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. Title : Development of functional animal feed materials from insect resourcesⅠ

. Purpose and NeedsⅡ

<Purpose>

Feed enzymes have been introduced to feed market and livestock raisers to improve feed

efficiency of feed stocks such as NSP (non-starch polysaccharides) and recalcitrant agricultural

residues. At the same time, some natural products including plant-derived natural products or

essential oils have also gained interest for use in the formulation of brand new feed additives.

<Needs>

Global warm and green technology issues:

Due to issues associated with global warming and climate change ever increase demand for food

from China and India and the phenomena of AgFlation, neglected biomass has emerged as new

energy sources because of its non-food merit. However the new biomass and material have

several issues, including recalcitrance hard to cut-down and digest. To solve the recalcitrance,

feed enzymes such as Avizyme containing multi-enzymes have been used by a major part of the

livestock industry. However our country does not have sufficient platform technologies or related

additive candidates. Most of the feed enzymes are imported and blended.

Relay project for the application of enzyme technology and natural products;

In 2011, feed enzyme technology and products in the domestic market were dependent upon a

few large foreign multi-national companies. To obtain our own national technology and products,

we adapted two key technologies from precedent projects, enzymes from natural resources, such

as symbiotic pool of insects and invertebrates and enzymes from natural products technology. The

combination of the technologies with low-grade feed stock will be an essential part of

application, industrialization and launching of brand new feed additives.

. Research scope and contentsⅢ

Identification of high performance microbial enzymes from insects and bio-diversity: Low-grade,

recalcitrant, hard-to-digestive agricultural by-products were blended with appropriate enzymes to

feed non-ruminants, such as pig and poultry.

Development of a second ingredient, low molecular weight functional materials from natural

sources such as insects and plants: Application of low-grade feeds resulted in physiological stress
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as well as nutritional problems. To reduce the stress, bio-functional natural products were tested

using new ingredients. In addition, brand-new products can be developed based on this new

concept.

Feed enzyme additives to improve the digestion rate of livestock (pig and poultry):

Non-ruminants applicable feed additives with multi-enzymes. To increase energy metabolism and

feed efficiency, xylanase and mannanase were added as ingredients to digest the structural

hemicellulose and release C5 and C6, which could then be used as part of the nutritional

metabolism

Field test data from for swine and chicken: With the help of a feed company (InsectBiotech Co.

Ltd, Daejeon, Korea), a test formulation was constructed and delivered to the field testers.

Technology transfer, commercialization and entry into domestic market.

. ResultsⅣ

◯ A xylanolytic microorganism, strain HY-22 was isolated from a compost sample and

phylogenetically identified as a Gram-positive bacterium belonging to the genus Bacillus.

When cultivated on a liquid medium that contained 2.0% wheat bran (80 mesh passed), 0.9%

yeast extract, 0.9% peptone, 0.2% KNO3, 0.01% MgSO4, and 0.1% olive oil, Bacillus sp.

strain HY-22 produced xylanase (XylC) a ta yield of approximately 228 IU/ml.

◯ XylC was purified to electrophoretic homogeneity by ammonium sulfate precipitation and two

consecutive rounds of column chromatography using DEAE Sephadex A-50 and Superdex

G-75 resins. The relative molecular mass of the purified enzyme was approximately 24 kDa,

as determined by SDS-PAGE.

◯ XylC exhibited the highest catalytic activity toward birchwood xylan when it was reacted with

the substrate at pH 6.5 and 50oC. Of the evaluated chemical compounds, Trp-directed

modifiers, Hg2+ (1 mM) and N-Bromosuccinimide (5 mM) were highly toxic to XylC.

◯ XylC displayed a high catalytic activity towards oat spelt xylan, birchwood xylan, and

beechwood xylan, but avicel and locust bean gum were not hydrolyzed.

◯ The gene (1,272-bp) encoding a -1,4-mannanase from a gut bacterium ofβ Eisenia fetida,

Cellulosimicrobium sp. strain HY-13 was cloned and expressed in Escherichia coli.

◯ The recombinant -1,4-mannanase (rManH) was approximately 44.0 kDa and contained aβ

catalytic GH5 domain that was 65% identical to that of the Micromonospora sp. β

-1,4-mannosidase.

◯ The enzyme exhibited the highest catalytic activity toward mannans at 50oC and pH 6.0.

rManH displayed a high specific activity of 14,711 IU mg-1 and 8,498 IU mg-1 towards ivory

nut mannan and locust bean gum, respectively; however it could not degrade structurally

unrelated polysaccharides, mannobiose, or p-nitrophenyl sugar derivatives.
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◯ rManH was strongly bound to ivory nut mannan, Avicel, chitosan, and chitin but did not

attach to curdlan, insoluble oat spelt xylan, lignin, or poly(3-hydroxybutyrate).

◯ Considering its physico-chemical and catalytic properties, ManH, which displayed a maximum

activity at pH 6.0, can be exploited as a liquid fermentation product [e.g. Hemicell®

(ChemGen Corp., USA)] since it is genetically recognized as a safe (GRAS) organism for

herbivorous animals, such as calves, in the feed industry because fibrolytic enzymes in the

rumen of herbivorous animals display the highest hydrolytic activity between pH 6.0 and 6.5.

◯ Mixed enzyme complex, Joazyme improved the feed conversion and egg production in broiler

and layer. In addition, it reduced the amount of ammonia nitrogen in the cecum.
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제 장 연구개발과제의 개요1
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제 장 국내외 기술개발 현황2
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제 장 연구개발수행 내용 및 결과3
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ATGAATTTAAGAAAATTAAGACTGTTGTTTGTGATGTGTATTGGACTGACGCTTATACTG 60 

111 A      MaaNaaLaaRaaKaaLaaRaaLaaLaaFaaVaaMaaCaaIaaGaaLaaTaaLaaIaaLa 

ACGGCTGTACCAGCCCATGCGAGAACCATTACGAATAATGAAATGGGTAACCATAGCGGG 120 

111a      aTaaAaaVaaPaaAaaHaaAaaRaaTaaIaaTaaNaaNaaEaaMaaGaaNaaHaaSaaGaa 

TACGATTATGAATTATGGAAGGATTATGGAAACACCTCGATGACTCTCAATAACGGCGGG 180 

A      YaaDaaYaaEaaLaaWaaKaaDaaYaaGaaNaaTaaSaaMaaTaaLaaNaaNaaGaaGa 

GCATTTAGTGCAGGCTGGAACAATATTGGAAATGCTTTATTTCGAAAAGGAAAAAAGTTT 240 

111 a      AaaFaaSaaAaaGaaWaaNaaNaaIaaGaaNaaAaaLaaFaaRaaKaaGaaKaaKaaFa 

GATTCCACTAGAACTCACCATCAACTTGGCAACATCTCCATCAATTACAACGCAAGTTTT 300 

1DaaSaaTaaRaaTaaHaaHaaQaaLaaGaaNaaIaaSaaIaaNaaYaaNaaAaaSaaFa 

AACCCAGTCGGGAATTCCTATTTATGTGTCTATGGCTGGACACAATCTCCATTAGCAGAA 360 

1NaaPaaVaaGaaNaaSaaYaaLaaCaaVaaYaaGaaWaaTaaQaaSaaPaaLaaAaaEA 

TACTACATTGTTGATTCATGGGGCACATATCGTCCAACAGGCACACATAAAGGAACATTT 420 

111 1      YaaYaaIaaVaaDaaSaaWaaGaaTaaYaaRaaPaaTaaGaaTaaHaaKaaGaaTaaF 

TATGCAGACGGGGGCACATATGACATTTATGAAACAACCCGTGTCAATCAGCCTTCCATT 480 

111 1      YaaAaaDaaGaaGaaTaaYaaDaaIaaYaaEaaTaaTaaRaaVaaNaaQaaPaaSaaIa 

ATCGGGATCGCAACCTTCAAGCAATATTGGAGTGTACGTCAAACGAAACGTACAAGCGGA 540 

aIaaGaaIaaAaaTaaFaaKaaQaaYaaWaaSaaVaaRaaQaaTaaKaaRaaTaaSaaGa 

ACGGTCTCCGTCAGTGCGCATTTTAAAAAATGGGAAAGCTTAGGGATGCCAATGGGGAAA 600 

aTaaVaaSaaVaaSaaAaaHaaFaaKaaKaaWaaEaaSaaLaaGaaMaaPaaMaaGaaKa 

ATGTATGAAACGGCATTTACTGTAGAAGGCTACCAAAGCAGCGGAAGTGCAAATGTGATG 660 

aMaaYaaEaaTaaAaaFaaTaaVaaEaaGaaYaaQaaSaaSaaGaaSaaAaaNaaVaaM 

ACCAATCAGCTGTTTATTGGCAACTAAAAAAGTCAAAGAAAAGAGCCGGGAGCAAAACTC 687 

111 1      TaaNaaQaaLaaFaaIaaGaaNaa*aa 
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가소화에너지  사료내총에너지 분중에너지 

대사에너지  가소화에너지 뇨중에너지 
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제 장 목표달성도 및 관련분야에의 기여도4
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제 장 연구개발 성과 및 성과활용 계획5
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제 장 연구개발과정에서 수집한 해외과학기술정보6
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가소화에너지 사료내총에너지 분중에너지

대사에너지 가소화에너지 뇨중에너지
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