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Summary

World market prices for major feed ingredients have risen dramatically 

and led to search for alternative feed ingredients to reduce feed cost. 

However, cheap alternative feedstuff such as palm kernel meal, tapioca, copra 

meal in monogastric animal diets may have some adverse effects on 

performance, and most of them contain high level of various non-starch 

polysaccharides (NSP), which are the most important limiting factor in 

monogastric animal diets. Copra meal is an important by-product for animal 

feed in all tropical areas, but its use in monogastric animals’ diets is limited 

due to high level of NSP. The NSP contains between 45-60% of the dry 

matter and consists predominately of mannans (galactomannans and mannans), 

just over 10% cellulose and trace amounts of other polymers (Saittagaroon et 

al., 1983). If mannan in copra meal could be degraded in digestive tract of 

swine by inclusion of exogenous mannanase, this ingredient can be an 

effective alternative ingredient instead of corn and soybean meal in swine 

diet.

This study was investigated to evaluate the effect of β-mannanase with 

various levels of copra meal on growth performance, nutrient digestibility, 

pork quality and economical efficiency in growing-finishing pigs. A total of 

100 growing pigs ([Yorkshire × Landrace] × Duroc)  averaging 31.22 ± 2.04 

kg body weight were allotted to 5 different treatments by weight and sex in 

a randomized complete block (RCB) design in 5 replicate with 4 pigs per 

pen. Treatments were 1) Control (corn-SBM based diet + 0.1% of β

-mannanase (800IU)), 2) CM10 (10% copra meal + 0.1% of β-mannanase 

(800IU)), 3) CM15 (15% copra meal + 0.1% of β-mannanase (800IU)), 4) 

CM20 (20% copra meal + 0.1% of β-mannanase (800IU)) and 5) CM25 

(25% copra meal + 0.1% of β-mannanase (800IU)) by weight and sex in a 

randomized complete block (RCB) design in 5 replicate with 4 pigs per pen. 

Four phase feeding program was used in this experiment: growingⅠ(week 

1-3), growingⅡ(week 4-6), finishingⅠ(week 7-9) and finishingⅡ(week 



- ii -

10-12). In growth performance, there were no significant differences during 

whole experimental period. In the growing phase, there was no significant 

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

daily feed intake (ADFI) among treatments, but there was a trend of 

improvement in gain to feed ratio (G:F ratio) in growing phase Ⅰ as CM 

level in diet increased (linear, P=0.05). In finishing phase Ⅰ, a tendency of 

quadratic response was observed in CM20 treatment (quadratic, P=0.06). Both 

ADG and ADFI in finishing phase Ⅱ tended to be decreased as CM 

inclusion level increased. Also, during finishing period, ADG was linearly 

decreased and G:F ratio tended to be decreased by an amount of CM in diet 

(linear, P=0.02, P=0.08, respectively). The BUN concentration at the end of 

growing period was increased by inclusion level of CM (linear, P=0.02). The 

digestibility of crude protein was decreased and tendency of increasing in 

fecal nitrogen output was observed when CM level was increased (linear, 

P=0.02, P=0.05, respectively). Also, nitrogen retention tended to be decreased 

as CM level increased (P=0.08). Pork pH, pork color and proximate analysis 

of longissimus muscle were not affected by dietary CM. In the result of 

economic analysis, feed cost per weight gain was improved as well as total 

feed cost per pig by increasing level of CM (linear, P=0.02, P=0.04, 

respectively). Consequently, when CM was supplemented with 0.1% of β

-mannanase, CM may be utilized up to 25% instead of corn and SBM in 

growing phase and up to 15% in finishing phase without adverse effects on 

growth performance and pork quality. When pigs were fed a diet containing 

25% of CM during the whole experimental period, economical profits were 

improved by reducing of feed cost.

Key words: Growing-finishing pig, Copra meal, β-mannanase, Growth 

performance, Economical analysis
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I. Introduction

Corn and soybean meal are widely used in the swine industry, but 

there are lots of alternative ingredients such as DDGS, tapioca, palm kernel 

meal (PKM) and copra meal (CM) available. However, it is restricted to use 

these ingredients in monogastric animals because of its low nutrient 

digestibility unlike in ruminant and antinutritional factors. It is the reason that 

these ingredients commonly contain high level of dietary fiber (DF), and the 

major components of DF are non-starch polysaccharide (NSP). The NSPs 

have been recognized as antinutritional factor due to their negative influence 

on digestion and absorption of starch, protein and lipid in the gut of 

monogastric animals. Consequently the nutritive value of swine diet containing 

high levels of NSP may be reduced due to the presence of high levels of 

NSP.

These NSPs include hemicellulose which contains many different sugar 

monomers. Besides glucose, sugar monomers in hemicellulose can include 

xylose, mannose, galactose, rhamnose and arabinose. A specific hemicellulose, 

β-galactomannan, is chemically composed of D-mannose units attached in a 

chain by β-1,4 linkages (Petty et al., 2002). The β-galactomannan in feed, if 

allowed to cross the intestinal mucosa, would behave the stimulators of the 

innate immune system resulting in increased proliferation of macrophages and 

monocytes and reluctant cytokine production.

 The soluble NSP may increase digesta viscosity, the increased bulk 

and viscosity of the intestinal contents may result in decreasing the rate of 

diffusion of substrate and digestive enzyme (Ikegami et al., 1990; Classen 

and Bedford, 1991). Just et al. (1983) found that an 1% increase of crude 

fiber content in diet from cellulose depressed of GE by 1.3% and depressed 

utilization of ME by 0.9%.
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 Numerous studies have been conducted to clarify the effect of 

exogenous enzyme in monogastric animals. Choct and Annison (1992) 

reported supplementation with appropriate enzymes had been shown to 

increase energy utilization in wheat fed broilers. Graham et al. (1989) and 

Baidoo (1997) demonstrated same conclusion was observed in pigs. However, 

the effects of these exogenous enzymes are variable. Baas and Thacker 

(1996) showed that commercial products of β-glucanase varied in their effects 

on digestibility of DM, energy, and CP. 

 β-mannanase is an enzyme decomposing a mannan component which 

constitutes hemicellulose to a low molecule oligosaccharide like 

mannanoligosaccharide (MOS) or mono saccharide like mannose. Copra meal 

(CM) is referred as a price competitive alternative of corn and soybean meal 

in animal feed. However, due to its high level of β-galactomannan, it is 

restricted to use in feed for monogastric animals including swine.

 Consequently, this experiment is conducted to evaluate effects of 

different level of CM and mannanase supplementation on growth performance, 

blood profile, nutrient digestibility, pork quality, and economic analysis in 

growing-finishing pigs.
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II. Literature Review

1. History of alternative feedstuffs and enzyme

Enzymes exist almost everywhere. They occur by nature and are 

produced by all living organisms. As the natures catalysts, they promote the 

chemical reactions that enable all living things, from single cell organisms, 

through plants and insects to human. 

 The history of enzyme technology really began in 1874 when Danish 

chemist Christian Hansen produced the first specimen of rennet by extracting 

dried calves’ stomachs with saline solution. It was the first enzyme 

preparation of high purity used for industrial purposes. And since then, 

enzymes have been used by human being throughout the ages, either in the 

form of vegetables rich enzymes, or in the form of microorganisms used for 

a variety of purposes, for instance in brewing processes, in baking and in the 

production of alcohol.

 In 1876, William Kuhne suggested that the name ‘enzyme’ be used as 

the new term to denote phenomena previously  known as ‘unorganized 

ferments’, that is, ferments isolated from the viable organisms in which they 

were formed. This word means ‘in yeast; and derive from the Greek ’en’ 

meaning ‘in’, and ‘zyme’ meaning ‘yeast’ or ‘leaven’

 All animals use enzymes in digestion of their feed. These are 

generated either by the animal itself or by the microbes present in its 

digestive tract. Unfortunately, the digestive process is less than 100% 

efficient. So, the supplementation of animal feds with exogenous enzymes 

might increase the efficiency of digestion.

 The commercial application of enzymes as a feed additive has a 
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history of less than 20 years. During this period, the feed enzyme industry 

came into existence and it has gone through several phases of development. 

The first phase was the use of enzymes to enhance nutrient digestibility, 

focusing  mainly on removing the anti nutritive effects of NSP, such as 

arabiboxylans and β-glucans, from broiler diets based in viscous grains like 

wheat, rye, barley or triticale.

 The next phase is the application of enzymes to non-cereal grain 

components of the diets. These vegetable protein sources are often high in 

NSP, which are poorly characterized in regard to their molecular structures. 

Significant progress has been made on characterization of the NSP in 

soybean, but the industry has not been able to produce commercially viable 

products that consistently improve the digestibility of vegetable proteins.

 Enzymes are added to animal feed to improve its digestibility, to get 

rid of anti nutritional factors, to increase the availability of components 

(Cambell and Bedford, 1992). Various kinds of carbohydrases, proteases, 

phytases, and lipases are currently used in animal feeds.

 It was the first successful enzyme in animal feed industry that using 

β-glucanase on barley based in poultry (Berg, 1959). It helps to degrade β

-glucan in cell wall of barley which works as anti nutrient factor increasing 

viscosity of digesta in digestive tract of non ruminant animal, It improved 

growth rate and allowed a higher inclusion level of barley in the broiler diets 

(Hesselman and Aman, 1986). 

 Even though over 3,000 different enzymes have been developed, the 

potential nutritional value of feed ingredient has not been reached to the 

acceptable level. So, more interests have been growing in supplementation of 

enzyme to animal feed. 

 Choct (2006) demonstrated the objective of using enzyme in animal 

diet as follow.
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1) To reduce molecular weight of nutrient in vivo, which, in          

turn, produce specific heath outcomes in animal.

2) To de-activate of anti nutrients. These substances, many of which 

are nor susceptible to digestion by the animal’s endogenous enzyme, 

might interfere with normal digestion, causing poor performance.

3) To degrade of non-conventional feed resources to yield             

ME. That break down specific chemical bonds in these raw materials. 

   

2. Characteristic of copra meal and its use in swine feed

 

From long time ago, the south eastern Asian countries have used the 

by-products of roots, tubers, and vegetable oil sources such as copra, 

sunflower, palm kernel and rubber processing in animal feed. Despite the 

obvious advantage of using cheaper, alternative feedstuff in monogastric 

animal diets, these raw materials may have some adverse effects on 

performance. Most alternative ingredients contain high level of NSP, which 

are the most important limiting factor to their effective using in monogastric 

animal diets. 

 Coconut cake or copra cake is an important by-product for animal 

feeding in all tropical areas. Coconut is mainly produced from south eastern 

Asian country, Oceania and Mexico, especially 70% of them are from 

Philippine. Although coconut oil is facing increasing competition from other 

oils on the world market, especially from palm oil and soybean oil, today the 

cultivation of coconut trees in these area are increasing (Nhu Phuc, 2003). 

One by-product of the extraction of the oil from nut is known as coconut oil 

meal, coconut cake or coconut copra meal (CM), which represents 
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approximately 34 to 42% in the weight of the nut (Hutagalung, 1981). It 

contains from 18 to 25% crude protein, and is the principal ingredient for 

animal feed produced from coconuts.

 Supplying energy as well as protein to the diet, CM may be partial 

replacement for higher protein sources. Although it is used by both 

non-ruminants and ruminants, its low level of lysine and histidine and 

relatively high fiber content make it more suited for feeding ruminants.

 Table 3 shows the general specification of CM and other major 

protein sources for pig. Compared to SBM, it has much higher dietary fiber 

and low crude protein. In general, the CP content of the CM is lower than 

other protein sources, and it may be a constraint in meeting animal 

requirements when they are used as the sole protein source in the diet (Nhu 

Phuc, 2003).

 Despite of its 20% of crude protein, the use of CM in monogastric 

diets is limited due to very high level of NSP (Purwadaria et al., 1995). The 

NSP makes up between 45~60% of the dry matter and consist predominately 

of mannans (galactomannans and mannans), just over 10% cellulose and trace 

amounts of other polymers (Saittagaroon et al., 1983).

 Creswell and Brooks (1971) showed digestibility of protein and dry 

matter was depressed when CM was added to swine diets. In the trial, an 

apparent total tract digestibility of protein in CM was about 50.7%, while the 

digestibility for nitrogen-free extract, ether extract and crude fiber were high 

in diets containing CM.

 In the another trial, they demonstrated that the relationship between 

dietary CM and fat composition of carcass. Coconut oil and CM additions 

resulted in relative increases in the lower saturated fatty acids in the backfat. 

When CM was fed, there was a decrease in stearic acid with little change in 

oleic acid. this effect was opposite to that of feeding coconut oil.
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2.1 Quality and Processing procedure of copra meal

CM is defined as what is left after oil extraction from the meat of the 

coconuts. Two methods are popularly used for oil extraction, namely expeller 

machine and solvent extraction. These processes generate “expeller pressed 

copra cake” and “solvent extracted copra meal”The different methods produce 

different end products. Expeller pressed copra cake have higher oil contents 

than solvent extracted meals (6.9 v 3.9) (NRC, 1984; O’Mara et al., 1999). 

This condition affects the crude protein and minerals contents. 

 Nutritionally, this feedstuff contains a moderate amount of protein and 

carbohydrate. Chemical analysis of this feedstuff shows that its nutrient 

contents and qualities range widely, depending upon how well the oil 

extraction process has been done, materials, storage condition and the amount 

of shell content removed. Studies on the nutritive value of extracted and 

expeller CM have been undertaken by NRC (1984) and O’Mara et al. (1999), 

who reported that the extracted CM has generally higher crude fiber and 

crude protein than expeller CM (Table 1). This can be elaborated by the 

proportional decrease in these nutrients because of the greater amount of oil 

left in the meals after the expeller process. 

 CM protein content is in the ranges of 15 to 26% (Thorne et al., 

1989; O’Mara et al., 1999). Due to low concentration of several essential 

amino acids such as lysine, methionine and tryptophane and possibility of 

heat damage, their protein digestibility is low (45%, Khrisnamoorthy et al., 

1995). Because of the insufficiency of several limiting amino acids (Table 2), 

the supplementation of sulphur amino acids (cysteine and methionine) and 

lysine can improve the availability of their protein (Thomas and Scott, 1962). 

High arginine content of CM suggests that the addition of lysine becomes 
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Item CM SBM Meat meal Fish meal

Dry matter (%)   92    89   94 92

Crude protein (%)     21.9     43.8   54 64.6

Ether extract (%)      3.0      1.5   12 7.9

ME (kacal/kg) 2,565 3,180 2,595 2,695

NDF (%)     51.3     13.3     31.6

ADF (%)     25.5      9.4      8.3

necessary for not only meeting the lysine requirements of the poultry but also 

maintain the correct ratio between arginine and lysine. Failure to correct the 

ratio can impair the performance of poultry because lysine and arginine have 

antagonistic effects, an excess of one causing a deficiency of the other 

(D’Mello and Lewis, 1970).

 It is generally believed that the amount of CM to use in poultry diet 

should be limited due to following reason. CM may contain antinutritional 

substances such as mannan or galactomannan and xylan or arabinoxylans 

which have been proven to decrease nutrient uptake in guar and wheat 

respectively (Balasubramaniam, 1976; Dusterhoft et al., 1993). CM may also 

undergone Maillard reaction due to heating in the sterilization process before 

oil extraction or due to heat evolved during oil extraction. The reaction of 

mannose with amino groups causes browning and this will impair the 

digestibility of the feedstuff (Butterworth and Fox, 1963). 

Table 1. Chemical composition of major protein source for swine including 

CM.

                                                                     (NRC, 1998)
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Oil Extraction Protein(%) Ether extract(%) Ash(%)
Crude

fiber(%)
Reference

Solvent 

extraction
23.4 3.9 6.6 15.4 NRC(1984)

Expeller 22.4 6.9 7.6 12.4 NRC(1984)

Expeller 21.7 6.9 5.6 14.1
Sundu et al.

(unpublished)

Items

Amino acids(%) Bioavailability(%)

CM PKM CM PKM

Young 

(1983)

Hutagalung 

(1981)

NRC

(1994)

Lachance

(1974)

Degussa

(unpublished)

Nwokolo

(1976)

Lysine 0.59 0.61 0.50 0.55 90.0 68.0

Methionine 0.30 0.34 0.28 0.31 91.0 79.0

Table 2. Proximate analysis of CM after different oil extraction procedures.

Table 3. The first and second limiting amino acid in CM and PKM and its 

bioavailability.

3. Non-starch polysaccharide in pig diets

Dietary carbohydrates may be classified as sugars, oligosaccharides and 

two broad classes of polysaccharides: starch and NSP. NSP may comprise up 

tp 90% of the cell wall of plants (Selvendran and Robertson, 1990) and the 

most abundant plant cell wall NSP include cellulose, hemicellulose, and 

pectins. A smaller group of NSP fructans, glucomannans, and galactomannans- 
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serves as storage polysaccharides within the plant. Mucilages, β-glucans, and 

gums are also examples of NSP. Unlike starch, which is hydrolyzed by 

pancreatic amylases to glucose, NSP are not hydrolyzed by mammalian 

enzymes, but that are fermented by the microflora in the gastrointestinal tract.

3.1 Category of dietary fiber

Generally, carbohydrates constitute approximately 65~80% of the 

digestible dry matter in swine diets. This portion can be classified into a part 

that is digested by the endogenous enzymes of the mouth and gastrointestinal 

tract such as starch or lactose and a part that is digested prominently in the 

large intestine (DF, dietary fiber). Jenkins et al. (1981) defined DF as the 

plant polysaccharides and lignin which are resistant to hydrolysis by the 

digestive enzymes. The classification of the carbohydrates is in the Table 3. 

The major component of DF relate to the pigs are NSP. The NSP fraction 

contained in diets fed to pigs is fermented largely by the commensal 

microbes present in the cecum and colon with the production of metabolites, 

gases and microbial biomass.

 Starch is present within plant cells as separate granules, with 

amylopectin and amylose contained within each granule. The plant cell wall 

consists of polysaccharides often associated with proteins and phenolic 

compounds (Selvendran, 1984). the building blocks of cell wall 

polysaccharides are the pentose (arabinose and xylose), hexose (glucose, 

galactose and mannose), 6-deoxyhexoses (rhamnose and fructose), and uronic 

acids (glucuronic and galacuronic acids). The NSP are generally defined as 

being either “soluble” or “insoluble”. These terms provide an indication as to 

the solubility of NSP in vivo.
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Category Monomeric residues Sources

Non-starch polysaccharides (NSP)

Cell wall NSP

Cellulose Glucose Most feedstuff

Mixed linked β-glucans Glucose Barley, oats, rye

arabinoxylans Xylose, arabinose Rye, wheat, barley

Arabinogalactans
Galactose,

arabinose
Cereal by-products

Xyloglucans Glucose, xylose Cereal flours

Rhamnogalacturans
Uronic acids, 

rhamnose
Hulls of peas

Galatans Galatose Soybean meal, beet pulp

Non-cell wall NSP

Fructans Fructose Rye

Mannans Mannose Coconut cake, palm cake

Pectins
Uronic acids,

rhamnose
Beet pulp

Galactomannans Galactose, mannose Guar gum

Non-digestible oligosaccharides (NDO)

Alpha-galacto-

oligosaccharides
Galactose, glucose Soybean meal

Fructo-oligosaccharides Fructose Cereals, feed additives

Transgalacto-

oligosaccharides
Galactose, glucose Whey, milk products

Resistance starch (RS)

Physical inaccessible

starch
Glucose Peas, faba beans

Native starch Glucose Potatos

Retrograded starch Glucose
Heat-treated starch

products

Table 4. Classification of carbohydrates 

                                                                (Knudsen, 1997)
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3.2 Physiological effects of NSP in the gastrointestinal tract of the pig

Soluble fiber components may cause a stickness of the contents of the 

pig’s gut. Generally, it is known that soluble NSP increase intestinal transit 

time, delay gastric emptying, delay glucose absorption, increase pancreatic 

secretion and slow absorption, whereas insoluble NSP decrease transit time, 

enhance water-holding capacity, and assist in fecal bulking (Low, 1985). Just 

et al. (1983) found that a 1% of increase in the crude fiber content of the 

diet from cellulose depressed the digestibility of GE by 1.3% and depressed 

the utilization of ME by 0.9%.

 The ability of the soluble NSP sources to increase luminal viscosity 

has generally been considered a major determinant of delayed absorption. 

Higher viscosity allows bacterial proliferation in the gut which may lead to 

an increased incidence of digestive disorders and to increased competition by 

microbes for nutrients which could be used directly by the pig. Cambell and 

Bedford  (1992) reported that the increased viscosity in the small intestine 

associated with the solubilisation of β-glucans and arabinoxylans is thought to 

be a major factor  contributing to their anti-nutritive effects.

 However, NSP also have a profound effect on gut size and 

development, especially in the large intestine. Jorgensen et al. (1996) fed both 

low and high fiber diets to pigs between 45 and 120kg. When pigs were fed 

the high-fiber diet had a heavier stomach, Cecum and colon consistent with a 

greater water holding capacity than pigs fed the low fiber diet (Table 4).
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Item
Level of dietary fiber

Low High

Body weight, kg 122 129

Contents of GI tract, g/kg  29  82

Empty body weight(EBW), kg 118 119

GI tract, g/kg EBW

  Stomach   5.7   7.3

  Small intestine  15.6  16.2

  Cecum   1.6   2.8

  Colon   8.7  17.2

GI tract length, m/kg EBW

  Small intestine   0.15   0.16

  Large intestine   0.05   0.06

Ileal digestibility, %

  Crude protein  76  64

  Energy  87  58

  NSP   9   1

Fecal digestibility, %

  Crude protein  92  74

  Energy  94  82

  NSP  59  77

Digest dry weight at ileum, kg/d   0.27   1.07

Table 5. Effects of level of inclusion of dietary fiber on gut characteristics 

and apparent ileal and fecal digestibility.

                                                            (Jorgensen et al., 1996)

3.3 Another negative effect of NSP

Too high concentration of fiber in diet prohibit nutrient dissolution. The 

high level of fiber also reduce the function of endogenous digestive enzymes 

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, 
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achieve better performance and improve nutrient digestibility (Bedford and 

Schulze, 1998).

 3.4 Types of NSP in CM

 Mannan is an one type of the polysaccharides, which mainly is 

composed of mannose. Mannan, also referred to as β-galatomannan or β

-mannan, is a polysaccharide with repeating units of hexose sugar monomer 

as mannose, galactose or glucose, or both, and often found attached to the 

mannan backbone (Carpita and McCann, 2000).

 Many feed ingredients such as SBM, CM, PKM, soy hulls, sesame 

meals (Dierick, 1989) and corn-distillers dried grain with soluble (DDGS) 

(Tucker et al., 2004) contain  mannan. However, in general, some types of 

mannan are known to be anti-nutritional factors in monogastric animals. In 

monogastric animal gut, mannan increased viscosity and subsequently reduces 

animal performance (Anderson and Warnick, 1967; Jackson et al., 2003). 

When mannan supplemented  from 2~4% in broiler diet, growth performance 

was severly slowed and especially feed efficiency was decreased (Couch et 

al., 1967; Verma and McNab, 1982). Leeds et al. (1980) demonstrated that β

-galactomannan disturbs glucose metabolism and insulin secretion rates in 

pigs. The high viscosity of β-mannans probably decrease the efficiency of 

carbohydrate utilization of monogastic animals by reason of partially blocking 

key sites on the intestinal surface (Dale, 1997). 

 The mannose in CM has β-1,4-mannose chain structure and α

-1,6-galactose side chain (Hossain et al., 1996; Dhawan and Kaur, 2007; 

Figure 1). 
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                                              (Deboy et al., 2008)

Figure 1. The structure of galacto-glucomannan

4. Interaction of mannanase with feed ingredients

 4.1 β-mannan in swine diet

 Among NSPs, mannans occur in the forms of glucomannans, 

galactomannans, and glucomannans in plant cell wall (Aman and Graham, 

1990). β-mannan is polysaccharide commonly found in various feed 

ingredients such as SBM, PKM, CM and sesame meal (Dierick, 1989). Its 

main component is mannose that is a sugar monomer of the hexose series of 

carbohydrates. Mannose enters the carbohydrate metabolism stream by 

phosphorylation and conversions to fructose-6-phosphate and the solubility of 

β-mannan in water is increased as the number galactose molecules on the 

mannan backbone increases.

 Researches with galactomannan derived from guar seed have shown 

strong negative effects on glucose absorption in swine. Guar gum and guar 

meal also contain high levels of β-mannan. Nunes and Mamlof (1992) 



- 16 -

demonstrated  that feeding 60g guar per kg of diet reduced glucose 

absorption by 32 and 29% compared with unsupplemented basal diet or a 

diet supplementation with 150g/kg purified cellulose, respectively. These 

results were supported by those of Sambrook and Rainbird (1985) who 

observed an approximate 25% decrease in plasma glucose concentration in pig 

fed semipurified diets supplemented with 40g/kg guar gum.

 Mannans of various configurations are constituents of the surface of 

numerous pathogens including examples of fungi, bacteria, and viruses. Innate 

immune system in animals quickly recognizes antigens on pathogens, 

especially including mannan. In the previous studies (Peng et al., 1991; 

Zhang and Tizzard, 1996; Ross et al., 2002), β-mannan stimulated the innate 

immune system and was thus potentially capable of stimulating an 

unnecessary energy draining innate immune system.

 Mannans have been found to be highly deleterious to animal 

performance, severely compromising weight gain and feed conversion ratio as 

well as glucose absorption. It has been shown that inclusion of mannan 

reduced the rate of glucose absorption from 74.2% to 41.4% and water 

absorption (Rainbird et al., 1984).

Other negative effects of mannan include reduced nitrogen retention, fat 

absorption that results in excess excreta moisture (Kratzer et al., 1967). Table 

5 shows the source of mannan in each feed ingredients. CM an PKM contain 

mannan about 30% while major grains such as corn and wheat contain that 

below 1%. Also, SBM, major oilseed meal, contain mannan only 1.2~1.6% 

(Dierick, 1998).
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Ingredient Mannan %(DM)

Palm kernel meal 30 - 35

Copra meal 25 - 30

Guar meal 12 - 17

Soy hulls  6 - 10

Sesame meal 2.8 – 3.5

SBM 1.2 – 1.6

Lupine seed meal 0.4 – 1.0

Barley 0.49

Wheat 0.10

Corn 0.09

Wheat bran 0.07

Table 6. The percentage of mannan in the feed ingredients  

                                                         (Dierick, 1998)       

 

4.2 Mode of action of β-mannanase in monogastric animal

The mannanase is produced by microorganisms such as mold or yeast 

fungus as well as Bacillus subtilis (Akino et al., 1989), Aeromonas (Park et 

al., 2001), Enterococcus (Kwon et al., 2003), Pseudomonas and Streptomyces 

(Marga et al., 1996). Microorganisms used  for production of the mannanase 

are generally fungal strains such as Trichoderma (Arisan-Atac et al., 1993) or 

Aspergillus sp. (Adenmark et al., 1998). 

 The mode of action of β-mannanase in monogastric animal is very 

complex. β-mannans are very viscous and have antinutritative effects on the 

digestive tract that can be overcome with enzyme. It is the primary reason 

for improving performance that viscosity reduction with certain endolytic 

enzymes (Rotter et al., 1989, 1990)

 Secondly, by reducing β-mannans in digesta, energy metabolism may 

be improved. Leeds (1980) demonstrated reductions in insulin secretion 

associated with β-mannan intake in swine and Rainbird et al. (1984) 
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demonstrated reductions in glucose absorption. Radcliffe et al. (1999) 

observed improved apparent energy digestibility in swine when fed corn-SBM 

based feed with β-mannanase. This consistent improvement in feed conversion 

with incremental increased in β-mannanase addition support the concept of 

energy metabolism improvement.

 The third mode of action is reduction in innate immune stimulation 

associated with a reduction in the β-mannan content of substrate entering the 

intestinal tract. β-mannanase crossing the intestinal mucosa are potent 

stimulators of the innate immune system, resulting in increased proliferation 

of macrophage and monocytes and cytokine production. These result in 

exacerbated symptoms and reduced nutrient use, which have been observed 

using galactomannans derived from fungi (Ross et al., 2002). In a study 

using rates, Johnson and Gee (1986) reported that 10% inclusion of guar 

gum to diets results in increased production of mucosal cells in the large and 

small intestine as well as increased crypt length and basal width of the villi. 

As β-1,4-mannanase attacks β-1,4-mannose chain directly, small amount 

of mannose and mannanoligosaccharide (MOS) are generated (Figure 2).
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                               (Dhawan and Kaur, 2007)

Figure 2. Scheme of enzymatic action on galactomannan.

The arrows represents the glycosidic links recognized by β-mannanase.

4.3 Effect of mannanase in pig 

 From the composition of NSPs in CM, it appears that three main 

enzymes are need to assist in improvement the nutrient digestibilities. In 

includes primarily on mannanase to digest mannan, followed by α

-galactosidase to digest the galactose side chain and cellulase to digest 

cellulose fraction. The use of these enzyme may enhance the hydrolytic 

process of the mannan-based polysaccharides and cellulose with by synergistic  

acceleration. 

 Information on the use of CM in swine diet are limited, particularly 

the inclusion of β-mannanase is scared. Many scientist attempted to used the 

enzyme from the bacteria as feed supplement in order to improve nutrients in 

the diet. Study of endo-mannanases has been done by Tamaru et al. (1995), 
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who found that endo-mannanase from Vibrio sp. could not hydrolyze 

mannotriose, while endo-mannanase from Streptomyces could hydrolyze 

mannotriose to form mannose and mannobiose (Kusakabe and Takashi, 1988). 

Accordingly a combination of endo-mannanase from different strains may 

have a complementary ability to cleave sugars. The mannanase from 

Aspergillus niger has a greater ability to break down highly substituted 

galatomannan than does the mannanase from Bacillus sp. (McCleary, 1988).

 Dingle (1997) pioneered research in using mannanse in corn-copra 

based diets and found that weight gain and feed efficiency of broilers were 

improved, compared to those fed both an unsupplemented corn-soy based diet 

and corn-copra based diet. Inclusion of HemicellⓇ mannanase improved the 

body weight of broilers fed PKM diet. The improvement in weight gain and 

feed efficiency of chickens fed CM with mannan-degrading enzymes may be 

due to the improvement in digestibility of diet. An in vitro study in the 

Philippines undertaken by Luis indicated that the digestibility of dry matter, 

crude protein, crude fat and crude fiber of CM increased 18.5, 21.0, 9.8 and 

24.2% respectively.

 “Gamanase” as a source of mannanase and galatosidase seemed to 

work well in a 30% PKM supplemented diet but not in a 30% CM　

supplemented diet. The reason why this combination of enzymes did not 

work in CM is not clear yet. It might be related to the Maillard reaction in 

CM during drying  and oil extraction processes, the solubility of copra 

galactomannan and the bulk of CM as well as the overall ingredients of 

copra based diets. It is questioned to determine which specific aspect is most 

responsible for impairing growth when fed CM. Dowman (1993) developed a 

method to digest PKM by including cellulase and gamanase, found that the 

digestibility of PKM increased from between 46 to 54 and 54 to 64%.

 However, there is still a limited information pertaining to the effect of 
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β-mannanase supplementation on swine productivity with the diet containing 

CM. The recent findings, Lee (2009) supplemented 800IU commercial β

-mannanase produced by Bacillus subtilis to 5~10% of CM in 

growing-finishing diet found little negative effects on growth performance 

compared to corn-SBM base control diet. But, when fed 10% CM and β

-mannanase supplemented diet, the average daily gain was lower than others 

(P<0.05)
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Ⅲ. The Effects of Various Levels of Copra 

Meal Supplementation with β-Mannanase on 

Growth Performance, Blood Profile, Nutrient 

Digestibility, Pork Quality and Economical 

Analysis in Growing-finishing Pigs

Abstract： This experiment was conducted to evaluate the effects of 

copra meal (CM) supplementation with β-mannanase on growth performance, 

blood profile, nutrient digestibility, pork quality and economical analysis in 

growing-finishing pigs. A total of 100 growing pigs ([Yorkshire × Landrace] 

× Duroc)  averaging 31.22 ± 2.04 kg body weight were allotted to 5 

different treatments by weight and sex in a randomized complete block 

(RCB) design in 5 replicate with 4 pigs per pen. Treatments were 1) Control 

(corn-SBM based diet + 0.1% of β-mannanase (800IU)), 2) CM10 (10% 

copra meal + 0.1% of β-mannanase (800IU)), 3) CM15 (15% copra meal + 

0.1% of β-mannanase (800IU)), 4) CM20 (20% copra meal + 0.1% of β

-mannanase (800IU)) and 5) CM25 (25% copra meal + 0.1% of β-mannanase 

(800IU)). Four phase feeding program was used in this experiment: growing

Ⅰ(week 1-3), growingⅡ(week 4-6), finishingⅠ(week 7-9) and finishingⅡ

week 10-12) respectively. In growth performance, there was no significant 

difference among treatments during whole experimental period. In growingⅠ 

phase, G:F ratio tended to increase when pigs were fed increasing level of 

CM (P=0.05), but ADG and ADFI tended to decrease in finishingⅡ phase as 

dietary CM level increased (linear, P=0.08, P=0.06, respectively). In finishing

Ⅰ phase, lower G:F ratio was observed in CM20 treatment (quadratic, 
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P=0.05). Also, increasing level of CM reduced ADG (linear, P=0.02) as well 

as feed efficiency (linear, P=0.08) during the whole finishing period. In blood 

profiles, concentration of glucose was not affected by dietary CM level. At 

the end of the growing period, the BUN was linearly increased with 

increasing level of CM (linear, P=0.02). In digestibility trial, there were no 

significant differences in DM, crude fat, crude ash and nitrogen digestibility. 

However, as dietary level of CM increased, crude protein digestibility was 

decreased (linear, P=0.02). In addition, there was a tendency of increased 

fecal nitrogen as CM level increased (linear, P=0.05), resulting in decreasing 

of nitrogen retention (linear, P=0.08).  In economical analysis, feed cost  per 

weight gain and total feed cost per pig were reduced in overall period when 

CM was provided by 25% (linear, P=0.02, P=0.04, respectively). 

Consequently, these results demonstrated that copra meal with 0.1% of β

-mannanase (800IU) could be supplemented instead of corn and soybean meal 

up to 25% without detrimental effects on growth performance and pork 

quality of growing-finishing pigs. 

Key words: Copra meal, β-mannanase, Growth performance, Economical 

analysis, Growing-finishing pigs
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Introduction

  Corn, soybean meal (SBM), wheat are occupy most of the cost in 

feed. To reduce the amount of those ingredients which generally used in 

swine diet, various alternative ingredients such as palm kernel meal (PKM), 

copra meal (CM), sorghum and others have been tested (Creswell and 

Brooks, 1971; Agunbide et al., 1999; Kim et al., 2001). It is needed that 

sufficient production, stable supply, storage convenience and cheaper price 

than established ingredients in alternatives (Biavatti et al., 2003; Blache et al., 

2008). CM that meet the required conditions is currently emerging. It has 

advantages in abundant amount of production and low price than corn or 

SBM as the by-product of oil extraction from coconut. CM has been 

extensively used in tropical regions that production amount is high to provide 

energy (O' Doherty and Mckeon, 2000) or protein (Dung et al., 2002). 

However, CM has a disadvantages of low digestibility on essential amino 

acids (Creswell and Brooks, 1971) and low energy content (Sauvantet al., 

2004) because of high dietary fiber (48.8%, in DM; Knudsen, 1997).

These fiber sources in CM are mostly non-soluble dietary fiber (33.6%, 

in DM; Knudsen, 1997) and its main form is generally known mannose 

(Saittagaroon et al., 1983). The mannose in CM has β-1,4-mannose chain 

structure and α-1,6-galactose side chain (Hossain et al., 1996; Dhawan and 

Kaur, 2007). β-1,4-mannanase attacks β-1,4-mannan chain directly, small 

amount of mannose and mannanoligosaccharide (MOS) are generated (Taramu 

et al., 1995)

 The great part of NSPs in CM is mannan, and its proportion is 

25~30% on a DM basis (Saittagaroon et al., 1983). It suggest that the 

availability of the mannan can be improved with mannanase supplementation 

and consequently the range of usage for feed can be extended. Lee (2006) 
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demonstrated that 400IU of β-mannanase supplementation to growing-finishing 

pigs tended to show the better growth performance, intestinal flora and 

nutrient digestibility in corn-SBM based diets. 800IU level of β-mannanase 

was caculated by more amount of mannan substrate in CM. Based on the 

these background, this experiment was conducted to evaluate effects of 

various level of CM with β-mannanase supplementation on growth 

performance, blood profile, nutrient digestibility, pork quality and economical 

analysis in growing-finishing pigs.
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Materials and Methods

Animals and Feeding Trial

 A total of 100 crossbred pigs ([Yorkshire × Landrace] × Duroc) with 

an average body weight of 31.02 ± 2.04kg were used for 12 week feeding 

trial in experimental farm of Seoul National University. Pigs were grouped by 

body weight and sex, and assigned to five treatments according to a 

randomized complete block (RCB) design. Each treatment had 5 replicates 

with 4 pigs per pen. Pigs were housed in growing pen (1.40 × 2.50 m2) and 

finishing pen (1.70 × 2.50 m2) that were easy to supply feed and water by 

ad libitum and control room temperature and ventilation. Body weight and 

feed intake were recorded at every 3 weeks to calculate the average daily 

gain (ADG), average daily feed intake (ADFI) and gain to feed ratio (G:F 

ratio) of the pigs.

Experimental design and feeding program

The treatments included 1) Control: 5% of copra meal + 0.1% of β

-mannanase (800IU), 2) CM10: 10% of copra meal + 0.1% of β-mannanase 

(800IU), 3) CM15: 15% of copra meal + 0.1% of β-mannanase (800IU), 4) 

CM20: 20% of copra meal + 0.1% of β-mannanase (800IU), 5) CM25: 25% 

of copra meal + 0.1% of β-mannanase (800IU). Corn and SBM were 

replaced by the CM. The diets were formulated to contain 3,265 kcal of 

ME/kg for the all phases. Experimental diets were mixed mainly with corn 

and  SBM  and nutrients of experimental diets were met or exceeded the 

requirement of NRC (1998). β-mannanase (patent, 10-0477456-0000; CTCbioⓇ 

Inc., Seoul, Republic of Korea) in dry form was supplemented in basal diet. 
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 The feeding program was composed with four phases; growingⅠ(week 

1-3), growingⅡ(week 4-6), finishingⅠ(week 7-9) and finishingⅡ (week 0-12) 

respectively. Formula and chemical composition of diet were presented in 

Tables 1, 2, 3 and 4. Expeller CM from Philippines was used in this 

experiment, and the analyzed composition is shown in Table 5.

Blood Profiles

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

each treatment at 0, 3, 6, 9 and 12 week for analyzing concentration of 

glucose and BUN in serum. Collected blood samples were centrifuged for 15 

min at 3,000 rpm in 4℃ (Eppendorf centrifuge 5810R, Germany). Serum was 

carefully removed to microtubes and stored at –20℃ until analysis. Glucose 

and BUN concentration were analyzed using a blood analyzer (Ciba-Corning 

model, Express Plus, Ciba Corning Diagnostics Co.).

Nutrient Digestibility

 A total of 15 crossbred barrows, average body weight 34.73 ± 0.24kg, 

were allocated to the each five treatments with three replicates in metabolic 

cages in a completely randomized design (CRD). The experimental diets were 

provided twice daily by 2.0% of body weight (on 1% of in each feeding) at 

7:00 and 19:00, and water was provided by ad libitum. After 5 days of 

adaptation period, feces and urine were collected for further 5 days. The 

feces and urine collected from each pig during these 5 days were stored at –

20℃ until they were analyzed. After collecting period, the excreta were dried 

in an air-forced drying oven at 60℃ for 72 hours and ground to 2mm of 

diameter by a Wiley mill for chemical analysis (AOAC, 1995). Feed, feces 

and urine were chemically analyzed by the method of AOAC (1995).
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Carcass Traits

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

selected and slaughtered at average 117.8 ± 1.06kg for the carcass analysis. 

Pork samples were collected from nearby 10th rib on right side of carcass. 

Because of chilling procedure, 30 minutes after slaughter was regarded as 

initial time. The pH and pork color were measured at 0, 3, 6, 9, 12 and 24 

hour, respectively. The pH was measured using a pH meter (Bechman 

Coulter Φ 500 Series, USA) and pork color was determined by CIE color 

L*, a*, and b* values using a CR300 (Minolta Camera Co., Japan). Chemical 

analysis of pork samples were conducted by the method of AOAC (1995). 

Pork Quality

Water holding capacity of pork was measured by centrifuge method 

(Ryoichi et al., 1993). 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 4oC (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 7

0℃ 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 Science.

Economical Analysis

As the experimental pigs were reared in the same environmental 

condition, economical efficiency was calculated by considering only the feed 
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cost. The feed cost per body weight gain (won/kg) was calculated using total 

feed intake and feed price. The days to reaching market weight (115 kg) was 

estimated from the body weight at the end of feeding trial and ADG of 9-12 

week. 

Statistical Analysis

All data were analyzed using the General Linear Model (GLM) 

procedure of SAS (2013). Pen was the experimental unit in feeding trial, and 

individual pig was used as the experimental unit in digestibility trial, blood 

and carcass analysis. Statistical differences were considered signigicant at the 

level of P<0.05 and highly significant at the level of P<0.01, with a trend 

between P≥0.05 and P≤0.10. 
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Results and discussion

Growth Performance   

The effect of CM supplementation with β-mannanase on growth 

performance during 12 weeks is presented in Table 5. In growing phase, the 

level of CM did not affect the body weight (BW), average daily gain (ADG) 

and average daily feed intake (ADFI). But gain/feed ratio (G:F ratio) tended 

to increase when CM level was increased in growingⅠphase (linear, P=0.05). 

In finishingⅠ phase, tendency of quadratic response was observed on CM20 

treatment (quadratic, P=0.06). During finishingⅡ period, the ADG and ADFI 

tended to decrease when CM level increased (linear, P=0.08, P=0.06, 

respectively). Also, a linear response on the ADG (linear, P=0.02) and 

tendency of decreasing in G:F ratio (linear, P=0.08) were observed as 

increasing level of CM in diet during the whole finishing period. 

Nunes and Malmlof (1992) reported that high level of mannan in swine 

diet interfered with the insulin and IGF-Ⅰ secretion and affected negatively 

on growth performance. But, in current experiment, CM25 showed similar 

growth performance to CM5 without statistical difference in growing period 

and the whole experimental period. This can be explained by result of 

Khanongnuch et al. (2006) that exogenous mannanase which degrades mannan 

in CM is sufficient even in CM25, so that they had enough transit time to 

digest ingesta including CM. Petty et al. (2002) also reported adding β

-mannanase to diets had a positive influence on pigs and improved the G:F 

ratio (P<0.01). 

Similarly, supplementation of mannan degrading enzyme to 

growing-finishing pig diet has increased G:F ratio and lean gain (Hahn et al., 

1995; Jo et al., 2012). However, in finishingⅡ phase and during whole 

finishing period, ADFI was decreased in agreement with Jaworski et al. 
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(2014) who demonstrated that supplementation of diet with CM lowered feed 

intake. Also, reduction of ADFI by CM inclusion may affect the ADG and 

G:F ratio in finishing period (Jaworski et al., 2014). It is considered to be 

due to rancidity after prolonged storage (Ehrlich et al., 1990) or the lower 

density and more swelling (high CF) of CM (Khanongnuch et al., 2006). 

This result demonstrated that palatability was affected by level of 20% 

CM in finishing phase. However, ADFI in growing phase was not affected, 

and there was an improvement of feed efficiency by increasing level of CM 

in early growing phase. These observations were supported by the result of 

former researchers (Ehrlich et al., 1990; Jaworski et al., 2014).

Consequently, during the whole experimental period, there were no 

significant differences in growth performance when fed up to 25% of CM 

with 0.10% of β-mannanase.

Blood Profiles

Blood profiles parameters during feeding trial are presented in Figures 

2 and 3. During the whole experimental period, there was no signigicant 

difference in glucose concentration when pigs were fed diet with increasing 

level of CM. Mannans and galactomannans in CM might reduce the 

absorption of glucose and decrease the production of insulin (Rainbird et al., 

1984; Nunes and Malmlof, 1992). But, Kim et al., (2013) demonstrated that 

the concentration of blood glucose in pigs fed diet with β-mannanase was 

greater than pigs fed diet without β-mannanase (P=0.03). The result of this 

study was considered as due to the reduced negative effects of anti-nutritional 

factor by added dietary β-mannanase (Yoon et al., 2010). At 6 week, linear 

increasing of BUN was observed as CM supplementation level increased 

(linear, P=0.02). The BUN has been known to a good indicator for 

evaluation in protein quality, protein intake (Eggum, 1970) and nitrogen 
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retention (Whang and Easter, 2000) by pigs. Münchow and Bergner (1968) 

reported highly negative correlation between the biological value of feed and 

BUN content. Increase of BUN concentration indicated that excessive amino 

acids are inefficiently metabolized and circulated in the blood before excretion 

(Han et al., 2001; Jeong et al., 2010). Although a linear response by CM 

supplementation level was observed at 6 week, the BUN value of all 

treatments were in normal range (10.0 – 30.0 mg/dL; Ribicich et al., 2007). 

Consequently, CM inclusion with β-mannanase did not negatively affect the 

blood glucose and BUN.  

 Nutrient Digestibility

The effect of CM supplementation with β-mannanase on nutrient 

digestibility is presented in Table 6. The digestibility of crude protein in 

growing pigs was linearly declined with increasing inclusion of CM (linear, 

P=0.02), the tendency of decrease was found when over 15% of CM 

supplemented (P=0.07). The digestibility of dry matter, crude fat, and crude 

ash showed no significant difference among treatments. Nitrogen retention 

tended to be decreased (linear, P=0.08) as CM level increased in pig diet, 

leading to the tendency of increasing in fecal nitrogen (linear, P=0.05). 

During heating process of CM, the Maillard reaction occurred between 

mannose and amino group which alleviated total nutritional value of CM 

(Butterworth and Fox, 1963). Also, Kim et al. (2001) demonstrated that 

lowered digestibility was observed when pigs were fed CM because of the 

higher crude fiber level in CM than in SBM. The negative effect of fiber 

might be from the effect of fiber on transit time, water-binding capacity of 

fiber, mechanical erosion and absorption of nutrients on the fiber (Nongyao et 

al., 1990).    

Consequently, increasing level of CM caused lower CP digestibility by higher 
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fiber which is the reason of increased fecal nitrogen and reduced nitrogen 

retention.

Carcass Traits and Pork Quality

The effect of CM supplementation with β-mannanase on pH of pork is 

presented in Figure 3. In this study, increasing level of CM did not affect 

the pH levels change and the pH value at 0, 24h.

 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 (Kauffman, et al., 1992).

It is also an important factor for the storage (Huff-Lonergan et al., 

2002). 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) (Maganhini et al., 2007). In general, pH decline is 

accelerated as time goes by, and ultimate pH is reduced because of creation 

of lactic acid from glycogen (Leheska et al., 2002; Tikk et al., 2005; Bee et 

al., 2006). In this study, since the CM level in diet did not affect pH of 

pork, it is considered that inclusion of CM did not have adverse effect on 

pork quality which is correlated with pH.

The results of pork color are presented in Table 8. There was no 

significant difference among treatments in L*, a* and b* value at 0, 3, 6, 9, 

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

yellowness has a negative influence on the freshness of pork (Bendall and 

Wismer-Pederson, 1962). But, there were no change in redness or yellowness 

by CM level in diet. These findings are in accordance with those of Hong 

(2009), who had demonstrated that a* and b* values were not affected by 

CM inclusion level when 0.10% of β-mannanase supplemented.

The effects of on the carcass characteristics of growing-finishing pigs 
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fed with increasing level of CM with β-mannanase are noted in Table 7. In 

current study, The level of CM did not affect the cooking loss, shear force, 

WHC and proximate analysis of the pork after slaughter. The result of fat 

content contrast with those of Creswell and Brooks (1971) who demonstrated 

that the relationship between dietary CM and fat composition of carcass, CM 

additions resulted in increases fatty acids in the backfat. When crude fat 

content increases in longissimus muscles, WHC is increased and shear force 

and cooking loss are decreased (Goerl et al., 1995).

Economical Analysis

The effects of dietary CM levels with 0.10% of β-mannanase on feed 

cost are presented in Table 8. There was a tendency in feed cost per weight 

gain in growingⅠ phase (linear, P=0.06), growingⅡ phase (linear, P=0.09). 

During overall period, there was decreasing in (linear, P=0.02) feed cost per 

weight gain according to effect of dietary CM levels increasing, either. Also, 

total feed cost per pig was reduced by dietary CM levels in growingⅠ phase 

(linear, P=0.03) and during overall period (linear, P=0.04). Decreasing feed 

cost of high content of CM is mainly caused by the replacement of SBM. 

There was no significant response in days to market weight. Total feed cost 

in whole days to market weight was reduced up to 6.56% when fed diets 

with increasing level of CM. Also, feed cost (won/kg) reduction of 1.01 won 

was observed when each 1% CM inclusion level increased.
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Conclusion

Addition of CM with β-mannanase in growing-finishing pig diet 

showed positive effects on growth performance during growing period, 

expecially feed efficiency in early growing phase. But the ADFI, G:F ratio in 

finishing phase tended to be decreased as CM level increased. There was no 

significant difference in ADG during whole experimental period, but in 

finishing period, CM20 and CM25 treatment showed lower ADG. There was 

an increasing of the BUN at the end of growing phase but the values of 

BUN are in normal range through all treatments. In the result of nutrient 

digestibility, there were significant decreasing on crude protein digestibility as 

dietary CM increased. The digestibility of dry matter, crude fat, crude ash of 

CM25 in growing phase was not affected by level of CM inclusion. Pork 

quality including  pH, pork color and physiochemical property, there were no 

significant differences among treatments. In the result of economical analysis, 

the increasing of dietary CM levels affect on reduction of feed cost. Also, 

feed cost per head was improved as CM inclusion level increased.

Consequently, Supplementation of CM up to 25% had no detrimental 

effects on growth performance, blood profiles, pork quality with improved 

economical efficiency during the whole experimental period when 0.10% of β

-mannanase (800IU) supplemented, but considering the tendency of decreasing 

on ADFI, ADG and changes in feed efficiency, 15% of CM supplementation 

in finishingⅡ period could maximize the productivity of swine farm.
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Table 1. Formula and chemical composition of the diet in growing phase Ⅰ 

(0-3 week)

Criteria
Treatment1

Con CM10 CM15 CM20 CM25

Ingredient, %　

Corn 54.65 53.23 51.82 50.37 48.94

SBM-45 25.07 23.41 21.79 20.09 18.47

Wheat bran 9.88 7.96 5.99 4.17 2.23

Copra meal 5.00 10.00 15.00 20.00 25.00

Soy oil 2.76 2.76 2.76 2.76 2.76

DCP 1.17 1.09 1.02 0.90 0.90

Limestone 0.73 0.77 0.81 0.86 0.90

L-lysine․HCl 0.14 0.18 0.21 0.25 0.28

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30
β-mannanase4 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.0

Chemical composition5

ME, kcal/kg 3,265.00 3,265.01 3,265.01 3,265.00 3,265.00

CP, % 18.00 18.00 18.00 18.00 18.00

Lysine, % 0.95 0.95 0.95 0.95 0.95

Methionine, % 0.26 0.26 0.26 0.27 0.27

Ca, % 0.60 0.60 0.60 0.60 0.60

Total P, % 0.50 0.50 0.50 0.50 0.50
1 Con : 5% copra meal + 0.1% β-mannanase, C10 : 10% copra meal + 0.1% 

β-mannanase, C15 : 15% copra meal + 0.1% β-mannanase, C20 : 20% copra meal + 

0.1% β-mannanase, C25 : 25% copra meal + 0.1% β-mannanase.
2 Provided per kg of 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, 128μg; Vit. B12, 20μg. 
3 Provided per kg of diet: Fe, 281mg; Cu, 288mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
4 CTCzymeⓇ:  CTCbio Inc. Seoul, Republic of Korea.
5 Calculated value.
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Table 2. Formula and chemical composition of the diet in growing phase Ⅱ 

(3-6 week).

Criteria　
Treatment1

Con CM10 CM15 CM20 CM25

Ingredient, %

Corn 58.26 56.84 55.39 53.98 52.55

SBM-45 20.35 18.69 16.99 15.37 13.72

Wheat bran 11.21 9.29 7.47 5.50 3.58

Copra meal 5.00 10.00 15.00 20.00 25.00

Soy oil 2.74 2.74 2.74 2.74 2.74

DCP 1.11 1.02 0.92 0.81 0.77

Limestone 0.63 0.68 0.71 0.79 0.79

L-lysine․HCl 0.10 0.14 0.18 0.21 0.25

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30
β-mannanase4 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00

Chemical composition5

ME, kcal/kg 3,265.00 3,265.01 3,265.01 3,265.00 3,265.00

CP, % 16.30 16.30 16.30 16.30 16.30

Lysine, % 0.82 0.82 0.82 0.82 0.82

Methionine, % 0.25 0.25 0.25 0.25 0.25

Ca, % 0.54 0.54 0.54 0.54 0.54

Total P, % 0.47 0.47 0.47 0.47 0.47
1 Con : 5% copra meal + 0.1% β-mannanase, C10 : 10% copra meal + 0.1% 

β-mannanase, C15 : 15% copra meal + 0.1% β-mannanase, C20 : 20% copra meal + 

0.1% β-mannanase, C25 : 25% copra meal + 0.1% β-mannanase.
2 Provided per kg of 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, 128μg; Vit. B12, 20μg. 
3 Provided per kg of diet: Fe, 281mg; Cu, 288mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
4 CTCzymeⓇ:  CTCbio Inc. Seoul, Republic of Korea.
5 Calculated value.
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Table 3. Formula and chemical composition of the diet in finishing phase Ⅰ 

(6-9 week).

Criteria
Treatment1

Con CM10 CM15 CM20 CM25

Ingredient, %　

Corn 59.93 58.50 57.06 55.67 54.24

SBM-45 18.10 16.43 14.77 13.15 11.50

Wheat bran 11.96 10.09 8.20 6.20 4.28

Copra meal 5.00 10.00 15.00 20.00 25.00

Soy oil 2.72 2.72 2.72 2.72 2.72

DCP 1.03 0.94 0.83 0.77 0.69

Limestone 0.58 0.61 0.67 0.71 0.75

L-lysine․HCl 0.08 0.11 0.15 0.18 0.22

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30
β-mannanase 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00

Chemical composition4

ME, kcal/kg 3,265.00 3,265.00 3,265.01 3,265.01 3,265.00

CP, % 15.50 15.50 15.50 15.50 15.50

Lysine, % 0.75 0.75 0.75 0.75 0.75

Methionine, % 0.24 0.24 0.24 0.25 0.25

Ca, % 0.50 0.50 0.50 0.50 0.50

Total P, % 0.45 0.45 0.45 0.45 0.45
1 Con : 5% copra meal + 0.1% β-mannanase, C10 : 10% copra meal + 0.1% 

β-mannanase, C15 : 15% copra meal + 0.1% β-mannanase, C20 : 20% copra meal + 

0.1% β-mannanase, C25 : 25% copra meal + 0.1% β-mannanase.
2 Provided per kg of 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, 128μg; Vit. B12, 20μg. 
3 Provided per kg of diet: Fe, 281mg; Cu, 288mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
4 CTCzymeⓇ:  CTCbio Inc. Seoul, Republic of Korea.
5 Calculated value.
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Table 4. Formula and chemical composition of the diet in finishing phase Ⅱ 

(9-12 week).

Criteria
Treatment1

Con CM10 CM15 CM20 CM25

Ingredient, %　

Corn 64.84 63.42 62.00 60.58 59.15

SBM-45 11.65 9.99 8.33 6.67 5.02

Wheat bran 13.71 11.79 9.87 7.97 6.05

Copra meal 5.00 10.00 15.00 20.00 25.00

Soy oil 2.70 2.70 2.70 2.70 2.70

DCP 0.85 0.78 0.70 0.61 0.52

Limestone 0.59 0.62 0.66 0.70 0.75

L-lysine․HCl 0.06 0.10 0.14 0.17 0.21

Vit. Mix2 0.10 0.10 0.10 0.10 0.10

Min. Mix3 0.10 0.10 0.10 0.10 0.10

Salt 0.30 0.30 0.30 0.30 0.30
β-mannanase4 0.10 0.10 0.10 0.10 0.10

Total 100.00 100.00 100.00 100.00 100.00

Chemical composition5

ME, kcal/kg 3,265.00 3,265.02 3,265.04 3,265.01 3,265.00

CP, % 13.20 13.20 13.20 13.20 13.20

Lysine, % 0.60 0.60 0.60 0.60 0.60

Methionine, % 0.22 0.22 0.22 0.23 0.23

Ca, % 0.45 0.45 0.45 0.45 0.45

Total P, % 0.40 0.40 0.40 0.40 0.40
1 Con : 5% copra meal + 0.1% β-mannanase, C10 : 10% copra meal + 0.1% β-mannanase, 

C15 : 15% copra meal + 0.1% β-mannanase, C20 : 20% copra meal + 0.1% β-mannanase, 

C25 : 25% copra meal + 0.1% β-mannanase.
2 Provided per kg of 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, 128μg; Vit. B12, 20μg. 
3 Provided per kg of diet: Fe, 281mg; Cu, 288mg; Mn, 49mg; I, 0.3mg; Se, 0.3mg.
4 CTCzymeⓇ:  CTCbio Inc. Seoul, Republic of Korea.
5 Calculated value.



Analyzed composition, % 

Crude protein 19.50 

Ether exrtract 7.35
Moisture 9.09

Ash 5.94 

Table 5. Analyzed composition of CM for experiment.
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Table 6. Effect of dietary levels of copra meal with β-mannanase on growth 

performance in growing-finishing pigs1

Criteria
Treatment

SEM2 P-value

Con CM10 CM15 CM20 CM25 Lin. Quad.

Body weight, kg

Initial 31.07 30.98 30.98 31.07 30.88  0.543 - -

3 week 41.32 41.34 42.05 43.77 42.12  0.740 0.25 0.56 

6 week 60.40 59.08 60.47 63.96 61.73  1.143 0.20 0.97 

9 week 82.16 82.17 83.22 85.94 83.17  1.264 0.33 0.57 

12 week 101.77 101.93 99.95 101.98 99.91  1.172 0.61 0.96 

ADG, g

1-3 week 488 493 532 606 524 19.9 0.25 0.46 

4-6 week 909 845 877 962 934 25.8 0.34 0.54 

7-9 week 1,036 1,099 1,083 1,047 1,020 16.9 0.49 0.19 

10-12 week 934 941 797 764 797 36.1 0.08 0.56 

1-6 week 698 669 704 784 729 19.0 0.19 0.96 

7-12 week 985 1,020 940 905 909 17.1 0.02 0.87 

1-12 week 842 844 822 845 819  9.8 0.57 0.89 

ADFI, g

1-3 week 1,557 1,464 1,415 1,596 1,406 47.0 0.63 0.93 

4-6 week 2,143 2,051 2,124 2,129 2,177 56.8 0.73 0.66 

7-9 week 2,969 3,024 2,894 3,037 3,291 62.4 0.12 0.17 

10-12 week 3,077 3,060 2,782 2,863 2,602 74.4 0.06 0.84 

1-6 week 1,850 1,758 1,769 1,862 1,791 45.8 0.97 0.75 

7-12 week 3,023 3,042 2,838 2,950 2,947 49.0 0.55 0.57 

1-12 week 2,437 2,400 2,303 2,406 2,369 43.3 0.70 0.62 

G:F ratio

1-3 week  0.310 0.340 0.378 0.383 0.373 0.0113 0.05 0.24 

4-6 week 0.423 0.411 0.412 0.461 0.433 0.0119 0.51 0.88 

7-9 week 0.350 0.363 0.376 0.346 0.311 0.0082 0.11 0.05 

10-12 week 0.304 0.310 0.282 0.269 0.308 0.0108 0.67 0.40 

1-6 week 0.376 0.381 0.398 0.427 0.408 0.0083 0.11 0.63 

7-12 week 0.327 0.336 0.331 0.308 0.309 0.0057 0.08 0.39 

1-12 week 0.346 0.353 0.357 0.353 0.346 0.0038 0.97 0.28 
1 A total of 100 crossbred pigs was fed from average initial body weight 31.02±2.04kg 

to average final body weight 100.17kg. 
2 Standard error of the mean.
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Figure 1. Effect of dietary levels of copra meal with β-mannanase on blood 

glucose in growing-finishing pigs.

 

Figure 2. Effect of dietary levels of copra meal with β-mannanase on blood 

urea nitrogen (BUN) in growing-finishing pigs.
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Table 7. Effect of dietary levels of copra meal with β-mannanase on nutrient 

digestibility in growing pigs1.

Criteria
Treatment

SEM2
P-value

Con CM10 CM15 CM20 CM25 Lin. Quad.

Nutrient digestibility (%)

Dry matter 85.69 86.79 83.65 84.60 85.82 0.433 0.39 0.12

Crude protein 83.19 83.93 80.95 80.76 80.68 0.551 0.02 0.73

Crude fat 56.71 58.13 56.35 55.82 58.32 0.976 0.49 0.63

Crude ash 65.47 67.57 60.99 64.45 64.00 1.184 0.87 0.60

Nitrogen retention3, g/day

N-intake 16.60 16.74 16.70 16.58 16.49 0.186 0.75 0.71 

N-feces  2.80  2.69  3.19  3.20  3.19 0.112 0.05 0.66 

N-urine 10.17 10.55  9.95 10.21 10.22 0.141 0.84 0.94 

N-retention  3.63  3.50  3.55  3.16  3.09 0.127 0.08 0.70 

N-digestibility(%) 21.81 20.90 21.24 19.10 18.73 0.692 0.13 0.81 
1 A total of 15 barrows with an initial body weight 34.7±0.24kg. 
2 Standard error of the mean.
3 N retention = N intake – Fecal N – Urinary N.
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Figure 3. Effect of dietary levels of copra meal with β-mannanase on pH at 

slaughtering.
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Table 8. Effect of dietary levels of copra meal with β-mannanase on pork 

color after slaughter.

Criteria
Treatment

SEM1 P-value

Con CM10 CM15 CM20 CM25 Lin. Quad.

CIE value2, L*

 0 hour 44.01 44.60 43.32 42.53 44.32 0.658 0.78 0.64 

 3 hour 44.59 43.33 43.88 43.28 44.85 0.714 0.93 0.47 

 6 hour 46.30 47.57 46.63 45.13 47.71 0.539 0.92 0.64 

 9 hour 47.61 47.32 47.53 46.50 48.86 0.482 0.50 0.19 

12 hour 47.59 47.00 46.70 46.52 48.24 0.517 0.80 0.23 

24 hour 48.37 46.49 48.17 47.72 49.30 0.593 0.34 0.22 

CIE value, a*

 0 hour 2.47 2.85 2.35 2.00 2.32 0.128 0.18 0.98 

 3 hour 3.19 2.92 2.43 2.51 2.78 0.113 0.15 0.11 

 6 hour 3.17 3.81 2.67 2.48 2.81 0.189 0.12 0.82 

 9 hour 3.52 3.35 3.04 2.91 3.69 0.153 0.93 0.15 

12 hour 3.81 4.08 3.30 3.03 4.00 0.156 0.52 0.13 

24 hour 4.37 4.12 3.97 3.86 4.40 0.132 0.81 0.13 

CIE value, b*

 0 hour 4.88 4.79 4.68 4.27 4.54 0.130 0.22 0.70 

 3 hour 5.57 4.79 4.92 4.82 5.05 0.151 0.33 0.15 

 6 hour 5.68 5.69 5.36 5.01 5.50 0.156 0.35 0.48 

 9 hour 5.93 5.64 5.61 5.57 6.19 0.143 0.63 0.12 

12 hour 6.07 5.98 5.75 5.76 6.19 0.136 0.96 0.22 

24 hour 6.72 6.29 6.27 6.29 6.56 0.135 0.68 0.11 

1 Standard error of the mean.
2 CIE L: luminance or brightness (vary form black to white),  a: red·green component 

(+a=red, -a=green), b: yellow·blue component (+b=yellow, -b=blue). 
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Table 9. Effect of dietary levels of copra meal with β-mannanase on pork 

quality.

Criteria
Treatment

SEM1
P-value

Con CM10 CM15 CM20 CM25 Lin. Quad.

Proximate analysis, % 

Moisture 66.10 65.52 65.34 66.01 65.26 0.142 0.23 0.65 

Crude protein 22.62 22.82 22.22 23.11 22.97 0.150 0.31 0.48 

Crude fat 1.72 1.76 1.69 1.61 1.62 0.093 0.64 0.93 

Crude ash 9.94 9.97 9.94 10.14 10.15 0.082 0.41 0.80 

Physiochemical property

Cooking loss, % 32.07 30.99 33.13 31.34 33.18 0.334 0.24 0.45 

Shear force2 3.32 3.27 3.40 3.01 3.36 0.086 0.78 0.73 

WHC, % 56.74 55.67 55.01 55.14 54.93 0.322 0.11 0.39 
1 Standard error of the mean. 
2 kg/0.5 inch2
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Table 10. Effect of dietary levels of copra meal with β-mannanase on 

economical analysis.

Criteria
Treatment1

SEM1
P-value

Con CM10 CM15 CM20 CM25 Lin. Quad.

Feed cost per weight gain, won/kg

1-3 week  1,230  1,386  1,142  1,063  1,041   51.7 0.06 0.64 

4-6 week    954   1,028    977    875    900   21.0 0.09 0.40 

7-9 week  1,123  1,185  1,110  1,136  1,184   17.1 0.56 0.63 

10-12 week  1,246  1,081  1,211   1,260  1,122   27.4 0.61 0.89 

Total  4,553  4,679  4,440  4,334  4,245   58.8 0.02 0.49 

Total feed cost per pig, won/head

1-3 week 13,379 12,388 11,977 11,998 11,292  293.5 0.03 0.64 

4-6 week 17,646 17,059 17,289 17,228 16,570  374.1 0.45 0.89 

7-9 week 24,517 25,029 23,845 23,594 24,041  300.5 0.29 0.76 

10-12 week 42,491 42,736 41,083 41,222 39,700 1,688.5 0.48 0.89 

Total 98,033 97,212 94,194 94,042 91,603 1,245.8 0.04 0.95 

Relative ratio 
to control 100.00  99.16 96.08 95.93 93.44 - - -

Days to market weight (reached at 115kg BW)

101.1 101.7 101.9 104.0 104.0 1.50 0.46 0.95 
1 Standard error of the mean.
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Ⅴ. Summary in Korean

본 실험  사료 내 0.1% β-mannanase  함께 야자  별  

첨가 여, 돈  장 , 액 상, 양소 소 , 질 그리고 경

에 미 는 향에 해 알아보고, 이를 탕  -  주  

사료를 어느 도 지 체 가능 지 규명  해 행 었다. 평균 

체  31.02 ± 2.04kg  3원 잡종 ([Yorkshire × Landrace]) × 

Duroc) 돈 100 를 공시 며,  5처리 5 복, 돈 당 4 씩 별과 

체 에 라 난 법 (RCBD: randomized complete block design)  

었다. 처리구는 1) Control (corn-SBM based diet with 5% copra 

meal), 2) CM10 (10% of copra meal), 3) CM15 (15% of copra meal), 

4) CM20 (20% of copra meal), 5) CM25 (25% of copra meal) , 각 

처리구에 모  0.1%  β-mannanase가 첨가 었다. 사양실험 결과, 

 체 간에 는 체 , 일당증체량  사료 취량에 는 차가 나타나

지 않았지만,  사료효 이 야자  첨가량이 증가함에 라 증가

는 경향이 나타났다 (linear, P=0.05). 에  사료효 이 CM15처

리구 지 증가 다가 CM20처리구부  감소 는 경향이 찰 었고,  

후 에는 일당증체량과 사료 취량이 CM 첨가량 증가에 라 감소 는 경

향이 나타났다.   체에 는 CM 첨가량이 라 ADG가 감소

는 linear  과 사료효  감소경향이 찰 었다 (linear, 각각 P=0.02, 

P=0.08). 액 상  분  결과,  glucose 농도에 는 모든 간 

차가 나타나지 않았고, 실험 6주차  BUN  농도는 야자  첨가에 른 

linear  증가를 보 나 모든 처리구  결과값이 상 범  안에 들었다 

(linear, P=0.02). 양소 소  실험결과, 건 , 조지 , 조회분  소

에  통계 인 차는 없었 나, 조단  소 이 야자  첨가량에 라 
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감소 며 (linear, P=0.02), 사료 내 단 질  이용 이 떨어짐에 라 

분  통  질소 출량이 증가 는 경향이 나타났고 (linear, P=0.05), 이  

인해 질소축  이 감소 는 경향이 나타났다 (linear, P=0.08). 도축 후 

채취  등심근에  일 분 분  결과 분, 조단 질, 조지   조회분 

함량에 야자  첨가에 른 효과는 견 지 않았 며, 색  pH에 도 

상  범  내에  인 차이가 나타나지 않았다. 경  분   결과, 

사료가격  야자  함량이 높아질  감소 며, 체 실험 간동안 

증체량당 사료  개체당 사료  모 에  생산  감효과가 나타났다 

(각각, linear, P=0.02, P=0.04). 결  돈 사료 내 0.10%  

β-mannanase  함께 야자  첨가  시, 체 간 동안 장 과 

돈 품질에 부 인 향 없이 -  25% 지 체 여 경

 이득  얻   있 며, 특히  에는 사료효  개 에도  

향  미 는 것  나타났다.   사료 취량, 일당증체량  

사료효  변 를 고 여 돈에 는 CM  25%, 돈에 는 15%

 여 면 농가  생산    있  것  사료 다.
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