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Summary

The unstable market price of corn and soybean meal has led to 
search for alternative feed ingredients to conventional ingredients. 
Alternative feed ingredients, however, should be relatively cheaper than 
conventional ones to reduce feed cost in Korean swine industry. 
However, alternative feed ingredients such as palm kernel meal, copra 
meal and cassava in mono-gastric animal may have a negative effect 
on performance, and the most of them contain high level and different 
types of non-starch polysaccharides (NSP). To resolve NSP problem in 
diet, addition of exogenous enzyme complex to pig diets is one of 
methods to improve nutrients absorption and utilization for feed.  A total 
of 80 growing pigs ([Yorkshire × Landrace] × Duroc), averaging 28.9 ± 
0.04 kg body weight, were allotted to 1 of 4 treatments based upon 
body weight and sex in a randomized complete block (RCB) design in 
5 replicates with 4 pigs per pen.  Treatments were divided by 
exogenous enzyme (FarmzymeⓇ) levels (0, 0.05, 0.1 or 0.15%) and 
corn-SMB basal diet was regarded as control treatment.  Four phase 
feeding programs were used for 12 wk of whole experimental period; 
early growing (0-3 week), late growing (4-6 week), early finishing (7-9 
week) and late finishing (10-12 week). During the whole experimental 
period, body weight, ADG and G:F were increased by addition of 
exogenous enzyme complex in diet (linear, P=0.02, P=0.02, P<0.01, 
respectively) while, ADFI was reduced with exogenous enzyme complex 
supplementation (linear, P=0.09,). In nutrient digestibility of growing pigs, 
crude fat and protein digestibilities were increased by exogenous 
enzymes complex in the diet (linear P=0.05, P=0.10 respectively). There 
were no significant differences in the blood urea nitrogen (BUN), but 
blood glucose increased significantly in late growing phase (quadratic, 
P<0.01). In pork quality, there were no significant differences although 
some values were varied. When exogenous enzyme complex was 
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supplementedn in diet, days to reach 115kg market weight was 
shortened and cost of feed was cheaper than control treatment. 
Consequently, when pigs were fed diets with high level of exogenous 
enzyme complex (FarmzymeⓇ), a better growth  performance was 
observed in growing-finishing period and was higher when  0.15% of 
exogenous enzyme complex was provided. 

Key words: Growing-finishing pig, Growth performance, Non-starch   
            polysaccharides, Exogenous enzyme complex (FarmzymeⓇ)
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I. Introduction
It is well known that corn is one of the main feed 

ingredients for swine industry in Asia, which usually use more 
than 60% in swine diet as an energy source for a long time in 
South Korea. However, in recent years with the increasing 
development of the animal industry, price of corn is gradually 
increased in the world due to biofuel production and severe 
drought. Consequently feed companies tried to find a way to 
reduce price of feed through improvement of nutrients 
bioavailability in animal diet.  

However, these materials are consist of a complex matrix 
granule that contains many types of NSP, resulting in lower 
digestion and absorption of nutrients. These materials are such as 
glucose, arabinose and xylose in wheat bran and arabinose and 
glucose in soybean (Englyst, 1989). The NSPs have been 
recognized as “anti-nutritive” due to their negative effect on 
digestion and absorption of starch, protein and lipid in the gut of 
mono-gastric animals. It means that high level of NSP intake is 
negative effects on growth performance and health. Moreover, 
soluble NSP may increase the viscosity of chyme. Increasing the 
bulk and the viscosity in the intestinal tract makes the decrease 
for the rate of diffusion of substrate and digestive enzyme 
(Ikegami et al., 1990; Bedford and Classen, 1992). In addition, Just 
et al. (1983) found that a 1% in the crude fiber content of the diet 
from cellulose depressed of gross energy (GE) by 1.3% and 
depressed utilization of metabolizable energy (ME) by 0.9%. 

The best way to solve this problem is that supplementation 
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of NSP enzymes in the feed. Numerous studies have reported 
effect of exogenous enzymes in mono-gastric animals. Choct and 
Annison (1992) founded that supplementation with some of 
exogenous enzymes had been shown that it could increase 
nutrient digestibility in diet containing wheat for broiler chickens. 
Graham et al. (1989) and Baidoo et al. (1997) also reported that 
nutrient digestibility was improved by enzyme complex supplement 
to weaning and growing-finishing pigs. 

As the feed industry is developing increasingly and the feed 
ingredient price changes constantly, more and more feed 
ingredients used in feed industry. So more and more exogenous 
enzymes complex used in the feed to solve the problem about NSP 
in feed. There found that added exogenous enzymes complex in 
finishing pigs diet, can improve the growth performance (Jo et al., 
2012). The same results were shown by Kim et al. (2003). Baidoo 
et al. (1997) reported an improvement in feed efficiency of growing 
pigs fed a barley-based diet was observed when supplemented with 
enzymes complex containing β-glucanase, xylanase, amylase, and 
pectinase.

Consequently, the current experiment was conducted to 
evaluate the effects of exogenous enzyme complex supplementation 
on growth performance, nutrient digestibility, pork quality, blood 
profiles and economical analysis in growing-finishing pigs.
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II. Literature Review

1. Characteristics of alternative feed ingredient

1.1 Type of alternative feed ingredient

As people demand more food for consumption, the rapidly 
increasing requirements for meat and dairy food bring 
development of animal industry. Feed industry as a branch of 
animal industry is very competitive by the shortage of feed 
ingredient. To avoid this problem, many nutritionists have tried to 
search for new alternative feed ingredients as protein or energy 
source replacing conventional ingredients such as corn and 
soybean meal in Asia. For example, the demands for corn and 
soybean meal were increasing without sufficient supply and then 
this condition ultimately pushed the trend of price to up. So feed 
producers are searching for new alternative feed ingredients as 
energy or protein source in animal feed. 
   

1.1.1 Energy source

Cassava is a perennial woody shrub that is grown almost 
entirely in the tropics. Cassava as an energy source in the 
nutritional value is less than corn. Fresh cassava contains 
moisture by approximately 65%. Dried cassava had high in starch 
as energy source and low in protein as same as cassava tubers. 
However, cassava leaves have higher level of protein than cassava 
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tubers but they are in lack of the essential amino acid, especially 
methionine. In some area, processing fresh cassava by heating or 
grinding can obtain the powder of cassava residue that can be 
used as animal diets when supplemented either in 
growing-finishing pig or more in ruminant diets. 

Cassava meal or their residue contains high level of fiber 
and toxic compounds known as phytoanticipins that can reduce 
animal growth (Rantanen et al.,1995). Research has shown that 
processing cassava by removing toxic compounds can used in pig 
diets replacing corn (Oke, 1990; Wu, 1991; Tewe, 1994; Rantanen 
et al., 1995). 

Sugar beet pulp as energy source is the residue left from 
the processing of sugar beet. Beet pulp itself has low level of 
sugar but it contains in high level of energy and NSPs and is best 
feed ingredient used in sow diets (Longland and Low, 1990; Brouns 
et al., 1995). Generally, it contains 10% protein, 0.8% calcium and 
0.5% phosphorus. However, it has no Vitamin A, so using sugar 
beet pulp as energy source should pay more attention to Vitamin 
A content in diet formulation that provided complete nutrients for 
the requirements. Pigs cannot digest the fiber, but add the pulp in 
finishing pig diets can lead to decrease feed intake or weight gain. 
Sows can consume 1kg daily without negative effects, but young 
pigs should not thrive. For example, Molassed sugar beet pulp is 
beet pulp with sugar beet molasses added, and it can be used in 
growing-finishing pigs as well as in sows. Supplementation levels 
by 30% recommended similar growth in growing-finishing pigs 
compared with control diets (Longland and Low, 1989). However, 
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inclusion levels by 20% were usually recommended for 
growing-finishing pigs (Longland and Low, 1990; Lee and 
Crawshaw, 1991). 

1.1.2 Protein source 

Rapeseed meal as a byproduct is the residue after rapeseed 
oil extraction containing about 40% ether extract, 22% CP, and 7% 
crude fiber (Aherne and Bell, 1990). Rapeseed meal is high in 
protein content as alternative protein source and also is good 
source of Ca, S, Se, and Zn, but it is a poor source of K and Cu 
comparing with soybean meal. The amino acid content is low in 
the  rapeseed and glucosinolate content in the rapeseed varieties 
does not differ greatly (Aherne and Kennelly, 1985). The lysine 
content of rapeseed meal is lower than soybean meal, but it has a 
good amino acid quality. However, rapeseed meal generally 
contains low utilization in available amino acids than soybean 
meal (Aherne and Kennelly, 1985; Thacker, 1990b). Because of its 
bio-function with high fiber content (11%) that reduce amino acid 
utilization, rapeseed meal also have 15 to 25% less digestible 
energy compared with soybean meal (Thacker, 1990b). High fiber 
contents reduce the utilization of many mineral elements, but 
rapeseed meal is generally a good source of many minerals 
compared with soybean meal.

Palm kernel meal has 8-10% oil and 16-18% crude protein 
and is evaluated as a safe protein source for animal feed, 
especially ruminants and rabbits. However, a crude protein 
contents of PKM is higher than corn and wheat bran. PKM has 
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high levels of fiber, gritty and lowly palatable, but it is has rich of 
methionine and cystine while being deficient in lysine. 

1.2 Advantages of using alternative feed ingredient

Traditionally, feed for pig production in developed countries 
consists mainly of cereal grains and oilseed meals. However, pigs 
have utilize a wide range of feed ingredient. Many of 
these“alternative” feed ingredient that can be utilized are 
by-products (or co-products) and edible waste products from the 
food-processing, food preparation, and food service industries.  
Other alternatives include feed ingredient not commonly fed to 
pigs but which may be fed during times of low prices and/or 
surpluses, or fed during shortages of traditional feed ingredient. 
Alternative feed ingredient may also include those available in 
many areas that can be economical substitutes for traditional feed 
ingredient not available locally.

In the future, the variety and quantity of by-products and 
edible wastes are expected to increase disposal options for many 
of these wastes, such as landfills. 

1.3 Anti-nutritional factors in alternative feed ingredient and 
impact on non-ruminant

In animal feed, there has some number of factors, 
collectively termed anti-nutritional factors, having negative effects 
on digestive and metabolic meat, milk and egg production. 
Anti-nutritional factors (ANF) in feed have some negative effects 
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on digestion and absorption for nutrients. Intake more of them in 
diet is also harmful for animal health and has bad influence on 
production for pigs and chickens (Campbell and Bedford, 1992; 
Jansman et al. 1994). These factors as proteins inhibitors, lectins, 
tannins, anti-genic proteins, estrogens, flatulence factors, 
anti-vitamins, glucosinolates, and phytate (Liener, 1994; Waewham 
et al., 1994). For swine, the important ANF are protease inhibitors, 
lectins and tannins, because they have high level in soybeans and 
peas (Huisman, 1989).

 Every plant ingredients contains ANF, but pig has no ability 
to completely decompose ANF by the specific structure of 
digestive system. The presence of glucosinolates was the major 
factor limiting the use of rapeseed or rapeseed meal in pig diets 
(Thacker, 1990b). Although glucosinolates themselves are 
biologically inactive, they can be hydrolyzed by myrosinase in the 
seed to produce goitrogenic compounds (Thacker, 1990b). 
Fortunately, selected cultivars of the canola seed contain only 
about 15% of the glucosinolates found in the old rapeseed. In 
addition, heat processing maybe could inactivate of myrosinase 
enzyme in the seed. Tannins and sinapine are two other groups of 
compounds found in canola seed or meal that can affect the 
feeding value (Thacker, 1990b), but data on their effect on 
performance are lacking.

2. Non-starch polysaccharides (NSP)

NSP is one kind of carbohydrates, more than 90% of the 
part of the cell wall is composed of NSP in the plants (Selvendran 
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and Robertson, 1990). The most NSP in the cell wall are cellulose, 
hemicelluloses and pectins (Table 1). Mucilages, β-glucans, and 
gums are the other NSP. Starch can be hydrolyzed by pancreatic 
amylase to glucose NSP is not hydrolyzed by monogastric animal 
enzymes; they are fermented by microflora of the gastrointestinal 
tract. Nutritionists are ceaselessly questing ways to reduce pig 
production costs and to improve pig performance, so they usually 
use “nontraditional” and by-product feed in swine diets, but many 
of alternative feed's fiber concentrations are more than corn or 
soybean meal.



- 9 -

Category Monomeric residues Sources

Non-starch polysaccharides (NSP)

Cell Wall NSP

Cellulose Glucose Most feedstuff

Mixed linked β-glucans Glucose Barley, oats, rye

Arabinoxlans Xylose, arabinose Rye, wheat, barley

Arabinogalactans Galactose,
arabinose Cereal, by-products

Xyloglucans Glucose, xylose Cereal, flours

Rhammogalacturans Uronic acid,
rhammose Hulls of peas

Galactans Galactose SBM, beet pulp

Non-Cell wall NSP

Fructans Fructose Rye

Mannans Mannose Coconut cake,
palm cake

Pectins Uronicacids,
rhamnose Beet pulp

Galactomannans Galactose,
mannose Guar gun

Non-digetible oligosaccharides (NDO)

Alpha-Galacato-oligosaccharides Galactose,
glucose SBM, peas

Fructo- oligosaccharides Fructose Cereals, feed additives

Transgalacto- oligosaccharides Galcatose,
glucose Whey, milk products

Resistant starch (RS)

Physical inaccessible starch Glucose Peas, faba beans

Native starch Glucose Potatoes 

Retrograded starch Glucose Heat-treated starch 
products

Table 1 . Classification of carbohydrates (Bach Knudsen, 1997)
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2.1 The classification of NSP

Generally, the polysaccharide of the cell wall can be divided 
into cellulose, hemicellulose and pectin. Hemicellulose includes β

-glucan, arabxylan, mannan and so on. Cellulose and β-glucan 
are comprised of glucose’s condensation. According to solubility, 
NSP divided into soluble NSP and insoluble NSP, soluble NSP is 
polysaccharide in plants except starch and protein what can be 
soluble in the water, for example, β-glucan, arabxylan, mannan, 
glucose and pectic; in the others are insoluble NSP, like cellulose, 
chitin, pentosan and so on. Soluble NSPs have no nutritional 
function and is detrimental to digestion and absorption in the diet.  

Depending on the number of carbon atoms in the 
monosaccharide of NSP, there can be divided into pentosan and 
chitosan. Pentosans have arabxylan and xyloglucan. Chitosan have 
cellulose, fructosan, pectin and so on.

2.2 The NSP content in the feed

Xylan and araboxylan are the important NSP in rye and 
wheat. Wiseman and Inborr (1990) reported that more than 85% of 
NSP is pentosan in wheat. Barley and oats’ NSP is β- glucan. 
Pectin is the most soluble NSP in plants. In table 2 showed some 
of alternative feed and those main components of NSP. 
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Feedstuff TNSP SNSP INSP Arabinose Glucose Mannose Xylose
Corn  90 13  77 18  30 14  25
Wheat 114 24  94 33  28  -  48
W h e a t 
Bran 416 32 384 98 110  1 188
Rye 132 46  86 35  30  3  54
Oat  71 40  30 45  45  1  12
Barley 167 45 122 82  82  2  51
Rice  22 20   2  8   8  -   5
Soybean 156  -   - 42  42 10  11
Pea 148 41 107 61  61  -  14

Table 2. Contents and compositions of NSP in several common 
feed ingredient (g/kg in DM). (Englyst, 1989)

 Note: Values in brackets represent the content of rhamnose.

2.3 The anti-nutritional mechanism of NSP

2.3.1 The influence of NSP to gastrointestinal tract

Many factors are affecting the fiber content, depending on 
the source of the fiber, plant variety, and processing method used 
to produce the ingredient. Corn grain has 9.6% NDF, while 
soybean meal (44% crude protein) has 13.3% NDF (NRC, 1998). But 
lots of alternative feed sources have much higher fiber 
concentrations than corn or SBM.

One example of an alternative feed currently used in some 
swine diets is alfalfa. Alfalfa meal has more than 41.2% NDF (NRC, 
1998). Alfalfa as a feedstuff can use in both sow and growing pig 
diets. Powley et al (1981) reported that incorporation of between 
10 and 60% alfalfa in growing swine diets will reduce average daily 
gain by up to 52%, while percentage carcass fat is decreased by 
up to 30%, and percentage muscle increased by up to 12%.  

Soybean hull is one of by-product feed, but it has a high 
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fiber content, so they have not been included routinely in swine 
diets. Kornegay et al. (1978) showed that soybean hull have more 
than 43.4% crude fiber, 62.0% cell walls, 38.0% cell contents 42.2% 
cellulose, 16.4% hemicelluloses, and 3.0% lignin. Growing pigs feed 
added 15% supplemental soybean hulls had not experienced any 
depression in ADG or feed intake, but metabolizable energy intake 
was decreased linearly as the level of soybean hulls increased. In  
experiment, the most efficient conversion ratio (kilocalories of 
metabolizable energy intake per unit of gain) approved pigs 
consuming diets containing 15% soybean hulls (Kornegay. 1981).

2.3.2 The influence of NSP to secretion of digestive enzyme 
activity

Ikegami et al (1990) and Khokhar et al (1994) have reported 
that NSP affect the secretion of digestive function. Improved 
pancreatic enzyme, the pancreas and gallbladder's weight when 
araboxylan concentration increased. Sambrook (1981) and 
Zebrowska et al (1983) showed that it will improve the secretion of 
pancreatic and bile in the pigs when added soluble NSP and 
insoluble NSP in pigs diet, and soluble NSP was stronger function 
than insoluble NSP. Soluble NSP inhibits the activity of some 
endogenous digestive enzymes, so had a lower nutrient 
digestibility. Another studies reported that feeding high levels of 
soluble NSP to broiler chicken, will reduce the amylase of chyme's 
activity in the gastrointestinal tract (Choct. 1995). β-glucan and 
araboxylan can reduce the activity of trypsin an d lipase in the 
intestinal tract. Ca2+ decides the amylase's activity, some of NSP 
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combined with cationic, so there will be inhibiting the activity of 
amylase. Soluble NSP not only can directly inhibit the activity of α

-amylase, but also through the competition Ca2+ with α-amylase. 
Almirall et al. (1995) demonstrated that secretion of digestive 
enzymes increased when animal fed with barley, which lead to 
increasing hyperplasia and hypertrophy pancreatic and hepatic 
organs and ileal endogenous losses. Some of studies reported that 
feeding long-term of high levels of NSP diet, can increase the 
secretion of digestive juices, leading to increase of rats’ digestive 
organs (Ikegami et al., 1990).

NSP can combine with physiological active substances. Sush 
as bile salt, lipid and cholesterol (Vahouny et al., 1981). So it will 
affect lipid metabolism in the small intestine. Pentosan and β

-glucan can reduce the digestion and absorption of fat. This 
effect always has happened when feeding barley or rye diet 
(Campbell et al., 1983). Bengtsson and Aman (1990) showed that β

-glucan increased absorption of vitamin D in young chicks. 
NSP affects of activity of maltase, sucrose and lactase in 

small intestine. Schneeman and Gallaher (1985) studied soluble 
NSP diet can increase the activity of sucrase and maltase and 
improve the α-amylase content of the rat intestine.

2.3.3 The influence of NSP to digestive tract development on 
animals

NSP not only affect on the weight of the digestive tract, but 
also affect the growth of digestive tract organ. Some of studies 
used DNA markers and electron microscope had been attested 
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high levels of fiber diet will make small intestinal mucosa cell 
turnover speed in growing pigs (Jin et al., 1994). Soluble NSP can 
make the small intestine mucosa layer thicken, but does not 
change the muscle layer thickness. Soluble NSP could improve 
animal's mucous membrane protein in small intestinal (Onning 
and Asp, 1995). So insoluble NSP can stimulate physically 
gastrointestinal tract and lead to emerging mechanical erosion on 
animal gastrointestinal tract. However, soluble NSP affect intestinal 
structure such as hyperplasia because of high degree of water 
holding ability.

3. Objective of using enzyme in animal industry

3.1 Enzymes as feed additives in feed

Exogenous enzymes degrade the molecular chain of the kinds 
of nutrients in the feed or change compose of animal’s digestive 
tract, promote the animal digestion and absorption, thus greatly 
improve the feed efficiency, reduce the feed cost, improve the 
economic benefits of animal industry. There have been some of 
mainly characteristics of enzyme in feed.

Enzyme just can promote the biological chemical reactions in 
the body and cannot change itself. Enzyme is one kind of special 
protein that could be improve catalytic activity, speeding up 
biochemical reactions. 

The reaction conditions of enzymes are relatively common. 
The reaction conditions of enzymes are in normal temperature, 
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atmospheric pressure and pH, whether in vivo or vitro, so 
enzymes can have an impact when add in feed, do not need to 
process again.

Enzymes are not stable and easy to inactivated. Enzyme will 
inactivate with elevated temperature, acid, alkali, metal ion, too 
long time to exposure from sunshine, and so on. So it should put 
in dry environment without strong acid, strong alkali and 
pesticide. Enzymes are non-poisonous things and have no 
poisonous in the biochemical reaction process. 

3.2 The mechanism of enzymes in feed

It is generally well-established that digestive enzymes such as 
protease, amylase and lipase play an important role for hydrolysis 
macromolecules in living organisms. But it cannot hydrolyze 
cellulose, lignin, pectin and phytin in the digestive tract to 
nonruminant animals. So it needs adding enzymes to help 
hydrolytic.

Enzyme have some of mechanism, direct decomposition the 
cell wall, release nutrients in the cell, eliminate anti-nutritional 
factors, improve the nutrition value and improve G;F ratio. In 
swine industry, the multi-enzymes are widely used to gain more 
benefit when diets containing large amount of NSP. Conversely, in 
order to achieve high economic value, there are some factors that 
should be considered such as dosage, dietary composition and 
type of specific enzyme according to diet composition.  

3.3 The application of enzyme in swine and poultry diet
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Enzymes can be supplemented to swine and poultry feed in 
one of two ways. One way is the addition of the enzyme to the 
standard feed formulation and achieves the improved animal 
growth performance, egg production and feed conversion ratio by 
improving the efficiency of feed utilization. Another approach is 
formulated diet with low feed costs and maintained animal 
production; for instance, partial replacement of barley or corn 
with low energy diet.  

But, enzymes must to be effective when addition to the feed, 
they must be effective in the animal, stable during storage and be 
compatible with vitamin and minerals. As the same, they must be 
kept stable at the high temperatures during feed manufacture, 
safe and easy to add and free-flowing to guarantee thorough 
mixing the feed.

From the 1950s, enzymology had a fast time to development, 
construction, action, dynamics and make enzymes were more and 
more clear, the production of the enzyme industry was 
development and used to feed on the animal. The first time to use 
of the enzyme was in 1957, and with it, they had more and more 
enzymes used for animal feed. because of young animal's digestive 
tract are not mature, it cannot output enough enzymes,  
especially in stress or illness; the composition of nutrient and the 
structure of chemical in the feed are complexity, especially some 
of anti-nutritional factors can make low digestion and absorption. 
Not only effect of the animal growth performance, waste of feed 
and to a large extent by reducing the economic benefits of 
breeding industry. But when adding the enzymes in the feed, it 
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will resolve that kinds of problems, exogenous enzymes can 
complement the hyposecretion of endogenous enzymes of the 
animal digestive tract, improved the digestive ability of young 
animals. A certain amount number of exogenous enzymes to add 
in feed can supply more decomposable matrix and stimulate the 
secretion of endogenous digestive enzymes, improve the activity of 
digestive enzymes in the small intestine and digestion ability of 
animals. Exogenous enzymes will make reduce of intestinal 
viscosity when nonruminant animal eat rich this kind of 
anti-nutritional factors diet like barley, oats, rye and so on, 
because of exogenous enzymes can break down the 
anti-nutritional factors in the feed such as pentosan and glucan, 
so can improve the digestibility and absorption rate of this kind of 
feedstuff. Bedford (1992) demonstrated adding 0.2% enzyme 
complex improved body weight, ADG and digestibility of weaning 
pigs diets. Inborr et al (1993) test adding amylase, protease and 
cellulase in weaning pigs diet could improve ADG and G:F ratio.  

In the end of the fifties, enzymes began to use in poultry 
(Fry et al., 1958). Some of studied reported that it can reproved 
FCR when added β-mannanase in broiler diets (Jackson et al., 
2003a; Jackson et al., 2004b; Daskiran et al., 2004). Peek et al. 
(2009) tested the influence on a protease-supplemented 
corn-wheat-soy diet in a trial with broilers challenged with 
Eimeria spp. Ghazi et al. (2002) presented the influence on 
exogenous protease on the nutritional value of SBM in broilers 
diets. In Wu (2005) study, adding β-mannanase in 98-week-old 
hens, a 12-week trial with corn–SBM based diets was conducted. 
The trial showed β-mannanase with two levels of energy varying 
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by 120 kcal/kg. The enzyme treatment exceeded its control in all 
periods tested, and resulted in a numerical 2.2% improvement in 
egg production and a 2.5 % improvement in egg mass. 

4. The possibility of enzymes complex as feed 
additives

4.1 Enzymes complex

Enzymes complex is one or some enzymes as the main, and 
some of other enzymes. Enzymes complex can reduce the content 
of anti-nutritional factors and improve nutrient availability in 
animal feed to maximize the nutrition value in feed. In the 
developed farming, using enzymes complex is much better than 
added only single enzyme. Generally, there are three types of 
enzymes are mixed to form complex enzymes such as mixed 
dietary enzymes for carbohydrates, dietary enzymes for protein 
and dietary enzymes for phytate.

4.1.1 Dietary enzymes for carbohydrates 

Enzymes are classified by the substrates they act upon. 
Currently, in animal nutrition the types of enzymes should be 
used by degradation or decomposition of fiber, proteins, starch 
and phytate.

Fiber-degrading enzymes
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All plant feed ingredients contain dietary fibers. Dietary fiber 
is made from a number of complex carbohydrates (non-sharch 
polysaccharides) found in the cell walls of plants. Dietary fiber 
can be divided into soluble fiber and insoluble fiber. Fiber can act 
as an anti-nutrient in a large way. First, some nutrients such as 
starch and protein are resistant to utilize within the insoluble fiber 
cell walls. Pigs and poultry are unable to approach these nutrients 
because they do not produce the enzymes digesting the fiber 
within the cell wall when using plant feed ingredients. Secondly, 
soluble fibers dissolve in pig's gut, forming viscous gels that 
forbid nutrients and reduce the rates of digestion and accelerate 
the passage for feed in the gut. Thirdly, fiber has an ability for 
holding water and enrolls water-soluble nutrients. Finally, fiber is 
to form the bulk in the gut, which reduces the rate by the 
movement of feed, resulting in low feed intake or growth check 
was observed.

The two main fiber-degrading enzymes such as xylanase and 
β-glucanase are used in animal feed. Xylanases break down 
arabinoxylans, particularly usual in grains and their by-products. 
β-glucanases break down β-glucans that are particularly usual in 
barley and oats and their by-products. Other fibers degrading 
enzymes currently used in animal nutrition including β

-mannanase, pectinase and α-galactosidase.

Cellulases

Only controlled hydrolysis or the decrease of viscosity, 
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rather than complete hydrolysis to simple sugars, is required from 
the NSP enzymes used in animal feed. Several glucanase classes 
are able to break bonds in β-glucan to the extent required. 
Cellulases are a group of enzymes that degrade cellulose or β

-(1,4)-glucan. Enzymes are complicated with cellobiohydrolases (EC 
3.2.1.91), endoglucanases (EC 3.2.1.4) and β-glucosidases or 
cellobiases (EC3.2.1.21); the latter is usually included in the 
cellulase complex even though the enzyme mainly acts on the 
disaccharide cellobiose. Cellobiohydrolases can degrade crystalline 
parts of cellulose, whereas endoglucanases are to break down in 
the amorphous regions of the polymer. The cellobiohydrolases can 
be classified into CBHI/Cel7 and CBHII/Cel6 classes (the Cel 
designation refers to cellulases (Henrissat et al., 1998). They have 
activity to hydrolysis the cellulose chain at the ends as the end 
product. The difference in mode of action of the Cel7 
cellobiohydrolases and endoglucanases is indicated by their 
specifically structure. 

When assayed with barley β-glucan as the substrate, the 
optimum pH of yeast-expressed EGI was around 6.0 and the 
optimal temperature 60ºC (Zurbriggen et al., 1991; Karlsson et al., 
2002); The major β-glucanase activity in commercial Trichoderma 
preparations has an apparent MW of 56 kDa and pI of 4.3 (Vahjen 
and Simon, 1999), which is in agreement with the values of 55 
kDa and pI 4.7 for T. reesei EGI demonstrated by Pere et al. 
(1995); further support for this identification comes from the 
xylanase activity of the 56 kDa enzyme in tested Trichoderma 
preparations (Vahjen and Simon, 1999). A commercial Trichoderma 
β-glucanase and xylanase preparation, Roxazyme® G2, maintained 
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β-glucanase activity reasonably well when challenged with pelleting 
temperatures of 75ºC and 85ºC, retaining 58% and 25% of activity, 
respectively (Wu et al., 2002), indicating some degree of intrinsic 
thermostability.

Xylanases

The researches of xylanases (endo-1,4-β-xylanase, EC 
3.2.1.8; recently reviewed by Collins et al., 2005; Polizeli et al., 
2005) break down the xylan backbone randomly, resulting in 
non-substituted or branched xylooligosaccharides. For using for 
feed application, only a partial hydrolysis of xylan is needed for 
the decrease of viscosity and thus xylanase addition to feed is 
already high efficiency. However, several hemicellulases to 
complete hydrolysis of the complex structure of xylan are needed. 
The side-chaincleaving ‘accessory’ enzymes eliminate the 
substituent groups and the 1,4-β-Dxylosidase (EC 3.2.1.37) breaks 
down the xylobiose and xylooligosaccharides into xylose monomers 
(Sunna and Antranikian, 1997; Shallom and Shoham, 2003). The 
accessory enzymes for total hydrolysis of arabinoxylan include α

-L-arabinofuranosidase (EC 3.2.1.55), acetylxylan esterase and 
feruloylesterase (EC 3.1.1.72 and EC 3.1.1.73, respectively) and α

-Dglucuronidase (EC 3.2.1.139). Hydrolysis by xylanases of cereal 
xylans secrete oligosaccharides consisting of xylose or xylose and 
arabinose residues. Xylanase activity from enzyme samples can be 
verified by measuring the number of reducing sugars and the 
reduction of viscosity and by indication of products under 
enzymatic reaction. 
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Mannanases

Mannans occur in the forms of glucomannan, 
galactomannan, glucogalactomannan and glucurono-mannans in 
non-starch polysaccharides (NSPs) containing plants. Mannan and 
heteromannans are a part of the hemicellulose part of plant cell 
walls in all plants (Reid, 1985). Hemicelluloses are defined as water 
un-soluble polysaccharides but are solubilized by aqueous alkali 
(Selvendran and O’Neill, 1985). According to this characteristic, 
hemicelluloses include mannan, xylan, galactan and arabinan. β

-mannan, also symbol to as β-galactomannan, is a polysaccharide 
with recopying units of mannose with galactose or glucose 
approached to the β-mannan basic-stone. Since the 1990s, β

-mannanases have been found as key enzymes in the biological 
technology industry. Natural occurrence and industrial use of β

-mannancontaining substances have recommended the use of β

-mannanases in both industrial and animal feed. β-Mannans are 
most popular in a wide market of animal feed ingredients, 
including soybean meal, palm kernel meal, copra meal and sesame 
meal. Since soybean meal is a major protein source in Korea, β

-mannan is used in most feeds. Other common ingredients, such 
as corn and canola meal, also contribute to the β-mannan 
content of many diets for mono-gastric animals. Many studies 
have been shown the effects of β-mannanase on animal 
performance. Research with the mixed enzyme indicates, however, 
that β-mannanase is the active enzyme and has little or no effect 
on its efficacy when diet containing corn-soybean meal (Hsiao et 
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al., 2004; Jackson et al., 2004a). The mechanism of action of β

-mannanase in mono-gastric animals is related to the elimination 
and deactivation of the β-mannan components when using plant 
ingredient to formulate the animal diet. Supplementation with β

-mannanase has been reported to increase insulin secretion and 
improve energy utilization, decrease viscosity of digested in the 
digestive tract and forbid to stimulate the immune system.

Starch-degrading enzymes

The level of starch digestibility in plant-based feed 
ingredients will change according to the content of resistant 
starch, starch granule size, starch composition. Differences in 
plant genetics, growing, harvesting, handling, transport, storage 
and feed processes are all contributors to differences in starch 
digestibility.

Amylases can break down starch. By improving starch 
digestibility, amylases likely make pigs and poultry to compensate 
more energy from the feed, which can be formed into meat or 
improved egg production. In young pig diets, amylases provide 
benefits by supplementing an immature digestive system where low 
level of feed intake post-weaning is related with a maturation of 
the digestive system such as enzyme secretion. In addition, 
amylase also allows the use of fresh or un-completely processing 
grain in the diet to reduce feed cost and without compromising 
piglet performance after weaned.

Protease
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Proteases are protein-digesting enzymes that are added to 
the pig and poultry diet and can break down proteins in various 
plant materials. Seeds, particularly of much plants such as soy, 
contain high level of proteins, but the main part protein is to 
storage. Storage proteins can connect to starch. Proteases can 
help cut storage proteins, releasing some parts called energy-rich 
starch that can then be utilized by the animal.

Two major types of anti-nutritional factors are trypsin 
inhibitors and lectins. Trypsin inhibitors are shown in mainly plant 
proteins, such as soybean meal. They can inhibit digestion of 
protein because they are to block trypsin that is secreted by the 
pancreas to degrade protein to small peptides in the small 
intestine. Lectins are sugar-binding proteins that also have a 
negative effect on protein digestibility. When heated soy products 
anti-nutritional factors such as both the trypsin inhibitors and 
lectins are removed but excessive heat processing (high 
temperature) will affect the availability of amino acids lower, in 
particular lysine. So choosing optimal processing method of 
soybean meal will contain few levels of trypsin inhibitors and 
lectins. Proteases can be used leading to low levels of trypsin 
inhibitors and lectins and thus improve protein digestibility 
indirectly.

Protein consists of polymers of amino acids. All amino acids 
commonly were made of an amino and a carboxyl group, which 
interconnect every amino acid to peptide bonds that form the 
backbone of the protein. Every kind of amino acid has in addition 
a side-group and has different chemical properties, they can be 
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grouped into hydrophobic, hydrophilic or aromatic groups.  
Determines properties of the final protein decide by the specific 
composition and order of the amino acids in the protein, together 
with the three-dimensional structure. Gastric mucosa cell in pigs 
and the proventriculus in poultry can produce pepsinogen, a 
precursor for pepsin. When pepsinogen excreted into the digestive 
tract, it activated by pepsin on exposure to the acidic 
environment. Piper and Fenton (1965) reported that pepsin was an 
endoprotease, which hydrolyze peptide bonds containing 
phenylalanine, tyrosine and leucine at a pH range of 1.8–3.5. 
Pepsin is especially useful when have a high collagen content in 
digesting muscle, tendons and other components of meat. Bohak 
(1969) showed that chicken pepsin was active at less acidic 
conditions than pepsin from pigs and humans and was irreversibly 
inactivated at slightly alkaline pH. In the gastrointestinal tract, the 
pancreas is the major source of proteases. Most of the proteases 
are synthesized and inactive pro-enzymes. These proteases include 
chymotrypsinogen, trypsinogen and proelastase.

Phytase

In a long time ago, people found phytase activity in rice 
bran (Suzucki et al., 1907). Phytase can degradation of phytate 
and the release of phytate-bound phosphorus. This hydrolysis 
yields inorganic phosphorus stage by stage, lesser myo-inositol 
phosphate esters with diminished chelating capacities. Phytase can 
improve enhance P digestibility and counteract the anti-nutritive 
properties of phytate (Ravindran, 1995). Swick and Ivey (1992) 
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reported that phytate has been accurately described as ‘an 
anti-nutritional factor and an indigestible nutrient’. Several 
reviews of the roles of dietary phytate and microbial phytase have 
been completed (Bedford. 1995; Ravindran et al., 1995; Bedford 
and Schulze. 1998; Selle et al., 2000, 2006, 2009a; Cowieson et al., 
2006a, 2006b, 2009; Selle and Ravindran. 2007, 2008). However, 
focus on phytate and phytase is not only confined to pig and 
poultry nutrition, but also confined to human nutrition, medical 
science, food technology, plant physiology and plant breeding 
(Feil, 2001). Notionally, phytases can enable to degrade IP6 phytate 
completely to inositol and to liberate six P moieties. By contrast, it 
is maybe happened that endogenous phosphatases (associated with 
the brush border) do provide some inositol, especially in the more 
distal regions of the small intestine. Thus, the role of inositol 
genesis by microbial phytase and phosphatases in the overall 
virtue of such products is obscure and warrants in the further 
study. 

4.2 Effect of enzymes complex in growing-finishing pigs

Pig can release endogenous digestive enzymes, for example: 
amylase, protease, lipase and so on, but there is not enough 
ability to digest NSPs when too much in pig diet. Adding 
exogenous amylase and protease, not only compensate the lack of 
endogenous enzymes in the body, but also play a more important 
role in the secretion of endogenous enzymes. Resolving starch to 
dextrin, maltose fructose and glucose and resolving protein to 
amino acid, what they are good for digestion for starch and 
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protein in growing-finishing pigs. There do not produce enzymes 
of degradation of cell wall composition in pigs. Moreover pigs 
cannot utilize completely the nutrients what the cell wall are. 
There can make arabxylan, β-glucan, mannan, cellulose and 
pectin decomposition into small molecular sections when adding 
exogenous enzymes complex, there break down cell walls of 
complex structure, make nutrients release what in cell walls, and 
have a enough connection with the digestive enzymes in the small 
intestine, improve the availability of the nutrients (Aman and 
Hesselman, 1984). There have been numbers of soluble NSP in 
wheat, barley, rice and the result leads to improve the viscosity in 
intestine. Too high concentration of fiber can prohibit nutrient 
dissolution. The expanding of nutrients and endogenous digestive 
enzymes will more slowly and reduce the function of endogenous 
digestive enzymes for digestive nutrient and nutrient digestibility 
(Ikegami et al., 1990). Undigested nutrients approach the end of 
the small intestine, it will supply the carbon source to harmful 
microbial organisms to growth and anaerobic fermentation to 
produce toxins, and inhibit the growth of pigs. When adding 
enzyme of NSP decrease viscosity of chyme, thereby forbidden 
reproduction of harmful microbial, achieve better performance 
and improve nutrient digestibility (Bedford and Schulze, 1998).
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Effects of Exogenous Enzyme Complex 
(FarmzymeⓇ) Supplementation on Growth 

Performance, Nutrient Digestibility, Pork 
Quality,

Blood Profiles and Economical Analysis in 
Growing-finishing Pigs

Abstract： An experiment was conducted to examine the effects of 

exogenous enzyme complex (FarmzymeⓇ) supplementation on growth 

performance, nutrient digestibility, pork quality, blood profiles and 

economical analysis in growing-finishing pigs. A total of 80 growing pigs 

([Yorkshire × Landrace] × Duroc), averaging 28.9 ± 0.04 kg body 

weight, were allotted to 1 of 4 treatments based upon body weight and 

sex in a randomized complete block (RCB) design in 5 replicates with 

4 pigs per pen.  Treatments were divided by exogenous enzyme 

(FarmzymeⓇ) levels (0, 0.05, 0.1 or 0.15%) and corn-SMB basal diet 

was regarded as control treatment. Four phase feeding programs were 

used for 12 wk of whole experimental period; early growing (0-3 week), 

late growing (4-6 week), early finishing (7-9 week) and late finishing 

(10-12 week). During the whole experimental period, body weight, ADG 

and G:F were increased by addition of exogenous enzyme complex in 

diet (linear, P=0.02, P=0.02, P<0.01, respectively) while, ADFI was 

reduced with exogenous enzyme complex supplementation (linear, 

P=0.09,). In nutrient digestibility of growing pigs, crude fat and protein 

digestibilities were increased by exogenous enzymes complex in the 

diet (linear P=0.05, P=0.10 respectively). There were no significant 
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differences in the blood urea nitrogen (BUN), but blood glucose 

increased significantly in late growing phase (quadratic, P<0.01). In pork 

quality, there were no significant differences although some values were 

varied. When exogenous enzyme complex was supplementedn in diet, 

days to reach 115kg market weight was shortened and cost of feed 

was cheaper than control treatment. Consequently, when pigs were fed 

diets with high level of exogenous enzyme complex (FarmzymeⓇ), a 

better growth  performance was observed in growing-finishing period 

and was higher when  0.15% of exogenous enzyme complex was 

provided. 

Key words: Growing-finishing pig, Growth performance, Non-starch   
            polysaccharides, Exogenous enzyme complex (FarmzymeⓇ)
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Introduction

In Korea, the prices of swine feed are continually increased 

subsequently price of feed became much higher than increase of cost 

of production. Therefore, alternative ingredients needed to utilize in 

swine diet moreover, bioavailability of nutrients in swine should be 

improved. Many researchers have revealed that rapeseed meal or palm 

kernel meal is relative comparable values of nutrients and it is cheaper 

than corn or SBM (O’Doherty and McKeon, 2000; Fang et al., 2007). 

However, rapeseed or palm kernel meals has relatively high 

non-starch polysaccharide (NSP) content (Slominski et al., 2004), it is 

considered as an anti-nutritional factor in swine and poultry diets. 

Previous investigation showed that a high content of plant cell wall 

(mannan in particular) may lead to problem such as reduced rate of 

digestion (Li et al., 1998) and interfered with absorption of nutrients 

(Pluske et al., 1998). Additionally, the high content of mannan also 

caused viscosity with aqueous solutions, mineral and protein in the 

gastrointestinal tract of monogastric animals where it influenced on 

nutritional intake, growth performance and feed efficiency in weaning 

piglets (Veldman, 1993; Pluske et al., 1998). 

Supplementing exogenous enzymes in swine diet has attracted a 

considerable interest to not only stimulate nutrient digestion but also 

minimize the negative effect of NSP and antinutritional factors in pig. 

Low nutrient digestibility of rapeseed meal or palm kernel meal which 

caused by NSP and phytate can be improved by enzymes complex (β

-mannanase, xylanase and phytase), resulting in improvement of 

nutrient utilization. Pettey et al. (2002) reported that the feeding value 

of rapeseed meal and palm kernel meal diet can be improved by using 
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xylanase and phytase, showed a similar nutrient digestibility and growth 

performance in pigs. Consequently, exogenous enzymes would possibly 

be supplemented in growing-to finishing pig diet in order to improve 

nutrient digestibility and ensure economic profit. The present study was 

conducted to investigate the effect of exogenous enzyme complex 

supplementation on growth performance, carcass characteristics, nutrient 

digestibility and nutrient in growing- finishing pigs.



- 32 -

Materials and Methods

Experimental Animals and Feeding

A total of 80 growing pigs ([Yorkshire × Landrace] × Duroc), averaging 

28.9 ± 0.04 kg body weight, were allotted to 1 of 4 treatments based 

upon body weight and sex in a randomized complete block (RCB) 

design in 5 replicates with 4 pigs per pen.  Treatments were divided 

by exogenous enzyme (FarmzymeⓇ) levels (0, 0.05, 0.1 or 0.15%) and 

corn-SMB basal diet was regarded as control treatment. Four phase 

feeding programs were used for 12 wk of whole experimental period; 

early growing (0-3 week), late growing (4-6 week), early finishing (7-9 

week) and late finishing (10-12 week). 

Animals were housed in a 1.4 × 2.5 m2 concrete slotted floor in 

growing phase and in a 1.7 × 2.5 m2 installed plastic floor during 

growing and finishing period, respectively pigs were fed  feed and 

water ad libitum during the experimental period. The house temperature 

was 25oC in growing phase and 21oC in finishing phase.

Body weight and feed intake were recorded in every 3 weeks 

interval to calculate BW, ADG, ADFI and G:F ratio of the pigs.

Experimental Diet

Enzyme complex (FarmzymeⓇ; Patent, 10-0477456-0000; CTC bio 

Inc., Seoul, Republic of Korea) which contains β-mannanase （200,000 

U/kg）, α-amylase(250,000 U/kg), xylanase (1,000,000 U/ kg), protease 

(125,000 U/kg), phytase (200,000 U/kg) and β-glucanase (38,000 U/kg) 

were added 0.05 %, 0.10 % or 0.15 % in basal diet. All nutrients of 

experimental diets were met or exceeded the nutrient requirement of 
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NRC (1998). Formula and chemical composition of experimental diets 

were presented in Tables 1, 2, 3 and 4.

Blood Sampling

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

treatment for measuring blood urea nitrogen (BUN) and glucose when 

body weights were recorded. Collected blood samples were quickly 

centrifuged for 15 min by 3,000 rpm at 4 oC. Then, pure sera samples 

were aspirated by pipette and stored at -20 oC until later analysis. 

Total BUN and glucose concentrations were analyzed using blood 

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

Co.) 

Digestibility Trial

Digestibility trial was conducted in completely randomized design 

(CRD) with 4 replicates. A total of 16 YLD ([Yorkshire × Landrace] × 

Duroc) growing barrows, average body weight was 56.2 kg and they 

were individually allotted in an individual metabolic crate. After a 5 days 

adaptation period, sample was done for 5 days. 

The experimental diets were provided twice daily on 800g with 

late growing phase feed at 07:00 and 19:00. At the first and d last 

feeding, 8g of ferric oxide and chromium oxide were added in 

experimental diet, respectively and water was provided ad libitum. 

Excreta and urine were collected daily and reserved -20oC until later 

analysis. When collection was finished, the excreta were dried in an 

air-forced drying oven at 60 oC for 96 h, and ground into 5mm 

particles in a Wiley mill for chemical analysis.
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Carcass Traits

4 pigs from each treatment were randomly selected and 

slaughtered at average 117.2kg for the carcass analysis at the end of 

experiment. Pork samples were used from nearby 10th rib on right side 

of carcass. The time to measured pH and pork color were in initial 

time, 6 h, 12 h, 18 h 24 h. The pH was measured using a pH meter 

(Model 720, Thermo Orion, U.S.A) and pork color was measured by 

CIE color L*, a* and b* values using a CR300 (Minolta Camera Co,. 

Japan).

Pork Quality

A total of 16 of finishing pigs were slaughtered in slaughter house 

in Cheongwon-gun, Chungcheongbuk-do. Livestock product grading 

standard used Korea Institute for Animal Products Quality Evaluation 

and feed price is based on market price from Mar. to Apr. 2014. Water 

holding capacity of pork was measured by centrifuge method. 

Longissimus muscles were ground and sampled in filter tube, then 

heated in water bath at 80oC for 20 min and centrifuged for 10 min at 

2,000 rpm and 10oC (Eppendorf centrifuge 5810R, Germany). After that, 

to calculate the cooking loss, longissimus muscles were packed with 

polyethylene bag and heated in water bath until core temperature 

reached 72oC and weighed before and after cooking. After heated, 

samples are cored (0.5 inch in diameter) parallel to muscle fiber and 

the cores were used to measure the shear force using a salter 

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

holding capacity of pork were analyzed by National Institute of Animal 
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Science.

Economical Analysis

All of the experimental pigs were lived in the same environmental 

condition, economical efficiency was only thought about the feed cost. 

The feed cost(won) per body weight gain (kg) was calculated using 

total feed intake and feed price. Days to reach market weight(115kg) 

was from the body weight at the end of the feeding trial. 

Statistical Analysis

All of experimental diets were analyzed using PROC MIXED 

procedures of SAS. Every pen was used as the one unit in feeding 

trial, and individual pig was used as the experimental unit in digestive 

trial, blood profiles and carcass analysis. The significance for treatment 

effects was reported at P<0.05, with a trend was 0.05<P<0.10.
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Results and discussion

Growth Performance   

The effect of supplementation of exogenous enzyme complex 

levels on growth performance in growing-finishing pigs was presented in 

Table 5. In growing phase, body weight (BW), average daily gain 

(ADG), average daily feed intake (ADFI) and gain to feed ratio had no 

differnece as exogenous enzyme complex level increased. During early 

of finishing period, there were no statistical differences in BW (P=0.09), 

ADG (P=0.09) and ADFI (P=0.06) but those values tended to increase 

when exogenous enzyme complex level increased. During late of 

finishing phase, BW (P=0.02), ADG (P<0.01) and G:F ratio (P<0.01) 

were linearly increased as exogenous enzyme complex level increased. 

Furthermore, a linear responses on ADG, ADFI and G:F were observed 

as increasing level of exogenous enzyme complex in diet in whole 

finishing period. During the whole experimental period, ADG and G:F 

were increased by addition of exogenous enzyme complex in diet 

(linear, P=0.02, P<0.01, respectively).

Many studies with exogenous enzyme complex as a feed additive 

were conducted in growing-finishing pigs (Hesselman and Aman, 1986;  

Ikegami et al., 1990). They indicated that exogenous enzyme 

supplementation as a feed additive in pig diet had positive effects on 

growth performance. Pettey et al. (2002) reported adding exogenous 

enzyme to diets containing soybean meal had a positive influence on 

pigs and improved the G:F ratio (P<0.01). Similarly, supplementation of 

exogenous enzyme to growing- finishing pig diet has increased G:F 

ratio and lean gain (Hahn et al., 1995; Jo et al., 2012). The results of 

current study were in some parts of agreements with what they had 
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reported, exogenous enzyme complex supplementation showed a 

beneficial effect on G:F ratio only in finishing period. 

The results of growth performance in growing period did not show 

a detectable effect on BW, ADFI or G:F ratio. However, Some studies 

showing the beneficial effects of adding exogenous enzyme to growing 

diet had been reported (Emiola et al., 2009; Jo et al., 2012; Cozannet 

et al., 2012）. On the contrary,  some previous studies represented 

growth performance were not affected by supplementation of exogenous 

enzymes (Officer, 1995). These variations in studies might be due to 

the difference in composition of diets, types of enzymes used, feeding 

environment and the mode of action of exogenous enzymes in the 

gastrointestinal tract (Jo et al., 2012). During the finishing period, the 

results in the present study showed a improved response in body 

weight gain and G:F ratio. These results are in a similar agreement 

with Yoon et al. (2010), who demonstrated increasing β-mananase 

levels in growing-finishing diets, resulted in the changes of ADG and an 

numerically increase of G:F ratio during finishing period, but no change 

of feed consumption. However, feed consumption in the current study 

was linearly decreased as enzyme level increased during whole 

finishing period. Differences in the other studies about feed consumption 

were caused by fiber content and the types of fiber in feed ingredients. 

When pigs were fed diets containing exogenous enzymes, enzyme 

could reduce the viscosity of the diet because of less combination with 

soluble fibers, then accelerated the passage rate in GI tract resulted in 

increasing of  feed intake (Baurhoo et al., 2007). Meanwhile, adding 

exogenous enzyme could reduce the contents of fibers in diet, which 

also can be degraded to compensate for energy or increase nutrient 

digestibility and utilization (Jo et al., 2012). In some of other studies, 
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Kim and Baker (2003) reported the exogenous enzymes 

supplementation positively affected the performance of grower pigs 

(body weight), not of finisher pig (body weight). Based upon these 

studies, the results of the present study indicated increasing level of 

exogenous enzyme complex in pig diet achieved a better growth 

performance in finishing period , expecially BW and G:F ratio. 

Nutrient Digestibility 

Addition of exogenous enzyme complex in growing-finishing pig 

diet showed no detectable effects on nutrients digestibility except for fat 

digestibility (Table 6). Among nutrient digestibility, there was a linear 

improvement in fat (P=0.05) digestibility by increasing level of 

exogenous enzyme complex in pig diet. Although statistical differences 

were not observed in nitrogen retention, numerically decreases of fecal 

nitrogen and urea nitrogen retention as exogenous enzyme complex 

level was increased in pig diet, leading to the increase numerically 

nitrogen digestion.

Pig fed a diet supplemented with β-glucanase had no detectable 

difference in nutrient digestibility (Li et al., 1996b). In contrast to the 

present results, observations in nutrient digestibility did not agree with 

the report by Li et al. (1996b), in some of other studies, Ji et al. 

(2008) reported the increases in DM, CP, and energy digestibility in 

growing pigs fed a diet supplemented with β-glucanase-protease 

enzyme blend. Increased digestibility of DM and CP were also reported 

by supplementation of amylase, protease, and xylanase to a 

corn-SBM-based diet fed to growing pigs (Li et al., 2010). The 

improvement in fat digestibility in pigs fed the diet supplemented with 
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the exogenous enzymes was observed in the present study. It is clear 

that the use of cell wall degrading enzymes has improved fat 

digestibility (Campbell et al., 1983; Classen et al., 1995; Dusel et al., 

1997), The NSPs are known to increase a hydrolysis of bile salts 

which can inhibit fat utilization. More recently, Dégan et al. (2007) 

observed that inclusion of dietary fiber reduced the fat digestibility due 

to the increased bacterial biomass. In the present study, increased 

crude fat digestibility might be associated with increased NSP hydrolysis 

by the enzyme. On the other hand, observations in nitrogen retention 

may be associated with low NSP content in feeding diet or composition 

of exogenous enzyme complex including protease in the current study. 

Two view points of explanation for nitrogen retention were to be 

established, one of which was low NSP content that meant adding 

exogenous enzyme to pig diet could degrade cell wall containing NSP 

to easily assimilate nutrients from plant-derived ingredient (Vries et al., 

2012). Another was protease in exogenous enzyme complex degraded 

protein in the digestive system to improve nitrogen utilization (David 

and Lowe, 2007). This results indicated the increasing level of 

exogenous enzyme complex has benefit on fat digestibility and an 

improvement of nitrogen retention is not enough to affect the 

performance of pig during growing phase.

 Blood Profiles

Blood profiles parameters concentration during feeding trial were 

presented in Figures 1 and 2. In growing period, there was the 

significant difference on glucose concentration when pigs were fed diet 

with increasing exogenous enzyme complex level in linear and 

quadratic responses (P=0.01 and P=0.01, respectively).  

The concentrations of plasma glucose increased linearly in 
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growing-finishing pigs fed the diets with increasing exogenous enzyme, 

(Yoon et al., 2010). However, the results of the present study showed 

who used grower pigs to add exogenous enzyme by 0.05% had lower 

glucose concentration compared with other treatments. Mannans and 

galactomannans might reduce the absorption of glucose and decrease 

the production of insulin (Rainbird et al., 1984; Nunes and Malmlof, 

1992). Quadratic response of glucose concentration probably indicated 

the lack of exogenous enzyme addition or variation in feed ingredients 

used and the mixture ratio in diet, these reasons also were to lost its 

function or was not functioning completely in animal digestive tract 

when added by 0.05 % in pig diet. The difference may be related to 

difference in the timing of sampling relative to the postprandial insulin 

response curve (Ligt et al., 2002).  

The BUN has been known to a good indicator for evaluation in 

protein quality and protein intake by pigs (Eggum, 1970). High level of 

BUN represented that excessive amino acids were metabolized and 

circulated in the blood during the excretion. In the current study, there 

was no effect of exogenous enzymes complex on BUN in 

growing-finishing pigs.

 

Pork Quality

Previous study found that crude fat content in the logissimus and 

oxidative rate increased (Madsen et al., 1992). Because of the 

improved crude fat digestibility, fatty acids are incorporated in the diets, 

the backfat became softer, and other undesirable characteristics of 

meat quality mainly caused by oxidation, such as reduced storage 

stability, rancidity, off-flavours.  The analysis of TBARS is an index of 

fat oxidation rate and shelf life. But in this study, Figure 3 showed the 
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effects of increasing exogenous enzyme complex level on TBARS 

assay and have no significant difference in TBARS assay.

In this study, increasing level of exogenous enzyme complex level 

did not affect the drip loss, cooking loss, shear force, WHC and 

proximate analysis of meat after slaughter shown in Table 7. The 

results of the present study was an agreement with Shelton et al. 

(2004) who demonstrated addition of exogenous enzymes in finishing 

pig diets, resulting in no detectable effects on drip loss, cooking loss, 

shear force, WHC and proximate analysis of meat after slaughter.

The pH change of pork is a very important factor that determines 

the quality of pork and has an influence on freshness, tenderness, 

meat color and texture. It is also an important factor for the storage. In 

fact, the initial pH is regarded as an indication of PSE (pale soft and 

exudative) pork and the final pH is acknowledged as an estimation of 

DFD (dark firm and dry). In this experiment, The effects of dietary 

levels of exogenous enzymes complex on meat color and pH after 

slaughter was shown in Figure 4. There was linear trend in pH 

changes could be observed in 12 (P=0.07) and 24 (P=0.07) hours. In 

general, pH decline is accelerated and ultimate pH is reduced because 

of muscle glycogen content (Leheska et al., 2002; Tikk et al., 2005; 

Bee et al., 2006). If pork got excessive stress while being delivered or 

slaughtered, the use of glycogen might be changed causing to 

abnormal change in pH.

For meat colors. the results was shown in Table 8. There was no 

significant difference in L* value but the changes of a* and b* value 

were observed at 6 hours when fed diets with increasing level of 

exogenous enzyme complex, resulting in linear response (P=0.04, 

P<0.01). The same result that energy improved by adding exogenous 
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enzyme have no detectable effects on L and b* value (Hinson et al., 

2011). Adding exogenous enzymes could degrade cell wall, so that it 

improved absorption of nutrients and compensated for energy in 

utilization (Campbell et al. 1983). Furthermore, pigs fed diet containing 

exogenous enzyme complex by E5 had lowest value of a* at 24 hours 

(quadratic, P=0.01). Generally, when the Hunter a* value is too low, the 

meat is likely to be incidence of PSE pork, Meanwhile if the value is 

too high, it might be DFD pork. Hunter L* value demonstrates 

brightness, Hunter a* value is an indicator of redness and an increase 

in yellow has a negative influence on  the freshness of pork. Magali et 

al. (2007) reported the value of pH, L*, b* in PSE and DFD were 5.46, 

54.43, 8.48 and 5.80, 43.95, 6.37, respectively. In this study, adding 

enzymes had no significant differences in pH, L and b value which 

also were in the normal range of value in 24 hours. The exogenous 

enzyme complex supplementation in pig diets had no negative effect on 

meat colors.

Economical Analysis

The effects of exogenous enzyme complex level on feed cost per 

weight gain, total pig cost per pig and days to reached 115kg body 

weight were presented in Table 9. There was significant linear 

response (P<0.01)  in feed cost per weight gain during late finishing 

period, according to effect of exogenous enzyme complex levels. Also, 

total feed cost per pig was affected by exogenous enzyme complex 

levels during late finishing period (P<0.01). A decrease trend of total 

cost per pig and the total feed cost ratio  were observed linearly as 

exogenous enzyme complex level increased (P=0.07). Moreover, the 

days to reaching 115 kg body weight was reduced linearly when pigs 

were fed diet with increasing levels of exogenous enzyme complex 
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(P=0.01).

In growing period, there was no influence on the feed cost per 

weight gain and total feed cost for market weight but linear decreases 

of feed cost per weight gain and total feed cost per pig were observed 

in late finishing period.  



- 44 -

Conclusion

Addition of exogenous enzyme complex in growing-finishing pig 

diet showed positive effects on growth performance during finishing 

period, expecially body weight and G:F ratio. In the results of nutrient 

digestibility, there were significant increase on fat digestibility as 

increasing levels of exogenous enzyme complex. With exogenous 

enzyme complex supplementation, linear and quadratic responses of 

glucose concentration were observed in late growing period. In 

economical analysis, there were significant differences in feed cost per 

weight gain and per pig in late finishing period, resulting in linear 

response respectively. When adding 0.15 % of exogenous enzyme 

complex to the feed, the total feed cost is 4.36% cheaper and the 

body weight get to market weight (115kg) 9 days faster than control 

treatment. There were positive effects of supplementation of enzyme 

complex on growth performance, nutrient digestibility and blood profiles 

in finishing pigs. Consequently, pigs fed diets with high levels of 

exogenous enzyme complex could achieve better growth performance 

during finishing period and linear response was observed in pig growth 

with a increasing level of exogenous enzyme complex by 0.15 % in the 

present study.
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Ingredients, % Exogenous enzyme complex, %
0 0.05 0.10 0.15

 Corn 61.31 61.38 61.45 61.52
 SBM, 45% 23.44 23.48 23.52 23.56
 Palm kernel meal 5.00 5.00 5.00 5.00
 Rapeseed meal 5.00 5.00 5.00 5.00
 Wheat bran 1.61 1.45 1.29 1.13
 L-lysine∙HCl 0.13 0.13 0.13 0.13
 Limestone 0.75 0.75 0.75 0.75
 Soy-oil 1.31 1.31 1.31 1.31
 DCP 0.95 0.95 0.95 0.95
 Vit. Mix1 0.10 0.10 0.10 0.10
 Min. Mix2 0.10 0.10 0.10 0.10
 Salt 0.30 0.30 0.30 0.30
 Enzyme complex3 0.00 0.05 0.10 0.15
 Total 100.00 100.00 100.00 100.00
Chemical composition 
 ME, kcal/kg 3,265.00 3,265.03 3,265.05 3,265.08
 Crude protein, % 18.00 18.00 18.00 18.00
 Lysine, % 0.95 0.95 0.95 0.95
 Methionine, % 0.27 0.27 0.27 0.27
 Calcium, % 0.60 0.60 0.60 0.60
 Total P,% 0.50 0.50 0.50 0.50

Table 1. Formula and chemical composition of diets in early 
growing phase.

1Provided the following quantities of vitamins per kg of complete diet : Vit A, 16,000IU; 
Vit D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium pantothenic 
acid, 16mg; Niacin, 32mg; d–Biotin, 128ug; Vit.B12, 20ug.

2Provided the following quantities of minerals per kg of complete diet : Fe, 
281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.

3Provided the following quantities of enzyme complex diet : β-mannanase （200，

000 U/kg）, α-amylase(250,000 U/kg), xylanase (1,000,000 U/kg), protease 
(125,000 U/kg), phytase (200,000 U/kg) and β-glucanase (38,000 U/kg).
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Ingredients, % Exogenous enzyme complex, %
0 0.05 0.10 0.15

 Corn 66.46 66.53 66.60 66.67
 SBM, 45% 18.89 18.93 18.97 19.01
 Palm kernel meal 5.00 5.00 5.00 5.00
 Rapeseed meal 5.00 5.00 5.00 5.00
 Wheat bran 1.60 1.44 1.28 1.12
 L-lysine∙HCl 0.09 0.09 0.09 0.09
 Limestone 0.66 0.66 0.66 0.66
 Soy-oil 0.95 0.95 0.95 0.95
 DCP 0.85 0.85 0.85 0.85
 Vit. Mix1 0.10 0.10 0.10 0.10
 Min. Mix2 0.10 0.10 0.10 0.10
 Salt 0.30 0.30 0.30 0.30
 Enzyme complex3 0.00 0.05 0.10 0.15
 Total 100.00 100.00 100.00 100.00
Chemical composition 
 ME, kcal/kg 3,265.01 3,265.03 3,265.06 3,265.09
 Crude protein, % 16.30 16.30 16.30 16.30
 Lysine, % 0.82 0.82 0.82 0.82
 Methionine, % 0.25 0.25 0.25 0.25
 Calcium, % 0.54 0.54 0.54 0.54
 Total P,% 0.47 0.47 0.47 0.47

Table 2. Formula and chemical composition of diets in late 
growing phase.

1Provided the following quantities of vitamins per kg of complete diet : Vit A, 
16,000IU; Vit D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium 
pantothenic acid, 16mg; Niacin, 32mg; d–Biotin, 128ug; Vit.B12, 20ug.
2Provided the following quantities of minerals per kg of complete diet : Fe, 
281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
3Provided the following quantities of enzyme complex diet : β-mannanase 
（200，000 U/kg）, α-amylase(250,000 U/kg), xylanase (1,000,000 U/kg), protease 
(125,000 U/kg), phytase (200,000 U/kg) and β-glucanase (38,000 U/kg).
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Ingredients, % Exogenous enzyme complex, %
0 0.05 0.10 0.15

 Corn 68.89 68.96 69.03 69.10
 SBM, 45% 16.74 16.78 16.82 16.86
 Palm kernel meal 5.00 5.00 5.00 5.00
 Rapeseed meal 5.00 5.00 5.00 5.00
 Wheat bran 1.66 1.50 1.34 1.18
 L-lysine∙HCl 0.06 0.06 0.06 0.06
 Limestone 0.63 0.63 0.63 0.63
 Soy-oil 0.77 0.77 0.77 0.77
 DCP 0.75 0.75 0.75 0.75
 Vit. Mix1 0.10 0.10 0.10 0.10
 Min. Mix2 0.10 0.10 0.10 0.10
 Salt 0.30 0.30 0.30 0.30
 Enzyme complex3 0.00 0.05 0.10 0.15
 Total 100.00 100.00 100.00 100.00
Chemical composition 
 ME, kcal/kg 3,265.01 3,265.03 3,265.06 3,265.08
 Crude protein, % 15.50 15.50 15.50 15.50
 Lysine, % 0.75 0.75 0.75 0.75
 Methionine, % 0.25 0.25 0.25 0.25
 Calcium, % 0.50 0.50 0.50 0.50
 Total P,% 0.45 0.45 0.45 0.45

Table 3. Formula and chemical composition of diets in early 
finishing phase.

1Provided the following quantities of vitamins per kg of complete diet : Vit A, 
16,000IU; Vit D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium 
pantothenic acid, 16mg; Niacin, 32mg; d–Biotin, 128ug; Vit.B12, 20ug.
2Provided the following quantities of minerals per kg of complete diet : Fe, 
281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
3Provided the following quantities of enzyme complex diet : β-mannanase 
（200，000 U/kg）, α-amylase(250,000 U/kg), xylanase (1,000,000 U/kg), protease 
(125,000 U/kg), phytase (200,000 U/kg) and β-glucanase (38,000 U/kg).
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Ingredients, % Exogenous enzyme complex, %
0 0.05 0.10 0.15

 Corn 75.71 75.78 75.85 75.92
 SBM, 45% 10.53 10.57 10.61 10.65
 Palm kernel meal 5.00 5.00 5.00 5.00
 Rapeseed meal 5.00 5.00 5.00 5.00
 Wheat bran 1.68 1.52 1.36 1.20
 L-lysine∙HCl 0.05 0.05 0.05 0.05
 Limestone 0.65 0.65 0.65 0.65
 Soy-oil 0.33 0.33 0.33 0.33
 DCP 0.55 0.55 0.55 0.55
 Vit. Mix1 0.10 0.10 0.10 0.10
 Min. Mix2 0.10 0.10 0.10 0.10
 Salt 0.30 0.30 0.30 0.30
 Enzyme complex3 0.00 0.05 0.10 0.15
 Total 100.00 100.00 100.00 100.00
Chemical composition 
 ME, kcal/kg 3,265.03 3,265.05 3,265.08 3,265.11
 Crude protein, % 13.20 13.20 13.20 13.20
 Lysine, % 0.60 0.60 0.60 0.60
 Methionine, % 0.23 0.23 0.23 0.23
 Calcium, % 0.45 0.45 0.45 0.45
 Total P,% 0.40 0.40 0.40 0.40

Table 4. Formula and chemical composition of diet in late 
finishing phase.

1Provided the following quantities of vitamins per kg of complete diet : Vit A, 
16,000IU; Vit D3, 3,200IU; Vit. E, 35IU; Vit. K3, 5mg; Rivoflavin, 6mg; Calcium 
pantothenic acid, 16mg; Niacin, 32mg; d–Biotin, 128ug; Vit.B12, 20ug.
2Provided the following quantities of minerals per kg of complete diet : Fe, 
281mg; Cu, 288mg, 143mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
3Provided the following quantities of enzyme complex diet : β-mannanase 
（200，000 U/kg）, α-amylase(250,000 U/kg), xylanase (1,000,000 U/kg), protease 
(125,000 U/kg), phytase (200,000 U/kg) and β-glucanase (38,000 U/kg).
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Criteria Exogenous enzyme complex, % SEM2 P-value
0 0.05 0.10 0.15 Linear Quadratic

Body weight3, kg
 Initial 28.88 28.90 28.86 28.80  0.04  -  -
 3 week 45.25 46.16 46.37 46.66  0.82  0.13  0.62
 6 week  64.89 66.88 66.31 67.21  0.99  0.29  0.41
 9 week  82.87 86.73 86.73 87.03  0.88  0.09  0.40
 12week 104.46 109.61 109.82 111.27  1.35  0.02  0.31
ADG, g
 0-3 week  783  823   832   847 18.92  0.15  0.69
 4-6 week  935  987   950   979 13.05  0.21  0.89
 0-6 week  859  905   891   913 14.75  0.32  0.43
 7-9 week  856  945   919   935 21.16  0.09  0.29
 10-12week 1,002 1,090 1,228 1,229 34.86 <0.01  0.27
 7-12week  942 1,017 1,036 1,049 17.75  0.01  0.22
 0-12week  901  961   963  981 12.26  0.02  0.33
ADFI ,g
 0-3 week 1,939 1,943 2,014 1,955 47.10  0.80 <0.01
 4-6 week 2,813 2,809 2,804 2,730 39.49  0.67  0.60
 0-6 week 2,376 2,376 2.409 2,342 39.80  0.84  0.51
 7-9 week 3,145 3,267 2,972 2,947 57.42  0.06  0.45
 10-12week 4,082 4,170 4,094 3,775 58.04  0.06  0.08
 7-12week 3,613 3,718 3,533 3,361 51.98  0.04  0.15
 0-12week 2,995 3,047 2,971 2,852 39.29  0.09  0.18
G:F ratio   
 0-3 week 0.40 0.43 0.41 0.43  0.01  0.15  0.92
 4-6 week 0.33 0.35 0.34 0.36  0.01  0.36  0.49
 0-6 week 0.36 0.38 0.37 0.39  0.01  0.25  0.39
 7-9 week 0.28 0.29 0.31 0.32  0.01 <0.01  0.84
 10-12week 0.25 0.26 0.30 0.33  0.01 <0.01  0.66
 7-12week 0.26 0.27 0.29 0.31  0.01 <0.01  0.64
 0-12week 0.30 0.31 0.32 0.34  0.01 <0.01  0.73

Table 5. Effect of supplementation of exogenous enzymes complex 
on growth performance in growing-finishing pigs1.

1A total of 80 crossbred pigs was fed from average initial body weight 
28.86±0.043kg and the average of weight was 108.79kg.
2Standard error of mean.
3Value are means for four pens of four pigs per pen.
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Criteria
Exogenous enzyme complex, % SEM

1
P-value

0 0.05 0.10 0.15 Linear Quadratic
Nutrient digestibility (%)
 Dry matter  82.28  81.22  83.13  83.10 0.65 0.84 0.51
 Crude protein  76.66  76.18  79.31  79.95 0.90 0.12 0.74
 Crude ash  46.23  44.58  43.17  45.66 1.78 0.91 0.71
 Crude fat  63.12  70.65  70.12  73.78 1.63 0.05 0.53
Nitrogen retention2 (g/day)
 N-intake 189.65 191.82 191.15 189.72 - - -
 N-feces  44.27  45.69  39.45  37.77 1.75 0.10 0.63
 N-urine  83.96  87.64  75.40  71.66 2.01 0.10 0.54
 N-retention  61.42  58.50  76.30  80.28 5.07 0.11 0.71
 N-digestility(%)  32.39  30.50  39.92  42.32 2.67 0.10 0.66

Table 6. Effects of supplementation of exogenous enzymes complex 
on nutrient digestibility in growing pigs.

1Standard error of mean
2N retention = N intake (g) - Fecal N (g) – Urinary N (g).
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Figure 1. Concentrations of blood glucose in 
growing-finishing pigs fed diets supplemented with 
exogenous enzymes complex.  

Figure 2. Concentrations of blood urea nitrogen (BUN) 
in growing-finishing pigs fed diets supplemented with 
exogenous enzymes complex. 
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Figure 3. Effects of supplementation of exogenous 
enzymes complex on TBARS Assay. 
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Criteria Exogenous enzyme complex, % SEM1 P-value
0 0.05 0.10 0.15 Linear Quadratic

Proximate analysis
 Moisture 72.22 72.34 70.79 71.22 0.42 0.13 0.80
 Crude protein 22.31 23.55 24.89 23.84 0.49 0.12 0.17
 Crude fat 3.22 2.93 3.64 3.68 0.35 0.33 0.35
 Crude ash 0.96 1.11 1.20 1.04 0.05 0.43 0.11
Drip   loss after slaughter % (hour)
  6 1.01 0.38 0.75 0.76 0.12 0.58 0.07
 12 1.56 1.09 1.45 1.43 0.14 0.97 0.26
 18 2.67 1.78 2.42 1.99 0.16 0.20 0.35
 24 2.95 2.55 3.09 2.49 0.17 0.59 0.78
Physiochemical property
 Cooking loss 32.03 32.38 31.85 31.70 0.16 0.36 0.49
 Shear force 3.48 4.67 3.96 4.22 0.22 0.43 0.29
 WHC 56.79 56.29 57.00 55.98 0.25 0.51 0.65

Table 7. Effects of supplementation of exogenous enzymes complex 
on pork quality.

1Standard error of mean
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Criteria Exogenous enzyme complex, % SEM1 P-value
Con 0.05 0.10 0.15 Linear Quadratic

CIE value, L (hour)
  0 39.92 40.11 41.23 39.44 0.44  0.94 0.34
  6 45.64 45.26 43.97 43.89 0.48  0.18 0.88
 12 46.45 44.79 45.57 44.74 0.61  0.47 0.76
 18 45.66 44.08 44.82 46.04 0.45  0.67 0.18
 24 47.12 45.90 45.85 46.66 0.43  0.92 0.62
CIE value, a (hour)
  0  3.65  1.64  2.87  2.08 0.29  0.09 0.17
  6  5.22  3.57  4.58  3.32 0.32  0.04 0.66
 12  4.93  4.02  4.64  4.06 0.27  0.27 0.66
 18  4.87  4.40  4.79  4.13 0.28  0.30 0.81
 24  5.74  4.57  4.92  4.98 0.31  0.33 0.01
CIE value, b (hour)
  0  5.04  4.08  4.68  4.06 0.18  0.14 0.62
  6  6.92  6.01  6.16  5.72 0.18 <0.01 0.30
 12  6.95  5.94  6.45  6.35 0.20  0.47 0.26
 18  6.76  6.16  6.36  6.59 0.18  0.82 0.20
 24  7.44  6.59  6.86  7.25 0.20  0.34 0.19

Table 8. Effects of supplementation of exogenous enzymes complex 
on meat color after slaughter.

1Standard error of mean
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Figure 4. Effects of supplementation of exogenous 
enzymes complex on pH after slaughter. 
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Criteria
 Exogenous enzyme complex, %

SEM1 P-value
0 0.05 0.10 0.15 Linear Quadratic

Feed cost per weight   gain, won/kg
 Early growing 974 938 974 934 14.03  0.48 0.95
 Late growing 1,120 1,068 1,119 1,070 15.33  0.47 0.97
 Early finishing 1,284 1,271 1,210 1,181 26.22  0.15 0.89
 Late finishing 1,373 1,285 1,142 1,051 42.21 <0.01 0.98
Total feed cost per   pig, won/head
 Early growing cost 16,002 16,201 16,960 16,625 397.26  0.26 0.60
 Late growing cost 21,908 22,121 22,313 21,957 308.08  0.90 0.60
 Early finishing cost 23,775 24,972 22,969 23,023 418.50  0.21 0.44
 Late finishing cost 32,075 31,003 30,653 28,077 524.91 <0.01 0.37
 Total cost 93,770 94,298 92,896 89,682 923.03  0.07 0.25
 Ratio to control 100.00% 100.56% 99.07% 95.64% 0.01  0.07 0.25
Total day from 28kg to 115kg (day)

96 89 88 87   1.50  0.01 0.25

Table 9. Effects of supplementation of exogenous enzymes complex 
on economical analysis.

1Standard error of mean
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Ⅴ. Summary in Korean

본 실험은  육성비육돈 사료 내 복합 효소제를 수준별로 첨가하여, 
돼지의 성장능력, 영양소 소화율, 혈액성분, 육질 그리고 경제성 분석의 

미치는 영향에 대해 조사하였다. 총 80두의 육성비육돈 ([Yorkshire × 
Landrace] × Duroc) 을 4처리 5반복 돈방당 4두씩 공시하였다. 실험돈

은 체중과 성별에 따라 난괴법 (randimized complete block design)으
로 배치하였다. 처리구는 1) Control (corn-SBM basal diet +5% palm 
kernel meal and 5% rapeseed meal), 2) E0.05 (basal diet + 0.05% 
exogenous enzyme complex), 3) E0.10 (basal diet +0.10% exogenous 
enzyme complex) and 4) E0.15 (basal diet +0.15% exogenous 
enzyme complex). 사양기간은 육성전기(0-3주), 육성후기(4-6)주, 비육전

기(7-9주)과 비육후기(10-12주), 4단계로 실험기간에서 체중, 일당증체량, 
사료이용률은 복합효소제 첨가에 따른 linear한 증가를 보였다(linear, 
P=0.02, P=0.02, P=0.01, respectively), 반면에 일당섭취량은 linear하게 

감소되었다 (linear, P=0.09). 영양소 소화율에서는 복합효소제 첨가에 의

한 조지방 소화율과 N-digest 은 linear하게 증가되었다 (linear P=0.05). 
처리구별 혈내 glucose, BUN 함량은 유의차가 나타나지 않았다. 도축 후 

육질 검사에서는 부정적인 영향은 나타나지 않았다. 경제성 분석에서 복

합효소제 첨가에 따라서 생산비용이 절감되었다. 결론적으로, 복합효소제

를 0.15% 첨가한 처리구는 성장성적, 영양소 소화율을 증가시키고 생산

비용이 감소되었다. 
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