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Summary 

 

There are serious concerns about the additional opening of domestic 

agriculture and livestock market by FTA between Korea and other countries such as 

EU, USA or China. The Korean feed industry is trying to search for cheaper 

alternative feed ingredients to reduce cost of feed production. Among those 

ingredients, palm kernel meal (PKM) has paid attention due to affordable price and 

higher nutrients. However, PKM contains high levels of mannan which cannot be 

digested in GI tract of mono-gastric animal thus it is regarded as an anti-nutritional 

factor. Therefore, the exogenous β-mannanase is considered to include with PKM in 

the diet for weaning pigs in order to degrade natural anti-nutritional factor (mannan) 

into mannan-oligosaccharides (MOS) which functions as a prebiotic source.  

The current experiment was conducted to evaluate the effect of inclusion of 

PKM with β-mannanase on growth performance, immune responses, fecal mannan 

content and microbial flora in weaning pigs. A total of 160 crossbred ([Yorkshire × 

Landrace] × Duroc) weaning pigs with an average initial body weight (BW) of 6.78 

± 0.31 kg were randomly allotted into one of four dietary treatments based on sex 

and initial BW according to a randomized complete block design in 5 replicates 

with 8 pigs per pen. The treatments were 1) CON: basal diet, 2) PKM 0: basal diet + 

palm kernel meal 5% without β-mannanase, 3) PKM 0.05: basal diet + palm kernel 

meal 5% + β-mannanase 0.05%, and 4) PKM 0.1: basal diet + palm kernel meal 5% 

+ β-mannanase 0.1%). Two phase feeding program was used in this experiment.  

The phase I diet was provided for 2 weeks and the phase II diet was given for last 3 

weeks. The experimental diets were calculated to meet or exceed the 

recommendation of NRC (1998). In phase I, the results revealed that pigs fed CON 

or PKM 0.05 was tended to increase BW than other treatments (P=0.06) whereas a 

significant improvement in average daily gain (ADG) was also observed (P=0.05). 

However in phase II, there were no difference in ADG, ADFI and G:F ratio among 

dietary treatments regardless of PKM or β-mannanase supplementation in phase II. 

Immunoglobulin G concentration was significantly increased when pigs were fed 
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CON or PKM 0.05 during phase I (P<0.05), whereas there was no significant 

difference in immunoglobulin A concentration during whole experimental period. 

The mannan content in feces tended to linearly decrease as β-mannanase was 

supplemented (P=0.08). There were no significant difference in fecal Escherichia 

coli and Salmonella spp. counts by dietary treatments during the entire experimental 

period. Consequently these results demonstrated that supplementation of PKM with 

or without β-mannanase in weaning pig’s diet did not show any positive response 

due to the fact that growth performance was reduced clearly in phase I although it 

was recovered in phase II. 
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Chapter I. Introduction 

 

Today, the Korean swine industry is facing crisis urgently needing 

enhancing competitiveness for price competition with the advanced countries in 

swine industry due to Korea-EU FTA in 2010 and Korea-U.S FTA in 2011. In world 

trade market, many countries are under FTA negotiation to secure national 

competitiveness by forming better free trade environments through eliminating 

tariffs and removing trade barriers, and Korea is now in the process of negotiation 

with China. Moreover, Korea government expressed a renewed interest in joining 

the Trans-Pacific Partnership (TPP). Trans-Pacific Partnership participating nations 

are not only big agricultural producers, and prohibit exceptional items in advance on 

the principle of tariff elimination of all items. 

It is essential that Korea agricultural industry should be prepared for the 

global competition. However, high production cost is the biggest problem in 

Korea’s swine industry. According to the official statistics, swine production cost of 

Korea was 2,900 won/kg, which is much higher than those of Denmark, France, 

and Canada each of which the production cost is 1,900, 1,943 and 1,600 won/kg, 

respectively (Inter PIG; KOSTAT, 2015). 

Based on the TPP and FTA with U.S, EU, and Chile, it is expected that 

domestic swine industry can be severely damaged for a long period of time if pork 

is imported with low, or free of tariffs from other countries. This could have serious 

impact on competitiveness in price of domestic pork in the future. In such 

difficulties, domestic swine industry needs to seek the ways to reduce feed costs 

which account for the major portion, approximately 60%, in swine production costs 

to enhance competitiveness of swine industry. This could be realized by using 

relatively reasonable feed ingredients in comparison with corn or soybean meal. 

Palm kernel meal (PKM) has been widely used as the second dietary 
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protein source priority to soybean meal (SBM). According to Korea Feed 

Association, the amount of PKM imported to Korea in 2013 was 818 thousand ton 

and 782 thousand ton of the imported PKM was used for livestock feed in 2013 

(USDA, 2014). Palm kernel meal is the by-product of palm oil extraction 

processing of a tropical fruit, palm kernel, of which the protein content (18.9% vs. 

8.3%) is higher than of corn, so it is used as feed especially for ruminants and 

rabbits (Devenbra et al., 1989). Palm Kernel meal has advantages over corn or 

SBM in terms of price and quantity. The price of PKM is lower than that of corn or 

SBM, and its large quantity enables PKM to be highlighted as alternative feed 

ingredients (Sulabo et al., 2013). However, it is known that its usage could be 

restricted by the interior of the animal’s body, because of its high NSP (non-starch 

polysaccharides). This is each mono-gastric animals do not secrete enzyme that is 

used to degrade mannan.  

Mannan is divided into four categories; pure mannan, glucomannan, 

glactomannan and lactomannan based on the saccharide combination. And as for 

PKM, it especially contains high mannan as the form of galactomannan. This 

galactomannan can be resolved into galactose and mannose by specific enzyme, 

which is not secreted in the stomach of each animal but exogenous mannanase 

should be supplemented in diet. Based on that, when animal consumes a diet 

containd high level of PKM or CM, overall nutritional value of feed can be lowered 

by non-hydrolized mannan, resulting in the interruption in the digestion of other 

nutrients and causing adverse effect on growth performance (Nwokolo et al., 1976; 

Oloyo, 1991; Dingle et al., 1997). It is also known that mannan interrupts glucose 

metabolism and prevents insulin secreting as it is serious anti-nutritional factor 

(Leeds et al., 1980). 

Because PKM contains a plenty amount of pure mannan, the 

supplementation of β-1, 4 mannanase may improve the utilization of mannan in 
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animal body (Yoon et al., 2009). When mannanase which was made by microbe or 

fungi was supplemented to swine diet, it improved feed efficiency and growth 

performance (Jackson et al., 1999). It indicated that mannanase is able to utilize 

mannan as energy source through its role in hydrolyzing β-1, 4 mannosidic chain 

and generates mannan-oligosaccharides (MOS) which functions as prebiotics and 

improves feed efficiency and growth performance (Bedford, 1993; Pettigrew et al., 

2000; Pettey et al., 2002). It is reported that this decreases negative impacts of 

PKM with increasing mannan on animal’s diet. 

Consequently, the aim of the present study was to investigate the effects of 

inclusion of PKM with β-mannanase on growth performance, immune responses, 

fecal mannan content and microbial flora in weaning pigs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



4 

 

Chapter II. Literature Review 

 

1. Nutritive value of PKM 

1.1 General approaches 

Price of corn and soybean meal (SBM) is subjected to influence feed 

industry, according to variable crop condition and the increasing use of biofuel 

in demand.  

Feed industry turned to their attention the alternative feed ingredients 

and makes effort to develop a variety of ingredient. Usage of alternative feed 

ingredient is one of the potential ways to cut down feed price. Palm kernel 

meal (PKM), copra meal, died distillers grains with soluble are widely used as 

alternative animal feed ingredients. 

Recently, incentive arising from the affordable cost of palm kernel 

compare with most other cereals and oilseed products, along with its ever 

increasing global production (Shahidi, 1990; Agunbiade et al., 1999). 

Furthermore, PKM has been used relative to other ingredients in South Korea. 

For a long time, Southeast Asia has the largest palm production in the world. 

For this reason, the inclusion of PKM in ruminant feed ingredient has a very 

long history (Devendra, 1989). Especially, it is generally used for ruminant 

feed ingredient in Malaysia (Denvendra, 1988), Thailand and Indonesia 

(Setthapukdee et al., 1991), and India (Lakshmi and Krisna, 1995). However, 

the inclusion of PKM is not practical approach in non-ruminant industry 

because of its high fiber, particularly in the form of β-mannan and low energy 

contents (Onwudike, 1986). In swine, the recommended allowance rate is to be 

up to approximately 30% in grower and finisher diets as feed ingredients 

(Rhule, 1996). But, development of enzyme such as β-mannanase has 

contributed to usage of PKM for swine feed,  

Still, PKM is not practical use for young pigs in Korea feed industry. 

Therefore, it is needed to conduct many studies to find the optimum levels of 

PKM. 
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1.2 Chemical composition of PKM 

Palm kernel meal (PKM) contains large amount of fiber content, low 

energy density and poor amino acids composition comparison with corn and 

soybean meal (NRC, 2012). Amaefule et al. (2009) evaluated that the gross 

Energy (GE), digestible energy (DE) and nitrogen-corrected metabolizable 

energy (MEn) of palm kernel meal are 4,065 kcal/kg, 2,184-2,321 kcal/kg and 

2,101-2,220 kcal/kg, respectively. Furthermore, Agunbiade et al. (1999) 

indicated that the metabolic energy (ME) of PKM in growing pigs was 

estimated 2,870-3,440 kcal/kg. Boateng et al. (2008) demonstrated that the ME 

of palm kernel cake (PKC) assessed 2,390-2,510 kcal/kg. Nwokolo et al. (1977) 

suggested that palm kernel meal commonly retain 17-21% protein, 10-17% 

crude fiber, 4-5% ash and 0.7-0.9% by ether extracted oil extraction from palm 

kernel. Palm kernel meal have non-aflatoxin and reasonable levels of ME and 

protein and rich in methionine and cysteine while having deficient in lysine 

and low palatability and low availability of energy. Nwokolo et al. (1976) 

demonstrated that the average availability of amino acids in poultry presented 

glycine (63.3%) and arginine (93.2%) but low level of valine and methionine. 

However, PKM is regarded as a good source of arginine owing to have high 

content (2.68%) and availability (93.2%); (Nwokolo et al., 1976). The 

inclusion of PKM in the diet should be supplemented with either synthetic 

lysine or a high lysine feedstuff to balance these two amino acids (Sundu et al., 

2006). In case of inclusion of PKM to swine diet, PKM has a high arginine and 

low lysine. For this reason, swine feed is needed to supplement synthetic 

amino lysine or ingredients containing abundant protein source when PKM 

was supplemented to swine diet. Total carbohydrate of PKM, except to lignin, 

was approximately 50%, which is composed of NSP (42%) low molecular 

weight (2.4%) and starch (1.1%); (Knudsen, 1997; Sundu et al., 2006). 81% of 
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PKM’s carbohydrates are in the form of NSPs which is an insoluble non-

cellulose polysaccharide, occupying 33.6% of the dry matter. Knudsen, (1997) 

and Sundu et al. (2006) revealed that the main saccharides in the soluble non-

cellulose polysaccharides are mannose and galactose and that the main 

saccharides in the insoluble non-cellulose polysaccharide are mannose and 

glucose.  

 

1.3 Nutrient digestibility of PKM 

Palm kernel meal (PKM) is very gritty and fibrous by-product attained 

by the oil extraction. There vary in the nutrient content, affected by the facts 

the species of palm nut, the process of oil extraction, the amount of shell 

content remaining in the meal (O’Mara et al., 1999). Kim et al. (2001) and 

Akinoso and Raji et al. (2011) suggested that the reduced digestibility of crude 

protein (CP) and amino acid (AA) in PKM compared with values for soybean 

meal (SBM). Yin et al. (2006) demonstrated that inclusion of PKM to the 

swine diet has no adverse effect on N utilization of the pigs. In this study, the 

fecal nitrogen is higher than those of different sources (corn, brown rice, sticky 

rice or Hi-Maize). And urinary N output compare to the value. Fatufe et al. 

(2007) showed that nutrient digestibility of inclusion different levels of 20% 

PKM and cassava peel meal (P<0.05). Sulabo et al. (2012) reported that 

digestible energy (DE) and metabolic energy (ME) in PKM, palm kernel 

expeller (PKE) were lower than in SBM and corn in growing pigs. The 

digestible AID of CP in PKE, PKM were lower than in SBM (P<0.05). Also, 

PKM is lower than Copra meal and PKE (P<0.05).  

 

1.4 Effect of inclusion of PKM in weaning pig diets 

Previous study was carried out to evaluate the use of inclusion of 



7 

 

PKM to pig diet by different inclusion rates of PKM (0, 10 and 20%). The 

results found that, general growth performance except for feed intake has 

higher than no inclusion PKM diet. The study also observed the feed price was 

decreased by increasing levels of inclusion of PKM (Okai and Opoku-Mensah, 

1998). Inclusion of 20% palm kernel expellers in weaning diets had no adverse 

effect on growth performance, nutrient digestibility and blood profiles for 

young pigs (Seo et al., 2015). Palm kernel meal has been used in poultry diets 

as a substituted protein sources (Armas and Chicco, 1977; Fetuga et al., 1977; 

Nwokolo et al., 1977; Yeong et al., 1981; Onwudike, 1986). For example, the 

use of PKM to broiler diet has no adverse effects on general performance by 

20% of inclusion (McDonald et al., 1982). Osei and Amo (1987) indicated that 

different inclusion rate PKM have no detrimental effect on BW and feed 

consumption during experimental period (8 week), but feed efficiency was 

significantly decreased when inclusion rate of PKM in the broiler diet to was 

exceeded 12.5%. 

 

2. Non-starch polysaccharides (NSP) 

In feed industry, non-starch polysaccharides (NSP) attracted much 

attention in recent years. The NSP have two features. First, soluble NSP elicit 

anti-nutrient effects. Next one is that, NSP has very poor nutritional value as a 

feed ingredient. For these reason, feed industry has interest in NSP. 

Furthermore, mankind is expected to lack of the food in the immediate future. 

So, efficient utilization of potential usable nutrients is important to feed 

industry. The NSP form a major portion of dietary fiber which is often defined 

NSP (Englyst, 1989).  

The major of NSP are cellulose, pectin, β-glucans, pectosans, 

heteroxylans and xyloglucan which are not able to be utilized by the 
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endogenous enzymes in the animals. Plant ingredients generally consist of a 

mixture of soluble and insoluble fiber. Soluble fiber act on increasing the 

viscosity of digesta and interrupting the absorption of nutrients by disturbing 

the diffusion of digestive enzymes (Davison and McDonald, 1998). These 

previous data suggested that NSP played a role as anti-nutrition factors in pigs. 

 

2.1 Definition of dietary fiber and NSP 

The carbohydrate is classified as a four chemical groups such as 

monosaccharides, disaccharides, oligosacchariedes and polysaccharides 

Among carbohydrates, dietary fiber is classified as polysaccharides which are 

made of long chains of monosaccharide units molecules bound by glycosidic 

linkages and on hydrolysis (Wikipedia). Jenkins (1976) suggested that the 

lignin and plant polysaccharides hindered the hydrolysis of nutrientsby the 

dietary enzymes. Non-starch polysaccharides mainly consist of hexoses (i.e., 

glucose, mannose and galactose), pentose (i.e., arabinose and xylose), the 6-

dexyhexoses (i.e., rhamnose and fucose) and hexauronic acids (i.e., 

galuturonic acid and glucuronic acid). Some plants contain significant amounts 

of soluble and insoluble fiber.  

Non-starch polysaccharides are structured cellulose, hemicellulose 

and pectin. Almost NSP exist in the cell wall of various plants (Selevendran 

and Robertson, 1990) and have a lot of biological function and chemical 

structures. Oligosaccharides which are combined from galactose and glucose 

linked via α-1, 6 glycosidic chain and α-galactosides are the most common 

Oligosaccharides. The xyloglucan is known as the most common 

hemicellulose is a β-1, 4 linked xylose units. Lastly, some starch groups are 

refered as the resistant starch which is similar with NSP because resistant 

starch cannot be enzymatically digested. 

 

 

https://en.wikipedia.org/wiki/Monosaccharide
https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Glycosidic_bond
https://en.wikipedia.org/wiki/Hydrolysis
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2.2 Physiological effects of NSP 

The non-starch polysaccharides (NSP) affect physiologically digestive 

tract and the interaction with microflora of the gastric intestinal tract by 

increasing viscosity. 

 

Table 1. Classification of common non-digestible carbohydrates 

Type of carbohydrates 
Constituent 

monomers 

Solubility, 

WBC2 
Sources 

Oligosaccharides, 3 < DP1 < 10 

Fructo-galacto oligosaccharides 
Fructose, galactose, 

glucose 
+ 

Soybean meal, peas, 

rapeseed meal,Milk 

products 

Polysaccharides, 10 < DP 

Starch 

Physical inaccessible starch Glucose − 
Whole or partly milled 

grains, legumes 

Cystalline resistant granules Glucose − 
low potato, sweet potato, 

maize 

Retrograded amylose Glucose − 
cooled heat treated 

starch products 

Non-starch polysaccharides(NSP) 

Cellulose Glucose − 
Most cereal, legumes, 

plant cell wall 

Hemicellulose 
Glucose, xylose, 

Galatose, arabinose 
+/− Cereal, legumes hull 

β-glucans Glucose + Barley, oats, rye 

Pectins Uronic acid + 
Fruits, chicory,  

sugar beet pulp 

Fructants and inulins Fructose, glucose + ray, chicory 

1 DP: Degree of polymerization, 2 WHC: Water holding capacity 

Sajilata M. G et al., 2006. 

Due to changed nutrient absorption, the mechanism included change of gut 

transit time, modification of hormonal regulation and alteration of intestinal 

mucosa (Vahouny, 1982). Low (1985) indicated that soluble NSP may delay 

gastric intestinal transit time and increase absorption time. Fernandez and 
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Jørgenson (1983) showed that a 1% increase of crude fiber deviated from 

cellulose in swine diet affected to decrease energy digestibility by 1.3% and 

decrease metabolic energy (ME) by 0.9%. On the other hand, insoluble NSP 

decrease transit time. Campbell and Bedford (1992) demonstrated that the 

soluble NSP increased viscosity in lumen resulting in the interrupting nutrient 

absorption. The soluble NSP act as alteration gut functions by changing 

endogenous secretion of water, lipids, protein, electrolytes as well as physical 

interruption to nutrient digestion and absorption (Johnson and Gee, 1981; 

Angkanaporn et al., 1994). On the other hand, certain NSP acted on binding 

bile salt, lipids and cholesterol (Vahouney et al., 1980; Vahouney et al., 1981). 

Viscous NSP increased the amount of bile acid secretion. Accordingly, it leads 

to increase hepatic synthesis of these acids and decrease these acids in the 

feces (Ide et al., 1989; Ikegami et al., 1990). MacAuliffe and McGinnis (1971) 

reported that gut microflora may mediate the anti-nutritive effect. (Gohl and 

Gohl (1997); van der Klis and van Voorst (1993)) indicated that soluble NSP 

delayed time of digesta intestine, which may lessen oxygen tension and 

support the development of anaerobic micro flora. On the other hand, insoluble 

NSP decreased transit time, improve water-holding capacity and support in 

fecal bulkiness. Also, NSP associated with intestine size and having effect on 

developing in the large intestine. Jørgensen et al. (1996) suggested that high 

fiber diet affected a heavier stomach, cecum and colon compare to low fiber 

diet in growing-finishing pigs. Knudesen et al. (1993) reported that 92% of the 

NSP were fermented in the cecum and colon of swine. It is estimated that 14.5-

29.5% of the ME was absorbed from large intestinal of swine by increasing 

level of pea fiber (McBurney and Sauer, 1993). Zhu et al. (1993) demonstrated 

that feeding diet containing dietary cereal affected microbial fermentation to 

increase total digestible energy (DE) by 18 %. The energy yield from NSP 

fermentation accounted for 40 to 47% of the energy that absorbed within the 

hindgut (Christensen et al., 1999).   

Generally, fermentation in the hindgut yield less efficiency than that 

carbohydrates digestion and absorption in the small intestine due to by lack of 



11 

 

utilization of volatile fatty acids (Just et al., 1983; Noblet et al., 1993 and 

1994). And it is caused by fermentation heat and losses of mono-saccharides.  

 

2.3 Supplementation effects of NSP in swine 

In general, the non-starch polysaccharides (NSP) in swine diets 

commonly exits mannan, glucomannan and galactomannan, which account for 

150-370 g/kg of total amounts of NSP in swine diets (CVB, 1998). The several 

of plants ingredients are used for swine diets and can contain up to 22.7% NSP 

retention as based on dry matter (Chesson, 1987). There is increasing evidence 

that viscous dietary soluble NSP can disturb nutrient digestion and absorption 

in mono-gastric animals. And pig fed diet containing high amount of NSPs 

showed increasing feed intake. This increasing feed intake was due to the 

attempting to maintain the available energy intake. High crude fiber content 

and consequently its low level of available energy results in poor performance 

of pigs, compared with those fed corn (Hollis and Palmer, 1971). Hesselman 

and Aman (1986) suggested that large amounts of NSP with anti-nutrient 

activities which affected digestion and absorption by young pigs. Viscous 

soluble dietary NSP also may have significant effects in the small intestine of 

weaning pigs (McDonald et al., 1999). And increasing intestinal tract viscosity 

is more likely to have an impact on weaning pigs than growing-finishing pigs. 

Increased intestinal proliferation of pathogenic Escherichia coli (E.coli) has 

been observed with supplementation of either guar gum (McDonald et al., 

1999) or pearl barley (McDonald et al., 2000) to the diet of weaning pigs 

artificially infected with E.coli High amount of NSPs in swine diet may be 

associated with decreasing pH and NH3 emission of slurry. Urea from urine 

converted to NH3 and CO2, which caused order-component, by the urease 

present in feces. Pigs fed diet containing fermentable NSP showed shifting 
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nitrogen excretion to decrease slurry pH and NH3 emission (Canh et al., 1998). 

 

2.4 Characteristics of mannose-polysaccharide 

2.4.1 Mannan 

Mannan is a plant polysaccharide which is one of the major 

constituent groups of hemicellulose in the wall of plants. The mannan, a major 

component of the hemicellulose family, can be divided into four subfamilies: 

glucomannan, galactomannan, galactoglucomanan and linear mannan 

(Petkowicz et al., 2001). These polysaccharides have a β-1, 4-glycosidic linked 

backbone together with mannose or a combination of glucose and mannose 

residues (Liepman et al., 2007). On the basis of the main sugar unit, 

categorization of hemicellulose is called and most of the main-chain sugars on 

hemicellulose structure get connected by β-1, 4-glycosidic bonds (Polizeli et 

al., 2005). Mannan is easily found in a number of feed ingredients such as 

palm kernel meal, copra meal, soy hull, soybean meal and sesame meal 

(Dierick, 1989). It is known that mannan is an anti-nutritional factor and 

prevents insulin secreting (Leeds et al., 1980). Mannan increased viscosity in 

intestinal tract and consequently has adverse effect on growth performance 

(Anderson and Warnick, 1964; Jackson et al., 1999). Leeds et al. (1980) found 

that β-galactomannan could interfere with insulin secretion rate and glucose 

metabolism in swine. Dale (1997) demonstrated that the high viscosity of β-

mannans may have adverse effect on the efficiency of carbohydrate utilization 

in mono-gastric animals owing to partially blocking key sites on the gut 

surface (Dale, 1997). The rate of glucose absorption from 74.2% to 41.4% and 

water absorption as mannan intake was increased (Rainbird et al., 1984) and it 

is resulted in disturbing insulin secretion and insulin-like growth factor 

production (Nune and Malmhof, 1992). Mannan has effects on decrease 
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nitrogen retention and fat absorption (Kratzer et al., 1967). The mannan 

contents in the feed ingredient is shown in Table 2. 

 

Table 2. Mannan contents in the feed ingredients(dry matter basis)  

Ingredients Mannan, % 

Palm kernel meal 30.0-35.0 

Copra meal 25.0-30.0 

Guar meal 12.0-17.0 

Soy hulls 6.0-10.0 

Sesame meal 2.8-3.5 

Soybean meal 1.2-1.6 

Lupin seed meal 0.4-1.0 

Barley 0.49 

Wheat 0.10 

Corn 0.09 

Wheat bran 0.07 

Dierick, 1998 

 

2.4.2 Mannan-oligosaccharides 

Mannan-oligosaccharides (MOS) are derived from cell wall of the 

yeast have high binding affinity, providing a competitive binding site for 

oligosaccharide-specific bacteria. Sims et al. (2004) suggested that MOS has 

the benefits such as changes in the intestinal flora, a reduction in mucosa 

turnover rate, and the modulation of the immune system in the intestinal lumen. 

In general, fructo-oligosaccharides, galacto-oligosaccharides, and mannan-

oligosaccharides have been used as prebiotics in livestock supplements (White 

et al., 2002; LeMieux et al., 2003). Dvorak and Jacques (1998) suggested that 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-84782015000100111#B13
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-19
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-9
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supplementation of MOS increased growth performance in nursery pig. White 

et al. (2002) showed that MOS obtained by brewers dried yeast had no effect 

on nursery pig. Mannan-oligosaccharides improved growth performance in 

young pigs (Davis et al., 1999; Pettigrew, 2000). And Davis et al. (2000, 2002) 

and Miguel et al. (2003) indicated that MOS improved the growth performance 

of weaning pigs, and Davis et al. (2000, 2002) showed increases in ADG 

(4.15%), ADFI (2.08%), and gain:feed (2.34%). Inclusion of MOS improved 

growth performance and health condition by immune modulation (Spring and 

Privulescum, 1998), and decreasing pathogenic bacteria (Rozeboom et al., 

2005). Ofek and Sharon (1990) and Baba et al. (1993) reported that D-mannose 

which is major carbohydrate of MOS, presents on most cell surface and acts on 

receptor for binding of specific microbe [Escherichia coli (E.coli) and 

Salmonella]. Ofek et al. (1977) reported that E.coli and Salmonella were 

adhered to mucosa binds to mannose residues on epithelial cell membranes. 

The mechanisms of microbial adherence to the cells are different by species of 

the microbes (Baba et al., 1993; Mul and Perry, 1994; Ofeck, 1997). Lehniger 

et al. (1993) reported that glycoprotein have one or a few carbohydrate groups 

and others have a lot of oligosaccharides side chain which have linear and 

brached (Lehniger et al., 1993). Lecitins are founded on the exterior of cell and 

are related to fimbrial adhesions of bacteria. Previous study carried out three 

trials such as D-mannose, D-galactose, α-methul-D-glucoside, it is 

demonstrated that only D-mannose hindered to adherence to the mucosal 

surface (Baba et al., 1993). Privulescu (1999) indicated that supplementation of 

MOS positively affected to increase in both gut and serum Immunoglobulin G 

levels in germ free animals. There were also observations showing the positive 

effects on IL-1β and IFN-γ (Besedovsky et al., 1986) and released two 

cytokines during the main stage of the immune response (Allison, 1986). It is 

https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-42
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-42
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-7
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-32
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-8
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-5
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-23
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-8
https://www.animalsciencepublications.org/publications/jas/articles/90/3/833#ref-5
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reported that MOS has effect on inhibiting adherence of microorganism to the 

cell wall, which raised immune response by microorganism in the intestinal. 

 

2.4.3 Mannose 

Mannnose is a sugar monomer of the aldohexose series of 

carbohydrates, which is a C-2 epimer of glucose. Mannose mostly exists as 

two different sized rings such as the pyranose form and the furanose form. 

Mannose is concern a variety of series of metabolic conversion being included 

in glycoprotein and glycolipids or formed into fucose. Mannose can be formed 

by the oxidation of mannitol (Wikipedia). Wood and Cahil (1963) demonstrate 

that oral mannose absorption was not efficiency in pigs. However, infused 

mannose was efficiently tolerated. Alton et al. (1997) indicated that mannose 

was efficiently absorbed by humans. It is established that that mannose has 

effect on liver glycogen (Deuel et al., 1938). Rambal et al. (1995) suggested 

that mannose do not take priority works for glycoprotein biosynthesis. Other 

study reported that mannose can be delivered by the intestinal epithelial in 

rodents at 15-20% of the absorption of glucose (Cori, 1925; Deuel et al., 1938; 

Wilson and Vincent, 1995). 

 

3. Enzyme for degrading NSP 

The enzyme is macromolecular biological catalysts. Enzymes play a 

vital role as it catalyze or accelerate chemical reactions. The main functions of 

enzymes act in the digestive systems of animals. Enzymes such as amylases 

and proteases degrade large molecules such as starch or proteins into smaller 

ones, to be absorbed into the intestinal tract. All animals use enzymes to digest 

feed. Animals produce enzymes by itself or microbe in the gut naturally 

present. However, the animal digestive process is not completely 100% 

https://en.wikipedia.org/wiki/Digestive_systems
https://en.wikipedia.org/wiki/Amylases
https://en.wikipedia.org/wiki/Proteases
https://en.wikipedia.org/wiki/Starch
https://en.wikipedia.org/wiki/Protein
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efficient. Swine and poultry can’t digest 15 to 25% of the feed they eat. 

Accordingly, in order to reduce the production of animal waste, anti-nutritional 

factors should have broken down in swine diet. Supplementing specific 

enzyme to feed improves the performance of animal’s growth and efficiency of 

digestion. The enzyme helps to maintain gut health by preventing potential 

pathogens. And helping make a better environment by reducing the volume of 

feces, phosphorus and nitrogen excretion. 

 

3.1 Fiber-degrading enzymes 

All plant derived feed ingredients contain fiber. Fiber is divided into 

two type of fiber: soluble and insoluble. Fiber is composed of a number of 

complex carbohydrates found in the cell walls of plants. It is role in acting as 

an anti-nutrient factor such as forming viscous gels by soluble fiber, trapping 

within the soluble fiber’s cell walls and creating bulk in gut. Mono-gastric 

animals are unable to produce the enzyme to digest fiber. Therefore, feed 

enzymes are now widely used to improve general performance in many 

livestock feed. Freedonia (2009) reported that the animal feed enzyme market 

has grown at average rate of 13% per year for the period 1998 to 2008. Today, 

as a result of advances in biotechnology, there is now widely used for 

commercial feed enzyme.  

In early studies, Jenson et al. (1957) demonstrated that crude amylase 

and protease help to digest starch and protein. First successful enzyme in 

animal additives was used for β-glucanase with barley basal diet in poultry 

(Berg, 1959). Hasselmen and Aman (1986) reported that supplementation of β-

glucanase to barley basal diet improved growth performance in broiler. In case 

of pig diet, the consistent result was not as found (Thacker et al., 1991; Inborr 

et al., 1993). However, several studies have reported that nutrient digestibility 
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of glucose, protein and other nutrients was improved by exogenous enzymes 

(Johnston et al., 2004; Sands and Kay, 2007; Mok et al., 2013). However, 

Nortey et al. (2007) and Olukosi et al. (2007) suggested that equivocal effects 

of enzyme complex of carbohydrase and phytase supplementation to swine 

diets on nutrient digestibility. The potential nutritional value of feed additives 

has not been decided. Although, supplementation of enzyme to animal feed has 

a potential value, the need for further studies is considered. 

 

4. Dietary supplementation of β-mannanase 

4.1 General approaches 

Beta-mannanase (mannan endo-1, 4-β-mannosidase) is an endo 

hydrolase enzyme which can hydrolyze the 1, 4-β-D-mannosidic chain in 

mannan, galactomannans and glucomannans and linear mannan, yielding 

mannan-oligosaccharides (McCleary, 1988; Stålbrand, 2003). This enzyme has 

been used for diverse process in which quality of products is improved by 

degradation of β-mannan (Dhawan and Kaur, 2007). A variety of bacteria, 

mold, yeast or fungi produce β-mannanase. Also, β-mannanase is produced by 

plants (Yuan et al., 2007). Generally, β-mannanse production used for fungal 

strain such as Trichoderma (Arisan-Atac et al., 1993) or Aspergillus spp. 

(Ademark et al., 1998). Beta-mannanase from Bacillus bacteria and fungi, 

have some merit by high activity and convenient isolation, so those are widely 

used for research and industry. 

 

4.2 Mode of action of β-mannanase 

Generally, endo-β-mannanase and exo-β-mannanase that activate 

complete decomposition and coversion of the mannan to mannose or mannan-

oligosaccharides. The mode of action of β-mannanse is very complex in mono-
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gastric animal. The first mode of action of β-mannanase is to improve glucose 

absorption in the gastrointestinal tract by degrading mannan content. It is role 

in inhibiting negative impacts such as interfering with glucose absorption, 

insulin secretion and growth factor 1.The second mode of action is reducing 

viscosity in the gastrointestinal tract via degradation of β-mannan which leads 

to sticky digesta (Dale, 1997). The third mode of action is to help maintain 

normal intestine for better feed efficiency in gastrointestinal tract by binding 

with pathogen from the mannose and MOS which is degraded by β-mannanase. 

The final mode of action of β-mannanase is to improve the overall health and 

growth performance via generation of MOS which has an immune stimulation 

activity from mannan component of substrate entering into the intestinal tract. 

In many studies, supplementation of β-mannanase has been demonstrated to 

affect positive effects in mono-gastric animals. 

 

4.3 Application to swine 

In swine digestibility, inclusion of β-mannan in swine diet led to 

decrease insulin secretion (Leeds, 1980) and glucose absorption (Rainbird, 

1984). Supplementation of β-mannanase to corn-SBM basal diet improved 

apparent energy digestibility in swine (Radcliffe et al., 1999). Yoon et al. (2009) 

suggested that supplementation of β-mannanase improved apparent total tract 

digestibility of gross energy (GE), dry matter (DM) and crude protein (CP) of 

growing pigs. Yoon et al. (2010) reported that supplementation of mannanase 

(400 IU/kg) improved nutrient and energy digestibility. Mok et al. (2013) 

reported that supplementing mannanase improved the digestibility of DM, 

organic matter, and energy in growing pigs fed inclusion of PKE diets. 

However, Pettey et al. (2002) demonstrate that there was no difference in DM 

and energy digestibility in supplementation of mannanase to corn-SBM basal 
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diet. 

In swine growth performance, Hahn et al. (1995) demonstrated that 

supplementation of β-mannanase to in SBM diets improved the lean gain and 

feed efficiency in growing-finishing pig. Supplementing β-mannanase to corn-

SBM basal diet also improved body weight and feed efficiency of finishing pig. 

Supplementing mannanase to low energy diets had beneficial effect on growth 

performance of growing pigs (Pettey et al., 2002; Lv et al., 2013). And Yoon et 

al. (2010) observed the improved blood glucose concentration in growing-

finishing pigs fed high energy or supplementation of mannanase. Jo et al. 

(2012) suggested that supplementation of enzyme cocktails (0.5 g/kg) 

containing mannanase had no effects on blood glucose concentrations.  

 

4.4 Supplementation level of β-mannanase 

In previous studies, supplementation level of β-mannanase in swine 

diets based on corn-SBM basal diet are widely reported. Yoon et al. (2009) 

suggested that in a maximum of 600 IU/kg of β-mannanase
 
of dietary β-

mannanase reported the improved average daily gain and glucose 

concentration in growing-finishing pig (linear P<0.05). Furthermore, Frank et 

al. (2009) used level of enzyme (0-400IU of β-mannanase) in nursery pig 

which showed improved feed conversion. Additionally, Kim et al. (2013) 

demonstrated that inclusion level of enzyme (0-400 IU of β-mannanase) in 

growing pig which showed improved growth performance and ATTD of 

nutrients. However, Mok et al. (2015) did not observe the improvement in 

nutrient digestibility when inclusion 0-800 IU of β-mannanase in growing pig. 

Several studies were conducted the experiment associated with β-mannanase 

supplementation during growing-finishing period. However, there are no 

studies was carried out the trial with β-mannanase in weaning pigs. 
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Chapter III. Inclusion of Palm Kernel Meal with β-mannanase 

on Growth Performance, Immune Responses, Fecal Mannan 

Content and Microbial Flora in Weaning Pigs 

 

Abstract: An experiment was conducted to evaluate inclusion of palm kernel meal 

(PKM) with β-mannanase on growth performance, immune responses, mannan 

content and microbial flora in weaning pigs. A total of 160 crossbred ([Yorkshire × 

Landrace] × Duroc) weaning pigs with an average initial body weight (BW) of 6.78 

± 0.31 kg were randomly allotted into one of four dietary treatments based on sex 

and initial BW in a randomized complete block (RCB) design in 5 replicates with 8 

pigs per pen. The treatments were 1) CON: basal diet, 2) PKM 0: basal diet + palm 

kernel meal 5% without β-mannanase, 3) PKM 0.05: basal diet + palm kernel meal 

5% + β-mannanase 0.05%, and 4) PKM 0.1: basal diet + palm kernel meal 5% + β-

mannanase 0.1%). Two feeding program was used in this experiment. The phase I 

diet was provided for 2 weeks and phase II diet was given for last 3 weeks. The 

experimental diets were formulated to meet or exceed the recommendation of NRC 

(1998). The results revealed that pigs fed CON and PKM 0.05 were increased in 

BW than other treatments (P=0.06), whereas the significant improvement in ADG 

was also observed (P=0.05). However in phase II, there were no differences in 

ADG, ADFI and G:F ratio among dietary treatments regardless of PKM or β-

mannanase supplementation.  During the overall period (0 to 35 d), ADFI was 

increased clearly when PKM level was increased with β-mannanase (P<0.05). 

Immunoglobulin G concentration was significantly increased when pigs were fed 

CON or PKM 0.05 during phase I (P<0.05), whereas there were no significant 

difference in immunoglobulin A concentration during whole experimental period. 

The mannan content in feces tended to be the highest value in PKM 0 treatment but 
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it was decreased linearly when β-mannanase was added (P=0.08). There was no 

significant difference in fecal Escherichia coli and Salmonella spp. counts by 

dietary treatments during the entire experimental period. Consequently these results 

demonstrated that inclusion of PKM with or without β-mannanase in weaning pig’s 

diet did not show any positive responses due to the fact that growth performance 

was decreased clearly in phase I although it was recovered in phase II. 

 

Key words: β-mannanase, Palm Kernel Meal, Mannan, Growth Performance, 

Weaning Pig 
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INTRODUCTION 

 

 Currently, South Korea government expressed a renewed interest in 

joining the Trans-Pacific Partnership (TPP). This agreement seems to be concluded 

within a few years and the multilateral trade negotiation is being accelerated. The 

Korean agriculture fears that the new global trade issue will weaken the 

competitiveness of Korean swine industry. The Korean swine industry needs to find 

out the way for sustainable industry by reducing production cost whereas 

improving feed efficiency. Many methods are attempted to reduce feed cost without 

any detrimental effect on animal productivity. One of the effective methods is 

provide exogenous enzyme in animal diet to maximize nutrients utilization 

particularly when alternative ingredients, such as palm kernel meal (PKM) or copra 

meal (CM), are used. 

 

 Palm kernel meal (PKM) is not only an attractive alternative feed 

ingredient in swine production the affordable price but the nutrient composition are 

also showed to be higher than those of corn, soybean meal and barley (Agunbiade 

et al., 1999). Many experiments demonstrated that inclusion of PKM to swine diet 

did not show detrimental effects on growth performance during the growing-

finishing phase (Rhule et al., 1996; Lee et al., 2009). However, the PKM is usually 

contained high quantity of non-starch polysaccharides (NSP), which increased 

visceral gel, resulting in decreased nutrient digestion and absorption (Angkanaporn 

et al., 1994). Accordingly, the PKM is not practical use in young animal diet due to 

the limitation of digestive enzymes for degrading β-mannan. The β-mannan is 

serious anti-nutritional factor in PKM because it acts as interruption glucose 

absorption and restriction insulin secretion (Leeds et al., 1980).   

 Supplementation of exogenous enzyme, β-mannanase is interested issue 
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for animal nutritionists in order to provide adequate nutrients which are used for 

improving feed efficiency and growth performance (Han et al., 1995). It revealed 

that mannanase enables mannan to be utilized as an energy source via its important 

role in hydrolyzing β-1, 4 mannosidic chain and resolving into mannan-

oligosaccharides (MOS) that functions as prebiotics and improves feed efficiency 

and gut health (Bedford, 1993; Pettey et al., 2002; Rozeboom et al., 2005). It also 

found that the mannan-oligosaccharides decreased number of pathogenic bacteria 

and prevent diarrhea in weaning pig (Miguel et al., 2003). However, the research of 

β-mannanase inclusion in PKM diet for in young pig is limited.  

Consequently, the aim of the present study was to investigate the effect of 

different levels of β-mannanase with dietary PKM on growth performance, immune 

responses, fecal mannan content, microbial flora, fecal consistency and economic 

analysis in weaning pigs.  
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MATERIALS AND METHODS 

 

Experimental design  

A total of 160 crossbred ([Yorkshire × Landrace] × Duroc) pigs with 

averaging 6.78 ± 0.31 kg of initial body weight (BW) were used in 5 weeks trial. 

Piglets were randomly assigned to each treatment based on sex and initial BW 

according to a randomized complete block design. Each treatment consisted of 5 

replicates with 8 pigs per pen. Dietary treatments were 1) CON: corn-soybean meal 

based diet, 2) PKM 0: basal diet + palm kernel meal 5% without β-mannanase), 3) 

PKM 0.05: basal diet + palm kernel meal 5% + β-mannanase 0.05%, and 4) PKM 

0.1: basal diet + palm kernel meal 5% + β-mannanase 0.1%.  

  

Experimental diet 

 Experimental diets were formulated based on corn-soybean meal diets, 

consisted with two feeding regimens (Phase I; d 0 to 14) and Phase II; d 15 to 35). 

All feed ingredients were provided from a domestic feed company. The exogenous 

enzyme β-mannanase was provided from CTC Bio
 
Inc. (Seoul, Republic of Korea), 

containing β-mannanase 800,000 IU/kg were supplemented in the diets with 0.05 

and 0.10%.   

 Nutrient composition in the early weaning pig contained 3,265 kcal of 

ME/kg, 23.7% crude protein, 1.35% lysine, 0.35% methionine, 0.80% calcium and 

0.65% phosphorus and the late weaning pig diets contained 3,265 kcal of ME/kg, 

18.0% crude protein, 1.15% lysine, 0.30% methionine, 0.70% calcium and 0.60% 

phosphorus were supplied for the phase I (0 to 2 week), phase II (3 to 5 week), 

respectively. All other nutrients of experimental diets were met or exceeded the 

nutrient requirement of NRC (1998). The formulation and chemical composition of 

each experimental diet were presented in Tables 1 and 2. 
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Animal management and measurement 

 The experiment was conducted in a research farm, which located in Muan 

(Jeollanam-do, South Korea). The pigs were raised in whole slatted plastic floor 

(1.5 × 2.0 m
2
) equipped with a feeder and a nipple drinker in each pen to allow 

freely access to feed and water throughout the experimental period. The ambient 

temperature was controlled at 31℃ during the first 7 days and gradually declined 

at 1℃ weekly. Body weight and feed consumption were recorded at the beginning 

and end of each period( 2
nd

 and 5
th
) weeks to calculate average daily gain (ADG), 

average daily feed intake (ADFI) and gain-to-feed ratio (G:F ratio). 

 

Immune responses 

Blood samples were collected from anterior vena cava of the selected same 

pigs at the termination of each phase (day 0, 14 and 35) and immediately 

transferred into 10 ml heparinized vacuum tubes, thereafter centrifuged at 3,000 

rpm at 4℃ for 15 minutes. Immunoglobulin G (IgG) and immunoglobulin A (IgA) 

were analyzed by ELISA assay, according to the manufacture’s guidelines (ELISA 

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

Quantitation Kit; Bethyl). All samples were assayed in duplicates with 1:100,000 

(IgG) or 1:10,000 (IgA) fold dilution. 

 

Mannan contents analysis 

Mannan contents were analyzed in feed and feces of each Phase. The fecal 

excretion was collected from 6 piglets in each treatment using rectal dilatation 

during 24 hr. The samples of feed and feces were directly given to a laboratory 

(CTC Bio
 
laboratory, Hwasung, Republic of Korea). The dietary samples were 

dried at 60 ± 5℃ to reduce moisture content until consistent amount of 10% 

moisture for subsequent analysis. For chemical characterization, dried feed samples 
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were subjected to a quantitative acid hydrolysis. The concentrations of glucose, 

galactose, mannose and sugar were determined by an evaporative light scattering 

detector (ELSD). The separation of sugar was quantified in a shodex sugar column 

SP0810 (300 mm×8.0 mm). Ultrapure water was used as an eluent at a flow rate of 

1ml/min. The monosaccharides and disaccharides in hydrolysates were determined 

by ELSD in order to estimate the contents of samples in cellulose (as glucan), 

hemicellulose (mannan + galactan + arabinan + xylan).  

 

Microbial flora 

Fecal Escherichia coli and Salmonella spp. counts were analyzed at 0, 2
nd

 

and 5
th
 week, respectively. For enumeration of bacterial population, 1 g of fecal 

content was diluted in saline solution and re-suspended by vortex mixing, then 

serially diluted in saline solution. Each dilution was spread overlaid on the surface 

of agar plate and this procedure was performed in duplicate over Lactobacillus 

MRS broth and MacConkey agar (Difco, BD science, USA). Plates were incubated 

at 37℃ and each plate was spotted for fecal micro-flora count and examined for 

the presence of each bacterial growth after 24 hr of incubation. 

 

Fecal consistency score 

Fecal sample was observed daily at 8:00 and 20:00 and score of fecal 

consistency was given from 1 to 5 by the macroscopic assessment of consistency 

scores (macroscopic score: 1, 2, 3, 4 and 5; firm to watery). 

 

Economic analysis  

Economic analysis was conducted to compare the feed cost for 1 kg weight 

gain. Calculation of feed cost per weight gain is as following. The feed cost per 

weight gain was calculated based on price of raw materials during the time of the 

experiment (October, 2013). In each phases, index was calculated from the ratio of 
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the feed cost per weight gain to CON. 

Calculation of feed cost per weight gain is as following. 

Feed cost Weight gain (won kg⁄ )⁄ =  
Feed price (won kg⁄ ) × Feed intake per head (kg pig⁄ )

Weight gain per head (kg pig⁄ )
 

 

Chemical and statistical analysis 

Analysis of the experimental diets was conducted according to the standard 

methods of the AOAC (1995). Data were analyzed by ANOVA for a randomized 

completed block design using the GLM procedure of SAS (SAS Institute, 2009).  

Least squares means were calculated for each independent variable. Orthogonal 

polynomial contrasts were used to determine linear and quadratic effects by 

supplementation β-mannanase level in weaning pig periods. Significant differences 

for all measurements were declared at P<0.05 and P<0.01 for the tendency in all 

parameters.   
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RESULTS AND DISCUSSION  

 

Growth performance  

Inclusion of palm kernel meal (PKM) with β-mannanase on growth 

performance was presented in Table 4. Body weight (BW), average daily gain 

(ADG), average daily feed intake (ADFI) and gain-to-feed (G:F) ratio were not 

affected by any dietary treatments at during Phase I ( 0 to 14 d). However, CON 

treatment (no inclusion of PKM) showed highest BW (P=0.06), and significant 

improvement was observed in ADG (P=0.05). Generally, PKM has high amount of 

mannan contents which are divided into pure mannan, glucomannan and 

galactomannan (Blackburn and Johnson, 1981; Rainbird et al., 1984). It is known 

that mannan is not only anti-nutitional factor but also prevents insulin secreting 

(Leeds et al., 1980). Moreover, mannan increased viscosity in intestinal tract and 

consequently has adverse effect on growth performance in pigs (Anderson and 

Warnick, 1964; Jackson et al., 1999).  

During phase II (15 to 35d), There were no significant differences in BW, 

ADG, ADFI and gain:feed ratio among treatments. However, among PKM 

treatments, PKM 0.05 showed higher BW and ADG than other PKM treatments. 

(quadratic effect, P<0.05) and significant difference was observed in gain:feed ratio 

(linear; quadratic effects, P<0.05; P<0.01, respectively). Previous reports 

demonstrated that supplementation of β-mannanase was shown to increase general 

performance in mono-gastric animals (Hahn et al., 1993; Petty et al., 2000). Palm 

kernel meal has relatively high pure mannan compared to copra meal(CM). 

Therefore, supplementation of β-mannanase is able to enhance glucose absorption 

rate by degrading mannan components (Edwards et al., 1988; Kim et al., 2001). 

Based on metabolic of mannose, supplementation of β-mannanase with mannan-

oligosaccharides (MOS) or mannose indicated that better utilization in the 

gastrointestinal tract (Radcliffe et al., 1999). Pettey et al. (2002) investigated that 
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supplementation of mannanase to corn-SBM based feed is similar to growth 

performance with high metabolic energy (ME) treatment by 100 cal/kg. 

Overall experimental period (0 to 35d), there were no significant difference 

in BW, ADG, ADFI and G:F ratio. Whereas, ADFI (quadratic effects, P<0.05) was 

significantly influenced by β-mannanase supplementation level in weaning pig diets.  

The present study demonstrated that supplementation 5% of PKM with β-

mannanase had no significant improvements in BW, ADG, ADFI and gain:feed 

ratio as compared to those fed diets without PKM. However, the inclusion level of 

β-mannanase at 0.05% on showed statistically better growth performance compared 

to PKM without β-mannanase treatments (PKM 0).  

 

Immune response 

Inclusion of PKM with β-mannanase on immune parameter was presented 

in Table 4. In immune response trial, serum immunoglobulin G (IgG) concentration 

was significantly increased in the CON and PKM 0.05 treatments at the termination 

of 2
nd

 week feeding (P<0.05). On the other hand, there was not detected significant 

difference on immunoglobulin A (IgA) concentration at the 2
nd

 week. At the 5
th
 

week, immunoglobulin G concentration was no notable effect on those results. 

However, there were no significant difference in IgA concentration. 

The immunoglobulin G is generally considered as the most common type 

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

infection in the body (Haye and Karnegay et al., 1979; Hankins et al., 1992). It is 

the most function in controlling diarrhea and infection via binding many types of 

pathogenic antigens (Bourne, 1973). 

Mannan is composed of mannose which acts as an alternative prebiotics for 

animals, improving growth performance and enhancing immunity by decreasing 

pathogenic bacteria (Rozeboom et al., 2005). According to Spring and Privulescu 

(1998) who demonstrated that supplementation of mannan-oligosaccharides 
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increased immunoglobulin level in the blood with better performance and gut 

health. Base on the result, the inclusion of 5% PKM with β-mannanase had positive 

influence serum IgG and increasing serum IgG is considered as a health benefit to 

improve growth performance and immunity of weaning pigs.  

 

Mannan content analysis 

Inclusion of PKM with β-mannanase on mannan content was presented in 

Figure 1. The present study was utilized fecal samples and collected at the 

beginning and the end of each feeding regimen not total fecal collection. The data 

of fecal mannan content was estimated by indirect form. Therefore, it was focused 

on relative to difference of mannan content among treatments. 

There were no significant difference in mannan content at the 2
nd

 week 

whereas PKM 0 tended to decrease linearly in the mannan content as increasing 

level of β-mannanase at the 5
th
 week (P= 0.08). 

The secretion of digestive enzymes for utilizing NSP in mono-gastric 

animals is limited (McDonald et al., 1995 White et al., 2002). In order to increase 

digestible NSP from plant origins, supplementation of exogenous enzyme namely 

β-mannanase is essential in diet. Yoon et al. (2009) found the positive effect when 

providing β-mannanase in pig’s diet, which significantly improved glucose 

absorption rate in gastrointestinal tract by degrading mannan at β-1, 4 glycosidic 

linkage. In conclusion, the inclusion of PKM in diet increases mannan retention in 

feces with improving availability ratio in weaning pigs. 

 

Microbial flora 

Inclusion of PKM with β-mannanase on microbial flora was presented in 

Table 5. There were no significant differences in E. coli and Salmonella Spp. 

during overall experimental period. In the previous studies, mannan-
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oligosaccharides is one of mannan components which are well-established as a 

probiotic source (White et al., 2002; LeMieux et al., 2003). It is well recognized to 

enhance immune function by binding pathogenic bacteria such as E. coli or 

Salmonella spp. and inhibiting colonization of gastrointestinal tract by unfavorable 

microorganisms in a lot of livestock species (Newman, 1994). However, this 

experiment cannot be directly compared to the data from previous studies described 

above because trial condition was relatively clean and no artificial infection.  

 

Fecal consistency score 

Inclusion of PKM with β-mannanase on fecal consistency score was 

presented in Table 6. There was no significant difference in fecal consistency score 

during whole experimental period.  

In general, NSP are commonly known for causing stickiness for viscosity 

of digesta in small intestine, which may lead to decrease the nutrient digestibility. 

However, mannanase acts as an exogenous enzyme for degrading 1, 4 β-D mannan 

containing glucomannan or galactomannan, which decreased viscosity of digesta in 

the GI tract (McCleary, 1988). In the current study, supplementary β-mannanase 

showed no detrimental effects on fecal consistency score in weaning pig. 

 

 Economic analysis  

Economic analysis was calculated by feed cost per weight gain (Table 7). 

The production cost was numerically decreased when pigs fed corn-SBM basal diet 

and 5% PKM with β-mannanase 0.05% diet during overall experimental period. 

The study also observed the feed price was decreased by increasing levels of 

inclusion of PKM (Okai and Opoku-Mensah, 1998). In currnet study, growth 

performance was decreased by PKM supplementation so economical analysis was 

not improved when 5% PKM was supplemented in overall experimental periods. 
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CONCLUSION 

 

Supplementation of PKM 5% with β-mannanase in weaning pigs’ diet did 

not show any improvement in growth performance during the whole experimental 

period. However, PKM0.05 treatment had greater growth performance than other 

PKM treatments. The CON treatment showed numerically greater growth 

performance compared to the PKM treatments for the overall experimental period. 

In mannan content of feces, inclusion of PKM in diet had higher mannan in feces 

compared to CON treatment and availability of mannan also increased by β-

mannanase supplementation in PKM treatments. Although there were no difference 

in microbial flora and fecal consistency, PKM0.05 treatment had higher IgG level 

than other PKM treatments at 2 week. Consequently, these results demonstrated 

that supplementation of 5% PKM with or without β-mannanase in weaning pig’s 

diet did not show any positive response due to the fact that growth performance 

was reduced clearly in phase I although it was recovered in phase II. 
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Table 1. The formula and chemical composition of experimental diets in Phase I. 

Item 
Treatments

1
 

CON PKM 0 PKM 0.05 PKM 0.1 

Ingredients, %     

Corn 28.1 31.3 32.0 32.6 

Soybean meal, 45%  29.5 29.6 29.7 29.8 

Whey powder 3.00 3.00 3.00 3.00 

Lactose 8.00 8.00 8.00 8.00 

Palm kernel meal 0.00 5.00 5.00 5.00 

Soytide 3.00 3.00 3.00 3.00 

Barley 22.2 13.9 12.9 12.2 

Wheat bran 2.00 2.00 2.00 2.00 

Soy oil 1.00 1.00 1.00 1.00 

Dicalcium phosphate 1.41 1.41 1.41 1.41 

Limestone 0.75 0.80 0.82 0.82 

L-Lysine HCl 0.39 0.40 0.40 0.40 

DL-methionine 0.06 0.06 0.06 0.06 

Vitamin premix
2
 0.10 0.10 0.10 0.10 

Mineral premix
3
 0.10 0.10 0.10 0.10 

Salt 0.20 0.20 0.20 0.20 

Choline chloride -25 0.10 0.10 0.10 0.10 

ZnO 0.10 0.10 0.10 0.10 

β-mannanase 0.00 0.00 0.05 0.10 

Sum 100 100 100 100 

Chemical composition
4
     

ME, kcal/kg 3265 3265 3265 3265 

CP, %
 

21.0 21.0 21.0 21.0 

Lys, % 1.35 1.35 1.35 1.35 

Met, % 0.35 0.35 0.35 0.35 

Ca, % 0.80 0.80 0.80 0.80 

Total P, % 0.65 0.65 0.65 0.65 

1 1) CON=Basal diet, 2) PKM 0=Basal diet with palm kernel meal 5% + β-mannanase 0% , 3) PKM 0.05=Basal diet with PKM 5% 

+ β-mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet with PKM 5% + β-mannanase 0.1% (800 IU). 

2 Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin D3, 1, 600 IU; vitamin E, 32 IU; d-biotin, 64g; 

riboflavin, 3.2  mg; calcium pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12 g; vitamin K, 2.4 mg. 

3 Provided the following per kilogram of diet: Se, 0.1 mg; I, 0.3 mg; Mn, 24.8 mg; CuSO4, 54.1mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 

0.3mg. 

4 Calculated values 
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Table 2. The formula and chemical composition of experimental diets in Phase II. 

Item 
Treatments

1
 

CON PKM 0 PKM 0.05 PKM 0.1 

Ingredients, %     

Corn 47.8 45.6 45.6 45.5 

Soybean meal, 45%  21.9 21.4 21.4 21.4 

Palm kernel meal 0.00 5.00 5.00 5.00 

Soytide 2.00 2.00 2.00 2.00 

Barley 22.8 20.3 20.2 20.2 

Wheat bran 1.00 1.00 1.00 1.00 

Soy oil 1.55 1.85 1.89 1.93 

Dicalcium phosphate 1.34 1.29 1.29 1.29 

Limestone 0.62 0.66 0.66 0.66 

L-Lysine HCl 0.40 0.42 0.42 0.42 

DL-methionine 0.03 0.03 0.03 0.03 

Vitamin premix
2
 0.10 0.10 0.10 0.10 

Mineral premix
3
 0.10 0.10 0.10 0.10 

Salt 0.20 0.20 0.20 0.20 

Choline chloride -25 0.10 0.10 0.10 0.10 

β-mannanase 0.00 0.00 0.05 0.10 

Sum 100.00 100.00 100.00 100.00 

Chemical composition
4
     

ME, kcal/kg 3250 3250 3250 3250 

CP, %
 

14.0 14.0 14.0 14.0 

Lys, % 0.86 0.86 0.86 0.86 

Met, % 0.26 0.26 0.26 0.26 

Ca, % 0.58 0.58 0.58 0.58 

Total P, % 0.51 0.51 0.51 0.51 

1 1) CON=Basal diet, 2) PKM 0 = Basal diet with palm kernel meal 5% + β-mannanase 0% , 3) PKM 0.05=Basal diet with PKM 5% 

+ β-mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet with PKM 5% + β-mannanase 0.1% (800 IU). 

2 Provided the following per kilogram of diet: vitamin A, 8,000 IU; vitamin D3, 1, 600 IU; vitamin E, 32 IU; d-biotin, 64 g; 

riboflavin, 3.2 mg; calcium pantothenic acid, 8 mg; niacin, 1 6mg; vitamin B12, 12 g; vitamin K, 2.4 mg. 

3 Provided the following per kilogram of diet: Se, 0.1mg; I, 0.3 mg; Mn, 24.8 mg; CuSO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7mg; Co, 

0.3mg. 

4 Calculated values 
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Table 3. Inclusion of palm kernel meal (PKM) with β-mannanase on growth 

performance
1
. 

Item 

Treatment
2
 

SEM
3
 P-value 

CON PKM 0 PKM 0.05 PKM 0.1 

Body weight (kg) 

Initial 6.76 6.80 6.78 6.78 - - 

2
nd

 wk 10.05 9.32 9.36 9.06 0.306 0.06 

5
th

 wk 
†
 18.03 17.02 17.93 17.26 0.254 0.27 

Average daily gain (g) 

0~2 wk 235.2 179.3 185.4 162.8 10.06 0.05 

3~5 wk 
†
  380.1 367.1 408.2 390.4 11.35 0.51 

0~5 wk 322.1 292.0 319.1 299.4 7.17 0.24 

Average daily feed intake (g) 

0~2 wk 346.0 315.6 312.5 291.4 10.55 0.43 

3~5 wk 726.6 712.6 725.3 709.7 4.21 0.41 

0~5 wk
†
 555.9 543.0 560.2 542.4 5.42 0.54 

Gain to feed ratio 

0~2 wk 0.686 0.572 0.588 0.557 0.0229 0.15 

3~5 wk *
†
 0.522 0.515 0.563 0.51 0.0158 0.54 

0~5 wk 0.580 0.538 0.570 0.553 0.0127 0.49 

1 A total of 160 crossbred pigs were fed from average initial body weight 6.78 ± 0.31 kg 

2 1) CON=Basal diet, 2) PKM 0=Basal diet with PKM 5% + β-mannanase 0 IU, 3) PKM 0.05=Basal diet with PKM 5% + β-

mannanase 0.05% (400 IU), 4) PKM 0.1= Basal diet with PKM 5% + β-mannanase 0.1% (800 IU). 

3 Standard error of mean. 

* Linear effect (P<0.05), ** Linear effect (P<0.01), † Quadratic effect (P<0.05), †† Quadratic effect (P<0.01). 
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Table 4. Inclusion of palm kernel meal (PKM) with β-mannanase on serum IgA and 

IgG. 

Item 

Treatment
1
 

SEM
2
 P-value 

CON PKM 0 PKM 0.05 PKM 0.1 

Immunoglubulin A, mg/ml 

Initial 0.64 0.64 0.64 0.64 - - 

2 wk 0.55 0.44 0.46 0.47 0.029 0.68 

5 wk  1.06 1.06 1.07 1.23 0.069 0.80 

Immunoglubulin G, mg/ml 

Initial 0.79 0.79 0.79 0.79 - - 

2 wk 0.66 0.34 0.51 0.41 0.045 0.03 

5 wk  0.51 0.47 0.56 0.51 0.020 0.37 

1 1) CON=Basal diet, 2) PKM 0=Basal diet with PKM 5% + β-mannanase 0 IU, 3) PKM 0.05=Basal diet with PKM 5% + β-

mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet with PKM 5% + β-mannanase 0.1% (800 IU). 
2 Standard error of mean. 
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Table 5. Inclusion of palm kernel meal (PKM) with β-mannanase on E.coli and 

Salmonella spp. in feces.  

Item 

Treatment
1
 

SEM
2
 P-value 

CON PKM 0 PKM 0.05 PKM 0.1 

Escherichia coli, cfu/ml  

Initial 4.64 4.64 4.64 4.64 - - 

2 wk 4.59 4.70 4.38 4.70 0.093 0.59 

5 wk  4.55 4.54 4.61 4.47 0.133 0.98 

Salmonella spp, cfu/ml 

Initial 4.91 4.91 4.91 4.91 - - 

2 wk 2.90 3018 2.67 2.85 0.125 0.44 

5 wk  3.62 3.16 3.58 3.61 0.149 0.75 

1 1) CON=Basal diet, 2) PKM 0; Basal diet with PKM 5% + β-mannanase 0 IU, 3) PKM 0.05=Basal diet with PKM 5% + β-

mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet with PKM 5% + β-mannanase 0.1% (800 IU). 

2 Standard error of mean. 

 

 

 

  



38 

 

Table 6. Inclusion of palm kernel meal (PKM) with β-mannanase in fecal 

consistency.  

Items 

Treatment
1
 

SEM
2
 P-value 

CON PKM 0 PKM 0.05 PKM 0.1 

Fecal consistency score
3
 

2 wk 2.77 2.80 2.80 2.76 0.041 0.70 

5 wk 2.35 2.30 2.30 2.25 0.022 0.37 

1 1) CON=Basal diet, 2) PKM 0; Basal diet + PKM 5% + β-mannanase 0 IU, 3) PKM 0.05=Basal diet + PKM 5% + β-

mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet + PKM 5% + β-mannanase 0.1% (800 IU). 
2 Standard error of mean.  
3 Fecal consistency score: 1= hard feces; 2= slightly soft feces; 3= soft, partially formed feces; 4= loose, semiliquid feces and 5= 

watery, mucosis-like feces. 
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Table 7. Inclusion of palm kernel meal (PKM) with β-mannanase on economic 

analysis in weaning pig diets. 

Items 
Treatment

1
 

CON PKM 0 PKM 0.05 PKM 0.1 

Phase I (0 to 2 wk) 

Feed cost, won/kg 573.3 552.5 551.5 551.6 

Feed cost/weight gain, won/kg 843.3 972.4 929.6 987.2 

Index 100 115 110 117 

Phase II (3 to 5 wk) 

Feed cost, won/kg 474.3 462.7 464.2 465.6 

Feed cost/weight gain, won/kg 906.7 898.2 824.8 846.4 

Index 100 99 91 93 

Overall (0 to 5 wk) 

Feed cost, won/kg 523.8 507.6 507.9 508.6 

Feed cost/weight gain, won/kg 1750.1 1870.6 1754.4 1833.6 

Index 100 106 100 104 

1 1) CON=Basal diet, 2) PKM 0; Basal diet + PKM 5% + β-mannanase 0 IU, 3) PKM 0.05=Basal diet + PKM 5% + β-

mannanase 0.05% (400 IU), 4) PKM 0.1=Basal diet + PKM 5% + β-mannanase 0.1% (800 IU). 
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Figure 1. Inclusion of palm kernel meal with β-mannanase on mannan content in 

feces (*linear, P=0.08). 
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V. Summary in Korean 

 

본 실험은 5%의 팜박이 사용된 사료에 β-mannanase 첨가가 

자돈의 성장, 면역성상 및 만난함량에 미치는 영향을 규명하기 위하여 

진행되었다. 평균체중 6.78 ± 0.31 kg 인 160 두의 자돈([Yorkshire × 

Landrace] × Duroc)을 공시하여 4 처리 5 반복, 돈방 당 8 두씩 성별과 

체중에 따라 난괴법(RCBD; Randomized Complete Block Design)으로 

배치 하였다. 실험 처리구는 1) CON: 옥수수 대두박 위주의 기초사료 2) 

PKM 0: 기초사료 + 팜박 5% + β-mannanase 미 첨가 3) PKM 0.05: 

기초사료 + 팜박 5% + β-mannanase 0.05%, and 4) PKM 0.1: 기초사료 

+ 팜박 5% + β-mannanase 0.1%로하여 총 4 처리로 구분 하였다. 

사양시험 결과 전기구간에 있어서 대조구와 PKM0.05 처리구에서 체중이 

수치적으로 증가하는 경향성을 보였으며 (P=0.06), 일당증체량에 

있어서는 유의적으로 증가되었다 (P<0.05). 자돈후기 팜박 처리구간에 

있어서는 PKM0.05 처리구에서 가장 높은 체중을 보였으며(quadratic, P 

<0.05), 또한 가장 높은 일당증체량 및 사료효율을 나타내었다 (linear, P 

<0.05 및 quadratic, P<0.05). 면역성상 결과, 자돈 전기구간에서 

대조구와 PKM0.05 처리구에 Immunoglobulin G 의 농도가 증가 하였지만 

(P<0.05) immunoglobulin A 의 농도는 처리구간 차이를 보이지 않았다. 

분변내 만난 함량은 팜박 처리구간에 있어서 β-mannanase 의 함량이 

증가할수록 5 주차의 분변 내 만난의 함량이 수치적으로 감소되는 

경향성을 보였다 (P=0.08).  

 결론적으로, 자돈 사료 내 팜박과 함께 β-mannanase 첨가의 

유무에 상관없이 성장성적에는 긍정적인 영향을 미치지 못했다. 이는 

자돈전기에는 팜박의 첨가가 성장성적을 감소시켰지만 자돈 후기에 

있어서는 부정적인 영향을 상쇄하여 성장성적을 개선시켰다고 사료된다. 
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