 

serum that is obtained during the manufacture of cheese after separation 

of casein and fat during milk coagulation. It is a greenish translucent 

liquid, viewed until recently as one of the major problematic disposal 

in the dairy industry. Generally citric acid and some times rennet and 

few times lactase are used for coagulation. Depending upon the raw 

material used in the coagulatiosn of milk, enzymatic, rennet coagulation 

or by acid coagulation, it is broadly classified into sweet whey, 

otherwise known as rennet whey and acid whey or quark whey. The 

composition of the whey differs depending upon the coagulant used. 

Generally in pure acid coagulation, calcium is removed from the 

calcium-casein complex, and calcium lactate is formed jointly with milk. 

Casein has the tendency to precipitate when the calcium is removed. 

The acid whey or quark whey is milk serum obtained during an acidic 

coagulation and has calcium lactate. Enzymatic coagulation entails 

splitting of milk protein resulting in formation of calcium 

para-caseinate. The calcium remains bound in the coagulated protein. 

Beta lactoglobulin, alpha lactalbumin, immunoglobulin and serum 

albumin (the non casein fractions) are not generally precipitated and 

they remain in solution in the form of whey or serum proteins. Sweet 

whey or rennet whey is a milk serum obtained during enzymatic 

coagulation of casein and is generally free from calcium. Hence, no 
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calcium lactate can be formed with lactic acid. Sweet whey and acid 

whey are individually distinct. The former cannot be converted into the 

latter even with post-acidification.

  Lactose is the most important carbohydrate of the milk of most 

species. Its biosynthesis takes place in the mammary gland. 

Concentrations in milk vary strongly with species. Lactose is the first 

and the only carbohydrate that every newborn mammal (including 

human) consumes in significant amounts. Bovine milk contains 45 to 

50 grams lactose per liter. Industrially lactose is produced from bovine 

milk exclusively, or rather from milk derivatives like cheese whey or 

ultra filtration permeate. Lactose is also known as milk sugar. In the 

last seven years the price of lactose and whey powder in US (Figure 

5). Price of milk by-products is unstable.

  It is well accepted that diets for newly weaning pigs should contain 

high levels of lactose. Depending on the age of the pig at weaning, the 

initial nursery diet should contain from 15 to 25% lactose. Pigs weaned 

at 14 days or less would need the higher levels of lactose, and those 

weaned at 21 days or greater would need the lower levels of lactose. 

A high quality, edible-grade dried whey is the most common source of 

lactose. Whey powder and lactose when we look at the nutritional 

composition, they have a high energy, then the amount of lactose is 

higher in that (Table 2). 
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Figure 5. Lactose and whey powder price in United state (USDA 2016)

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)
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3. Effect of Milk By-products Supplementation in 

Weaning Pig Diet

3.1 Digestive enzyme and immune development in weaning pig

  Weaning is probably the most stressful time in a pig's life because 

of the several changes it must undergo. Prior to weaning, pigs consume 

sow's milk approximately 24 times per day. Sow's milk come in the 

form of a highly digestible liquid that contains about 35% fat, 30% 

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

are expected to adjust to a dry diet with a greatly different 

composition. Also, in contradiction to nursing when there was usually 

ample space for all pigs to have their meal together, feeders do not 

typically provide enough space for simultaneous feeding of weaning 

pigs.

  From birth until the pig is approximately 8 weeks of age, there are 

also many digestive, metabolic, and immunological changes taking 

place. For example, the enzymes that are needed to break down various 

dietary ingredients are developing at different rates. As shown in Figure 

6, lactase (the enzyme associated with the digestion of milk 

carbohydrates) is high at birth, reaches a peak at 2 to 3 weeks of age, 

and then declines rapidly. On the other hand, amylase (the enzyme 

needed to break down the carbohydrates found in cereal grains) is 

relatively low at birth and increases with age. Also, this is the pattern 
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for the enzymes involved. Those 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 age. In light of 

these facts, the ingredients that should be included in diets for weaning 

pigs are highly dependent on the age at which the pigs are weaned.

Figure 6. Development of digestive enzymes in weaning pig (Coffey et 

al., 2000) 

  The immunological changes that are occurring in the young pigs are 

shown in (Figure 7). The neonatal pig receives passive immunity by 

absorbing the antibodies present in sow's colostrum. These 

maternally-derived antibodies levels are highest on the first day 

post-farrowing and then decrease to very low levels by the time the 

pig reaches about 3 weeks of age. The pig's own immune system 
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begins developing at approximately 3 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-week-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 7. Development of passive and active immunity in weaning pig 

(Coffey et al., 2000)
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3.2 Effect of supplement milk by-products in weaning pig diet

  Dried whey should contain at least 65% lactose, which has been 

shown to be the best carbohydrate for baby pigs (Cunha, 1977), and it 

normally contains about 13%–17% of high-quality CP (Seerley, 1991). 

Dried whey is a major feed ingredient added to weaning pig diets that 

has been shown to increase pig growth (Mahan and Newton, 1993; 

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 from this product 

(Mahan, 1992). Most researchers have, however, incorporated it only 

during the early phase after weaning

  Lactose is a main component of dried whey and has been shown to 

be a major factor in improving nursery pig performances (Mahan, 

1992). The dietary level of lactose that was necessary to achieve 

maximum growth rates decreased as pigs became heavier and older, 

probably because the pigs’ digestive system became more mature and 

the digestive enzymes required to hydrolyze the more complex 

components in cereal grains were properly secreted.

  As indicated researchers by recommended supplement of milk 

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

effects (Table 3). However, most researchers have incorporated it only 

during the early phase after weaning. Weaning pigs may not consume a 

sufficient volume of whey to satisfy their amino acid needs and to 
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Levels in experiment

Reference Lactose Whey powder Recommended

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

Owen et al., 1993 7 to 23 - 23

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

Juliano et al., 2010 0 to 12 - 8

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.

Table 3. Milk by-products optimal level in literatures
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3.3 Gut health

  After a pig consumes feed, digestion impacts how quickly the pig 

gains weight. Pigs that are able to digest nutrients more efficiently can 

put on more pounds quicker. The key player in nutrient absorption is 

the small intestine. After feed is broken down in the pig’s stomach, it 

enters the small intestines area where nutrients are absorbed via 

thousands of finger-like projections called villi, which line the inside of 

the small intestine.

As shown in Figure 8, longer, well-formed villi help pigs absorb 

nutrients at higher levels. Pigs with shorter villi have less surface area 

for potential nutrient absorption. A healthy small intestine with 

well-developed villi positions a pig to transition smoothly through 

weaning and go on to reach maximum potential through finishing. 

Unfortunately, if weaning is stressful, it can drastically impact villi 

length and development. In a study conducted by the Cambridge 

Institute of Animal Physiology, villi length, which did not change 

significantly in unweaned piglets 4 to 6 weeks after birth, was cut in 

half in the five days after weaning. Performance at weaning is the 

foundation of lifetime performance. Therefore, supporting villi health 

during weaning is an important step in raising productive pigs. Feed 

consumption and proper hydration support healthy villi development for 

maximum nutrient absorbtion at weaning, which opens the door to more 

marketable weight at finishing.

  In terms of energy, glucose, lactose and starch incorporated in starter 
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diets provided essentially similar results for growth, feed intake and 

GIT characteristics (Vente-Spreuuwenberg and Beynen, 2003). However, 

high levels of lactose allowed increasing incorporation of protein in 

weaning diets and favoured growth rate and intestinal integrity (Pierce 

et al. 2006) In this case, most lactose escaped digestion in the small 

intestine and was fermented in the large intestine. Such a diet 

stimulated bifidobacteria and lactobacilli and reduced E. coli counts. It 

also reduced protein fermentation and generation of unwanted 

nitrogenous compounds, while increasing butyrate production and 

improving small intestinal architecture (Pierce et al. 2006). 

  Prebiotics and probiotics. Providing diets with appropriate fermentable

carbohydrates allows manipulating the GIT microbiota towards beneficial

fermentation profiles and improved resistance to colonisation by enteric

pathogens (review by Bauer et al. 2006). As mentioned above, lactose 

provided in high dietary levels does act as a prebiotic and was able to 

improve both pig performance and intestinal integrity (Pierce et al. 

2006). A high level of lactose allowed increasing the protein content of 

the diet and improved pig performance. By contrast, increasing lactose 

in a diet already containing inulin, another fermentable carbohydrate, 

did not ameliorate the results obtained by the inulin diet. Supplementing 

weaning diets with carbohydrates of varying solubility and 

fermentability (inulin, lactose, sugar beet pulp, wheat starch) was shown 

to stimulate the growth of lactobacilli (e.g. Lactobacillus sobrius) and to 

improve colonic microbial stability and diversity post weaning 

(Konstantinov et al. 2004, 2006). 
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Figure 8. Healthy and unhealthy gut in weaning pig (Purina Animal 

Nutrition Center, 2015)
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Ⅲ. Influence of Dietary Levels of Milk 

By-products in Weaning Diet on Growth 

Performance, Blood Profiles, Intestinal Morphology 

and Muscle fiber in Weaning pigs and Economic 

Analysis

Abstract: This experiment was conducted to evaluate various levels of 

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

profiles, intestinal morphology, muscle fiber diameter and diarrhea 

incidence on weaning pigs. A total of 160 weaning pigs ([Yorkshire × 

Landrace] × Duroc), average 5.97 ± 1.53 kg body weight (BW), were 

allotted to one of four treatments in 5 replications with 8 pigs per pen 

by BW and sex in a randomized complete block (RCB) design. Pigs 

were fed each treatment diet with various levels of milk by-product 

(phase 1: 5, 10, 20 or 30%; phase 2: 0, 5, 10 or 15%) for 5 weeks 

(phase 1: 0-2 week, phase 2: 3-5 week). Growth performance was 

decreased linearly as milk by-product level decreased during phase 2 

and whole experimental period (linear response, P<0.05). However, pigs 

fed milk by-product 10%-5% diet had similar growth performance 

rather than pigs fed milk by-product 30%-15%. In blood profiles, there 

was no significant difference in BUN, IGF-1, IgA and IgG among 

treatments. The villus height and crypt depth of small intestine 

(proximal, mid and distal small intestine) had no significant difference 
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among dietary treatments. Also muscle fiber diameter was not affected 

by milk by-product levels. The incidence of diarrhea had no significant 

difference by dietary treatments. Consequently, inclusion of milk 

by-product 10%-5% had no negative influence on growth performance 

and other measurements compared with inclusion of milk by-product 

30%-15%.

Keywords : Milk by-products, Weaning pigs, Growth performance, 

Intestinal morphology, Muscle fiber diameter
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Introduction

  Piglets get weaning stress from physiological, environmental and 

social challenges when they are weaned (Pie et al., 2004). The process 

of weaning is one of the most stressful events that can contribute to 

digestion and immune system dysfunctions so health condition, growth 

rate and feed intake of weaning pigs can be reduced (Campbell et al., 

2013). Supplementation of milk by-products in weaning pig diets helps 

feed intake and growth performance to be increased (Lawrence et al., 

1983). Generally, lactose and whey powder are mainly used milk 

by-product in weaning pigs diet (Mahan and Newton, 1993; Nessmith 

et al., 1997)

  It is well known that using lactose and whey powder in weaning 

pig’s diet can maintain an enhanced intestinal environment in pig 

(Wolter et al., 2003). Moreover, the ability to grow and to enhance 

feed intake can be achieved by supplementation of milk by-product in 

weaning pig diet (Mahan et al., 2004; Cromwell et al., 2008). 

However, international price trends for dairy products are severely 

unstable, and its price is also expensive relatively compared to grains 

(Jin, 2013). Therefore weaning pig diet containing high levels of milk 

by-products leads to an expensive weaning pig diet and it causes an 

increasing cost of pork production. Moreover activity of lactase, the 

enzyme associated with the digestion of milk carbohydrates, is high at 

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

(Coffey et al., 2000). It can explain why reducing lactose content has 
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no negative effect on weaning pigs after 1-2 weeks after weaning when 

development of enzyme activation is almost finished (Kidder and 

Manners, 1978). Therefore, this experiment was conducted to evaluate 

various levels of milk by-products in weaning pig diet on growth 

performance, blood profiles, intestinal morphology, muscle fiber 

diameter, diarrhea incidence and economic analysis in weaning pigs. 
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Materials and Methods

Animal management, experimental design and housing

A total of 160 crossbred ([Landrace x Yorkshire] x Duroc) piglets 

were used in this experiment. Weaning pigs (averaging 5.79 ± 1.527 kg 

initial body weight) were assigned to 4 treatments based on sex and 

initial body weight with 5 replicates of 8 pigs per pen according to 

randomized complete block design (RCBD). The experimental pigs were 

housed in 1.54 x 1.96m2 plastic floor. Feed and water were provided 

ad-libitum through feeder and nipple during whole experimental periods.  

The ambient temperature in the weaning house was maintained at 31 

°C at the first, and then gradually fallen to 27 °C at the end of the 

experiment. Body weight and feed intake were recorded at 0, 2 and 5 

weeks to calculate average daily gains (ADG), average daily feed 

intakes (ADFI) and gain to feed ratio (G/F ratio).

Experimental diet

  A corn-soybean meal based on control diet was formulated. 4 

different types of experimental diet were provided to weaning pigs 

following two phases (0-2 weeks, 3-5 weeks). Treatments included: 1) 

NM (levels of milk product, phase 1 5%, phase 2 0%), 2) LM (levels 

of milk product, phase 1 10%, phase 2 5%), 3) MM (levels of milk 

product, phase 1 20%, phase 2 10%), 4) HM (corn-soybean meal based 

diet, levels of milk product, phase 1 30%, phase 2 15%), Whey 
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powder and lactose were added to each diet and all nutrients of 

experimental diets with the exception of CP met or exceeded the 

nutrient requirement of NRC (1998). Exceptionally, CP was set to 6.25 

times more than the standard total nitrogen in the requirement of NRC 

(2012) to calculate CP requirement. Experimental diets contained 

20.56%, 18.88% of crude protein and 1.35%, 1.15% of total lysine 

during phase 1 (0-2 weeks), phase 2 (3-5 weeks) respectively. The 

formula and chemical composition of experimental diets were presented in 

Tables 1 and 2. 

Blood sampling and analysis

  Blood samples were taken from the jugular vein of 6 pigs per 

treatment for measuring blood urea nitrogen (BUN), IGF-1 concentration 

and serum immunoglobulins (IgG, IgA) when the body weights were 

recorded. After the blood sample was collected in disposable culture 

tubes, the samples were centrifuged for 15 min at 3,000 rpm on 4°C 

(Eppendorf centrifuge 5810R, Germany). The serum was carefully 

transferred to 1.5 ml plastic tubes and stored at -20°C until analysis. 

Total BUN concentration were analyzed using a blood analyzer 

(Ciba-Corning model, Express Plus, Ciba Corning Diagnostics Co.) and 

IGF-1 concentration was analyzed with hormone analyzer (Immulite 

2000, DPC, SUA). Serum IgG and IgA concentration were analyzed by 

ELISA assay by the manufacture’s protocols (ELISA Starter Accessory 

Package, Pig IgG ELISA Quantitation Kit, Pig IgA ELISA Quantitation 

Kit; Bethyl).
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Incidence of Diarrhea

  Observation of diarrhea incidence was conducted every 8:00 am for 

35 days. Data was recorded by each pen for 2 phases (phase 1 and 

phase 2). Score of diarrhea incidence was given into 5 numbers by 

counting pigs with evidence of watery diarrhea (0=No evidence of 

water diarrhea, 1=2pigs show evidence of watery diarrhea, 2=4pigs, 

3=6pigs and 4=8 pigs show evidence watery diarrhea in the pen). 

Morphology of small intestine and muscle fiber

  A total of 12 pigs were housed in a plastic woven floored pen and 

water was provided ad-libitum throughout the whole experimental 

period. Three pigs were selected from each treatment at 14th and 35th 

days of experiment. The samples of small intestine and muscle were 

obtained each (≒ 3cm in length) at proximal, medium, distal of small 

intestine and loin. These were fixed in neutral-buffered formalin and 

processed by the standard paraffin method. Sections (2~3cm) were 

stained with hematoxylin and eosin, and examined under a light 

microscope. It was used a Leica DM500 microscope with Leica 

DFC425 coupled to the computer program (Leica Application suite 

software) for image analysis. 

Economic analysis

  Economic analysis conducted to compare the feed cost for 1kg 

weight gain of the diets containing low milk product and those 

containing high milk product. Calculation of feed cost as following; 
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Feed cost for 1kg 

wight gain 
=

Cost of feed(won) × Feed intake per head(kg)

Weight gain per head(kg)

Economic analysis was conducted in each phase. As of September 

2015, market price of feed ingredient was calculated.

Chemical analyses and statistical analyses

  Analysis of the experimental diets was conducted according to the 

methods of the AOAC (1995). The DM of diet samples were 

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

International, 1995). Aspartic acid was used as a calibration standard, 

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

ash (method 988.05 and 942.05; AOAC International, 1995). Crude fat 

was hydrolized in HCL solution to release bound fat and then extracted with 

diethyl ether and petroleum ether (method 920.39; AOAC International, 

1995) Statistical analysis was carried out by least squares mean 

comparisons using General Linear Model (GLM) procedure in SAS 

(SAS Inst. Inc., Cary, NC). For data on growth performance and 

economic analysis, a pen was considered the experimental unit, while 

individual pig was used as the unit for data on blood profiles, diarrhea 

incidence, intestinal morphology and muscle fiber. The effects of 

decreasing levels of milk product were analyzed as linear and quadratic 

components by orthogonal polynomial contrasts. Differences were 

declared significant at p< 0.05.
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Results and Discussion

Growth performance   

  Table 3 showed the influence of various levels of milk by-products 

on growth performance in weaning pigs. During the phase 2 (3-5wk) 

and the whole experimental period (0-5wk), BW, ADG, ADFI, and G/F 

ratio were declined when pigs were fed low levels of milk by-products 

(linear, P<0.05). However, there were no significant differences in BW 

and ADG among all treatments exception of NM (milk by product, 

5%-0%) in the phase 2 and the whole experimental period. Also, there 

was no significant difference in ADFI and G/F ratio among all 

treatments in the phase 1, the phase 2 and the whole experimental 

period. During the whole experimental period, BW, ADG, ADFI and 

G/F ratio of treatment MM (milk by- products, 20%-10%) was the 

highest among all treatments. However, pigs fed the diet containing 

5%-0% of milk by-product had the lowest BW, ADG, ADFI and G:F 

ratio among all treatment in the phase 1, the phase 2 and the whole 

experimental period.

  The beneficial effects of high dietary lactose had improving early 

performance in terms of greater growth performance have been 

confirmed by previous studies (Mavromichalis et al., 2001; Mahan et 

al., 2004; O'Doherty et al., 2005). In addition, high dietary lactose 

showed improving feed intake (Nessmith et al., 1997c; Cromwell et al., 

2008). Also, different level of milk by-product as supplement in 

weaning pig diet demonstrated that it made significant difference on 
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growth performance in weaning pig period (Tokach et al., 1995). 

However, Juliano et al. (2011) demonstrated that the lactose levels did 

not influence growth performance of weaning pigs from 0 to 12% of 

lactose. Average 6.0 kg at weaning also did not find significant effect 

in growth performance by adding lactose in the diets (Pollmann et al., 

1980). In the current study, ADFI and G/F ratio were not affected by 

the supplementation level of milk by-products in the phase 1, the phase 

2 and the whole experimental period. Also, treatment LM (milk 

by-products, 10%-5%) had similar growth performance to inclusion of 

milk by-product 30%-15%.

Blood profiles

  As shown in Table 4 and Table 5, during the whole experiment 

period, there were no significant differences in BUN, creatinine, IGF-1 

concentration and serum immunoglobulins (IgG, IgA) among all 

treatments. In general, BUN concentration is good indicator 

determination of protein and amino acid utilization by pigs (Eggum, 

1970). In this experiment, the BUN concentration had no significant 

difference among treatments during the whole experimental period. 

Therefore, this result suggested that protein utilization in pigs fed low 

levels of milk by-products did not show any problem compared the 

high milk by-products treatment. 

  IGF-1 is secreted by stimulation of growth hormones which related 

to growth and differentiation of tissue (Laron, 2001). It is affected by 

nutritional status of animal. IGF-1 supplies energy for cell growth and 
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have important roles in regulation of structure and function of 

cardiovascular system and born growth (Bayes-genis, 2000). In this 

experiment, the IGF-1 concentration had no significant difference among 

treatments during the whole experimental period. Therefore, this result 

indicated that secretion of growth hormones in pigs did no affected by 

levels of milk by-products. 

  The IgG is generally considered as the most common type of 

antibody in blood circulation, which plays and important role to control 

bacterial infection in the body (Haye and Karnegay et al., 1979; 

Hankins et al., 1994). It is the most 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 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). 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 effects of various levels of milk by-products supplementation on 

diarrhea incidence in weaning pig is shown in Table 6. In weaning 
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period, diarrhea incidence had no significant difference by various levels 

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

in the incidence of diarrhea because of milk by-products in weaning 

pig diet. Because the supplementation of fiber source as barley is 

considered helpful in preventing diarrhea and plenty of fiber supply 

(Mateos et al., 2006). Therefore, the present result demonstrated that 

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

weaning pig diet.

Morphology of small intestine and muscle fiber diameter

  The effects of various levels of milk by-products supplementation on 

the villous height, crypt depth and muscle fiber diameter are shown in 

Table 7. There were no significant differences in the villous height and 

crypt depth of the proximal, mid, distal part of small intestine and 

muscle fiber diameter by various levels of milk by-products. 

  In the weaning process, there is a sudden change in the feed of 

weaning pigs from the milk of the sow to a dry diet based on corn 

and soybean meal. It has an influence on the villus height and crypt 

depth of small intestine (Pluske et. al., 1996). Spreewenberg et al. 

(2001) did not find effect in the villous height by adding milk 

by-product. Also, Pierce et al. (2006) found no variation in the villous 

height and crypt depth of small intestine by the dietary lactose. The 

richness of Lactobacillus ssp. digesta of weaning pigs can be associated 

to intestinal health (Williams et al., 2001). Juliano et al. (2011) 

demonstrated that weaning pigs were fed diets with 0 and 12% lactose 
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has shown the lowest indexes of richness and diversity. However 

similar results were obtained by Juliano et al (2011). Therefore, these 

results demonstrated that pigs fed low levels of milk by-products in 

weaning pig diet had no negative influence on the morphology of small 

intestine. Muscle fiber number is fixed at birth in pigs (Wigmore and 

Stickland, 1983). An increase in muscle fiber diameter (hypertrophy) 

affects to the increase in skeletal muscle mass, in turn, which is limited 

by genetic and physiological factors (Rehfeldt et al., 2000). Muscle 

fiber number and area have an impact on meat quality (Oksbjerg et al., 

2000). IGF-1 stimulates muscle growth and reduces protein degradation 

in muscle fiber cultures (Jennifer et. al., 2004). In this experiment, the 

IGF-1 concentration had no significant difference among treatments 

during the whole experimental period. This result seems to be affected 

to good effects on muscle fiber. Therefore, the present result 

demonstrated that pigs fed low levels of milk by-products in weaning 

pig diet had no negative influence on the muscle development.

Economic analysis

  The effect of various level of milk by-products supplementation on 

feed cost per weight gain was shown in Table 8. There was no 

significant difference in feed cost per weight gain during the whole 

experimental period. During the phase 1, the price of feed 

supplemented with milk by-products decreased by 688 won, 621 won, 

533 won, 519 won per kg as supplement of milk by-products in 

weaning pig diet decreased. Also, it decreased 577 won, 544 won, 621 
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won, 476 won in the phase 2. During the whole experimental period, 

the price was highest in treatment NM for 1,485 won but lowest in 

treatment MM for 1,187 won considering the feed price for weaning 

pig per 1kg weight gain based on the growth performance. The present 

result demonstrated, economic benefit was when 20%-10% of milk 

by-product was supplemented in weaning diet.
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Conclusion

   The results of this study indicated that weaning pigs fed decreasing 

milk by-products supplemented showed lower growth performance such 

as decreased BW, ADG, ADFI and G/F ratio during the phase 2 and 

the whole experimental period. However, there were no significant 

differences in growth performance among all treatments exception of 

5%-0% treatment during the whole experimental period. Also, the low 

level of milk by-products did not influence BUN, IGF-1, IgG, IgA, 

diarrhea incidence, intestinal morphology and muscle fiber diameter. In 

economic analysis, the highest economic profit was achieved in 

20%-10% of milk by-product treatment. The effect of various levels of 

milk by-products in weaning diet on growth performance of 

growing-finishing pigs, nutrient digestibility should be investigated in 

future research.
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Treatments1

NM LM MM HM

Ingredients, %

Corn 41.83 36.72 26.48 16.22 

Soybean meal 31.51 31.69 32.10 32.50 

Barley 15.00 15.00 15.00 15.00 

Whey powder 2.00 4.00 8.00 12.00 

Lactose 3.00 6.00 12.00 18.00 

Soypeptide 1.37 1.46 1.64 1.81 

Soy-oil 1.72 1.61 1.38 1.17 

MDCP 1.36 1.35 1.31 1.30 

Limestone 1.06 1.04 1.01 0.97 

L-Lysine·HCl, 78% 0.30 0.29 0.24 0.20 

DL-methionine, 80% 0.08 0.09 0.09 0.10 

L-threonine, 99% 0.07 0.06 0.05 0.04 

Vit. Mix2 0.10 0.10 0.10 0.10 

Min. Mix3 0.10 0.10 0.10 0.10 

Salt 0.30 0.30 0.30 0.30 

Choline-Cl(50%) 0.10 0.10 0.10 0.10 

ZnO 0.10 0.10 0.10 0.10 

Total 100.00 100.00 100.00 100.00

Chemical composition4

ME, kcal/kg 3,265.02 3,265.00 3,265.00 3,265.03

Crude protein, % 20.56 20.56 20.56 20.56

Crude protein, %5 21.19 21.02 20.43 19.21

Crude fat, %5 4.81 5.01 2.82 3.44

Crude ash, %5 7.08 5.89 7.19 6.71

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

P, % 0.65 0.65 0.65 0.65
1 HM (High milk by-products, 30%/15%), MM (Middle milk by-products, 20%/10%), LM 
(Lower milk by-products, 10%/5%), NM (Non milk by-products, 5%/0%).
2 Provided the following per kilogram of diet: vitamin A, 8,000IU; vitamin D3, 1,800IU; 
vitamin E, 60IU; vitamin K3, 2mg; vitamin B1, 2mg; vitamin B2, 7mg; vitamin B5, 25mg; 
vitamin B3, 27mg; vitamin B6, 3mg; biotin, 0.20g; folicacid, 1.00mg; vitamin B12, 0.03g.
3 Provided the following per kilogram of diet : Se, 0.30mg; I, 1.00mg; Mn, 51.60mg; Cu, 
105.00mg; Fe, 150.00mg; Zn, 72.00mg; Co, 0.50mg.
4 Calculated values.
5 Analyzed values.

Table 1. Formula and chemical composition of the experimental diets 

(phase 1, 0 to 2 weeks)
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Treatments1

NM LM MM HM

Ingredients, %

Corn 51.96 46.85 41.70 36.60 

Soybean meal 26.22 26.40 26.59 26.79 

Barley 15.00 15.00 15.00 15.00 

Whey powder 0.00 2.00 4.00 6.00 

Lactose 0.00 3.00 6.00 9.00 

Soypeptide 2.22 2.31 2.40 2.50 

Soy-oil 1.55 1.44 1.34 1.22 

MDCP 1.19 1.17 1.17 1.15 

Limestone 0.91 0.90 0.88 0.86 

L-Lysine·HCl, 78% 0.20 0.18 0.16 0.14 

DL-methionine, 80% 0.04 0.04 0.04 0.05 

L-threonine, 99% 0.01 0.01 0.02 0.00 

Vit. Mix2 0.10 0.10 0.10 0.10 

Min. Mix3 0.10 0.10 0.10 0.10 

Salt 0.30 0.30 0.30 0.30 

Choline-Cl(50%) 0.10 0.10 0.10 0.10 

ZnO 0.10 0.10 0.10 0.10 

Total 100.00 100.00 100.00 100.00

Chemical composition4

ME, kcal/kg 3,265.02 3,265.00 3,265.03 3,265.00

Crude protein, % 18.88 18.88 18.88 18.88

Crude protein, %5 19.62 18.86 18.99 19.92

Crude fat, %5 1.87 1.71 1.52 1.93

Crude ash, %5 5.18 7.97 5.67 6.33

Lysine, % 1.15 1.15 1.15 1.15

Methionine, % 0.30 0.30 0.30 0.30

Ca, % 0.70 0.70 0.70 0.70

P, % 0.60 0.60 0.60 0.60
1 HM (High milk by-products, 30%/15%), MM (Middle milk by-products, 20%/10%), LM 
(Lower milk by-products, 10%/5%), NM (Non milk by-products, 5%/0%).
2 Provided the following per kilogram of diet: vitamin A, 8,000IU; vitamin D3, 1,800IU; 
vitamin E, 60IU; vitamin K3, 2mg; vitamin B1, 2mg; vitamin B2, 7mg; vitamin B5, 25mg; 
vitamin B3, 27mg; vitamin B6, 3mg; biotin, 0.20g; folicacid, 1.00mg; vitamin B12, 0.03g.
3 Provided the following per kilogram of diet : Se, 0.30mg; I, 1.00mg; Mn, 51.60mg; Cu, 
105.00mg; Fe, 150.00mg; Zn, 72.00mg; Co, 0.50mg.
4 Calculated values.
5 Analyzed values.

Table 2. Formula and chemical composition of the experimental diets 

(phase 2, 3 to 5 weeks)
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Criteria
Treatments2

SEM3
P - value

NM LM MM HM Lin. Quad.

Body weight, kg

Initial    5.97    5.97    5.97    5.97 0.009 - - 

2 week    7.09    7.26    7.42    7.56 0.383 0.24 0.87

5 week   10.46b 11.53ab 12.94a   12.75s 0.653 ˂0.01 0.13

ADG, g

0-2 week   80   92 103 114 9.2 0.24 0.86

3-5 week 160C 203BC 263A 247AB 15.4 ˂0.01 0.05

0-5 week 128b 159ab 199a 194a 11.7 ˂0.01 0.13

ADFI, g

0-2 week 171 187 192 201 6.9 0.18 0.74

3-5 week 451 517 553 539 22.3 0.04 0.11

0-5 week 336 375 405 398 15.7 0.04 0.16

Gain:Feed ratio

0-2 week   0.447   0.486   0.519   0.551 0.0348 0.35 0.88

3-5 week   0.341   0.385   0.479   0.470 0.0220 0.02 0.25

0-5 week   0.336   0.418   0.493   0.366 0.0197 0.02 0.23
1 A total of 160 crossbred pigs were fed from average initial body weight 5.97 ± 1.527 kg.
2 HM (High milk by-products, 30%/15%), MM (Middle milk by-products, 20%/10%), LM (Lower 
milk by-products, 10%/5%), NM (Non milk by-products, 5%/0%).
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).

Table 3. Influence of various milk by-products levels in weaning pig 

diet on growth performance in weaning pigs1
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Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

BUN (mg/dL)

Initial 8.80 10.60 8.40 11.10 0.331 - -

2 week 16.63 15.01 9.33 13.49 1.158 0.17 0.14

5 week 16.20 16.17 13.37 13.27 0.722 0.10 0.98

IGF-1 (ng/mL)

Initial 52.90 53.90 55.10 50.80 0.452 - -

2 week 62.03 73.02 80.47 72.16 5.381 0.50 0.37

5 week 47.23 69.20 67.03 57.66 5.451 0.95 0.08
1 Least squares means of 6 observations per treatment.
2 Standard error of mean.

Table 4. Influence of various milk by-products levels in weaning pig 

diet on BUN and IGF-1 in weaning pigs1
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Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

Serum IgG (mg/mL)

Initial 1.29 1.31 1.27 1.35 0.017 - -

2 week 1.87 2.00 1.95 1.78 0.052 0.43 0.29

5 week 3.06 3.24 3.36 3.40 0.080 0.11 0.48

Serum IgA (mg/mL)

Initial 0.10 0.07 0.09 0.13 0.013 - -

2 week 0.32 0.25 0.27 0.17 0.025 0.11 0.75

5 week 0.61 0.89 0.73 0.79 0.084 0.85 0.51
1 Least squares means of 6 observations per treatment.
2 Standard error of mean.

Table 5. Influence of various milk by-products levels in weaning pig 

diet on IgA and IgG in weaning pigs1
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Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

Diarrhea scores3

0-2 week 1.20 1.32 1.26 1.29 0.055 0.66 0.73

3-5 week 1.00 0.92 0.84 1.06 0.054 0.64 0.09

0-5 week 1.07 1.08 1.01 1.15 0.049 0.60 0.30
1 Least squares means of 8 observations per treatment.
2 Standard error of mean.
3 Diarrhea incidence: 0(no occurrence) to 4(all pigs diarrhea); Data were measured by average 
total diarrhea incidence during each phases.

Table 6. Influence of various milk by-products levels in weaning pig 

diet on diarrhea incidence in weaning pigs1
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Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

Weaning phase 1 (2week), μm 　 　 　

Proximal of small intestine 　

Villous height 225.21 220.61 242.93 184.00 18.012 0.76 0.76

Crypt depth 281.38 283.90 280.45 270.84 20.019 0.91 0.91

Villous : crypt   0.83   0.77   0.87   0.70 0.043 0.71 0.92

Medium of small intestine 　

Villous height 252.43 258.28 245.76 261.85 10.810 0.96 0.98

Crypt depth 251.30 237.72 212.67 281.86 19.440 0.96 0.61

Villous : crypt   1.04   1.10   1.17   1.30 0.068 0.83 0.75

Distal of small intestine 　

Villous height 224.96 273.43 256.27 282.67 14.209 0.33 0.66

Crypt depth 229.45 258.29 251.29 259.30 20.197 0.81 0.83

Villous : crypt   1.07   1.14   1.04   1.08 0.066 0.83 0.76

Muscle fiber, μm

Diameter 13.90 18.63 17.27 19.30 4.187 0.23 0.55

Weaning phase 2 (5week), μm 　 　 　

Proximal of small intestine 　

Villous height 337.66 292.49 321.31 304.75 8.917 0.39 0.27

Crypt depth 512.10 488.36 441.12 446.20 13.901 0.09 0.81

Villous : crypt   0.67   0.60   0.73   0.68 0.025 0.46 0.30

Medium of small intestine 　

Villous height 310.27 328.73 324.22 317.85 12.365 0.84 0.72

Crypt depth 379.89 389.46 350.52 344.15 10.717 0.23 0.37

Villous : crypt   0.83   0.85   0.83   0.93 0.035 0.22 0.77

Distal of small intestine 　

Villous height 283.34 281.46 307.78 290.05 6.556 0.39 0.79

Crypt depth 375.13 375.93 349.90 338.92 8.704 0.11 0.34

Villous : crypt   0.75   0.75   0.88   0.87 0.027 0.08 0.37

Muscle fiber, μm

Diameter 22.29 22.71 22.11 24.06 0.817 0.09 0.15

1 Least squares means of 3 observations per treatment.
2 Standard error of mean.

Table 7. Influence of various milk by-products levels in weaning pig 

diet on morphology of small intestine and muscle fiber 

diameter in weaning pigs1
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Criteria
Treatments

SEM2 P - value

NM LM MM HM Lin. Quad.

Feed cost (won/kg)

0-2 week 519 553 621 688 - - -

3-5 week 476 519 544 577 - - -

Feed cost per weight gain (won/kg)

0-2week 1,512 1,210 1,251 1,437 114.1 0.17 0.73

3-5 week 1,467 1,379 1,144 1,270 61.7 0.16 0.22

0-5 week 1,485 1,311 1,187 1,337 79.7 0.50 0.27
1 Least squares means of 8 observations per treatment.
2 Standard error of mean.

Table 8. Influence of various milk by-products levels in weaning pig 

diet economic analysis in weaning pigs1
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Figure 1. Eosin (HE)-stained sections at proximal, medium and distal of 

small intestine morphology and muscle fiber in weaning pigs showing 

villous height, crypt depth and muscle fiber (2week after weaning)
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Figure 2. Eosin (HE)-stained sections at proximal, medium and distal of 

small intestine morphology and muscle fiber in weaning pigs showing 

villous height, crypt depth and muscle fiber (5week after weaning) 
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Ⅴ. Summary in Korean

본 연구는 자돈 사료 내 유제품 수준이 자돈의 성장성적, 혈액성상, 

설사빈도, 소장의 형태학적 변화, 근섬유의 크기 및 경제성에 미치는 

영향에 대하여 알아보고, 이를 바탕으로 양돈농가에 올바른 자돈사료 

내 유제품 첨가 수준을 제시하기 위하여 수행되었다. 평균 체중 5.97 

± 1.527 kg의 3원 교잡종 ([Yorkshire × Landrace]) × Duroc) 

이유자돈 160두를 공시하였으며, 전체 4처리 5반복, 반복 당 8두씩 성

별과 체중에 따라 난괴법 (RCBD; Randomized Complete Block 

Design)으로 배치하였다. 실험의 처리구는 다음과 같다.  1) NM : 옥

수수-대두박 위주의 기초사료 + 유제품 자돈전기 : 5%, 자돈 후기 : 

0% 첨가, 2) LM : 기초사료 + 유제품 자돈전기 : 10%, 자돈후기 : 

5% 3) MM : 기초사료 + 유제품 자돈전기 : 20%, 자돈후기 : 10% 4) 

HM : 기초 사료 + 유제품 자돈전기 : 30 %, 자돈후기 15% 첨가한 처

리구를 구성하여 급여하였다. 사양실험 결과, 체중의 경우 자돈 후기

(linear, P<0.01) 기간 동안 사료 내 유제품 첨가수준이 감소함에 따

른 통계적인 유의적 차이를 보였다. ADG(일당평균증체량)는 자돈 후

기, 전 구간에서 유제품의 첨가수준의 감소에 따라 유의적으로 감소하

였다(linear, P<0.01). ADFI(일당사료섭취량), G:F ratio(사료효율)

의 경우도 자돈 후기, 전 구간에서 유의적 차이를 보였다(linear, 

P<0.05). 혈액성상을 분석한 결과, 자돈사료 내 유제품의 첨가수준에 

따른 BUN, IGF-1, IgG 그리고 IgA에 유의적인 영향을 미치지 못하

는 것으로 나타났다. 그리고 자돈을 대상으로 시행된 설사빈도 분석결

과, 유제품 첨가 하지 않아도 설사빈도에 부정적인 영향을 보이지 않았

다. 소장의 표면을 채취 후 분석 결과, 2주차와 5주차 소장의 상, 중, 하
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부의 융모 길이와 융와 깊이, 근세포 크기 또한, 모두 자돈 사료 내 유

제품 절감 수준에 따른 처리구간 통계적인 유의차가 나타나지 않았다. 

이 결과를 바탕으로, 이유자돈 사료 내 유제품의 저감은 소장의 형태학

적 변화와 근육의 발달 정도에는 부정적인 영향을 미치는 않는 것으로 

판단된다. 실험 전체 기간 동안 성장성적을 기준으로 이유 자돈 1kg 증

체시 필요한 사료비용을 보게 되면, NM 처리구에서 1,485원으로 가

장 비용이 높았고 MM 처리구에서 1,187원으로 가장 낮았다.

결론적으로 이유 자돈 사료 내 유제품을 절감 시 성장 성적에서 유의

적인 차이를 보이지만, 혈액성상(BUN, IGF-1, creatinine), 설사빈

도, 면역성상(IgA, IgG), 소장의 형태학적 변화 및 근육의 발달정도에

는 통계적인 유의차를 보이지 않았다. 그러나 경제성에 있어 자돈시기 

1kg 증체 당 사료비용을 고려해봤을 때, 실험결과에 따르면 유제품 첨

가량 20-10% 처리구가 수익성을 향상시킬 수 있을 것으로 사료된다.
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