
 

 

저 시-비 리- 경 지 2.0 한민  

는 아래  조건  르는 경 에 한하여 게 

l  저 물  복제, 포, 전송, 전시, 공연  송할 수 습니다.  

다 과 같  조건  라야 합니다: 

l 하는,  저 물  나 포  경 ,  저 물에 적 된 허락조건
 명확하게 나타내어야 합니다.  

l 저 터  허가를 면 러한 조건들  적 되지 않습니다.  

저 에 른  리는  내 에 하여 향  지 않습니다. 

것  허락규약(Legal Code)  해하  쉽게 약한 것 니다.  

Disclaimer  

  

  

저 시. 하는 원저 를 시하여야 합니다. 

비 리. 하는  저 물  리 목적  할 수 없습니다. 

경 지. 하는  저 물  개 , 형 또는 가공할 수 없습니다. 

http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/


A Thesis
For the Degree of Master of Science

Effect of Dietary Enzyme Complex 
Supplementation on Growth Performance, Nutrient 
Digestibility, Blood Profiles, Fecal Microflora and 

Volatile Fatty Acid in Weaning Pigs 

사료 내 복합효소제의 첨가가 이유 자돈의 
성장성적, 영양소 소화율, 혈액성상, 분변 내 

미생물 및 휘발성 지방산에 미치는 영향

July, 2013

By

Kwon, Ki Hyeon

School of Agricultural Biotechnology

Graduate School, Seoul National University



Effect of Dietary Enzyme Complex 
Supplementation on Growth Performance, Nutrient 
Digestibility, Blood Profiles, Fecal Microflora and 

Volatile Fatty Acid in Weaning Pigs 

사료 내 복합효소제의 첨가가 이유자돈의 
성장성적, 영양소 소화율, 혈액성상, 분변 내 

미생물 및 휘발성 지방산에 미치는 영향

지도교수  김  유  용

이 논문을 농학석사 학위논문으로 제출함

2013 년    7 월

서울대학교 대학원 농생명공학부

 권  기  현

권기현의 농학석사 학위논문을 인준함

2013 년    7 월

위 원 장                         (인)

부위원장                         (인)

위    원                         (인)



- i -

Summary

This experiment was conducted to investigate the effect of 

dietary enzyme complex on growth performance, nutrient digestibility, 

blood profiles, fecal microflora and volatile fatty acid in weaning pigs. 

A total of 168 crossbred ([Yorkshire × Landrace] × Duroc) weaning 

pigs, averaging 8.51 ± 1.47 kg initial body weight with 27 ± 3 days 

of age were randomly assigned based on sex and initial body weight 

according to randomized complete block (RCB) design in 6 replicates 

with 7 pigs per pen. Dietary NSP enzyme complex (Genebiotech Co., 

Ltd.) which contains peptidase, amylase, cellulase, xylanase and α

-galactosidase was added with 3 different levels (0.1, 0.2 and 0.3 %) 

in basal diet (Control). Experiment was conducted with corn-soybean 

meal (SBM) and barley based diet and two phase feeding programs 

were applied. All experimental diets were formulated to contain equal 

amounts of nutrient with dietary fiber. For each phase and overall 

experimental period, body weight (BW; quadratic, P<0.05) and average 

daily gain (ADG; quadratic, P<0.05) from pigs fed 0.1 to 0.3 % of 

enzyme complex in the diets was greater than those from no dietary 

NSP enzyme complex. With increasing dietary NSP enzyme complex 

levels in the diet, apparent total tract digestibility of dry matter (DM), 

crude protein (CP), ash and crude fat (CF) were not different among 

treatments (P>0.05), whereas quadratic responses (P<0.05) were detected 

in urinary nitrogen (N) and N digestibility. There were no significant 

differences in the blood profiles of blood urea nitrogen and total 

protein (P>0.05). However, blood glucose levels were increased as 

dietary NSP enzyme complex levels increased at 2 week (quadratic, 
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P<0.05). Based on fecal microflora results, the number of fecal 

pathogenic Escherichia coli (E. coli) was not different among 

treatments, whereas fecal Lactobacillus counts were higher as dietary 

NSP enzyme complex levels increased at 5 week (quadratic, P<0.05). 

Dietary NSP enzyme complex in weaning pig’s diet linearly 

downregulated in total volatile fatty acid (acetate and propionate) in 

feces (linear, P<0.01). Results from this experiment suggested that 

dietary NSP enzyme complex ranged 0.1 to 0.2 % with dietary fiber 

ingredient might have beneficial effects on weaning pigs by increment 

of growth performance as well as fecal Lactobacillus counts.

Key words : Weaning pig, Dietary NSP enzyme complex, Digestive 

enzyme, Growth performance, Nutrient digestibility 
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I. Introduction

Traditionally plant origin feed stuffs such as corn, wheat and 

soybean meal is widely used in swine diet. Even though animal origin 

feed stuffs is recognized as good nutrient source, its application is 

always limited because of economic issue and disease concern. These 

reasons make value of plant origin feed stuffs high. But a variety of 

anti-nutritional factors such as phytin, non-starch polysaccharides, and 

protease inhibitors may be present in plant origin ingredients, which 

could limit nutrients that may be utilized by animals fed such diets 

(Adeola and Cowieson, 2011). Further more, the price of international 

feed ingredients have been increased dramatically during recent few 

years because of many reasons such as bio fuel production, oil shock, 

financial crisis and global climate change. Because of these economic 

issue, many of nutritionists and swine producers have searched for 

strategies to reduce feed cost without compromising productivity. 

One of promising approach on current situation is application of 

enzyme complex as a digestibility enhancer. Enzymes are the most 

efficient catalysts which can increase the rate of a reaction by a factor 

of up to 1020 over uncatalyzed reaction (Campbell, 2003). Currently, 

many feed millers applied enzyme with matrix value (putting energy 

value in enzyme product) to reduce primary cost. But evaluation of 

enzyme is very complex due to the diversity of kind of enzyme and 

bio-chemical properties of enzyme. According to the unpublished data 

(from Korean official laboratory), there is 1,000 times difference even 

same enzyme just analyzed different method. Because of reasons, in 

vivo trial must to be needed to evaluate value of enzyme supplement.
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Normally, feed millers use NSP enzyme to degrade plant cell 

wall so that enhance feed energy value. NSP enzyme looks essential to 

increase feed value or decrease primary cost but exogenous digestive 

enzyme should be needed to increase nutrient utilization to maximize 

feed value and decrease feed cost.

The enzymes which are normally applied in animal nutrition is 

hydrolase like NSPase (cellulase, xylanase, mannanase) and digestive 

enzyme (peptidase, amylase, lipase). NSPase could degrade soluble and 

insoluble NSP in digesta. So application of NSPase could result in 

decreasing anti-nutritive effect of NSP (viscosity effect and cage effect). 

Furthermore, exogenous digestive enzyme with NSPase could bring 

synergistic effect on piglet performance because digestive enzyme 

system is not well developed in piglet.  

The aim of the present research was to determine the effect of 

digestive enzyme and dietary NSP enzyme complex on growth 

performance, nutrient digestibility, blood profiles, fecal microflora and 

volatile fatty acid in weaning pigs.
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II. Review of Literature

1. Global and Korean livestock industry

Animal feeds play a leading role in the global food industry, 

enabling economic production of animal proteins throughout the world. 

Feed is the largest and most important component to ensuring safe, 

abundant and affordable animal proteins (International Feed Industry 

Federation (IFIF) Annual Report, 2011). In 2012, the world compound 

feed production was of an estimated 959 million metric tonnes (Alltech 

global feed summary, 2013) and the turnover of the global commercial 

feed manufacturing generates an estimated annual turnover and sales 

value equivalent to US$300 billion worldwide. 

Table 1. Top 30 feed production countries (Million M/T)

Ranking Country Amount Ranking Country Amount
1 China 191.3 16 Indonesia 13.8
2 USA 179.1 17 UK 13.6
3 Brazil 66.3 18 Turkey 13.0
4 Mexico 28.5 19 Iran 12.0
5 Spain 28.2 20 Vietnam 12.0
6 India 26.8 21 Phillipines 11.9
7 Japan 25.2 22 South Africa 11.0
8 Russia 23.4 23 Argentina 10.1
9 Germany 22.3 24 Australia 9.7

10 France 21.6 25 Poland 8.3
11 Canada 19.6 26 Taiwan 7.9
12 Thailand 14.9 27 Pakistan 7.4
13 Netherlands 14.7 28 Ireland 6.7
14 Korea 14.6 29 Belgium 6.2
15 Italy 14.6 30 Colombia 5.5

(Alltech Global feed summary, 2013)
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The global feed industry continues to expand in volume and 

value in response to increases in world population, urbanization and 

growing consumer purchasing power.

Current situation of Korean feed industry is not that different 

with global industry. Feed industry have been expanded continuously. 

Feed production of Korea in 2012 was 18 million M/T. According to 

the Global feed industry report, Korean feed production was located 

14th position through world wide even though total production record of 

Korea was less than real production amount (Table 1). But, 

unfortunately, Korea doesn't have enough resource to produce quality 

feed so almost of feed ingredients imported from many countries. 

Imported raw materials had been shared 75~76% of total feed 

production (Figure 1), so increasing price of feed ingredients is critical 

issue for both of animal producers and feed milers.

Figure 1. Usage of feed raw material by origin
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Actually, world grain prices increased dramatically since 2007 

(Figure 2). Further more the world’s grain demand had to increase by 

40-50 percent, driven strongly by rapidly growing economic animal 

feed use and meat production (Moon, 2012).
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Cause of these issues, it is very hard to see bright expectation 

on livestock industry. When price of major feed ingredients is increased 

10%, it will be affected more than 10% on by-products which are 

common used in feed industry. If corn, wheat, and soy prices together 

increased 100% at the same time, this will raise the consumer price 

index approximately 0.7%, affect household spending, and burden the 

economy (Kim, 2011). 

In terms of feed production, poultry business take 1st position in 

year 2012 for world feed market. Total amount was 411 million M/T 

with 429.% of market share while M/S of swine was 22.7% (Figure 

3).
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Figure 3. Feed production by species

But Korean situation is different from world wide business. 

Swine feed production used to be taken 1st position in recent few 

decades. Even though cattle feed take 1st position in 2012 cause of 

dramatic increasing of Korean cattle, swine industry is undoubtedly one 

of most important area in Korean agricultural industry.

According to the Korea Pork Producers Association, feed cost 

shared more than 50% of total production cost. Furthere more, pork 

price is continuously decreased from end of last year. So net margin of 

a marked pig in 2012 was just KRW 9,000 which is 6.4% of 2011 

(Statistics Korea). So it is very important to decrease feed cost for 

sustainability of swine industry of Korea.

There is many way to decrease feed cost, but feed enzyme is 

one of promising approach in terms of increasing feed value and 

application of unconventional raw material which contains large amount 

of anti-nutritive material called NSP (Non Starch Polysaccharide).
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2. Enzyme and livestock industry

2.1. General information of enzyme

All the functions of proteins in the organisms, catalysis is 

probably most important function. In the absence of catalysis, most 

reaction in biological systems would take place far too slowly to 

provide products at an adequate pace for a metabolizing organism. The 

catalysts that serve this function in organisms are called enzymes. 

Enzymes are the most efficient catalysts which can increase the rate of 

a reaction by a factor of up to 1020 over uncatalyzed reaction 

(Campbell, 2003). 

Figure 4. Reaction of proteolytic enzyme

(The Base Line of Health Foundation)
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The most important effect of a enzyme as catalyst on a chemical 

reaction is apparent from a comparison of the activation energy profiles 

or the same reaction, catalyzed and uncatalyzed (Figure 4). For 

example, proteins has high energy compare to free amino acids. 

Naturally, proteins degrade to free amino acids to meet equilibrium 

status with very low conversion rate. When protease is added to this 

system, conversion rate should be increased with decreasing activation 

energy. It is normally recognized that enzyme is certain material which 

can degrade substrate, but this definition can be applied just for 

hydrolase. All hydrolase is enzyme, but enzyme is not hydrolase.

2.2. Classification of enzymes

Enyzyme should be categorized by its function. Normally, 

Enzyme Commission Number is applied to identify enzyme. The 

Enzyme Commission number (EC number) is a numerical classification 

scheme for enzymes (Table 2), based on the chemical reactions they 

catalyze (IUBMB Biochemical Nomenclature, Recommendations of the 

Nomenclature Committee of the International Union of Biochemistry 

and Molecular Biology on the Nomenclature and Classification of 

Enzymes by the Reactions they Catalyse). As a system, every EC 

number is associated with a recommended name for the respective 

enzyme. EC numbers do not specify enzymes, but enzyme-catalyzed 

reactions. If different enzymes (for instance from different organisms) 

catalyze the same reaction, then they receive the same EC number. 

Hydrolase is classified EC number 3 group. All most feed 

enzyme like cellulase, xylanase belong to this group. Hydrolase could 

help to enhance digestibility nutrient and other material in feedstuffs.
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Table 2. List of EC number (IUBMB)

Group Typical reaction Example
EC 1

Oxidoreductases
AH + B → A + BH (reduced)

A + O → AO (oxidized)
Dehydrogenase

Oxidase
EC 2

Transferases
AB + C → A + BC

Transaminase
Kinase

EC 3
Hydrolases

AB + H2O → AOH + BH
Peptidase
Amylase

EC 4
Lyases

RCOCOOH → RCOH + CO2 Decarboxylase

EC 5
Isomerases

AB → BA
Isomerase

Mutase
EC 6

Ligases
X + Y + ATP → XY + ADP +Pi Synthetase

2.3. Need of enzyme in animal nutrition

Cause of increasing price of feed ingredient, producer and 

nutritionist need to reduce feed cost to lower primary cost. Enzyme 

application could be one of good answer to reduce feed cost and to 

increase amount of un-conventional feed ingredients (Kim, 2011; Jang, 

2012).

The commercial application of enzymes as a feed additive has a 

history of less than 20 years (Choct, 2006). Enzyme is regarded as 

kind of AGP alternatives in recent years in terms of improving growth 

performance by increasing nutrient utilization (Huyghebaert et al., 

2011). Traditionally plant origin feed stuffs such as corn, wheat and 

soybean meal is widely used in swine diet. Even though animal origin 

feed stuffs is recognized as good nutrient source, its application is 

always limited cause of economic issue and disease concern (Moon, 
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2012). The move towards the use of diets devoid of ingredients of 

animal origin will exacerbate the effect of anti-nutrients on performance 

and nutrient excretion in the environment. One of the key technologies 

that can help address this challenge is the use of appropriate enzymes. 

The enzyme technology has progressed a great deal over the past 

twenty years with respect to efficacy and matching activities with their 

target substrates (Choct, 2006). For example, β-glucanases and 

xylanases for degradation of the β-glucans and arabinoxylans in barley, 

oats, wheat, rye and triticale have proven efficacy in enhancing the 

nutritive value of these grains for monogastric animals (Annison and 

Choct, 1991; Campbell and Bedford, 1992; Choct, 2006).

The benefits of using enzymes in monogastric animal diets 

include not only enhanced growth performance and feed conversion, but 

also fewer environmental problems due to reduced output of excreta. 

Increased accuracy and flexibility in least-cost feed formulations and 

improved well being of animals are other possible benefits of using 

feed enzymes (Choct, 2006). 

3. Non Starch Polysaccharide and NSP enzyme

3.1. Definition and classification of NSP

Polysaccharides are widespread biopolymers which is most 

important group of nutrients in plant origin feed ingredient and 

polymers of monosaccharides joined through glycosidic linkages and are 

defined and classified in terms of the following structural 

considerations: (a) identity of the monosaccharides present; (b) 

monosaccharide ring forms (6-membered pyranose or 5-membered 
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furanose); (c) positions of the glycosidic linkages; (d) configurations (a 

or b ) of the glycosidic linkages; (e) sequence of monosaccharide 

residues in the chain, and (f) presence or absence of non-carbohydrate 

substituents. Monosaccharides commonly present in cereal cell walls are 

: (a) hexoses D-glucose, Dgalactose, D-mannose; (b) pentoses 

L-arabinose, D-xylose, and (c) acidic sugars D-galacturonic acid, 

Dglucuronic acid and its 4-O-methyl ether. (Choct, 1997; Carprita et 

al., 2010). Carbohydrates constitute a diverse nutrient category ranging 

from sugars easily digested by the monogastric animals in the small 

intestine to dietary fiber fermented by microbes in the large intestine 

(Knudsen et al., 2001). The types of plant material (dietary fiber) could 

be divided into two groups by water solubility, insoluble dietary fiber 

(IDF) and Soluble dietary fiber (SDF) (Caprita et al., 2010). IDF 

includes celluloses, some hemicelluloses and lignin while SDF includes 

β-glucans, pectins, gums, mucilages and some hemicelluloses. The IDF 

and SDF are also known as NSP (Non Starch Polysaccharides). Dietary 

fiber also devided two groups, cellulose and non-cellulosic 

polysaccharide (Table 3). 

In animal nutrition,  NSP is summerized polysaccharides which 

cannot be degraded by endogenous enzymes and therefore reach the 

colon almost indigested form. The term NSP covers a large variety of 

polysaccharide molecules excluding α-glucans (starch) (Choct, 1997). 

The classification of NSP was based on the methodology used for 

extraction and isolation of olygosaccharides. The residue remaining after 

a series of alkaline extractions of cell wall materials was called 

cellulose, and the fraction of this residue solubilised by alkali was 

called hemicellulose. The word hemicellulose was adopted because early 

researchers mistakenly regarded these polysaccharides as the precursors 
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of cellulose. This is now known to be incorrect but the term is still 

commonly used. 

Table 3. Chemical classification of dietary fiber  (Caprita et al., 2010)

Fiber Main chain
Side 
chain

Description

Polysaccharides

Cellulose Glucose None
Main structural component of plant cell 
wall. Insoluble in concentrated alkali; 
soluble in concentrated acid.

Noncellulose

Hemicellulose
Xylose

Mannose
Galactose
Glucose

Arabinose
Galactose
Glucuroni

c acid

Cell wall polysaccharides containing
backbone of 1-4 linked pyranoside
sugars. Vary in degree of branching
and uronic acid content. Soluble in
dilute alkali.

Pectic 
substances

Galacturonic 
acid

Rhamnose
Arabinose

Xylose
Fucose

Components of primary cell wall and
middle lamella. Vary in methyl ester
content. Generally, water-soluble and
gel-forming.

Gums

Galactose
Glucuronic 

acidmannose
Galacturonic 
acidrhamnos

e

Xylose
Fucose

Galactose

Secreted at site of plant injury by
specialized secretory cells. Food and
pharmaceutical use (e.g. karaya gum).

Algal 
polysaccharides

Mannose
Xylose

Glucuronic 
acid

Glucose

Galactose

Derived from algae and seaweed. Vary
in uronic acid content and presence of
sulfate groups. Food and
pharmaceutical use (e.g. carrageenan,
agar).

Lignin

Sinapyl 
alcohol

Coniferyl 
alcohol

p-Coumaryl 
alcohol

3-D 
structure

Non-carbohydrate cell wall component.
Complex cross-linked phenyl propane
polymer. Insoluble in 72% sulfuric
acid. Resists microbial degradation.

Classification by differences in solubility lacks precision with 

respect to both chemical structures and biological functions. For 

example, the term crude fiber (CF) refers to the remnants of plant 

material after extraction with acid and alkali and includes variable 

portions of the insoluble NSP. Neutral detergent fiber (NDF) refers to 
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the insoluble portion of the NSP plus lignin, and acid detergent fiber 

(ADF) refers to a portion of insoluble NSP comprised largely, 

but not exclusively, of cellulose and lignin. The nutritional relevance of 

values obtained using these methods in monogastric nutrition therefore 

is questionable. The complexity in the structure and confusion in the 

nomenclature have made it almost impossible to draw a clear -cut 

classification of NSP, however, NSP fall into three main groups as 

shown below (Figure 5), namely cellulose, non-cellulosic polymers and 

pectic polysaccharides (Bailey, 1973).

Figure 5. Classification of NSP

3.2. NSP in feed raw material

The NSP in cereal grains are mainly composed of arabinoxylans 

(pentosans), ß-glucans and cellulose (Choct, 1997) with the exception of 

rice (Shibuya and Nakane, 1984). Corn and sorghum contain very low 

levels of NSP while wheat, rye and triticale contain substantial amounts 

of both soluble and insoluble NSP. The main soluble NSP in these 

grains are arabinoxylans while barley and oats they are ß -glucans. 

Large amounts of cereal by-products are produced and these products 

contain high levels of cell wall components and are therefore usually 
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rich in NSP and low in nutritive quality. Grain legumes are used in 

monogastric animal diets mainly to supply protein. Besides of protein, 

substantial amounts of NSP is included in grain legumes. Cellulose and 

xylans, which are the major NSP in cereal grains, are only found in 

the hulls or husks of most legumes. Soluble and insoluble NSP 

contents in grains and legumes is described in Table 4. 

Table 4. NSP contents in some feedstuffs (% dry matter)

Feedstuffs Soluble Insoluble Total
Corn 0.1 8.0 8.1

Wheat 2.4 9.0 11.4

Barley 4.5 12.2 16.7

Rice 0.3 0.5 0.8

Soybean 2.7 16.5 19.2

Rapseed 11.3 34.8 46.1

(Englyst, 1989; Choct, 1997)

3.3. Anti-nutritive effect of NSP

Soluble NSP 

The viscosity of NSP depends on their solubility which depends 

on the chemical structure of the NSP and their association with the 

rest of the cell wall components (Annison and Choct, 1991). Generally, 

high gut viscosity decreases the rate of diffusion of substrates and 

digestive enzymes and hinders their effective interaction at the mucosal 

surface (Edwards et al., 1988; Ikegami et al., 1990). Soluble NSP 

interact with the glycocalyx of the intestinal brush border and thicken 
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the rate-limiting unstirred water layer of the mucosa, which reduces the 

efficiency of nutrient absorption through the intestinal wall (Johnson 

and Gee, 1981). The fact that the viscous property of NSP is a major 

factor in the anti-nutritive effect of NSP in monogastric diets is 

supported by the wide spread use of enzymes in monogastric diets 

(Annison and Choct, 1991). The enzymes cleave the large molecules of 

NSP into smaller polymers, thereby reducing the thickness of the gut 

content and increasing the nutritive value of the feed (Bedford et al., 

1991; Annison and Choct, 1992). The soluble NSP could not only act 

as a physical barrier to nutrient digestion and absorption by increasing 

viscosity but also change gut functions by modifying endogenous 

secretion of water, proteins, electrolytes and lipids (Johnson and Gee, 

1981; Angkanaporn et al. 1994). Consumption of soluble NSP is 

associated with significant adaptive changes in the digestive system in 

rats (Ikegami et al., 1990). Furthermore, soluble NSP could enhance 

bile acid secretion and subsequently result in significant loss of these 

acids in the feces (Ide et al., 1989; Ikegami et al., 1990). These effects 

could lead to major changes in the digestive and absorptive dynamics 

of the gut, with consequent poor overall efficiency in nutrient 

assimilation by the animal (Choct, 1997). Dietary supplementation with 

antibiotics partially improves the nutritive value of rye (MacAuliffe and 

McGinnis, 1971), suggesting that the anti-nutritive effect of NSP may 

be mediated by the gut microflora (Choct, 1997). The positive effect of 

antibiotics appears to be related to the elimination of fermentative 

microbials from the small intestine. Wagner and Thomas (1978) 
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reported that the anaerobic counts were two to three cycles higher in 

the ileum of birds fed rye or pectin-enriched diets compared with those 

fed a corn-soy diet, and they were reduced by five cycles when 

penicillin was added to the diets. Addition of soluble NSP in broiler 

chicken diet s significantly elevated fermentation in the small intestine 

(Choct, 1997). Under normal circumstances, facultative anaerobes 

dominate the small intestinal microflora and strict anaerobic microbials 

make up nearly the entire caecal microflora of the chicken (Salanitro et 

al., 1978). Soluble NSP increase the residence time of digesta in the 

intestine (Gohl and Gohl, 1977; Van Der Klis and Van Voorst, 1993), 

which may decrease oxygen tension and favour the development of 

anaerobic microflora. It is unknown whether a sudden change of gut 

ecology is detrimental to the efficiency of nutrient utilisation (Annison 

and Choct, 1991). But it is clear that proliferation of some anaerobic 

organisms can lead to production of toxins and deconjugation of bile 

salts which are essential for the digestion of fat (Choct, 1997). Also 

the efficiency of nutrient utilization through microbial conversion of 

digestible carbohydrates, such as starch and glucose, to volatile fatty 

acids (Müller et al., 1989; Carré et al., 1995).

Insoluble NSP 

According to the Begin (1961), there is no detrimental effect 

when up to 21% of cellulose is added to poultry diets. But insoluble 

NSP is not inert and their roles in monogastric animal nutrition can 

not be neglected (Choct, 1997). Stephen and Cummings (1979) reported 

that one of the most important attributes of insoluble NSP is their 
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ability to absorb large amounts of water and maintain normal motility 

of the gut. This is essential for the consistency of the excreta in 

monogastric animals. Elevated levels of insoluble fiber in the diet 

shorten the residence time of digesta (Kirwan et al., 1974) and some 

argue that this may lead to lower nutrient digestibilities. The rationale 

is that the longer the feed is exposed to the digestive processes in the 

gut, the more complete its digestion. Rogel et al. (1987) demonstrated 

that adding coarsely ground oat hulls (more than 90% NSP, of which 

99% is insoluble) to low ME wheat diets largely ameliorated poor 

nutritive quality of the wheats. 

Conclusively, NSP, both of soluble and insoluble, decrease 

nutrient value of feed acting on many ways. NSP also acts on 

decreasing AME/GE ratio and decreasing nutrient digestibility in 

monogastric animals (Figure 6, 7).

Figure 6. AME/GE ratio on different NSP contents (Choct and Annison, 1990)
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Figure 7. Relationship between total dietary pentosans and the ileal digestibility 

of starch (a), protein (b) and lipid (c) (Annison and Choct, 1991)
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3.4. Improving the nutritive value of feed stuffs excluding enzyme

The nutritional value of low quality grains such as rye and 

barley could be improved when the anti-nutritive components are 

eliminated or their unfavourable effects on nutrient absorption are 

altered (Annison and Choct, 1991). Several methods have been 

suggested over the years to improve the nutritive value of grains, 

especially those of rye and barley which contain large amount of NSP. 

These include (a) water treatment; (b) antibiotic supplementation.

Water treatment

The improvement of the nutritive value of barley, corn and 

wheat by a simple water treatment was reported a few decades ago 

(Fry et al., 1958; Lepkovsky and Furuta, 1960). Growth performance 

and nutrient utilization of chicks in water treated rye treatment was 

significantly high compared with untreated rye treatment (Fernandez et 

al., 1973). The retention of protein, digestibilities of amino acids and 

fat was increased also (Antoniou and Marquardt, 1982). The positive 

effect of water treatment is most likely the result of the removal of the 

soluble NSP (pentosans and β-glucans) and the activation of intrinsic 

enzymes capable of degrading these NSP (Annison and Choct, 1991).  

According to Adams and Naber (1969), the response to water treatment 

was consistently high for barley and wheat, but only occasional 

responses were seen with maize which contains low amount of NSP. 

This is because barley and wheat contain higher levels of NSP than 

maize (Choct and Annison, 1990). 



20

Antibiotic supplementation

It is very easy to find evidence that the anti-nutritive activity of 

NSP in poultry diets is related to the gut microflora (Annison and 

Choct, 1991). Addition of penicillin to rye based diets resulted in 

marked increases in growth of the chicks, in the efficiency of feed 

utilization (Moran et al., 1969; MacAuliffe and McGinnis, 1971), as 

well as feed intake and the retention of all nutrients (Misir and 

Marquardt, 1978). The responses in performance to antibiotic 

supplementation may depend on the composition of the diets, notably 

the quantity and quality of the dietary protein (Misir and Marquardt, 

1978). Responses are always greater in rye treatment than in wheat 

treatment, further indicating that the antibiotic-induced improvement is 

related to the NSP content in the grain. The mechanism of action is 

not clearly defined but it has been hypothesized that the improvement 

may be the result of inhibition and suppression of intestinal microflora 

which compete with the host for available dietary nutrients (Misir and 

Marquardt, 1978). The growth-promoting antibiotics may work by 

eliminating deleterious microorganisms, thus alleviating the anti-nutritive 

effect of the NSP. It has been noted that cereal AME values are often 

higher when assayed in adult cockerels compared with broiler chickens 

(Johnson, 1987). The apparent higher tolerance to NSP of older birds 

may be due to the presence of a more developed or stable microflora 

(Annison and Choct, 1991).
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3.5. Mode of action of NSP enzyme

The action of the enzymes is mediated by influences on digesta 

viscosity called cage effect and also on the intestinal microflora. All 

influences are based on the partial hydrolysis of both soluble and 

insoluble pentosans and/or ß-glucans (Simon, 2000). As mentioned 

previous paragraph, soluble NSP are responsible for an increase in 

digesta viscosity (viscosity effect), therefore, their partial degradation 

leads to a decrease in digesta viscosity. Furthermore, the partial 

hydrolysis of insoluble NSP, which means solubilisation of NSP mainly 

located in the cell walls. This kind of transformation can be shown by 

in vitro incubation, but it also occurs in the digestive tract of piglet 

(Haberer et al., 1998). Since insoluble NSP, as constituents of the cell 

wall, act to "fence in" nutrients in the cell lumen, this effect of NSP 

is frequently called "cage effect" (Simon, 2000).

Figure 8. Assumed complex model of action of NSP and 
NSP hydrolysing enzymes (E→) (Simon, 2000)
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In poultry side, effect of NSP enzyme looks more obviously 

comparing with swine. Partial hydrolysis of insoluble NSP may soften 

the cage effect and make the nutrients contained in plant cells more 

accessible for digestive enzymes (Simon, 2000). For pigs it is generally 

believed that digesta viscosity is not a significant problem. 

Nevertheless, in some experiments with piglets receiving diets based on 

both triticale or wheat, a significant decrease of jejunal and ileal 

digesta was observed due to the addition of xylanase containing product 

(Simon, 2000). So it is assumed that NSP enzyme works on swine diet 

depending on kind of feedstuffs.

4. Feed enzyme in swine

4.1. NSP enzyme

There are generally no consistent effects of carbohydrase 

supplementation on the growth performance of swine (Adeola and 

Cowieson, 2011). But There are some reports of positive response to 

carbohydrase supplementation especially in diets in which high-NSP 

cereal grains were used (Cadogan et al., 2003; Barrera et al., 2004; 

Kiarie et al., 2007). As discussed in previous paragraph, effect of feed 

enzyme is highly related with feedstuffs in the diet. It is important to 

note that improvement in nutrient digestibility does not explain all the 

effects of carbohydrase supplementation on performance (Adeola and 

Cowieson, 2011). According to Barrera et al. (2004), xylanase 

supplementation to a low-AA wheat-based diet only marginally 

improved performance, whereas supplementation of crystalline AA 
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improved growth. In the same study, xylanase supplementation 

improved AA digestibility by an average of 11%. It is likely that this 

observation is particularly relevant to older swine, which are able to 

utilize fibrous feedstuffs more efficiently. Table 5. describes effect of 

NSP enzyme on growth performance and nutrient utilization. In younger 

swine, both the limitations imposed by gut capacity, limiting nutrients, 

as well as negative consequences of fibrous feedstuffs could make 

carbohydrase supplementation an essential dietary intervention. 

Furthermore, digestive enzyme system is not establsihed well in early 

period (Figure 8), exogenous digestive enzyme (protease, amylase and 

etc) could be affected positively with the actions of NSP enzymes.

Figure 9. Development of digestive enzyme in piglet (Hardy, 1990)

4.2. Protease and amylase

Proteases have been added to poultry and swine diets routinely 

for many years as part of enzyme admixtures containing xylanases, 

pectinases, glucanases, amylases, and other activities (Simbaya et al., 
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1996; Cowieson and Adeola, 2005; Cowieson and Ravindran, 2008). 

Ghazi et al. (1997) and Rooke et al. (1998) supplemented broiler and 

piglet diets respectively with either an acid fungal (Aspergillus) or 

alkaline bacterial (Bacillus) protease. In both studies, the acid fungal 

protease proved effective in improving BW gain and feed conversion, 

whereas the bacterial protease resulted in depressed growth and poor 

feed conversion. These studies indicate that different proteases with 

different inherent characteristics may elicit divergent responses in vivo. 

Mahagna et al. (1995) found positive effects of protease (and amylase) 

supplementation of sorghum-based diets for broiler chicks, and this was 

associated with a reduction in chymotrypsin secretion by the pancreas. 

O’Doherty and Forde (1999) found that supplementation of 

barley/wheat/soy-based diets for swine with a neutral protease resulted 

in an improvement in feed efficiency. Jo et al. (2012) also reported 

that combination of protease and multiple carbohydrase increase growth 

performance of grower in corn-soy based diet and complex diet which 

contains various protein source. Based on previous researches, protease, 

especially acid or neutral protease from fungus, could increase growth 

performance and nutrient utilization effectively.
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Table 5. Effect of NSP enzyme on growth performance and nutrient utilization on swine

Reference Items Major ingredient Enzyme Results

Suga et al., 1978 Weaner Wheat, corn Cellulase ADG↑, 45%; CP↑2%

Thomke et al., 1980 Weaner Barley β-glucanase ADG↑, 5%; FCR↑5%

Graham et al., 1988 Weaner Barley, SBM β-glucanase, xylanase CP↑, 6%; EE↑5.5%

McClean e al., 1993 Weaner Wheat Amylase, xylanase,   
pectinase DM, GE, OM, ↑ 2% 

Vahjen et al., 2007
Weaner Wheat, wheat bran Multi-carbohydrase ADG↑, 6%

Weaner Wheat, wheat bran Xylanase ADG↑, 7%

He et at., 2010 Weaner Corn, barley, wheat Multi-carbohydrase ADG↑, 20%

Barrera et al., 2004 Grower Wheat Xylanase ADG↑, 15%

Jo et al., 2012
Grower Corn, SBM Mannanase, protease,  

 amylase ADG↑, 5%

Grower Corn, RSM, CM, 
PKM

Mannanase, protease,  
 amylase ADG↑, 3%
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Ⅲ. Effect of Dietary Enzyme Complex 
Supplementation on Growth Performance, Nutrient 
Digestibility, Blood Profiles, Fecal Microflora and 

Volatile Fatty Acid in Weaning Pigs

Abstract;  This experiment was conducted to investigate the effect of 

dietary enzyme complex on growth performance, nutrient digestibility, 

blood profiles, fecal microflora and volatile fatty acid in weaning pigs. 

A total of 168 crossbred ([Yorkshire × Landrace] × Duroc) weaning 

pigs, averaging 8.51 ± 1.47 kg initial body weight with 27 ± 3 days 

of age were randomly assigned based on sex and initial body weight 

according to randomized complete block (RCB) design in 6 replicates 

with 7 pigs per pen (3 replicates with 4 female, the others with 3 

female). Dietary NSP　enzyme complex (Genebiotech Co., Ltd.) which 

contains peptidase, amylase, cellulase, xylanase and α-galactosidase is 

added 0, 0.1, 0.2 and 0.3 % in basal diet. This experiment was 

conducted with corn-soybean meal (SBM) and barley based diet and 

two phase feeding programs were applied. All experimental diet were 

formulated to contain equal amounts of nutrient with dietary fiber. For 

each phase and overall experimental period, body weight (BW; 

quadratic, P<0.05) and average daily gain (ADG; quadratic, P<0.05) 

from pigs fed 0.1 to 0.3 % in the diets was greater than that from 0% 

dietary NSP enzyme complex levels. With increasing dietary NSP 

enzyme complex level in the diet, apparent total tract digestibility of 

dry matter (DM), crude protein (CP), ash and crude fat (CF) were did 
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not differ among all treatment (P>0.05), whereas quadratic responses 

(P<0.05) were detected in nitrogen (N) urine and N digestibility. There 

were no significant differences in the blood profiles of blood urea 

nitrogen and total protein level. However, glucose level was increased 

as dietary NSP enzyme complex increased at 2 week (quadratic, 

P<0.05). Base on fecal microflora results, the number of fecal 

pathogenic Escherichia coli (E. coli) did not differ among all treatment, 

whereas fecal Lactobacillus counts were increased with dietary NSP 

enzyme complex level increased at 5 week. The inclusion level of 

dietary NSP enzyme complex in weaning pig’s diet linearly down 

regulated in total volatile fatty acid, acetate and propionate in feces 

(linear, P<0.01). Results from this experiment suggested that dietary 

NSP enzyme complex ranged 0.1 to 0.2 % with dietary fiber ingredient 

might have beneficial effects on weaning pigs by a increase of growth 

performance and an increment of fecal Lactobacillus count. 

Key words : Weaning pig, Dietary NSP enzyme complex, Digestive 

enzyme, Growth performance, Nutrient digestibility 
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Introduction

Traditionally plant origin feed stuffs such as corn, wheat and 

soybean meal is widely used in swine diet. But a variety of 

anti-nutritional factors such as phytin, non-starch polysaccharides (NSP) 

and protease inhibitors may be present in plant origin ingredients, 

which could limit nutrients that may be utilized by animals fed such 

diets (Adeola et al., 2011). Furthermore, the price of international feed 

ingredients have been increased dramatically during recent few years 

cause of many reasons such as bio fuel production, oil shock, financial 

crisis and global climate change. Because of these economic issue, 

many of nutritionists and swine producers have been searched for 

strategies to reduce feed cost without compromising productivity. One 

of promising approach on current situation is application of enzyme 

complex as a digestibility enhancer. Enzymes are the most efficient 

catalysts which can increase the rate of a reaction by a factor of up to 

1020 over uncatalyzed reaction (Campbell, 2003). The enzyme which is 

normally applied in animal nutrition is hydrolase like NSPase (cellulase, 

xylanase, mannanase), digestive enzyme (peptidase, amylase, lipase). 

NSPase could degrade soluble and insoluble NSP in digesta. So 

application of NSPase could result in decrease anti-nutritive effect of 

NSP (viscosity effect and cage effect). Furthermore, because digestive 

enzyme system is not well developed in piglet, exogenous digestive 

enzyme with NSPase could bring synergistic effect on piglet 

performance. 

This study is conducted to investigate effect of enzyme complex 

(exgenous digestive enzyme and NSPase) on growth performance and 

correlation with in vitro and in vivo digestibility.
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Materials and methods

Experimental animal, management and dietary treatment

A total of 168 crossbred ([Yorkshire × Landrace] × Duroc) pigs,  

averaging 8.51 ± 1.47 kg initial body weight with 27 ± 3 days of age, 

were randomly assigned based on sex and initial body weight according 

to randomized complete block (RCB) design in 6 replicates with 7 pigs 

per pen. 

Animals were housed in a 1.2 × 3.6 ㎡ plastic floor, equipped with a 

feeder and a nipple drinker to allow freely access to feed and water 

during the  experimental period. The ambient temperature in the 

weaning house was maintained at 31 ℃, and then gradually fallen to 

27 ℃ at the end of the experiment. Individual body weight (BW) and 

pen feed intake were recorded during the whole experimental period. 

Body weight and feed consumption were recorded at 0, 2 and 5 weeks 

to calculate average daily gain (ADG), average daily feed intake 

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

Experimental diet

Enzyme complex (Genebiotech Co., Ltd.) which contains 

peptidase (10,000 U/g), amylase (4,000 U/g), cellulase (5,000 U/g), 

xylanase (500 U/g), β-glucanase (5,000 U/g) and α-galactosidase (100 

U/g) is added 0.1%, 0.2% and 0.3% in basal diet. Phase Ι diet was 

provided during the first 2 weeks and phase Ⅱ diet was given for the 

last 3 weeks. Phase I diet contained 22.0 % crude protein and 1.35 % 

lysine , 0.44 % methionine and 3,265 kcal/kg of metabolizable energy 

(ME). Additionally, phase II diet contained 19.40 % and 1.15 % lysine 

, 0.37% methionine and 3,265 kcal/kg of ME. Experimental diet were 
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met or exceed NRC (1998) requirement. Experimental diets were 

prepared at Seoul National University using commercial feed ingredient 

from feed millers. Formula and chemical composition of basal diet are 

presented in Table 1 and 2.

Digestibility trial

A total of 16 crossbred barrows (4 pigs per treatment) with 

initial averaging BW of 10.61 ± 1.67 (Mean ± SD),  were individually 

allotted to each treatment and metabolic crate designed to collect feces 

and urine separately. Total collection method were used for the 

apparent digestibility. The experimental diet provided per pig was 10 % 

of BW, which was fed 0700 and 1900 h. Water was provided 

ad-libitum. After a 5 days adaptation period, pigs were involved in a 5 

day collection period. To determine the first and last day of collection 

days, 1 % of chromium oxide and ferric oxide were added in 

experimental diet, respectively for selection marker. Fecal collection was 

started when the chromium oxide was observed in feces and finished 

when the ferric oxide appeared in the feces by the Adeola, (2001). 

Urine was collected daily in a plastic box with 4N H2SO4 sulfuric acid 

and frozen during the 5 day collection period for nitrogen retention 

analysis. The collected excreta and urine were weighted everyday and 

stored -20 ℃ until analysis. Collected excreta were dried in an 

air-forced drying oven at 60 ℃ for 72 h, and ground into 1 mm 

particles using Wiley mill for chemical analysis.

In case of in vitro digestibility trial, Modified EDOM method 

(METHOD FOR ANALYSIS OF ENZYME DIGESTIBLE ORGANIC 

MATTER) was applied to measure in vitro DM digestibility. Total 2 g 

of feed sample was diluted in 400 mL buffer solution with 0, 0.1, 0.2 

and 0.3 % enzyme complex respectively (4 treatment). After 24 hrs of 
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incubation, residue was collected and dried to calculate the loss rate of 

feed. The total loss rate was regarded as DM digestibility.

Blood sampling

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

treatment for measuring blood urea nitrogen (BUN), glucose level and 

total protein when the body weights were recorded. Collected blood 

samples were quickly centrifuged for 5 min at 3,000 rpm and 18 ℃ 
after clotting during 30 minute at room temperature Eppendorf 

centrifuge 5810R, Germany). The serum was carefully transferred to 1.5 

ml plastic tubes and stored at -20 ℃ until analysis. Total serum BUN, 

glucose and total protein concentration was analyzed using a blood 

analyzer (Ciba-Corning model, Express Plus, Ciba Corning Diagnostics 

Co.).

Fecal microflora concentration

Fecal Escherichia coli (E. coli) and Lactobacillus count were 

proceed at the end of growth trial. Feces collection was considered of 

body weight per treatment (average body weight 25.56 ± 1.44 kg). For 

enumeration of bacterial populations, 1 g of fecal content was diluted 

in saline solution and re-suspended by vortex mixing, then serially 

diluted in saline solution. A volume of 100 mL volumes of each 

dilution was spread overlaid on the surface of an agar plate. This 

procedure was performed in duplicate over Lactobacillus MRS broth,  

MacConkey agar (Difco, BD science, USA). Plates were incubated at 

37 °C. After 24 h of incubation, each plate was spotted for cecal 

microflora count and examined for the presence of each bacterial 

growth.  
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Fecal volatile fatty acid concentration

Fecal VFA was proceed at the end of growth trial. The analysis 

was considered the body weight per treatment (average body weight 

25.56 ± 1.44 kg). The digesta were immediately frozen at –70 °C 

following collection. Fecal samples were frozen overnight, and then 

were thawed, and 2 g samples were taken. Each fecal sample was 

diluted with 8 mL of distilled water and two drops of concentrated 

HCl mixed, and centrifuged at 17,400 × g for 10 min at 4 ℃. The 

supernatant was filtered using a 0.22 μm filter (Millipore Co., Bedford, 

MA) and pipetted into 2 mL gas chromatography vials (Supelco,  Cat. 

No. 27265, Bellefonte, PA). Volatile fatty acid were determined using a 

gas chromatograph (Model 3700, Varian Associates, Sunnyvale, CA) 

with a flame-ionization detector and capillary column (Stabilwax-DAOY 

(Crossbonded@ Carbowax@ PEG for acids).

Statistical analysis

The experimental data were carried out by least squares mean 

comparisons and were evaluated by General Linear Model (GLM) 

procedure of SAS (SAS Institute, 2004) using PDIFF option. For 

growth performance data, a pen was considered as the experimental 

unit, while individual pig was used as the unit for data on apparent 

total tract digestibility (ATTD), fecal microflora, fecal VFA and blood 

profiles. The model for MIXED procedures included treatment as a 

fixed variable and replication as a random variable. The difference was 

converted to letter groupings using PDMIX800 macro in SAS (Saxton, 

1998). Orthogonal polynomial contrast was used to determine linear and 

quadratic response of inclusion levels of complex enzyme. The alpha 

level used for determination of statistical significance was considered at 

P<0.05 and P<0.10, respectively. 
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Results and discussion

Growth performance   

 Table 3. showed the growth performance parameter such as 

BW, ADG, ADFI and G:F ratio for each treatment throughout the 

whole experimental period. In phase Ι (0-2 weeks), no significant 

improvement of body weight and G/F ratio was observed by dietary 

NSP enzyme complex treatment, but there was notable numerical 

improvement in dietary NSP enzyme complex treatments. ADG and 

G:F were increased when dietary NSP enzyme complex supplemented. 

In phase Ⅱ (3-5 weeks), no significant improvement of growth performance 

were observed in dietary NSP enzyme complex treatments. However, there 

were significant difference of BW and ADG in dietary NSP enzyme 

complex 0.1% treatment (quadratic, P<0.05). 

Data from this experiment indicated that dietary NSP enzyme 

complex supplementation improved BW and ADG but had no influence 

on ADFI and  G:F ratio. These observations are in agreement with 

previous research (Schulze and Campbell, 1998; Omogbenigun et al., 

2004; Fang, 2007), in which dietary NSP enzyme complex in the diet 

showed improvement of growth rate. Most of studies indicated that 

inclusion of dietary NSP enzyme complex degraded NSP and increased 

nutrient utilization (Graham et al., 1988). In contrast to the result of 

growth improvement, these results are not always consistent. Grandhi 

(2001) and Olukosi (2007) suggested that pigs fed with dietary NSP 

enzyme complex had not always showed improvement of growth 

performance. One possible reason for this confliction may be the 

different feed composition and the experimental pig age. Adeola and 

Cowieson (2011) observed that older pigs are able to more efficiently 
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digest fibrous feedstuffs compared to younger pigs. This observation 

indicated that younger pigs is needed dietary NSP enzyme complex for 

enhancing growth performance cause of limitation of gut capacity and 

limiting nutrients with fibrous feedstuff. It may be furtherer need to 

evaluate the NSP composition of pig’s diet for improvement of dietary 

NSP enzyme complex.

In contrast, the growth performance was not influenced by the 0.3 % 

dietary NSP enzyme complex in the current experiment. Ao et al. 

(2010) indicated that high level of dietary NSP enzyme complex did 

not improve growth rate and feed efficiency. However, this reason is 

not clear. One possible reason is that amount of substrates was lower 

than enzyme activity. 

 

Apparent Total Tract Digestibility and Nitrogen Balance 

Data for the dietary NSP enzyme complex in nutrient digestibility 

were summarized in Table 4. The inclusion level of dietary NSP enzyme 

complex in the diets had positive relationship with nutrient digestibility of 

most macro nutrients. With increasing dietary NSP enzyme complex level, 

DM, CP, ASH and CF of nutrient digestibility was improved and was lowest 

in pig 0 % fed dietary NSP enzyme complex diet compared with that in pig 

fed dietary NSP enzyme complex diets. However, there were no significant 

difference (P>0.05). On the other hand, nitrogen retention were improved in 

N-urine and N-digestibility. Supplementation of dietary NSP enzyme complex 

treatment were lower N-urine level compared to control (quadratic, P<0.05). 

Moreover, N-digestibility was quadratically (P<0.05) increased  with dietary 

NSP enzyme complex compared to no dietary NSP enzyme complex treatment. 

Some of studies indicated that enzyme supplementation had positive effects on 

nutrient digestibility (Omogbenigun, et al., 2004; Fang, 2007). Conversely, 
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other studies suggested that enzyme complex did not improved nutrient 

digestibility (Petty et al., 2002; Olukosi, 2007). In contrast to the pervious 

result of nutrient digestibility indicated that understanding substrate of the NSP 

in diet was important for improving dietary NSP enzyme utilization. However, 

this experiment that supplementation of dietary NSP enzyme improved N 

digestibility. These observations are in agreement with Ao et al. (2010) 

explained enzyme complex had increased N digestibility that affect growth 

performance. Besides, Meng et al. (2002) indicated that multi enzyme 

supplementation increased apparent ileal digestibility of amino acid. These 

result indicated that improvement of N digestibility may be due to degradation 

of NSP in the diet.     

      

Blood profiles   

Data for the dietary NSP enzyme complex in blood profiles were 

summarized in Table 5. No significant differences and no tendency were noted 

among treatments with respect to the blood BUN and total protein level 

during all period. However, dietary enzyme complex showed higher glucose 

level than control at 2 weeks (quadratic, P<0.05), whereas dietary NSP 

enzyme complex did not affect glucose level at 5 weeks. Previous study 

suggested that BUN was not affected by dietary NSP enzyme complex (Wang 

et al., 2009). Moreover, Ao et al. (2010) observed supplementation of dietary 

NSP enzyme complex increase blood glucose level. This observations might 

reflect that dietary NSP enzyme complex supplementation decompose the 

dietary NSP in diet and convert to disaccharide and saccharide. Thus, blood 

glucose level indicated positive relationship with dietary enzyme complex. 

Fecal microflora   

Table 6. showed the effects of dietary NSP enzyme complex on 
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fecal microflora in weaning pigs. Base on fecal microflora results, the 

number of fecal pathogenic E. coli did not differ among all treatment 

(P>0.05), whereas fecal Lactobacillus counts were increased as dietary 

NSP enzyme complex level increased at 5 weeks (quadratic, P<0.05). 

In this experiment, we used whole barley as a dietary soluble NSP in 

experimental diet. The soluble NSP increase viscosity of digesta and 

passage rate which reduced digestibility due to of digesta flow (JenKins 

et al. 1978; Owusu-Asie et al., 2003). Additionally, Reilly et al. (2010) 

reported that β-glucan with NSP increased hindgut fermentation and 

affected animal health by selectively stimulating growth of the intestinal 

microflora such as Bifidobacteria and Lactobacilli contents in the colon. 

Moreover, dietary NSP enzyme complex decreased pathogenic bacteria 

and only Bifidobacteria and Lactobacilli. 

Fecal volatile fatty acid (VFA)    

The increased inclusion level of dietary NSP enzyme complex in 

the diet had negative relationship with fecal VFA (Most of major short chain 

fatty acid (SCFA); linear, P<0.05; Table. 7). The VFA concentration in feces 

from pig fed dietary NSP enzyme complex diets were lower than that from 

pig fed basal diet, showing linear response to dietary NSP enzyme complex 

level (P<0.05). However, no significant alteration of butyrate, valerate, 

iso-butyrate, iso-valerate regardless of dietary NSP enzyme complex level 

were observed in feces. In previous result, the higher population of 

non-pathogenic bacteria can contribute to the increased digestion and 

absorption of fiberous compounds (Graham et al., 1986). Generally, SCFA can 

be produced by the fermentation of dietary fiber (Shriver et al., 2003). Pauly 

et al. (2010) reported that barley based diet led to higher total VFA 

concentration compared to oat based diet in colon. The insoluble β-glucans of 
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barley were broken down in the small intestine, while soluble β-glucans of 

barley were passed through the large intestine and then fermented by bacteria 

(Lynch et al., 2007). Due to those characteristics, dietary NSP enzyme 

complex supplementation leads to lower SCFA production due to providing 

less fermentable substrate for large intestine bacteria. 

In vitro DM digestibility and its correlation with in vivo parameters    

Enzyme product is very difficult to evaluate its value in animal 

nutrition. Field trial should be one of best approach to evaluate enzyme 

product, but it is almost impossible to conduct field trial for all 

enzyme product. Some enzyme, like phytase, could evaluate its enzyme 

activity and some other factor (heat and acid tolerance). But other 

enzyme is very hard to be evaluated cause of its various activity in 

different condition. Enzyme activity was very different depending on 

substrate, pH and temperature (Sabatier and Fish, 1996). The other 

approach is needed to evaluate enzyme product.

As shown in Figure 1., in vitro DM digestibility for experimental 

diet was increased by enzyme treatment. There was quadratic tendency 

(y=-1.3475x2 + 10.513x + 47.748) among the data. According to the 

Meng et al., (2005), in vitro digestibility of feed was increased by 

enzyme treatment. They added different type of enzyme or enzyme 

complex in the diet (single NSPase, some combination of single 

NSPase). When enzyme was mixed more, in vitro digestibility showed 

better result. In same study, high in vitro digestibility group showed 

better ADG, FCR and AME in broiler diet. This means, in vitro 

digestibility might be index of growth performance of animals.

In vitro digestibility and other in vivo digestibility parameters 

compared to get correlation and regression. There was no correlation 
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between invitro digestibility and in vivo DM, CP, Nitrogen, Fat and 

G:F ratio (Table 8). To check correlation with each treatment, mean of 

data was applied. When it compared by mean, in vitro digestibility and 

EE digestibility had some correlation (r = 0.73).

Also, enzyme complex 0.3% treatment was removed to get 

another correlation because enzyme complex 0.3% treatment showed 

lower value in this trial compare to 0.1% and 0.2% of enzyme 

complex treatment while in vitro digestibility showed highest value in 

0.3% treatment. In this approach, there were great correlation where in 

mean comparing group. It may not be meaning full statistically, but 

could suggest posibilitis finding correlation between in vitro digestibility 

and certain in vivo parameter like DM digestibility and G:F ratio. 

Figure 2. shows regression between in vitro digestibility and DM 

digestibility, G:F ratio excluded enzyme complex 0.3% treatment. 

Although only 3 point (0, 0.1% and 0.2%) was applied to get the 

regression, their r2 was very closed 1.0. So, suggested in vitro 

digestibility might be one of index to evaluate effect of enzyme when 

more trial will be done (more treatment, more group).
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Conclusion
 

The purpose of this study was to evaluate the effects of dietary 

NSP enzyme complex supplementation in weaning pig’s diet. In this 

experiment, growth performance, blood profiles, nutrient digestibility, 

blood profiles, fecal microflora and volatile fatty acid were measured. 

Pig fed 0.1 to 0.3 % dietary NSP enzyme complex in the diets improved 

body weight and N-digestibility. Additionally, supplementation of dietary 

NSP enzyme complex relulted in increasing blood glucose level and 

fecal Lactobacilli contents. However, fecal VFA contents were lowered 

with dietary NSP enzyme complex increased. From this study, addition 

of dietary NSP enzyme complex to weaning pig’s diet can be effective 

feed additive based upon growth performance of weaning pig. 

Moreover, positive responses on intestinal no harmful bacteria 

population and integrity were observed in weaning pig. Consequently, 

dietary NSP enzyme complex ranged 0.1 to 0.2 % with dietary fiber 

ingredient might have beneficial effects on weaning pigs by a increase 

of growth performance. 
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Table 1. Formula and chemical composition of phaseⅠdiets
(d 0 to 14); as fed basis

Ingredients Enzyme complex level, %1

0 0.1 0.2 0.3
Ingredients, %

Expanding corn 24.21 23.98 23.73 23.50
Soybean meal, 44% 23.21 23.24 23.30 23.33
Soy protein concentrate2 6.00 6.00 6.00 6.00
Fish meal 3.00 3.00 3.00 3.00
Whey powder 3.00 3.00 3.00 3.00
Lactose 12.00 12.00 12.00 12.00
Wheat bran 1.00 1.00 1.00 1.00
Barley 24.86 24.87 24.87 24.88
Soy-oil 0.14 0.23 0.32 0.41
Mono calcium phosphate 0.86 0.86 0.86 0.86
Limestone 0.77 0.77 0.77 0.77
L-lysine·HCl 0.20 0.20 0.20 0.20
DL-Methionine 0.11 0.11 0.11 0.11
Vitamin premix3 0.12 0.12 0.12 0.12
Mineral premix4 0.12 0.12 0.12 0.12
Salt 0.20 0.20 0.20 0.20
Choline-Cl (25%) 0.10 0.10 0.10 0.10
Zinc oxide 0.10 0.10 0.10 0.10
Enzyme complex - 0.10 0.20 0.30

Chemical composition5

Total ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
Total crude protein, % 22.00 22.00 22.00 22.00
Total lysine, % 1.35 1.35 1.35 1.35
Total methionine, % 0.44 0.44 0.44 0.44
Total Ca, % 0.80 0.80 0.80 0.80
Total P, % 0.65 0.65 0.65 0.65

1 Experimental diet contained 0, 0.1, 0.2, 0.3% enzyme complex on as fed basis and 
were fed ad libitum from d 0 to 14 of the experiment. 

2 Soy protein concentrate (Soycomil, ADM Europoort bv, Rotterdam, Netherlands)
3 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 8,000 

IU; vitamin D3, 1,600 IU; vitamin E, 32 IU; D-biotin, 64g; riboflavin, 3.2 mg; calcium 
pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12g; vitamin K, 2.4 mg.

4 Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; 
I, 0.3 mg; Mn, 24.8 mg; Cu·SO4, 54.1mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 
mg.

5 Calculated value.
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Table 2. Formula and chemical composition of phaseⅡ diets
(d 15 to 35); as fed basis

Ingredients
Enzyme complex level, %1

0 0.1 0.2 0.3
Ingredients, %

Expanding corn 37.52 37.28 37.05 36.82
Soybean meal, 44% 25.33 25.37 25.40 25.43
Soy protein concentrate 3.00 3.00 3.00 3.00
Fish meal 0.00 0.00 0.00 0.00
Whey powder 0.00 0.00 0.00 0.00
Lactose 7.00 7.00 7.00 7.00
Wheat bran 3.00 3.00 3.00 3.00
Barley 20.08 20.09 20.10 20.11
Soy-oil 1.19 1.28 1.37 1.46
Mono calcium phosphate 1.07 1.07 1.07 1.07
Limestone 0.83 0.83 0.83 0.83
L-lysine·HCl 0.25 0.25 0.25 0.25
DL-Methionine 0.09 0.09 0.09 0.09
Vitamin premix1 0.12 0.12 0.12 0.12
Mineral premix2 0.12 0.12 0.12 0.12
Salt 0.20 0.20 0.20 0.20
Choline-Cl (25%) 0.10 0.10 0.10 0.10
Zinc oxide 0.10 0.10 0.10 0.10
Enzyme complex - 0.10 0.20 0.30

Chemical composition3

Total ME, kcal/kg 3,265.00 3,265.00 3,265.00 3,265.00
Total crude protein, % 19.40 19.40 19.40 19.40
Total lysine, % 1.15 1.15 1.15 1.15
Total methionine, % 0.37 0.37 0.37 0.37
Total Ca, % 0.75 0.75 0.75 0.75
Total P, % 0.63 0.63 0.63 0.63

1 Experimental diet contained 0, 0.1, 0.2, 0.3% enzyme complex on as fed basis and 
were fed ad libitum from d 14 to 35 of the experiment. 

2 Soy protein concentrate (Soycomil, ADM Europoort bv, Rotterdam, Netherlands).
3 Provided the following quantities of vitamins per kg of complete diet: vitamin A,  

8,000 IU; vitamin D3, 1,600 IU; vitamin E, 32 IU; D-biotin, 64g; riboflavin, 3.2 
mg; calcium pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12g; vitamin K, 
2.4 mg.

4 Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; 
I, 0.3 mg; Mn, 24.8 mg; Cu·SO4, 54.1mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 
mg.

5 Calculated value.
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Table 3. Effects of enzyme complex supplementation on growth performance in 
weaning pigs1

Criteria
Enzyme complex level (%)

SEM2 P-value3

0 0.1 0.2 0.3 Linear Quad-
Body weight4, kg

Initial 8.51 8.50 8.50 8.51 0.291 - -

2 week 11.21 11.69 11.26 11.27 0.338 0.815 0.352

5 week   22.61    23.67     23.30     23.14 0.430 0.296 0.027

Average daily gain, g

0-2 week 193 228 197 197 8.7 0.834 0.329

2-5 week 543 571 573 565 8.0 0.276 0.216

0-5 week  403  434  423  418 5.5 0.294 0.026

Average daily feed, intake, g

0-2 week 281 283 265 273 8.2 0.497 0.844

2-5 week 949 990 964 984 13.9 0.381 0.606

0-5 week 682 708 685 700 10.6 0.658 0.744

Gain to feed ratio

0-2 week 0.681 0.810 0.742 0.730 0.0222 0.680 0.105

2-5 week 0.575 0.579 0.594 0.575 0.0083 0.881 0.548

0-5 week 0.594 0.616 0.617 0.599 0.0079 0.828 0.236
1 A total of 168 crossbred pigs was fed from average initial body weight 8.51 ± 1.47 

kg.
2 Standard error of means.
3 The P-values provided are for the linear and quadratic effects of the four levels of 

enzyme complex. 
4 Values are means for six pens/treatment with seven pigs/pen.
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Table 4. Effects of enzyme complex on nutrient digestibility in weaning pigs1,2

Criteria
Enzyme complex level (%)

SEM3
P-value4

0 0.1 0.2 0.3 Linear Quad-

Dry matter 91.33 92.26 92.29 91.30 0.348 0.98 0.26

Crude protein 90.63 91.79 91.91 90.41 0.424 0.91 0.20

Ash 66.39 69.78 71.37 67.48 1.258 0.71 0.22

Crude fat 76.45 83.03 80.56 80.36 1.065 0.35 0.14

Nitrogen retention5 

N-intake, g/d 8.07 8.01 7.92 7.93   -     -     -

N-feces, g/d 0.76 0.66 0.64 0.76 0.034 0.99 0.20

N-urine, g/d 1.32 0.72 1.05 1.02 0.077 0.34 0.05

N-retention, g/d 5.99 6.63 6.23 6.14 0.093 0.94 0.06

N-digestibility, % 74.20 82.76 78.66 77.49 1.172 0.56 0.04
1 A total of sixteen pigs were used from an average initial BW of 10.61 ± 1.67 kg.
2 Least square means for four pigs/treatment in an individual pen.
3 Standard error of means.
4 The P-values provided are for the linear and quadratic effects of the four levels of 

enzyme complex. 
5 N retention = N intake (g) -Fecal N (g) - Urinary N (g).
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Table 5. Effects of enzyme complex on blood profiles in weaning pigs1

Criteria
Enzyme complex level (%)

SEM2
P-value3

0 0.1 0.2 0.3 Linear Quad-

Glucose, mg/dL

2 week 68.67 75.83 79.67 70.00 1.724 0.58 0.02

5 week 87.00 97.83 94.50 94.67 1.820 0.29 0.20

Blood urea nitrogen, mg/dL

2 week 11.82 12.25 12.30 12.12 0.531 0.84 0.76

5 week 12.42 11.15 9.95 10.92 0.379 0.14 0.19

Total protein, g/dL

2 week  4.67  4.87  4.48  4.87 0.129 0.85 0.73

5 week  4.98  5.43  5.23  5.43 0.093 0.22 0.54
 1 Least squares means for six pigs/treatment.   
 2 Standard error of means.
 3 The P-values provided are for the linear and quadratic effects of the four levels of 

enzyme complex. 
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Table 6. Effects of enzyme complex on fecal microflora in weaning pigs1

Treatment
Enzyme complex level (%)

SEM2
P-value3

0 0.1 0.2 0.3 Linear Quad-

Fecal E. coli (log10CFU/g. Wet base)

2 week 4.90 4.67 4.62 4.43 0.081 0.20 0.87

5 week 5.12 5.38 5.14 5.28 0.062 0.94 0.46

Fecal Lactobacillus (log10CFU/g. Wet base)

2 week 6.86 7.16 7.18 7.24 0.083 0.15 0.49

5 week 7.43 8.02 7.85 7.69 0.095 0.45 0.05
1 Least squares means for six pigs/treatment.   
2 Standard error of means.
3 The P-values provided are for the linear and quadratic effects of the four levels of 

enzyme complex. 
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Table 7. Effects of enzyme complex on fecal volatile fatty acid (VFA) in 
weaning pigs1

Treatment
Enzyme complex level (%)

SEM2
P-value3

0 0.1 0.2 0.3 Linear Quad-

Fecal VFA concentration (mmol/ml)

Total VFA 132.97 130.03 127.42 127.25 0.834 0.01 0.34

Acetate, C2 93.13 88.77 87.47 86.92 0.574 0.01 0.12

Propionate, C3 17.05 15.70 15.93 15.37 0.210 0.01 0.30

Butyrate, C4 10.07 10.43 9.18 9.70 0.176 0.14 0.83

Valerate, C5 6.42 6.13 5.60 6.03 0.116 0.12 0.14

Iso-butyrate, Iso-C4 5.05 4.57 4.73 4.62 0.085 0.10 0.23

Iso-valerate, Iso-C5 4.25 4.43 4.50 4.62 0.079 0.10 0.83
 1 Least squares means for six pigs/treatment.   
 2 Standard error of means.
 3 The P-values provided are for the linear and quadratic effects of the four levels of 

enzyme complex. 
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Control Enzyme complex 
0.1%

Enzyme complex 
0.2%

Enzyme complex 
0.3%

Digestibility 56.52 64.56 65.98 68.63
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Figure 1. In-vitro DM digestibility of feed



48

Table 8. Correlation in vitro DM digestibility (X) with nutrient digestibility (Y) and G:F ratio (Y)

In vitro DM digestibility

In vivo digestibility
G:F

DM CP N EE Ash

0.0879 0.0705 0.3260 0.3700 0.1770 0.0816

In vitro DM digestibility
(Excluding EC 0.3% trt.)

In vivo digestibility (Excluding EC 0.3% trt.)
G:F

DM CP N EE Ash

0.2795 0.3080 0.4937 0.5009 0.3471 0.2628

In vitro DM digestibility
(Mean)

In vivo digestibility (Mean)
G:F

DM CP N EE Ash

0.2797 0.1929 0.5446 0.7299 0.4995 0.4624

In vitro DM digestibility
(Man, excluding EC 0.3% trt.)

In vivo digestibility (Mean, excluding EC 0.3% trt.)
G:F

DM CP N EE Ash

0.9937 0.9985 0.8017 0.8677 0.9842 0.9949
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Figure 2. Regression in vitro DM digestibility with DM digestibility and G:F
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Ⅴ. Summary in Korean

우리나라 사료시장의 규모는 세계 위 권 유럽연합을 개의 

단위로 보면 위권 안에 위치할 정도로 큰 시장규모를 보인다 하

지만 이상의 원료를 수입에 의존하고 있기 때문에 최근 경제위

기, 유가상승 및 그로 인한 바이오연료 (biofuel)의 생산, 그리고 중

국의 곡물소비량이 폭발적으로 증가함에 따라 원료사료 가격이 급

격히 상승하여 일반 농가의 사료비에 대한 부담감이 점점 가중되고 

있는 실정이다. 이러한 원료사료의 가격 상승은 사료 내 소화율을 

높여 전체적인 효율을 증가시키기 위한 연구가 활발하게 진행되는 

계기가 되었으며, 효소제 (단일 및 복합 효소제)는 여러 연구 중에

서 중요한 자리를 차지하고 있다. 축산 시장에 셀 수 없이 많은 효

소제 제품이 판매되고 있지만 체계화된 평가 방법이 없어 그 효과

를 규명하기에는 많은 어려움이 있다. 본 실험에서는 이러한 배경을 

바탕으로 사료 내 소화효소 (peptidase, amylase) 및 NSP 분해 

효소 (xylanase, cellulase and α-galactosidase)가 복합된 효소

제의 첨가가 이유자돈의 성장성적 및 영양소 소화율에 미치는 영향

과 영양소 소화율과 in-vitro 소화율과의 상관관계를 규명하였다. 

실험: 사료 내 복합효소제의 첨가가 이유 자돈의 성장성적, 

영양소 소화율, 혈액성상, 분변 내 미생물 및 휘발성 

지방산에 미치는 영향

 평균체중 8.51 ± 1.47 kg인 168두의 이유자돈([Yorkshire × 

Landrace] × Duroc)을 체중 및 성별을 고려하여 4처리 6반복, 돈

방당 7두 (3반복 암컷 4두, 잔여 3반복 암컷 두)의 완전임의배치법

으로 총 5주간의 사양실험에 배치하였다. 기간별로 총 2단계의 실

험사료에 각각 0, 0.1, 0.2, 0.3 %의 복합 효소제가 옥수수-대두박

-보리 위주의 사료 내 첨가되었으며, 각 단계 내에서 모든 처리구
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의 사료 내 영양소 함량은 모두 동일하도록 하였다. 사양실험 전기

간 사료와 물은 자유채식토록 하였다 (ad libitum). 각각의 사양기

간 및 전 기간 동안 복합 효소제를 0.1 ~ 0.3 % 첨가한 처리구들

이 체중 및 일당증체량이 대조구에 비해 유의적으로 개선되었다 

(quadratic, P<0.05). 반면 일당사료섭취량 및 사료효율은 처리구 

간 차이가 경향이 관찰되지 않았다. 전분 채취법을 통해 측정된 건

물, 조회분, 조지방, 총 인, 칼슘의 영양소 소화율은 모든 처리구에

서 차이가 없었다. 그러나 복합 효소제의 첨가는 뇨 내 질소 함량 

및 소화율이 개선되는 효과가 관찰되었다 (quadratic, P<0.05). 외

관상 소화율 결과와 달리 in-vitro 소화율에서는 복합 효소제 첨가 

수준에 따라 소화율이 개선되었으며, 복합 효소제의 첨가가 영양소 

소화율을 향상시키는 것으로 나타났다. 복합 효소제의 수준별 첨가

는 혈액 내 요소태 질소 및 총 단백질 수준에 영향을 미치지 않았

으나, 2주차 혈중 글루코스 농도를 증가시키는 것으로 관찰되었다 

(quadratic, P<0.05). 분변 내 미생물 성상에 있어서는 유익 미생

물인 Lactobacillus의 농도가 복합 효소제가 첨가된 모든 처리구에

서 대조구에 비해 높았다 (2주차; quadratic, P<0.05). 분변 내 휘

발성지방산 조성에 있어 복합 효소제의 첨가수준이 증가할수록 총 

휘발성지방산 농도, acetate, propionate가 유의적으로 감소하는 것

이 발견되었다 (linear, P<0.01). 본 실험에서의 결과를 통해 볼 

때, 이유자돈 사료 내 0.2 % 까지의 복합 효소제 사용은 질소 이용

율 향상에, 혈액 내 글루코스 증가 및 분변 내 유익 미생물의 우점

을 통해 결과적으로 성장 속도 및 식이섬유 첨가에 따른 사료효율

의 개선 가능성을 나타내었다.      
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