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Summary

The world’s feed market has been rapidly changing to meet the 

demand and taste of consumers. To survive in competitive market, the 

efficient feed production is necessary and the adequate feed processing 

such as pelleting has been highly considered in swine production. 

Moreover, the banana as prebiotics can be supplemented to reduce the 

diarrhea, the most frequent economic damage in post-weaned pigs.

In this literature, it is evaluated that the pelleting could improve 

the feed efficiency to compare the mash feed in weaning pigs which 

are not being organized in digestive system. Secondly, as a new 

ingredient of swine diet, nutritional value and supplementation effect of 

banana meal (BM) are evaluated by growth performance and 

metabolism in weaning pig. A total of 168 weaning pigs (28 ± 3 old 

and 7.98 ± 0.83 kg of BW) were allotted into 4 treatments with 6 

replicates of 7 piglets per pen in a randomized complete block (RCB) 

design. This experiment was conducted with 2x2 factorial design. The 

first factor was feed type (mash or pellet) and the second factor was 

banana supplementation level (0 or 3%).

Two phase feeding trials (phase Ⅰ for 0-2 week and phase Ⅱ 

for 3-5 week) were conducted in this study. In feeding trial, body 

weight (BW) and average daily gain (ADG) from 0 to 2 wk were 

affected by feed type and ADG from 2 to 5 wk were subsequently 

shown to be increased when banana meal was supplemented (P<0.05). 

The feed consumption of the pigs was improved by addition of banana 
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meal from 2 to 5 wk (P<0.05) and the G/F ratio was higher when diets 

were pelleted during phase I (0-2 wk) and the whole experimental 

period (0-5 wk), resulting in significant difference (P<0.05). There were 

no significant differences in nutrient digestibilities, nitrogen retention, 

blood metabolites, and fecal VFA concentrations.

In the results of moisture contents of feces, the response by 

addition of BM was observed, resulting in lower moisture content of 

feces in pigs fed BM diet (P<0.05). The content of E. coli was 

significantly decreased at 2 week (P<0.05) and the content of 

Lactobacillus at 2 and 5 wk tended to be increased (P<0.09) when  

pigs were fed diets containing BM. Based upon this experiment, 3% 

banana powder can be supplemented with the positive effect on weight 

gain, feed consumption and fecal microflora subsequently pellet type can 

be expected to maximize the feed efficiency in weaning pig. 

Consequently this experiment demonstrated that banana powder can be 

supplemented without any detrimental response in growth and pelleting 

showed improvement in both growth and feed efficiency in weaning 

pig.

Key words: Banana meal, Pelleting, Weaning pigs, Growth 

performance, Fecal microflora, Nutrient digestibility, Blood profiles
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I. Introduction

The world’s feed market has been rapidly changing to meet the 

demand and taste of consumers. A condition for international feed 

business is destroying the barrier between nations to keep the 

competitiveness. The price of grains has been increasing and using 

these resources lead the competition between human and animal. Under 

the above situations, the efficient feed production is most desirable to 

survive in the world’s grain market.

For the feed production, various feed processing methods such as 

mash, pelleting, extruding, are widely utilized in the field of feed 

industry. Although the pelleting is the most prominent feed processing 

for swine in world’s market, mash type is still occupying approximately 

80% of total feed production in Korea. The pellet feed has the various 

advantage on increasing palatability, reducing ingredient segregation 

(Briggs et al., 1999; Hull et al., 1968; Hussar and Robblee, 1962; 

Proudfoot and Sefton, 1978; Benkhe, 1999) and increasing bulk density 

(Aarseth, 2004) to compare mash feed. Moreover, the addition of 

cheaper conventional ingredients can be supplemented in pellet feed to 

save feed cost without any detrimental response in growth performance.

With the physical improvement by pelleting, numerous potential 

ingredients can be utilized for the efficient and economic swine feed 

production. In tropical countries, banana is produced abundantly and it 

is widely used for feed production of livestock. Since the banana 

contains more than 65% starch on DM basis, it can be a good source 

as natural binding agent for pellet feed. Moreover, banana can be the 
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possibility to work as prebiotics with its high dietary fiber (more than 

10%) in swine diets.
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II. Literature Review

1. World’s feed market

1.1. International feed market

World livestock markets are still enormously expanding and the 

subsidiary business has been rapidly moved to meet the customers’ 

taste. Animal feeds play a leading role in the global food industry and 

they are produced in industrial feedmills or in simple on-farm mixers 

(FAO, 2010).

The global feed industry continues to expand in volume and 

value in response to increases in world population, urbanization and 

growing consumer purchasing power (FAO, 2010)

According to a new United Nations report (World Population 

Prospects: The 2012 Revision), the current world population of 7.2 

billion doubled over the past 40 years and is projected to increase by 

almost one billion people within the next twelve years, reaching 8.1 

billion in 2025 and 9.6 billion in 2050.

These trends mean that market demand for food will continue to 

grow and global production in food will need to double by 2050. 

Current world feed production is estimated at 873 million ton which is 

expected to grow to close on 2 billion tons by 2050 (AFMA - Animal 

Feed Manufacturers Association, 2011).

Asia continues to be the world’s leading feed producing region at 

356 million tons. One region, however, exceeded Asia in percent 

growth over 2011 results. Africa was found to be the fastest growing 
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area in terms of tons of feed manufactured, increasing its tonnage 19 

percent from 47 million in 2011 to 56 million in 2012. The Middle 

East was estimated to have the largest feed mills, with an average of 

more than 63,000 tons produced per mill (2013 Summary of the global 

feed processing industry). The above world feed production 2011 and 

2012 is shown in Table 1.

The pig feed production was 218 million tons globally as shown 

Table 2. The ruminant feed market, comprising dairy, beef and small 

ruminants, grew 253 million tons. Equine feed tonnage increased almost 

17 percent to 10.8 million tons. Pet food represents 20.5 million tons, 

40 percent of which are produced in the United States.

Table 1. World feed production (IFIF & Alltech)

Continent / Region Tonnage (2011) Tonnage (2012)

Asia 305 Million 356 Million

Europe 200 Million 207 Million

North America 185 Million 188 Million

Latin America 125 Million 137 Million

Middle East/Africa 47 Million 56 Million

Other 11 Million 10 Million

Total 873 Million 954 Million

Table 2. World feed production per species (Alltech)

Species Total Tonnage

Poultry 418 Million

Ruminant 253 Million

Pig 218 Million

Aqua 34 Million

Pet 20 Million

Equine 11 Million

Total 954 Million
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Figure 1. Locations of top feed companies (Feed international)

Asia continues to dominate the market in number of companies 

and production, the vast majority of the top ranking manufacturers are 

based in Asia, particularly China as shown in Figure 1.

Charoen Pokphand of Thailand as the top producer globally was 

ranked, with China-based New Hope Group holding the third ranking 

after U.S.-based Cargill. Following is Guangdong Wen’s Group in 

Asian top producer. The World feed manufacturers of complete feeds in 

is summarized in Table 3.

Reviewing the above data, the Asian market has been extremely 

expanding and China has become the biggest feed manufacturers in the 

world. Under the fast-moving global feed market, the feed companies 

may understand the difference varying from the feed species, feed, feed 

processing between countries and increase the volume as well as 

develop the specialities and competitiveness.
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Table 3. Top 20 world feed manufacturers (Feed international, 2011)

Rank Company Country

25~10 million metric tons

1 Charoen Pokphand (CP group) Thailand

2 Cargill USA

3 New Hope Group China

4 Land O'Lakes Purina USA

5 Brasil Foods Brasil

6 Tyson Foods USA

10~5 million metric tons

7 Guandong Wen's Group China

8 Cofco China

9 East Hope Group China

10 Zen-noh Co-operative Japan

11 Nureco Netherlands

12 ForFarmers Netherlands

5~2.5 million metric tons

13 Tongwei China

14 Twins Group Shuangbaotai China

15 Agrifirm Feed Netherlands

16 De Heus Netherlands

17 DLG Denmark

18 Glon France

19 Smithfield Foods USA

20 DaChan/East Asia Group China

1.2. Korean feed market in the world

Total feed production in 1990 was about 10,425 thousand (Korea 

feed Association, 2011) and that in 2012 was increased almost by 1.8 

times as shown in Table 4. The ruminant production in 2012 was 

dominated 35% in 6,478 thousand tons among total feed production, 

ranking the second in 31% of pig and the third 26% of poultry.

In 2000s, the domestic livestock industry has continued to grow, 

while the meat consumption has been increased and farming households 

and feedmills have produced more systematic livestock productions. In 
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addition, competition between domestic and imported livestock products 

is heightening with the liberalization of the livestock market, while the 

rise in international feed grain prices affects the unstable management 

to both livestock farms and factories, consumers' demand for safe and 

high-quality livestock products has been increasing by the day.

Accordingly, domestic livestock products must be differentiated 

from imports in the consumers' market by producing and distributing 

the competitive livestock products. Furthermore, domestic livestock 

farms and feedmills should continue to improve the productivity with 

the reduction of production cost and establishing environment-friendly 

infrastructure is another important issue in the domestic livestock 

industry (KREI, 2010).

Table 4. Korea feed production per species (Ministry of agriculture, 

food and rural affairs, 2013)

Species
Production per year (Tonnage) Variations

(%)2012 2011

Pig 5,685,466 4,481,696 27%

Poultry 4,822,358 4,748,375 2%
Ruminant 6,478,974 6,031,950 7%

Pet 186,612 189,239 -1%

Equine 21,595 19,664 10%
Other 1,337,271 1,235,359 8%

Total 18,532,276 16,706,283 11%

2. Various feed type

Feeding the each form of feed has its own advantages and 

disadvantages. Different forms of feed has also different effectiveness, 
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digestibility and conversion efficiency. But limited researches have been 

performed to investigate the effect of feeding different forms of feed 

(mash, pellet, etc) on the productive performance in animal industries 

(Jahan et al., 2006). Comparing the effect of feeding mash, pellet, etc 

on growth rate, feed efficiency and other productive characters, the 

most economic and suitable form of feed has to be considered 

(Aviatech, 2007).

2.1. Mash feed

Mash is a form of a complete feed that is finely ground and 

mixed. So livestocks cannot easily separate out ingredients and each 

mouthful provides a well balanced diet. Simple manufacturing procedure 

is needed for mash form of feed. Mash diet gives greater unification of 

growth, less death loss and more economical (Jahan et al., 2006). 

2.2. Pellet feed

Pellet system is really a modification of the mash system. It 

consists of mechanically pressing the mash into hard dry pellets. Pellet 

is a form of complete feed that is compacted and extruded to about 

1/8 inch in diameter and 1/4 inch in length (Banerjee, 1988).

The greatest advantage in using pellets is that there is little waste 

in feeding. The disadvantage is that pellets are expensive-about 10 

percent more expensive than that of feeds not pelleted (Jahan et al., 

2006).

2.2.1. Advantage on pelleting
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Pelleted diets can affect animal performance in a variety of ways 

(Behnke, 1994). Reasons for the enhanced performance may be due to 

increased digestibility, decreased ingredient segregation, reduction of 

energy during prehension, and increased palatability (Behnke, 1998).

Pelleting also increases bulk density and flowability and decreases 

spillage and wind loss (Briggs et al., 1999).

2.2.2. Process on pelleting

A pellet mill has two main components, the conditioner and the 

roller/die. Roller forms pellets by forcing feed through the die. Dies 

can have different hole size and number, and the pellets can be cut to 

different lengths. The conditioner adds heat and moisture, in the form 

of steam, to the diet to aid in pellet formation. Forcing feed through 

the die generates heat via friction. The pellets are then cooled and 

either put in bags or a bin. Heat imparted into the diet by the pellet 

mill has been proposed as a possible reason for the improvement in 

growth performance. (Rude, 2008)

2.2.3. Pellet quality

Physical quality of the feed can be defined as capability of 

processed pellets to resist handling without creating excessive amount of 

fines. Different physical properties of feed are used for various species 

of animal. This indicates different quality standards are used (Situla, 

2011).

Hardness is the force required to crush a pellet (Pfost, 1963). 

Hardness is a quantity which is important for the nutrition of animals 
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since hardness may play a role with preference of animals (Skoch et 

al., 1983). Pellet breakage might occur during handling, transportation 

and in storage silos. In wide silo's where a part of the pressure cannot 

be relieved to the walls of the silo, breakage of the pellets on the bin 

bottom may occur (Thomas, 1998). Hardness can be measured by 

different manual and automatic hardness tester. Stress, strain, elasticity 

are the terminologies required to explain hardness (Situla, 2011). 

It is highly recommended that the structural integrity of the 

particles is retained till the feed is consumed by the animal (Crampton, 

1985; Situla, 2011). Durability is another physical quality parameter of 

feed pellets (Thomas, 1998). Durability is defined as the amount of 

fines obtained from pellets caused from pneumatic or mechanical 

agitation (Pfost, 1963). Fines or dust represents direct loss of feed and 

also causes inferior working environment and animal welfare (Kertz et 

al., 1981; Situla, 2011).

In practical feed manufacturing, pelleted feeds are subject to 

shearing and abrasing actions during transportation. This induces fines 

in the feed. For the purpose of feeding ease, pellets need to have a 

certain resistance against the stresses exerted on it during transportation 

and distribution for the animals. The devices used for the determination 

of durability measure the amount of fines returned from a batch of 

feed pellets under standardized conditions (Thomas, 1998). Feed quality 

is generally defined using the pellet durability index (ASAE, 1997).

2.3. Extruding feed
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Extrusion processing, as formerly defined by Smith (1976), is 

thermo-mechanical treatment by which moistened, expansible, starch 

and/or proteinous materials are plasticized and cooked in a tube by a 

combination of moisture, pressure, temperature and mechanical shear, 

and thus pre-define shaped through the die opening at extruder outlet 

(Miladinovic et al., 2010; Li, 2012).

This processing technique involves applying heat and pressure, by 

means of friction to the feed material, starch sources. It is a high 

temperature, short time process where the material is passed through a 

tapered screw by an auger-like rotor. It is then forced through a narrow 

opening under pressure. Extrusion may be dry (no moisture added) or 

wet (moisture added in variable amounts). Moisture added to the 

material is unable to evaporate during the process, but upon the return 

to sudden atmospheric pressure, flashes off as steam. During extrusion, 

starch granules are physically torn apart by shear forces and allow 

rapid entrance of water into the starch molecules (Kokini et al., 1992). 

2.3.1 Advantage on extruding

The use of extrusion processing produces a very homogeneous, 

end product and has been shown to thoroughly gelatinise starch, thereby 

improving its digestibility, even at low moisture levels (Gomez and 

Aguilera, 1983). As with many other processing techniques, variables 

from the feed ingredients (particle size and moisture content) as well as 

those from the process itself (screw speed, temperature, size and shape 

of die etc), can have a significant effect upon the nutritive value of the 

end product (Dahlin and Lorenz, 1993). 
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Extrusion processing may change chemical and nutritional quality 

of diets (Singh et al., 2007), and consequently improve or reduce feed 

utilization, depending on the processing conditions such as temperature, 

moisture, shear and retention time applied during processing (Li, 2012).

The superiority of extrusion over conventional steam conditioning 

and ring die pelleting include (Kiang, 1999) : better formulation 

flexibility, higher versatility in physical size and shape, greater water 

stability and physical integrity, and greater fat absorption capacity. 

According to (Smith, 1971) principal advantages of extrusion over 

traditional food and feed production methods includes the following ; 

adaptability ; product characteristics ; energy efficiency ; low cost ; 

new foods ; high productivity and automated control ; high product 

quality ; no effluent ; process scale-up and use as a continuous reactor. 

Extrusion process enhances the feed efficiency and prolongs the shelf 

life of the feed (Sitaula, 2011).

2.4. Feed processing in animal diets

Over the years, feed companies started to use more processing 

techniques to make animal feed (Allaboutfeed, 2013).

Use of mash feeds is not uncommon and excellent performance 

can be achieved when broilers are fed coarse and uniform mash feeds. 

Broiler mash feeds should not be confused with fines ; a mash feed is 

a uniform coarse-ground material with, usually, no thermal processing, 

while fines are smaller particles (<1.0mm) derived from physical 

degradation of pellets. It is important to distinguish between coarse 

mash feeds and fine mash ; poor quality mash can contain significant 
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quantities of excessively ground fine material which can have the same 

negative effect on broiler performance as poor quality pellets (Aviatech, 

2007).

Mash diet gives greater unification of growth, less death loss and 

more economical. However, ground feed is not so palatable and does 

not retain their nutritive value so well as ungrounded feed (Jahan et al., 

2006). Mendes et al. (1995) showed that birds fed mash diets had a 

better feed conversion efficiency than those given the pellet.

Rajini et al. (1998) reported that pellets had better-feed efficiency 

up to six-week age of birds. On the other hand, Moran (1990) 

observed that pelleting of feed improves the body weight of poultry. 

Bolton and Blair (1977) reported that feed intake of broilers could be 

up to 10 per cent greater with crumble or pellets compared with mash.

It is well known that pelleting improves ADG and feed 

efficiency in swine (Hansen et al., 1992; Wondra et al., 1992; Traylor 

et al., 1996; Chae et al., 1997) as compared with extruding such as 

degree of cooking, preconditioning, and temperature can alter the 

nutritional value of feeds (Chae et al., 1997; Piao et al., 1999; Johnston 

et al., 1999).

Improved weight gain:feed ratios from feeding pellets as 

compared with mash have been documented (Hussar and Robblee, 1962; 

Hull et al., 1968; Runnels et al., 1976; Proudfoot and Sefton, 1978; 

Choi et al., 1986).

A review on the effect of pellet quality on broiler performance 

shows wide variations of impact on growth and feed efficiency ; 

growth can be improved by as much as 39% and feed efficiency by as 
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much as 12% when comparing pellets to mash as shown in Table 5 

(McCracken, 2002).

Table 5. Increases (%) in feed intake, bodyweight gain and gain:feed 

ratio with pelleted feed relative to mash (McCracken, 2002)

Reference
Period

(days)

Feed 

itake

Weight

gain

Gain :

feed ratio

Choi et al. (1986) 1 ~ 28 5 5 0

Zatari and Sell (1990)
1 ~ 49 9 13 4

1 ~ 21 6 16 10

Douglas et al. (1990)

1 ~ 21 5 13 8

1 ~ 21 12 19 6

1 ~ 21 2 8 6

Petterson et al. (1991)
1 ~ 20 20 27 6

1 ~ 20 25 29 3

Deaton (1992) 21 ~ 42 3 4 2

Kratzer et al. (1994)
1 ~ 24 12 18 6

1 ~ 22 20 26 5

Hamilton and Proudfoot (1995) 1 ~ 42 3 8 5

McCracken et al. (1994) 7 ~ 28 22 27 4

Munt et al. (1995) 21 ~ 42 3 7 4

Nir et al. (1995) 1 ~ 49 1 3 2

Plavnik et al. (1997)
28 ~ 49 15 20 4

28 ~ 49 9 13 4

Preston (1997) 7 ~ 28 26 39 12

3. Banana as a potential feed resource

Bananas, a major global food staple, are the fourth most 

important food in the world, after rice, wheat, and maize. Bananas and 

plantains have both been classified as fruits in global Food and 

Agriculture Organization (FAO) reports and FAO Food balance sheets, 

although they are both eaten as cooked staple foods (Daniells, 2003). 
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Bananas are an ideal food for many people in the world, because of 

their sweetness, texture, portion size, familiarity, availability, 

convenience, versatility and cost (Englberger et al., 2003).

A banana is an edible fruit produced by several kinds of large 

herbaceous flowering plants of the genus Musa (Wikipedia). The people 

in developed countries are mostly familiar with Cavendish bananas. 

Internationally this cultivar accounts for 41% of all banana production 

(Daniells, 2003). However, there are over 30 banana species, with 

around 500 varieties having edible fruits, which make up the remaining 

world production (INIBAP, 2002; Daniells, 2003).

More than 400 million people in developing countries consume 

bananas as a staple food ; 100 million of these people are in Africa 

(INIBAP, 2002). Bananas have been called a “humble” food and a 

“poor man’s food” (INIBAP, 2002; Englberger, 2003), indicating their 

importance for low-income people and a common cultural attitude 

toward bananas (Daniells, 2003).

   

3.1. World production of banana

World production of bananas has increased by 250% over the 

last 30 years to 145.4 million metric tons in 2011 as shown in Table 

6. The 2011 statistics show that India led the world in banana 

production, producing around 20% of the worldwide crop. Uganda was 

the next largest producer with around 8% of the worldwide crop. Other 

important producers are China, the Philippines, Ecuador, Brazil, 

Indonesia and Tanzania. Ten countries produced around two thirds of 

the total world production (FAOSTAT, 2011; CGIAR, 2011).
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Table 6. 2011 Production of bananas and plantains by country 

(FAOSTAT, 2011)

Country Million tonnes % of world total

India 29.7 20%
Uganda 11.1 8%

China 10.7 7%
Philippines 9.2 6%

Ecuador 8.0 6%

Brazil 7.3 5%
Indonesia 6.1 4%

Colombia 5.1 4%
Cameroon 4.8 3%

Tanzania 3.9 3%
Other countries 49.6 34%

Total production 145.4 100%

3.2. Nutritional value on banana

Bananas and plantains are rich sources of carbohydrate energy 

and, as such, constitute one of the basic components of the human diet 

in the tropics and subtropics. Because they can tolerate a wide range of 

climatic conditions and infertile or marginal lands, their production is 

relatively stable which means that they are particularly well suited to 

sustainable farming systems. 

The energy in roots, tubers, bananas and plantains is in the form 

of starch, and the structure of the starch in tubers does not differ 

significantly from that in cereals. The digestible energy content of these 

alternative feedstuffs approximates that of cereals, therefore, they might 

offer considerable potential to furnish a considerable large share of the 

nutrients currently provided by more conventional energy sources for 

pigs (FAO, 1992).
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3.2.1. Composition and nutritional value of Banana

Although Bananas and plantains are mainly used as human food, 

a considerable amount of reject fruit could be fed to livestock, 

particularly to pigs. The vegetative part of the plant, the pseudo-stems 

and leaves, contains more than 60% of the dry matter of the whole 

plant (Figure 2) and has been used experimentally as meal for pigs in 

concentrate rations (Garcia et al., 1991).

Figure 2. Average yield of different parts of banana plants (Foulkes et 

al., 1978)

Banana contains about 74% water, 23% carbohydrates, 1% 

proteins, 0.5% fat, and 2.6% fiber (these values vary between different 

banana cultivars, degree of ripeness and growing conditions) (Cowgill, 

1981). It is also shown in Table 7 (USDA, 2009).
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Table 7. Composition and nutritional value of the edible part of banana 

(USDA, 2009)

Nutrient Banana fruit (g/100g sample)

Water 74.9 

Energy, kcal 89.0 

Protein 1.1 

Total lipid (fat) 0.3 

Ash 0.8 

Carbohydrate 22.8 

Fiber 2.6 

Sugars (total) 12.2 

Sucrose 2.4 

Glucose (dextrose) 5.0 

Fructose 4.9 

Starch 5.4 

The composition of all banana varieties harvested is determined 

chiefly by degree of ripeness. Bananas have a high water content (78 

to 80 percent). Green bananas contain 20 to 22% of dry matter, mainly 

in the form of starch. When bananas ripen, the starch changes into 

simple sugars (saccharose, glucose and fructose). Compared to the ripe 

pulp which contains only 0.5% lignin some 60% of the crude fibre in 

the whole green banana is lignin, and this affects its digestibility 

(Loesecke, 1950). Both green and ripe bananas have a low crude 

protein content and are particularly deficient in lysine and in lysine, 

methionine and tryptophane. The cellulose content is low (3 to 4 

percent) and most of it is found in the skin. The inorganic fraction is 

poor in the more important minerals, Ca and P, but is rich in 

Potassium. Additionally, green bananas contain tannins which cause the 
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unripe banana to taste bitter and which can affect palatability, and 

therefore, voluntary consumption (FAO, 1997).

Ripe bananas are of interest as a source of easily available 

energy. On average, banana rejects have a mean dry matter content of 

20-25%. Banana fruit and stalks contains 3.5~4.0% crude fibre, 

5.0~6.5% crude protein, 72~73% crude starch (depends on maturity) 

and 72~74% crude sugars (MacLachlan et al, 2010).

3.3. Uses of banana as resources

Bananas have beneficial effect in the treatment of intestinal 

disorders, including diarrhoea (Lopez et al., 1998). The use of bananas 

has been found beneficial in the treatments of several medical 

conditions such as intestinal disorders, constipation, arthritis, gout, 

anemia, kidney stones, tuberculosis and urinary disorders (Srivastava et 

al., 2009).

The fruit is the main product. It is used either raw or cooked, or 

prepared in another way. It may be processed into starch, or it may be 

dehydrated. Vegetative parts as well as reject fruit are used as fodder, 

the former particularly when forage and water are scarce (the 

pseudostem contains much water). Medicinally, the young unfolded 

leaves are used against chest pains and as a cool dressing for an 

inflamed or blistered skin. The sap exuding from the base of the cut 

trunk is used for diarrhoea and also used to stop the loss of hair and 

to stimulate its growth. In powder form, it is used in cases of anemia 

and general weakness and malnutrition. The unripe fruit is a part of the 

diet for persons suffering from diabetes (Espino et al, 1991).
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3.4. Application of banana in mono-gastric animals

Bananas can be used in swine and poultry, as an alternative 

energy source, when the fruit is locally available and cheaper than the 

cereals regularly fed to these species (Toledo et al., 2011).

In banana exporting countries, large quantities of rejected bananas 

are often available for animal feed. Banana fruits have been used for 

feeding pigs in the fresh and ripe form (Dividich and Canope, 1975). 

There seems to be little or no research on the use of fresh banana fruit 

for poultry feed. Banana in the form of meal has been used in poultry 

diets, but high levels tend to depress growth and reduce feed efficiency 

(Sharrock, 1996).

Green banana flour includes a high total starch (73.4%), resistant 

starch (17.5%) and dietary fiber content (14.5%) (Garcia et al., 2006). 

Due to the high content of these functional ingredients, regular 

consumption of green banana flour can be expected to confer beneficial 

health benefits for human (Ambriz et al., 2008). It would be possible 

to utilize the green pulp as a functional ingredient in starch-rich 

products. Banana flour dehydrated at 55 and 70°C showed the highest 

digestibility and the lowest amount of feces produced by roosters. 

According to these results, it can be concluded that roosters had a 

better use of the nutrients of the banana flour. Banana flour might be 

considered a good source of energy for monogastric species such as 

swine and poultry (Toledo et al., 2011).

3.4.1. Application of banana in swine diets
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Waste bananas are traditionally used to fatten pigs in certain 

regions, like in the Carribean (Göhl, 1982; Klotz et al., 2002) or in 

banana-producing areas of India (Buragohain et al., 2010).

When animals are fed high levels of green bananas, palatability 

affects voluntary intake and the lower consumption affects performance. 

Slicing and sun-drying green bananas improves consumption (Pérez, 

1997).

In growing pigs, ripe bananas gave slightly better daily gains and 

intakes than ripe plantains, which may be due to the slower maturing 

and higher tannin content of plantains (Clavijo et al., 1975). OM 

digestibility is about 70% for the whole green fruit, 90% for the peeled 

green fruit and even higher for the ripe fruit (Göhl, 1982). Fresh or 

dried green and ripe bananas can replace cereal grains in growing pigs, 

but inclusion rates higher than 20~25% (diet DM) depress average daily 

gain and feed conversion (Pérez, 1997). Relatively low levels are 

therefore preferable, even with banana meal (Ly, 2004). Banana silage 

is highly acceptable to the growing and fattening pig. Green banana 

silage has a depressing effect on the digestibility of dietary protein but 

has nearly the same feeding value as the ripe fruit. Ripe banana silage 

results in poor growth performance because of its higher cellulose 

content (Sève et al., 1976).

Gestating sows can be fed fresh or ensiled green bananas instead 

of cereal grains without altering litter size and piglet birth weight 

(Dividich et al., 1975; Clavijo et al., 1971). 50% of green banana meal 

in the diet of lactating sows did not alter litter size at weaning but 
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resulted in loss of sow body weight, which may affect future 

reproductive performance (Dividich et al., 1974).

3.4.2. Banana for prevention of diarrhea

Banana is rich in resistant starch, which has been postulated to 

protect the gastrointestinal mucosa in animals (Dunjic et al., 1993). 

Resistant starch is considered both a dietary fiber as well as a 

functional fiber. The role of dietary fiber in diarrhea has been proposed 

to reduce the duration of liquid stools (Brown et al., 1993) as well as 

to reduce the bioavailability of some micronutrients (Shah et al., 1982).

Resistant starch that occurs in its natural granular form, such as 

uncooked potato and green banana. Resistant starch is considered the 

third type of dietary fiber, as it can deliver some of the benefits of 

insoluble fiber and some of the benefits of soluble fiber. Some 

carbohydrates, such as sugars and most starch, are rapidly digested and 

absorbed as glucose into the body through the small intestine and 

subsequently used for short-term energy needs or stored. Resistant 

starch, on the other hand, resists digestion and passes through to the 

large intestine where it acts like dietary fiber (Wikipedia, 2009; NG, 

1992).

Natural resistant starch appears to help maintain a healthy colon 

and a healthy digestive system, possibly via several mechanisms. It 

encourages the growth of healthy bacteria in the bowel and discourages 

the growth of potentially harmful bacteria, and, therefore, is called 

"prebiotic fiber." The fermentation of natural resistant starch reduces 
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intestinal pH and the production of potentially harmful secondary bile 

acids, ammonia and phenols (Whitehead et al., 1986).

It is predicted to help maintain "regularity" with a mild laxative 

effect due to increased microbial activity in the large intestine. Its 

bulking effects are generated by increasing the bacterial mass, and not 

through water holding, which accounts for its milder regularity effects 

compared to non-fermenting, bulking fibers like cellulose (Cummings et 

al., 2001; Philips et al., 1995).

Fresh bananas should not be used in early weaning feeds because 

piglets are poorly able to digest starch from this source (Dividich et 

al., 1978). Banana meal, however, is a valuable piglet feed : a diet 

containing 50% of green banana meal fed to 5-week old weaned piglets 

controlled diarrhoea (Dividich et al., 1974).
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Ⅲ. Evaluation of Pelleting and Banana Meal

as the Nutritional and Physical Agent to 

Improve Feed Efficiency in Weaning Pigs

Abstract: This experiment was conducted to evaluate the effects of 

pelleting process and banana meal (BM) supplementation on growth 

performance, nutrient digestibility, blood metabolites and fecal microflora 

of the weaning pigs. A total of 168 weaning pigs (28 ± 3 old and 7.98 

± 0.83 kg of BW) were allotted into 4 treatments with 6 replicates of 7 

piglets per pen in a randomized complete block (RCB) design. The 

treatments were 1) M0 (mash type : Banana 0%), 2) M3 (mash type : 

Banana 3%), 3) P0 (pellet type : Banana 0%) and 4) P3 (pellet type : 

Banana 3%). Two phase feeding programs (phase Ⅰ for 0-2 week and 

phase Ⅱ for 3-5 week) were used in this experiment. In the results of 

growth trial, the body weight at 2 wk and weight gain from 0 to 2 wk 

were affected by feed type and the weight gain from 2 to 5 wk were 

subsequently shown to be increased when banana meal was 

supplemented (P<0.05). The feed consumption of the pigs was improved 

by addition of banana meal from 2 to 5 wk (P<0.05) and the G/F ratio 

was higher when diets were pelleted during phase I (0-2 wk) and the 

whole experimental period (0-5 wk), resulting in significant difference 

(P<0.05). There was no significant difference on the results of nutrient 

digestibility, nitrogen retention, blood metabolites and fecal VFA 

concentrations. In the results of moisture contents of feces, the response 
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by addition of BM was observed, resulting in lower moisture content of 

feces in pigs fed BM diet (P<0.05). The content of E. coli was 

significantly decreased at 2 week (P<0.05) and the content of 

Lactobacillus at 2 and 5 wk tended to be increased (P<0.09) when the 

pigs fed diets containing BM. Based upon this experiment, 3% banana 

powder can be supplemented with the positive effect on weight gain, 

feed consumption and fecal microflora and pellet type can be expected 

to maximize the feed efficiency in weaning pigs.

Key words : Pellet feed, banana meal, growth performance, fecal 

microflora, nutrient digestibility, blood metabolites, weaning pigs



- 26 -

Introduction

Recently, the world grains’ market has been enormously changing 

and their price has been fluctuating. While the international feed grain 

prices have been continuously rising, because the most ingredients for 

domestic livestock industry have been imported, so it affects the 

unstable cost for animal feed producers and even farmers. Moreover, 

liberalizing trade in global market like FTA, the competition has been 

accelerating and these issues have been calling to establish the firmer 

domestic infrastructure and to demand the safe, sanitary and good- 

quality livestock products for the competitiveness in world market.

In Korea, the swine feeds have been produced in mash type. 

However the pelleted feeds are generally processed for pigs in foreign 

countries. Pelleting is one of the efficient feed processing to increase 

digestibility, decrease ingredient segregation and increase palatability 

(Behnke, 1998).

Postweaning diarrhea (PWD) is one of the principal problems of 

heavy economic losses in the pig industry (Vondruskova et al., 2010; 

Zhao et al., 2011). It is important to have the competitiveness by 

reducing the diarrhea in piglets. There are various nutrients to prevent a 

diarrhea such as enzyme, probiotics, prebiotics, herbs and organic acids 

(Vondruskova et al., 2010). Among these nutrients, prebiotics 

beneficially affect the host by selectively stimulating the growth and/or 

activity of one or a limited number of bacteria in the colon (Gibson 
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and Roberfroid, 1995). Prebiotics help maintaining or proliferating 

beneficial microorganism such as Lactobacilli after weaning (Shim et 

al., 2005). As a result, the gut health of newly weaned piglet might be 

helped and as a consequence maintain feed intake and growth of pigs.

In piglet diets, the pelleting and banana supplementation as 

prebiotics probably are expected to increase growth performance and 

competitiveness by improving the digestibility and feed efficiency. 

Consequently this trial was conducted to evaluate the effects of the 

banana meal and pelleting on the growth, nutrient digestibility, blood 

metabolites and fecal microbes in piglets.
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Materials and methods

Experimental animals, management and dietary treatment

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

with an average initial body weight of 5.85 ± 0.27 kg, weaned at 24 ± 

3 days of age were allotted to 4 treatments in 6 replicates by a 2 x 2 

factorial arrangement with main effects of added banana meal (0 and 3 

%) and feed type (mash and pellet). Animals were housed in a 1.2 × 

3.6 ㎡ plastic floor, equipped with a feeder and a nipple drinker to 

allow freely access to feed and water during the experimental period. 

The ambient temperature in the weaning house was maintained at 31 

℃, and then gradually fallen to 27 ℃ at the end of the experiment. 

Individual body weight (BW) and feed intake were recorded at 0, 2 

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

feed intake (ADFI) and gain-to-feed ration (G:F ratio). A diet 

containing corn, soybean meal and barley was used as a control and 2 

levels of 0 and 3 % of banana meal was substituted in the diets with 

two-phase feeding programs. Additionally, diets were processed in mash 

and pellet type to evaluate the effects of feed type. For the first 2 

weeks, the diets were formulated to contain 3,366 kcal of ME/kg, 

23.00% crude protein and 1.35% lysine and the diets containing 3,323 

kcal of ME/kg, 21.00 % crude protein and 1.18% lysine was supplied 

for the following 3 weeks. All other nutrients were met or exceeded 

requirements of NRC (1998).

The experimental diets and chemical composition are presented in 

Tables 1 and 2.
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Apparent total tract digestibility

A total of 20 crossbred barrows, 5 pigs per treatment, with 

average BW of 12.74 ± 1.86 kg (Mean ± SD) were individually 

allotted to metabolic crate designed to collect feces and urine 

separately. Pigs were fed their respective diets for 10 d and treatment 

diet was provided twice per day at 1.0% of BW. The trial was carried 

out on 10 d, consisting of 5 d for adaptation and 5 d for collection 

and water was provided ad-libitum. Chromium oxide was mixed into 

the first meal on d 6 as initial marker. In the last meal on d 11, ferric 

oxide was used as a last marker. Fecal collection was started when the 

chromium oxide was observed in feces and finished when chromium 

oxide appeared in the feces (Adeola, 2001). Urine was collected daily 

in a plastic box with 4N sulfuric acid (H2SO4). The collected feces and 

urine were weighted and stored -20 ℃ until analysis. Collected feces 

were dried in an air-forced drying oven at 60℃ for 72 h, and ground 

into 1 mm screen using Wiley mill for chemical analysis.

Moisture contents of feces

Fecal samples were collected from 6 pigs per treatment by rectal 

dilatation during 24 h. 1.0 g of sample was dried in a forced air 

drying oven at 105℃ for 3 h and analysis of fecal moisture was 

carried out by the AOAC (1990) procedure.

※ Moisture content (%) = (1 g sample weight – dried 1g sample 

weight) × 100 / 1 g sample weight
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Blood sampling and metabolites

Blood samples were collected from anterior vena cava of 

individual pigs (6 pigs/treatment). Collected blood samples were quickly 

centrifuged for 15 min at 3,000 rpm and 4℃. The serum was carefully 

removed to plastic vials and stored at -20℃ until BUN analysis. Total 

BUN and glucose concentrations were analyzed using blood analyzer 

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

ELISA starter kit (E101 ; Bethyl Laboratories Inc., USA).

Fecal micro-flora concentration

Fecal E.coli and Lactobacillus count were analyzed at the end of 

growth trial. Feces were collected from the pigs of average body 

weight 24.66 ± 1.81 kg. For enumeration of bacterial populations, 1 g 

of fecal content was diluted in saline solution and re-suspended by 

vortex mixing, then serially diluted in saline solution. Each dilution was 

spread overlaid on the surface of an 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°C and 

each plate was spotted for fecal micro-flora count and examined for the 

presence of each bacterial growth after 24 h of incubation.

Fecal volatile fatty acid concentration

Fecal VFA was checked at the end of growth trial and the body 

weight was considered to select experimental pigs (average body weight 

24.66 ± 1.81 kg). The digesta were immediately frozen at -70°C and 

were thawed to take 2 g samples. Each fecal sample was diluted with 
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8 mL of distilled water and two drops of concentrated HCl, and was 

centrifuged at 17,400 g for 10 min at 4℃. The supernatant was filtered 

using a 0.22 μm filter (Millipore Co., Bedford, MA) and separated into 

2 mL gas chromatography vials (Supelco, Cat. No. 27265, Bellefonte, 

PA). Fecal VFA were determined using a gas chromatograph (Model 

3700, Varian Associates, Sunnyvale, CA) with a flame-ionization 

detector and capillary column (Stabilwax-DAOY (Crossbonded@ 

Carbowax@ PEG for acids).

Chemical and data analysis

Experimental diet and excreta were analyzed for contents of dry 

matter (procedure 967.03; AOAC, 1990), ash (procedure 923.03; AOAC, 

1990), N by using the Kjeldahl procedure with Kjeltec (KjeltecTM 

2200, Foss Tecator, Sweden) and CP content (N × 6.25 ; procedure 

981.10 ; AOAC, 1990). Nitrogen of urine was determined by the 

Kjeldahl procedure. The experimental data for each feed type or banana 

meal were carried out by least squares mean comparisons and evaluated 

using PDIFF option in General Linear Model (GLM) procedure of SAS 

(SAS Institute, 2004). For data on growth performance, a pen was 

considered the experimental unit, while an individual pig was used as a 

unit for data on apparent total tract digestibility (ATTD), blood 

metabolites, fecal micro-flora and VFA. The model for MIXED 

procedures included treatment as a fixed variable and replication as a 

random variable. All values are reported as least square means and the 

alpha level used for determination of statistical significance was 

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

Growth performance   

The effect of feed type and supplementation of banana meal 

(BM) on growth performance was presented in Table 3. The body 

weight (BW) and average daily gain (ADG) from 0 to 2 wk were 

affected by feed type and ADG from 2 to 5 wk were subsequently 

shown to be increased when banana meal was supplemented (P<0.05). 

Body weight at 2 and 5 wk and weight gain during phase I (0-2 wk) 

and the whole experimental period (0-5 wk) tended to be increased as 

banana meal supplemented (P<0.09). The feed consumption of the pigs 

was improved by addition of banana meal from 2 to 5 wk (P<0.05) 

and also tended to be increased from 0 to 2 wk (P=0.09). Although 

there was no significant difference of feed type on ADFI, the trend 

was observed from 2 to 5 wk (P=0.10) that pigs fed pellet diet showed 

higher feed intake than those fed mash diet. The G:F ratio was higher 

when diets were pelleted during phase I (0-2 wk) and the whole 

experimental period (0-5 wk), resulting in significant difference 

(P<0.05). However, there was no response of the supplementation of 

banana meal on feed efficiency (P>0.39).

Generally, pelleting of swine rations has been used to improve 

growth and feed utilization and many findings to support positive 

effects of pellet diet on growth performance have been reported in pigs 

(Schneider and Brugman, 1950; Lehrer and Keith, 1953; Jensen et al., 

1959; Hansen et al., 1992; Traylor et al., 1996). Hansen et al. (1992) 

indicated a 20% improvement of G:F ratio of pigs fed pelleted diet 
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compared to those fed meal diet from d 0 to 9 after weaning and 

Traylor et al. (1996) suggested similar responses of ADG and G:F ratio 

(25% improvement for ADG and 36% improvement for G:F ratio, 

respectively). In the current study, the pigs fed pelleted diet showed 

improved ADG and feed efficiency relative to those fed mash diet 

during phase I (0-2 wk) and this result is agreed with previous studies. 

Fresh ripe bananas are more palatable than fresh green banana and the 

latter was selected in this study to make BM (Clavijo and Maner, 

1975; Shillingford, 1971). In this finding, the trend of improved ADG 

and ADFI was observed in the pigs fed diet containing 3% BM meal. 

These data are in agreement with those of Viteri et al. (1974) who 

reported that there were no detrimental effects of BM supplementation 

on growth performance of weaning pigs despite the supplementation 

level was up to 45% and Wallace et al. (1951) who suggested that a 

diet containing 20% BM could promote growth and feed intake in 

cattle. Although the mechanism for increasing ADFI by BM 

supplementation is unknown yet because little information about the 

effects of BM meal on weaning pigs is available, this explanation may 

be due to high sugar contents of banana which could enhance 

palatability of weaning pigs (Hermansen, 1992). Further studies were 

needed to demonstrate the mode of action affected to increase feed 

intake.

Apparent total tract digestibility and nitrogen balance

Data for the nutrient digestibility were summarized in Table 4. 

The feed type and BM supplementation in the diets had no effects on 
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nutrient digestibility of dry matter, crude protein, ash and crude fat, 

resulting in no significant difference (P>0.22). Significant interactions 

between feed type and BM supplementation were also not observed. In 

the results of nitrogen retention, low amounts of nitrogen were observed 

in the urine of the pigs fed diets containing BM (P<0.05), resulting in 

trends of higher N digestibility (P<0.08). The urinary nitrogen was 

lower when the pigs were fed mash diets containing BM, but there was 

no response in pellet diet, resulting in feed type x BM levels 

interaction response (P<0.05).

Zhang et al. (2013) reported that the digestibility of dry matter 

and crude protein decreased (P <0.01) as fiber increased (sugar beet 

pulp, 15%, 25%, 35%, 45% and 55%) in growing pigs. However, in 

this experiment, BM supplementation did not affect the nutrient 

digestibility on DM, CP, Ash and Crude fat. Adding bananas to a pig 

ration reduces the digestibility of the total nitrogen content of the ration 

(Dividich and Canope, 1970). This means that the digestibility of the 

protein in bananas is either negative (as in green bananas) or very low 

(as in ripe bananas). Only 3% level of banana meal may not have the 

adverse effect, but function as the prebiotics to improve the better 

digestibility. Metzler et al. (2008) stated that prebiotics like dietary fiber 

(Lee et al., 2009) may affect digestive functions with consequences on 

digestion and absorption of nutrients.

Moisture contents of feces

Effects of feed type and BM supplementation on moisture 

contents of feces are presented in Table 5. In overall phase (0-5 
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weeks), the significant differences by the feed type were not shown 

(P=0.87). However, the response by addition of BM was observed, 

resulting in lower moisture content of feces in pigs fed BM diet 

(P<0.05).

Generally, Banana has mainly 72% of starch (Dividich, 1976; 

Detering, 1976). Metzler et al. (2008) demonstrated that soluble fiber 

increases the volume and bulk of the small intestinal contents which is 

related to the water-holding capacity and viscosity of soluble fiber 

(Cherbut et al., 1990). Similarly, this experiment was shown that high 

soluble fiber in banana seems to decrease the moisture content of feces.

Blood metabolites

In general, BUN has been used as a good indicator of maximal 

amino acid utilization and also known that BUN is related directly to 

protein intake and inversely to protein quality, as well as retained 

dietary nitrogen in the body. To evaluate the protein utilization among 

treatments, the BUN concentration was analyzed at 2 and 5 wk (Table 

6). The significant differences on the results of the feed type and BM 

supplementation were not observed during the whole experimental 

period, with BUN concentration between 10.19 and 14.72 mg/dL and 

there was no interaction response. Similarly, feed type and BM 

supplementation had no effects on blood glucose levels of piglets at 2 

and 5 wk.

Green bananas contain mainly in the form of starch. This starch 

is the carbohydrate (65~75% DM) and ripening transforms it into 

soluble sugars (Pere, 1997). Although high sugar content increases the 
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blood sugar, only 3% supplementation of BM may not affect glucose. 

Also, all diets have the same level in protein, and it may have no 

effects on BUN.

Fecal microflora

Data for the fecal microflora were summarized in Table 7. 

During the whole experimental period, the significant differences by the 

feed type were not shown on fecal E. coli and Lactobacillus count. 

However, the content of E. coli was significantly decreased at 2 week 

(P<0.05) and the content of Lactobacillus at 2 and 5 wk tended to be 

increased (P<0.09) when the pigs were fed diets containing BM. There 

was no feed type x BM supplementation interaction response, resulting 

in no significant difference (P>0.14).

Zhao et al. (2011) demonstrated that prebiotics stimulate the 

growth or activity or both of bacteria in the digestive system. Lee et 

al. (2009) also quoted that prebiotics beneficially affects the organism 

by selectively stimulating growth and inhibiting harmful bacterial 

activity in the intestinal tract, thus improving health of the host (Gibson 

and Roberfroid, 1995). In this study, there was no diarrhea incidence 

and it showed no significant difference in diarrhea. However, Incidence 

of severe E. coli associated diarrhea in piglets (Yang et al., 2007). 

Banana supplementation promote the occurrence of beneficial 

microorganism like Lactobacillus, then accordingly decrease the E.coli. 

This mode of action seems to be affected to good effects on diarrhea.

Fecal volatile fatty acid (VFA)
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Feed type and BM supplementation resulted in no changes on 

fecal volatile fatty acid (total VFA, acetate, propionate, butyrate, 

valerate, iso-butyrate and iso-valerate, respectively), resulting in no 

significant difference (Table 8, P>0.13). No detectable interaction 

response was also observed.

Metzler et al. (2008) indicated that volatile fatty acids (VFA) are 

produced to be subsequently absorbed and metabolized by the pig and  

play an important role in the intermediary metabolism of the animal  

(Yen et al., 1991). Pie et al. (2007) stated that prebiotic 

supplementation of the diet influences volatile fatty acid content (VFA) 

in the gut. However, 3% BM addition may not be shown to influence 

the significant difference in this study.
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Conclusion

In the results of growth performance, ADG of pigs fed pelleted 

diet was increased during phase I and ADG of those fed diet 

containing banana meal was subsequently shown to be increased during 

phase II (P<0.05). The feed consumption of the pigs was improved by 

addition of banana meal during phase II and feed efficiency was higher 

when pigs were fed pelleted diet during phase I and the whole 

experimental period, resulting in significant difference (P<0.05). The 

feed type and BM supplementation in the diets had no effects on 

nutrient digestibility, blood BUN and glucose concentrations and fecal 

VFA concentration, resulting in no significant difference. However, the 

lower moisture contents of feces and the content of E.coli were 

observed in the pigs fed diets containing BM than those fed other diets 

(P<0.05). In summary, feed efficiency was improved in pigs fed 

pelleted diet and feed consumption, weight gain, fecal moisture and 

E.coli content were improved in those fed diet containing BM.
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Table 1. Formula and chemical composition of phaseⅠ(d 0 to 14)

Feed type Mash Pellet

Banana powder, % 0% 3% 0% 3%

Ingredient, %

Expanding corn 14.60 12.40 14.60 12.40 

SBM-44% CP 30.15 27.09 30.15 27.09 

Barley 29.21  29.23 29.21 29.23 

Lactose 10.00 10.00 10.00 10.00 

Whey powder 3.00 3.00 3.00 3.00 

HP3001 3.02 3.02 3.02 3.02 

CGM 4.20 6.34 4.20 6.34 

L-lysine·HCl 0.06 0.12 0.06 0.12 

DL-methionine 0.10 0.09 0.10 0.09 

Soy oil 3.00  3.00 3.00 3.00 

MCP 1.11  1.17 1.11 1.17 

Limestone 0.91 0.90 0.91 0.90 

Vitamin Mix2 0.12 0.12 0.12 0.12 

Mineral Mix3 0.12 0.12 0.12 0.12 

Salt 0.20 0.20 0.20 0.20 

Choline-Cl (25%) 0.10 0.10 0.10 0.10 

Zinc oxide 0.10 0.10 0.10 0.10 

Banana powder 0.00 3.00 0.00 3.00 

Sum 100.00 100.00 100.00 100.00

Calculated composition

ME (kcal/kg) 3,365.66 3,365.59 3,365.66 3,365.59

CP (%) 23.00 23.00 23.00 23.00

Total lysine (%) 1.35 1.35 1.35 1.35

Methionine (%) 0.44 0.44 0.44 0.44

Ca (%) 0.80 0.80 0.80 0.80

Total P (%) 0.65 0.65 0.65 0.65
1 HP300 (Hamlet protein, Horsens, Denmark)
2 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 

8,000 IU; vitamin D3, 1,600 IU; vitamin E, 32 IU; d-biotin, 64 g; 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 quantities of minerals per kg of complete diet: Se, 0.1 mg; 

I, 0.3 mg; Mn, 24.8 mg; Cu·SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.
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Table 2. Formula and chemical composition of phaseⅡ (d 15 to 35)

Feed type Mash Pellet

Banana powder, % 0% 3% 0% 3%

Ingredient, %

Expanding corn 26.18  27.05 26.18 27.05 

SBM-44% CP 33.63 34.27 33.63 34.27 

Barley 29.50 24.94 29.50 24.94 

Lactose 5.00 5.00 5.00 5.00 

L-lysine·HCl 0.18 0.18 0.18 0.18 

DL-methionine 0.07 0.08 0.07 0.08 

Soy oil 3.00 3.00 3.00 3.00 

MCP 1.02 1.06 1.02 1.06 

Limestone 0.78 0.78 0.78 0.78 

Vitamin Mix1 0.12 0.12 0.12 0.12 

Mineral Mix2 0.12 0.12 0.12 0.12 

Salt 0.20 0.20 0.20 0.20 

Choline-Cl(25%) 0.10 0.10 0.10 0.10 

Zinc oxide 0.10 0.10 0.10 0.10 

Banana powder 0.00 3.00 0.00 3.00 

Sum 100.00 100.00 100.00 100.00

Calculated composition

ME (kcal/kg) 3,323.27 3,323.26 3,323.27 3,323.26

CP (%) 21.00 21.00 21.00 21.00

Total lysine (%) 1.18 1.18 1.18 1.18

Methionine (%) 0.37 0.37 0.37 0.37

Ca (%) 0.75 0.75 0.75 0.75

Total P (%) 0.63 0.63 0.63 0.63
1 Provided the following quantities of vitamins per kg of complete diet: vitamin A, 

8,000 IU; vitamin D3, 1,600 IU; vitamin E, 32 IU; d-biotin, 64 g; riboflavin, 3.2 

mg; calcium pantothenic acid, 8 mg; niacin, 16 mg; vitamin B12, 12 g; vitamin K, 

2.4 mg.
2 Provided the following quantities of minerals per kg of complete diet: Se, 0.1 mg; I, 

0.3 mg; Mn, 24.8 mg; Cu·SO4, 54.1 mg; Fe, 127.3 mg; Zn, 84.7 mg; Co, 0.3 mg.
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Table 3. Effects of feed type and banana meal on growth performance on weaning pigs1

Feed type Mash Pellet
SEM2

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Body weight, kg

Initial 5.85 5.85 5.85 5.85 0.272 - - -

2 week 8.73 8.29 9.24 8.93 0.369 0.033 0.087 0.732

5 week 20.01 20.73 20.36 21.17 0.630 0.301 0.052 0.895

Average daily gain, g

0-2 week 206 174 242 221 10.3 0.034 0.089 0.713

2-5 week 537 592 530 583 16.0 0.700 0.024 0.958

0-5 week 405 425 415 438 11.1 0.290 0.051 0.888

Average daily feed intake, g

0-2 week 325 271 318 313 12.2 0.318 0.093 0.158

2-5 week 870 941 834 875 25.7 0.095 0.030 0.504

0-5 week 652 673 628 650 18.0 0.159 0.144 0.958

G:F ratio

0-2 week 0.632 0.636 0.762 0.716 0.0217 0.045 0.610 0.531

2-5 week 0.625 0.627 0.637 0.667 0.0009 0.210 0.394 0.443

0-5 week 0.628 0.630 0.662 0.684 0.0078 0.029 0.524 0.808

1 Least squares means for six pens/treatment with seven pigs/pen.
2 Standard error of means.



- 42 -

Table 4. Effects of feed type and banana meal on nutrient digestibility on weaning pigs1,2

Feed type Mash Pellet
SEM3

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Dry matter 91.46 91.11 90.65 90.65 0.342 0.43 0.81 0.81

Crude protein 90.85 90.54 90.17 89.78 0.371 0.41 0.67 0.96

Ash 66.59 65.21 65.64 64.73 1.291 0.87 0.22 0.89

Crude fat 76.15 80.05 76.07 79.20 1.279 0.81 0.69 0.94

Nitrogen retention4

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

N-feces, g/d 0.74 0.76 0.78 0.81 0.029 0.50 0.69 0.93

N-urine, g/d 1.32 0.72 1.05 1.02 0.077 0.94 0.02 0.03

N-retention, g/d 6.01 6.53 6.09 6.09 0.082 0.35 0.08 0.08

N-digestibility, % 74.42 81.50 76.92 76.86 1.026 0.62 0.07 0.06

1 A total of twenty pigs were used from an average initial BW of 12.74 ± 1.86 kg.
2 Least square means for four pigs/treatment in an individual pen.
3 Standard error of means.
4 N retention = N intake (g) - Fecal N (g) - Urinary N (g).
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Table 5. Effects of feed type and banana meal on moisture content of feces on weaning pigs1

Feed type Mash Pellet
SEM2

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Moisture content of feces, %

5 week 76.57 74.37 76.16 73.35 0.301 0.87 0.02 0.29

1 Least squares means for six pigs/treatment.
2 Standard error of means.
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Table 6. Effects of feed type and banana meal on blood metabolites on weaning pig1

Feed type Mash Pellet
SEM2

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Glucose, mg/dL

2 week 73.83 73.33 72.67 75.83 0.093 0.83 0.66 0.55

5 week 68.50 64.67 70.50 65.67 0.062 0.81 0.47 0.93

Blood urea nitrogen, mg/dL

2 week 14.19 14.20 14.72 13.83 0.081 0.93 0.58 0.58

5 week 11.43 10.83 11.26 10.19 0.097 0.62 0.12 0.64

1 Least squares means for six pigs/treatment.
2 Standard error of means.
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Table 7. Effects of feed type and banana meal on fecal micro-flora on weaning pigs1

Feed type Mash Pellet
SEM2

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Fecal E. coli (Log10 cfu/g content)

2 week 5.08 4.44 4.86 4.60 0.093 0.87 0.02 0.29

5 week 4.74 4.93 4.83 4.75 0.062 0.77 0.58 0.19

Fecal Lactobacillus (Log10 cfu/g content)

2 week 6.73 7.25 7.18 7.41 0.081 0.19 0.08 0.14

5 week 7.55 8.10 7.76 7.82 0.097 0.88 0.09 0.15

1 Least squares means for six pigs/treatment.
2 Standard error of means.
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Table 8. Effects of feed type and banana meal on fecal volatile fatty acid (VFA) on weaning pigs1

Feed type Mash Pellet
SEM2

P-value

Banana, % 0% 3% 0% 3% Pellet Banana P × B

Fecal VFA concentration (mmol/ml)

Total VFA 122.52 121.40 119.68 119.63 0.391 0.13 0.71 0.59

Acetate 85.45 84.70 83.95 84.08 0.202 0.22 0.69 0.57

Propionate 13.93 13.88 13.25 13.27 0.092 0.22 0.96 0.93

Butyrate 8.83 8.72 9.10 8.98 0.090 0.16 0.49 1.00

Valerate 5.78 6.05 5.60 5.58 0.115 0.19 0.69 0.89

Iso-butyrate 4.65 4.18 3.83 3.87 0.068 0.62 0.88 0.30

Iso-valerate 3.87 3.87 3.95 9.85 0.520 0.85 0.68 0.68

1 Least squares means for six pigs/treatment.
2 Standard error of means.
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Ⅴ. Summary in Korean

계 사료시  까다 운 비  에 맞 기 해 빠 게 변

하고 다. 런 가운 , 가 간 벽  낮춰지고,  곡물

가격  상승 , 사료비에 한 압  심해짐에 라,   경 고 

경쟁  는 가 사료생산  시급한 상 다. 재 양돈사료  생산함에 

어 가루사료 비   내시 에  사료 취량  개 시키고, 사료

허실   (Briggs 등, 1999; Hull 등, 1968; Hussar  Robblee, 1962; 

Proudfoot  Sefton, 1978; Benkhe, 1999), 사료 도  가시켜 주는 

(Aarseth, 2004) 펠 사료 가공  하는 쪽  향  하는 

움직  시 고 다.  통해, 값싼  원료  사  하게 

함 , 사료  경쟁   수  것 라 기 다. 또한, 하

고 재  는 사료원료  나나    함량 (65% 상)  통해 

펠  에 도움   뿐 아니라, 기능   달  돈에  양

  물   개 시키는 것  주 고 다. 본 실험

 러한 경  탕  나나 말  가루  펠 사료 태  급여

함에 라 돈    양   등에 미 는 향  검 하고

 진행 었다. 

본 실험  4처리 6 복, 복당 7   168  돈  실험에 공

시하 고, 나나 파우  첨가수  (0, 3%)과 가공 태 (Mash, pellet)에 

라 처리  하여 사양실험  개시하 ,  2단계  사 단계  

실험  진행하 다. 실험기간 동안 폐사는 생하지 않았 , phase 1 체

 후 2마리  체한  실험 료시까지 지하 다. 5주차 실험결

과 나나파우  첨가수  아짐에 라 체  (P=0.052), 당 체량 

(P=0.024)  당사료 취량 (P=0.03)   상승 는 것  나

타났 , 펠 사료  급여할 경우 당사료 취량  상승 는 경향  나



타났다 (P=0.095).  기간   살펴보 , 체  (P=0.052)  

당 체량 (P=0.051)에  나나파우  첨가수 에   차 가 

나타났 , 사료  경우 사료 type에   차  보 다 

(P=0.03). 각각  phase 별   기간에  사료 type  나나파우  

첨가수 에  interaction  나타나지 않았다. 결  나나파우  

원료  3% 첨가할 경우 돈    당사료 취량  가시킬 

수 는 것  나타났 , 펠  태  급여시 사료  시킬 수 

 것  사료 다.
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