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CHITIN BEADS, CHITOSAN BEADS, PROCESSES FOR PRODUCING

EP00913407B1 | THESE BEADS, CARRIERS MADE OF THESE BEADS AND PROCESSES
FOR PRODUCING MICROSPRODIDIAN SPORES

EP01455802B1 | USES OF CHITOSAN OLIGOSACCHARIDES

EP02340856B2 Cosmetic or dermatologic formulation comprising a nutrient medium
phase

EP02340856B1 Cosmetic or dermatologic formulation comprising a nutrient medium
phase

EP02723879A1 | PROCESS FOR MAKING CHITIN DERIVATIVES
CHITIN, HYDROLYSATE AND PRODUCTION OF AT LEAST ONE DESIRED

EP03240904A1 PRODUCT FROM INSECTS BY MEANS OF ENZYMATIC HYDROLYSIS,
COMPRISING A COMBINATION OF STEPS PERFORMED PRIOR TO THE
ENZYMATIC HYDROLYSIS
CHITIN, HYDROLYSATE AND METHOD FOR THE PRODUCTION OF ONE

EP03240903A1 OR MORE DESIRED PRODUCTS BY MEANS OF ENZYMATIC
HYDROLYSIS, INCLUDING PRE-TREATMENT WITH AN OXIDISING
AGENT

CN1044748A rI:;rg|toearir:11|tion and usage of seed-treating agent using chitin as raw
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CN1085675C Method for extracting and preparing chitin and chitosan
Chitin beads, chitosan beads, process for preparing these beads, carrier
CN1176949C o , : ) L
comprising said beads, and process ofr preparing microsporidian spore
CN1406589A Insect health—care products for liver and stomach and preparation
thereof
CN1184237C Preparation of crust oligosaccharide and use
CN1559227A Method for producing yield increaser
CN1293259C Chitosan antibacterial knitted wool face fabric
CN1664225A Chitosan antibacterial finishing agent
CN101117359B | Edible insect chitosan and production method and use thereof
CN101144097B Method for preparing chitin  and its chitosan and chitosan
oligosaccharide
CN101565470B Method for preparing chitin and chitosan from dendrolimus punctatus
larvae
CN102050883B | Method for extracting chitosan from yellow mealworm shell
CN101624427A Arglnlne—phltpsan with high degree of substitution, preparation method
and application thereof
CN102558387A | Method for extracting chitin and antibacterial peptide from fly larvae
CN1018691858 Eeed addltlve for improving flavor of livestock meat and prolonging shelf
life of livestock meat
CN102276758B | Method for comprehensively utilizing insect Chinese medicine dregs
CN103857799A | Process for making chitin derivatives
CN102898544A | Method for extracting chitosan from environment—friendly insects
CN103005211A Application of calcium—chitosan organic calcium supplement to animal
feed
CN103880519B | Walnut late frost antifreeze
CN103875672B | Walnut early frost antifreeze
CN106832052A | Method for preparing fly maggot chitosan
CN1049671844A Method for preparing chitosan from low—age insect larvae at normal
temperature
CN104878057A | Large—scale production method for tenebrio molitor chitosan
CHITIN, HYDROLYSATE AND METHOD FOR THE PRODUCTION OF ONE
CN107428849A | OR MORE DESIRED PRODUCTS FROM INSECTS BY MEANS OF
ENZYMATIC HYDROLYSIS
Chitin, hydrolysate and method for the production of one or more
CN107257860A | desired products by means of enzymatic hydrolysis, including
pre—treatment with an oxidising agent
CN106279727A | Preparation method of chitosan microspheres
CN106333906A | Repairing emulsion
CN106421886A Hydrogel dress.lng for repairing wounds and preparation method of
hydrogel dressing
CN106243245A | Chitosan preparation method
CN106832054A | Chitosan extraction and preparation method
CN108220361A | A Sow bugs chitosan extraction method and its application
CN108239182A | A aspongopus chitosan extraction method and its application
s 3lElyok 2ol S5 & 0|M2S 0|88, B JHEEso| old 2SR LE
MMHES MAMsts Yo st §5 oMl MAel 2 g4 Jie=6] oyt
FAIE = et 2 XM= &t 7|Elg 2elstl MHIS MAkstr| 9l st
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Table 1. Representative Companies in 2016 Regarding Commercial
Production of Black Soldier Fly (BSF) Larvae

Company Founded Comments

Working with The Biocycle Grow Out Facility, a support affiliate, the
Agriprotein® company claims at a feed rate of about 700 to 800 Kg per day to be
producing 1 ton BSF per week.
The company’'s website suggests its primary focus is on R&D and
consulting services generally related to diptera.
The company claimed it had achieved "commercial scale production”
in 2012, and its CEO claims the company’s technology can presently
produce 40 Ibs larvae every 10 days per 7sq. ft. space, and estimates
it can produce 300 tons larvae /yr/3600 sq fi. The company claims to
be economically viable with 17 loyees on its payroll
The company claims to support 24 full-time jobs at its Langley, BC,
farm facility while processing 100 tons preconsumer food waste per
day (36,000 tons/yr) and harvesting 20 tons larvae per day (5,400
tons/vr/hectare) on a 14 day fi cle.
The company claims in a YouTube video that its technology can
produce from 100 tons of food waste per day 20 tons of larvae per
day and 40 tons of fertilizer.
The company claims to have developed a unigque "OVERSol process”
in commercial scale production of BSF.
Hypothetical and potential benefits emphasized on the company's
website, but specifics are lacking on its actual production output and
scale up of BSF operations.
The company website does not provide sufficient information or data
to ascertain how far along the company is in operating a scaled up
commercial BSF processing facility.

www.agriprotein.com/; *www_bioflytech.com/en; swww enviroflight net/; swww.enterrafeed.com/;
swww jmgreen.cn/; Swww.organicvaluerecovery.com/; "www.protix.eu/; *www.ynsect.com/

2010

BioFly Tech® 2012

Enviroflights 2009

Enterrafeed+

JM Greens 2012

Oversol® 2010

Protix Biosystems™ 2000

Ynsect® 2011

Z2]: http://www.dipterra.com/blog.html?entry=commercial-black—soldier—fly—bsf
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REINARTZ*

TECHNISCHE DATEN

Lange

Breite

Hohe
Nettogewicht
Leistung

1.800 mm VERARBEITUNGSKAPAZITAT
500 mm FUR RAPS:

800 mm Stundendurchsatz 40kg/h
400 kg Jahresdurchsatz

4 kW (ca. 8.000h/Jahr) 320t

VERARBEITUNGSKAPAZITAT
FUR ANDERE OLSAATEN:
Stundendurchsatz 30kg/h
Jahresdurchsatz

(ca. 8.000 h / Jahr) 240t

TECHNISCHE DATEN

Lange

Breite

Hahe
Nettogewicht
Leistung

6.000 mm VERARBEITUNGSKAPAZITAT
1.500 mm FUR RAPS:

2.300 mm Stundendurchsatz  1.800kg/ h
21.500 kg Jahresdurchsatz

90/110 kW (ca.8.000 h/ Jahr) 14.400t

VERARBEITUNGSKAPAZITAT
FUR ANDERE OLSAATEN:
Stundendurchsatz  1.500kg/h
Jahresdurchsatz

(ca. 8.000 h/ Jahr) 12.000t
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@ MM 37Ee

7€l 0.1g PBS&% 3 ml2}t chitinase 50 ul (0.5 U)

=2Fo| Easte] 12 FI7|2 & 9 22 sample 200 ul¥ F
sample® W& Hasict

etch of mf xHF et
ple&H0ol 400 ulel PABAH + 0.5 M NaOH&U & &7}t5}04

o
o

stch. o] mf standard2& 10 mM2| glucoseS AE3SHFCE.

> o
m o> oo

U

1S Selstyct ol AMBSH Eae AlfE s MYES
M E= 042 pH Hel bufferdl & =& glycol
/B0 MEE i O 222Md0| FeMoZ LIEL=
St 7|Elofl &Y M3st MEfo{M A}

- o

S
2 Z|tisk7| ol ofH@ch w2l Al S2olE

0

28N S| e FEXel |7t S sofor Bt

- —

re
M
[l

—

3. Hexafluoro — 2 - propanol2 A28t 7|El2] 23
Hexafluoro — 2 — propanolE AlEsto{ 7|Ele| 3l 7FE

2tzt = AFHolM M=k oS0l 7 B D F|EL

3579 7|El/Z|EAF 0.5g0l Hexafluoro — 2 — propanol 24 & 5mIS

0 dm

d

mn

mjn
e

F=f

rok

Fl shakerdl &1 2 Hx tCF.

TLC-dot blot
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Ch &7 & 1,2 2tgolM dASH SofSoll 7|8/7|E4te] & g7 o5 &kl
2 ?Iet dot blot Aoz oY Y2 otz ot

™ Hexafluoro — 2 — propanololl SsiE SO0isol Z|El/F|EN SHS 2ul 4
Z|5to{ TLCHEOl| 535 XA stct,

@ BN = Axvl pEsY o HE 8% B2
® ZE7t HEE TLCEE WE7|E 0/8350] 4

Ct.
@ Dot bloto| 2tRE Fof ARl
T2 A FrOE Mx SofSo 7€
B o34l M= sofsol 7|E
C 74 M= SojSoll 7|E4t
(xC: ol= F|ElZ B ofME3lsto] 7| E4H K|

= % 3o tfst FrtEel AFE T §

2t Z23}

@ 7S 5 = A= MEA Le{F o Hexafluoro — 2 — propanol & A}
&5to a8 S &elsigict 50 ml 520 7Bl Y2 Zslst A AR
oM & F AX0| BM2 B|E Qs ElF SIANRFE HIZeol ALEsH 7
Elnl 7|=o| Z 22Xl ahof w2} Y M=st 7|Ele| M S Hlmst A
o2 Y™ M=t 7|8l MEo| EsfMo| Ef Al Mz ME 2t X5 &
22 8 F AUt

@ O|Z TLC-dot blot22 &eolsto] & ZI}, I HA| HHE EX Al2tolA 2
HHAHEl 0| H2 Wo =z Hob o= 7|Ele| ol IA v|nES Eelst
iCt,

® olz{st ZIE S, 2 AFAoM H=T 25 F|E AR X2 24
e7te] s S Et 3[A} M= ghH i Xfo|7)b LIENE = USS & F
ARALCE,

4. Hexafluoro - 2 - propanolol &3jE SOiSol 7|E/FIEMASZEE

colloidal chitin.2| A=
7F 2 AME2 Hexafluoro — 2 — propanolol]l 23= SOofSol Z|El/F|EAS Of
2735104 colloidal chiting €K} 3t7| 2| &ol|ct.

Lp, AlS g
® Hexafluoro — 2 — propanoldl sl S0i30l Z|E/Z|EN M 352 2+
Zt 250 ul¥ F|slf SF/FTE 0| 25t0f 48| 3|A sict,

@ @2 ZutE AplZelet F 45N 400 ulE # S0 O|E oEt=2S 0[S5t
A
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@ =030l el ZIEl/Z|ELHe] colloidal 7Bl =8

TE
FoodyWorm : FC|¥ M= SojSol 7|EA

LAB(chitin) : 74l XM= SofSof 7|E
LAB(chitosan) : 474 M= SOjSof 7| EAF e .

ot 3}

yield(%)

=

O 2 AFE &5l M=t 2F F|El2 Hexafluoro — 2 - propanolol] 235l ==
MEs o), A7 OgoM LEPH ZdXE 25|18 EZ20(E 7B M=
Al 2of elst w2 H|E8llMd STt elsf FXE Zo| ol 1 80| =2

@ O|E o| 2%t n|d=E Z2[& HiX| M =2t o|dE F2| 8 FTHAHQ A7
HE, 2% 7o 7|82 =2oists oldE 22lat a5 o

5. SoiSol 7all 7|&§2 iEls AT (» FIATF)
7 2 AE2 -10M Al SOjSHZFEHS =X npFoAM Holzl &=l
SO0 S0l e 7| Soll thigh d7olct

I’I’. AlS] Higd

(1) ABTS

@® 0.1%2| Ascorbic acid 8% 50ulE FEo d=ct

@ soisoll F& 7|82 50uE E<=ct of W ARESH 7|&2 n-Hexanel =2
FETH I7|IERE, -’?—%E' 7182 s=&= 100%, 50%, 25%, 12.5%2 &
£ ALZSICH Eot XS 25t FEo ALET o QA 50ulE ALE
St Ct.

® 9 ntHoM LAl FEO| ABTSE 500ulE €2 F AolM 622 &
Zetct

= n-Hexane &= S04 50| ABTS
100 : 100% %OH%OH *% 7|%

50 : 50% sOiSoll =
25 1 25% SOjSoll F
12.5 1 12.5% %OH%OH $% e -

h : n—Hexane . I |
0.1% ascorbic : 0.1% ascorbic acid™
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(3) DPPH
™ 0.1% ascorbic acid 200ul2t SO0fSol F& 7|& 200ul, n-Hexane 200ul

S ztztR 20| d=ct o] mf AL8st SofSol £& 7|82 sT= ABTSet

SYSH ALE SHCH
@ DPPH &% 600ulE 22+ 1,2 otdol @2 5| 202 7+ 2raof 225ict,
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EANEHHY By BNT OW HHE a5
e T AR 7 J‘é e IMEEERUEEIE v, o) aez-omo
B AT HEIH=WEAIME  rax o051 g6eopes

ESrESAMET IR saasws . Ee. 1. WE

4, NEBAAEERH ECiM NUIH UM REIlES

GEAAGTCOAGCOAATRGATTAAGAGCTTGCTCTTATGAAGT TAGOGGLHGACGGETGAET
ALCACGTGRGTAALCTGCCCATARGACTGREATAACT CCGEGARACDGLEGETALT ALCG
GAT AR AT T T T A GG AT RG T TOGAAAT TRARAGGCGECT TCEGCTATCACTTATGRA
TOEAC GO TCGCAT TAGCTAGTTRGTGAGGT AACGEC TCACCALGGCARDEATECGTA
GCCGACC TRAGAGEGTGATOGGCCACACTREGAC TGAGACACEGCCCAGAL TCCTACGEG
AGGTAGCAGTAMGEAATCTTCCGCAATRGACGAAAGTCTRACRGAGCAALGLCGIGTRAG
TEATGAAGGCT TTOGEGTCGTAARACTCTGTTGTTAGGGAAGARCAAGTGCTAGTTGAAT
ARGCTGECACCTTRACGGTACCTAMCAGAMAGLCACHGLT AMCTACGTROCAGIAGCCT
CAGTAATACGTAGETROCAARCGTTATCCGOAATTATTGRACETAAAGCOCAIGLAGETE
GTTTCTTAAGTCTRATG TEAAAGCCCALGRCT CAACCOTREAGGRTCAT TGRAAACTGRE
AGACTTGAGTGLAGAAGAGGAANGTEGAAT TCCATGTRTAGCRGTOAAATGLG TAGAGAT
ATGGAGGAACATCAGTGRCGAALGCEACTTTCTGLTCTGTAACTGACACTGAGGIGTGAA
MG GTGEGGRAGCAARCAGGAT TAGAT ALCCTGET AGTCCACGLIGT MACGA TRAGTGCT
ARETGT TAGAGEGT TTCOGCCCT TTAGTGCTGAAGT TARLGCAT TAAGCACTCOGCCTEG
GEAGTALGGCOGRCAMGGCTGAAACTCAAAGEAA T TRALGEEGECCCGCACAAGCEL TR
GEATGTRGTTTAAT TOGAAGCAACGLOAAGANCCT TACCAGGTCTTGACATRCTCTRAAA
ACCTAGAGATAGGGCTTCTCCT TCOGRAGCAGAGTGACAGGTGATLLATGRTTGTCGTC
MGG TCGTGTCGTGAGA TG TTHEGT TAMGTCCOGCAMCGAGCGLANCCCTTGATCTTAGTT
GOCATCATTAAGTTGGACACTCTAMGGTOACTRCCROTOACAADCGEARGAAGETRAOGE
ATGACGTCARATCATCATGCCCCTTATRACCTOEGLTACACALG TRLT ALAATLEALLGT
ACAAGAGCTGLAAGACCOCGAGETROAGCT AATCTCATAARACCGT TCTCAGTTCGGAT
TGTAGGCTGLAACTCGICTACATEAAGCTGEAATCECTAGT AATCGOGGATCAGCATEEE
GRGGTGAATACGTTCOCGRGCCT TETACACACCGCCCG TCACAGCACGAGAG T TTGTAAG
ACCOAAGTCGOTOEEGTAACC-TTT TEGAGCCAGLCGICT AA
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S AEMESEN HpRET OW DR 45

L A Jﬁ,_- MESSRtRnge o7 S ET R
7 HEI=YBYIHE rFa- o051} 552-0831

wm— Jane JOG T ey

Bacillys cerens 8train ATCC M55 165 ribosomal AMS gena, pertlal seguence

Saquence 1D: NALOTES0 1 Length: 1512 Mumber of Matches: 1

Seare = PEPIbits(1410), Expect = 0.0, Identities = 1420/ 1423(000), deps = 1/1423(08)
Strand = Plus/Plus

duary 1 DCANGTOGAGCGAATOOAT TAMGAGCTTOC TC TTATGAAGT TAOCOOCOGALOGI TANGT 60
FECRTREREERERTECEE R e PR PP PR TR
Bhjct 57 OCANGTCGAGLGAATERATTARGAGCTTRCTCTTATGAAGT TAGDGOCEGALOGOTONGT  1H

uary 61 ARCROGTGEGTAACCTROCCATAAGAL TEEGATAACTCLOGOARKCOOGONETARTACCE 1D
R NN RN NN ARERARRLEY
shiat 17 ARCAOGTEEETAALCTROCCATAAGAL TEGGA TRACTCLGOGAANCOGEEECTARTACCE 105

foery 121 GATARCATTTTGAACCECATRATTCGAAT TRARAGECEEET TORGCTGTCACTTATGGY 16D
FECECRRRRRNRE TR e e e e e e e e e e e e
shioh 17T BATARCATTT T GAALCEATEAET TCGAAT TAARRGECGECT TRRGITAT CALTTATGEY

Buery 181 TEERAGOOEDETCECAT TAGLTRGT THET BAGETARELT CAL CARGGCAACEATEOGTA
FECRTRRRERRER R e e e e e e e e e e e
Shjot Z7  TEOADOOEDGTCLCATTAGE TAGT TGET BARGTAMGECT CACCAMGECAALEATROGTA

E36
240
il
Cuery 241 EOGACCTGAGAGHET BATOGECACALT HEAC TGAGMALGEOOCAGNITCL TADGSS 300
RN AR R RN AR AR LR RRRN AR LAARRRAAR L
Shict 2G7  GLOGAOOTGAGAGEET GATOG0CACAL THAAC TGAGALALHICOAGAICTCC TADSEE 258
Dy 301 AGGCAGCAGTAGEGAATCTTOOGCAMT CEACRARMGTCTCALGRAGCARGIIEIGTON 360
RN NN AR RN AR AR RRR AR R LA AR RN Y
Shict 357  AGGLAGCAGTAGGGAMTCTTOOSCAMTEEACGAMGTCTGALGEAGLAMGICEIGTEAS 416

Gomry 361 TEATRARGGCTTRCEGLTCOTARBRCT CTGET TRTTAGRGAAGAALARG TOCTAGTTRAAT 420
RN R AR RN R R RN LA RN RARY!
Bhict @17 TEATRAAGGETTTCGGEET CETAMACTCTGTTRT TAGGGAAGACARG TGOTAGTTRANT 476
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’ el b
S Jor Mugemcunge “Te BTl 262060
BIEAEE T EF HRBeWBHIME  rae o8 3820821

RS A HEET el )

Goery 421  AAGCTGHOACGTTGACGETALC TARCUAGRAAGCCROGECT AALT AGHTGCCAGLAGODG 480
RN RN RN LA AR R AR RN RN AL AR RN ALY
Slet 477 AATHGCACCTTGALGGT ADCTANCUAGAAAGCCAOOGCT AALTADGTGCCAGIAGON

Ouary 481  COGTAATACOTABGTGECAAIONTTATCOGGAAT TATTOOGCO T AAMGOOCGLOCABITE
RN R AR RN RN R AR AR RN R AL ARRRRRAEY
Bhjct 537 COOTAATACOTASOTOOCARGOTTATOCIGAAT TATTOOILOTAARICOCOCGCAGITD

Duary 341 GTTTCT TARITCT A TETRARR GO AL T CASCOOT GEALRRG TCAT THEAAAL TGGG
N RN RN LN RN R RN LAY
bjol 58T GTTTCTTAAGTCTGATGTRARRGONCA R TLARCOGT CRARRI TCAT T EAAAL TG0

E § 2 B 2 %

Cuery 611 AGALTTGRAGTGCAGAAGAGGARRGTGREAT TECATGTGT AGCGETRARRT G TASAGAT
RN RN RN RN RN ARRRRA RN R LINA AR
Shjel H57  AGACTTOASTGCAGAARKGGARRGTGEAATTCCATETGTAGCOGTARART CLATAGAGAT

-
o=

Cuery G681 ATGHAGGANCACCAGT R GRMGEIGACT TTETGGTCEGT AL TRACACT AGGLGOGES,
R R RN L R RN RR AR LRI RRARARE])
srjot TIT ATGRAGBARCACCAGT ERCARRGEOGACTT TETGG TCE GTAAL TRACAC T AGEL GG

Cuery 721  AGCGTGGEGAGCAAACHEEA T TAGATACCCTGETAGTCCALCECG TARRCOATRAGTGET
LR RN RN RN RN RRR R ARNRRRRRRR LRI RRARRALY
bl TIT  AGCGTGEEGAGCAAACAROA TTAGRTACCCT R TAGTCCAC LD TRRACATRAG TGET

Cuery  TH1  BAGTGT TAGAGGGTTTCCGCCCTTTAGT GET AN T TAALCCAT TARGCACTCCECCTEE
FECRLEEROERREER e e e e v et e e e e e e
Shjcl BAF  AAGTGT TAGKGGGTTTCCECCCTTTAGT GOTRANGT TAACEOAT TARGCACTCCRDC TGS

Cuery B4l GGAGTACGGCDGCAAGEL TRARRCT CARAGEAN TTRACEMEEECCDECACAMGD G TGER
RN LR RN RN RR AR ARRRRRERY
shicl BET GGG ACGGCCGCAARRC TOARRCT AR AT TRR OG0 RCACAAGC SR TGRS

# 8 B £ B 8 & B
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AU YNJHEH  rax 061 362-083

ﬁEF (ML aRAN L gy o0 59T B0 Eee o
weanw jbo, e,
duery B0T GEATGTGETTTAATT NOCAGGTCTTRACATCCTCTGAAA 980
POTARRRLRIRR PR R Et e e e e e v aun e e et
Bnict o657 GUATGIGETTTAATTCAEACAAROGAGIACTTTRCCAGGTCTTEACATODTCT Gy 1016

Query G61  AOCCTAGAATABGHCTTCTCCTTOGGANCAGAGT GACAGETRETCLATGATTRTCETE 1020
POCCEEEE TR R et e
Soict 0T ACCCTAGAGATAGESCT TRTCLT TOGGAGCAGALTRALNGGT GET GLATGETTGTCGTE 107G

Query 1021 AGCTCOTGRTCETRARATGTTGEET TAMGTCILECAALGAGOGCAMCCCTTGATCTTAGTT 10680
L R AR AR AR LA AR RN R LA RN LA LA AR
Hijet 0T AGCTCOTOTCGMAGATGTTGEET TARS TCILCAALGAGOGIAALLLT TGRTCTTAGTT 1136

Query 1081 GOCATCATTAAGTTGGGCACT CTAAGG TGACT CLLGHTGACAMIIIEAGERMGGT R, - 1140
CEORRREREERT TR e e R R e e e
Sojot 13T GOCATCATTAAGTTGGGCALT CTAAGGTGRCT CLLGHTRACARIITEAGGANGOT OG0 1195

Quary 1147 ATGRCGTCAAATCATCATGILCLTTATGROCTCEEETALGCAOGTECTACAR TEEALEET 1200

FEORREREERE L R e e e e
sojet 11 ATGAGGTCAAAT CATCATOCLLLT TATGACCT R TALACAOGTRL TACARTRGALEET 1256

Guary 1207 ACARRGAGCTRCAARRCOR A THRAGCTATCTCATARRRCOGTTETCAGT TELGAT 1260
R RN RN RRRRRR R RA RN RN RN R LA AR
shigt 1257 ACARMGACCTELAAGRLOGIEAGETHRAGCTATCTCATARRRCOGTTETCAGTTOGAT 1314

Duery 1261 TETAGGCT AL TR TACAT BAAGE TGASAT COCTARTARTOR S TEAGCATEIE 1320
POCCRRRRRER TR ER R e R e e e et
Shiot 1317 THTAGGCTGCAALTURIOTACAT GAAG THRATCEETARTARTOGIEGN TOAGCATEIE. 1308

foery 1227 EGETGMTACLTTOCOGEEILTT CTACACACCGILLETCACACCACALAGTTTGTAAL 1380
FOCRECCRRRRREE TR e e e e e e et e e v
Shict 1377 EGGTGRATACGTTCCOGGGCCTTETALACADDAICCATCACADCACGARAR TTTGTARE 1438

_68_



&= & H R E A E = By &3 P PR 4B
Bl ma A P JEF [ ESIE MY S H Tal. D611 362 -0630
iR AP M= HAMEH rx os) sse-osn
EHESAEBETE PEVISER. w16, T

Query 1331 ADCCORAGTCOLTOGOGTARCC-TTTTHAGCCAGCOOOCTAR 1422
FOPTRRREREE TP PR e Re el
Sojct 1437 ADCCGARGTCGLTEGGOTARCCTTTTTRGAGCCAGCOGOCTAR 1470

- HEHA #5 - D4ES FEN H1HE ELall, Bseile cerva Slrain ATCC
14570 259 99% HEEF LEBUN Becithr ceron® YL UE,

| LIEE JaE ilRN DN QRAVE AES Z30 B OF D e & B0

R TAE RSO BEHAE A5 SBE FUSE 35U SOH BEZ EGE MBE & Tauo
Mudussaaas
HEYSHHUIHEHE
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® F|El 25l o|ME2 & S™HZD Bacillus cereus2 ™= 0] 7152 ARZAM &ET}
s4ol thslf ZZZ3 ctekst =&(Ter and Terje, 1997; Bjarmne and Miels, 2000)
oA SME FuE & AUs HMS sHelsct
@ B. cereusd?2| strain0| 50| 910 ARZ && Jts8t dF(B. cereus toyo)T U
=2 #elst¥ et (Ulrike et. al., 2008; Vesa and Kristina, 1998) Mu&H#Fo| F7}
AMBoz SHMA 0IHE =Holstx RS
TABLE 1. Bacillus strains used in this study and comparison of the
different methods for detecting B. cereus enterotoxin
Presence of enterotoxin as determined by:
Strain” :
»  Oxoid BCET- .« BHEMO-
PCR RPLA® BDE RFLP
B. amyloliquefaciens ATCC - ND ND
23842
B. badius DSM 23 - ND ND
B. brevis DSM 30 - ND ND
B. brevis ATCC 10027 - ND ND
B. cereus PHLS F837/76* + 64 ND I
B. cereus B-4ac* + 64 4 I
B. cereus DSM 2301* + 64 3 I
B. cereus DSM 4282% + 64 3 I
B. cereus DSM 31 + 04 ND I
B. cereus ATCC 7064 + 64 ND I
et et o e g == . - -
B. cereus B 922 (TP) + 4 2 I
.- B cereus ATCC 12626 | . e meaaas ND .
B ocereus ATCC 14579 - - ND .
"W vérens NCFB721-"""""""" —tThnTEEmmERRET Np- - """ ="memmn
“ Abbreviations: An asterisk indicates that the strain was found to be entero-
toxic in a previous study. ATCC = American Type Culture Collection, Rockville,
Md.; DSM = Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH, Braunschweig, Germany; NCFB = National Collection of Food Bacte-
ria, AFRC Institute of Food Research, Reading, United Kingdom; PHLS =
Food Hygiene Laboratory, Central Public Health Laboratory, London, United
Kingdom; SMR = Swedish Dairies’ Association, Lund, Sweden; KTL = National
Public Health Institute, Helsinki, Finland; TP = strains used in Pirttijarvi et al.
(30).
" PCR was done with HblA primers.
“ The results are recorded according to the manufacturer's instructions. The
numbers refer to the strength of the reaction, e.g., “4" is a weak reaction, and
“6d"” is a strong reaction. ND, Not determined.
“The results are recorded according to the manufacturer’s instructions. The
numbers refer to the strength of the reaction. ND, Not determined.
“ Hemolysin PCR-RFLP types: type I cuts like model ibld sequence of B.
cereus FE37/76, in type II the restriction pattern is different with Rsal and Tagl
restriction enzymes, and in type I[II the restriction pattern is different with Tagl.
® stX|2k b M E 112{5101 Bacillus subtilis e+ Bacillus licheniformis @3 & <25t
of MEZate If 7IHEMHELE &&sIV|2 & 2 AELES ZMANE|9 F|EHE
f #FE 7ot Us ZBSEAATFLOM FEIXQ B, subtiis dFE ZLEH|
2 SIS,
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1) 27}X| AAZEE QM 23]
- MRS Hi X[ 0] 105, 106,107 2 2 3| M5}0{ = F 30TOf| M 48A| ZH b ¥
- chitinase 44t #F 22| £ 2|6] colloidal chitin 0] &S E| H{X|f] MEHH=
-2 2t 7|E 28l S0| £0|= |it20| B2|EIX| $S.

Positive control
(34-6)

SAHZO| B XL2tX| 20HM BAO| Bl
Y% Q10| A

—> MRS B{X|0f 7|1 70| ChA| Bl
SigioLt, F0| MEES sx|ot B2 B
olx| 8.

FHSE FFe 7B 2o 2ds =2l

37°CO|| A 72 B2k 30°CO| A 7S B2
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2) A B X| 2 5E| 7| E1 58] 01( H|O|X| 2| 5FF + negative control)

- 7|12 EHA o2 T Y HuX| o M 7| EIESH Zel
a. Et4A 2l © 2 colloidal chitin
b. =2 2} chitin A}
(%)
colloidal chitin 2=2 g}l chitin
colloidal chitin 0.5 -
==2 2} chitin _ 2
KH,PO, 0.03 0.03
K,HPO, 0.07 0.07
MgSO, TH,0 0.05 0.05
FeSO, 0.01 0.01
ZnS0, 7TH,0 0.01 0.01
MnCl,-4H,0 0.01 0.01

- 30°C, 150rpm , 5day HH Q¥

_72_



H @ 21t

A HiY T 45
B. HiF = &45Y
*12000rpm Smin & £2]

. Bacillus velezensis (negative control)
: Paenibacillus elgii

: M-22

: SY-02

: SY-03

: SY-04

YU bW N

A HHSF H APSOH chitinase =H4d
B. Hi¥ = Q%Qﬂ chitinase =t
*37 TO| M 305 412 # DNS uoz =4
(EMYUsE %’élﬂl =S
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3) 7IE125) 0] ¥ & CHEEl 2 2oL)

- BiX| =44
(%)
=2Z=2 2l chitin 1
KH,PO, 0.03
K,HPO, 0.07
MgSO,-7H,0 0.05
FeSO, 0.01
ZnS0,-TH,0 0.01
MnCl,-4H,0 0.01
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O Bacillus subtilis #F5& &&ct Folle| 254!
S 40% MEfZ 25510 CH|ZH| WEA|F|= ZED
T ABo RS Ui e T F s OAFE
2015; X} £, 2008)

Table . Microbial concentration, nutrient composition, trace minerals and pH (Mean

+ 5.E) of dry mealworm and dry mealworm larvae probiotics

Item DML' DMLP

Microbial stains (log;ciu'g)
Lactobacillus plantarum KCTC 3099 1.87+0.06
Saccharomyvees cerevisiae KCTC 7928 1.18+0.15
Bacillus spp. 0.48+0.05 1.360.17
Yeast and mold 2534112 160026
Escherichia coli 0.78+0.04 -
Salmonella spp. - -

Chemical composition
Maoisture (%o dry matter) 6.12:+0.02 12.91+0.02
Crude Protein (%0 dry matter) 47 734003 27 9540 (09
Crude Fat (%% dry matter) I3 2R+0.10 5.35+0.08
Crude Fiber (% dry matter) 6. 9240 08 7 1840 0%
Crude Ash (% dry matter) 3 26008 4.15+0.04
NFE (% dry matter) 12.79+0.10 42.27+0.07
Caleium (mg/ 100g) T.15H0.66 3_7'? ax].60
Irom (mg/100g) 11.81+0.66 11.95£0.99
Sodium (mg/100g) 1.250.09 2.0440.11
Magnesium {mg/100g) 1L.81+0.20 1. B8+0.43
pH 7.35+0.01 4. 814034

DML = Dry mealworm larvae
‘DMLP = Dry mealworm larvae probiotics.

*NFE: 712 %2 2 (Nitrogen free extract) A Zd20M

=2 Melet HHHX] 8222 NFEZF =28 23517t ZE

X C|gl &l

=, _DIC_Il

o7
o

ZH w7, ==
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Table 4. Fatty acid compositions of freeze-drying silkworm powder (FDSW) and heating-drying silkworm powder (HDSW) and
fermented silkworm powders (% for area of total fatty acids)

Myristic  Palmitic  Palmitoleic ~ Stearic Oleic Linoleic  Linolenic Arachidinic Lignoceric
Fatty acid acid acid acid acid acid acid acid acid acid  Others
(14:0) (16:0) (16:1) (18:0) (181 n=9) (18:2 n=6) (183 n=3)  (20:0) (24:0)
FDSW 013 20.78 045 9.01 2691 7.56 32.72 0.07 048 1.89
HDSW 012 18,00 .36 8.08 2331 571 34,87 0.44 0.00 1.09
FDSW+Lh1 012 2254 048 8.37 32.65 747 31.95 0.39 0.00 282
FDSW+Lh5 014 20,37 .51 8.54 2617 7.54 3263 047 0.00 3.63
FDSW+Bal 010 21.75 044 8.99 2613 7.34 31.09 049 0.00 3.66
FDSW+Ba5 011 22.55 049 8.56 26.00 7.60 3222 041 0.00 2.06
HDSW+Lh1 0.00 2191 0.37 11.68 25,58 5.20 28,59 0.47 0.00 621
DSW+Lh5 011 19.79 0.39 8.76 24.58 6.06 36.24 044 0.31 333
HDSW+Bal 0.10 2041 0.38 8.34 25.44 6,03 35.98 043 0.00 290
HDSW+Ba5 011 20.78 0.36 8.75 25.07 5.95 36.09 042 0.08 239

Abbreviations are the same in table 1.

S00

T00 L

4+

600

00 ae

400

300

200

Protein content (mg/g)

100

FD HD Lh5 Lh1 Ba5 Bal Lh5 Lh1 BaS Bal
SW SW FDsM HIysW
Fig. 1. Protein concentrations of freeze-dryving silkworm powder
(FDSW), heating-drying silkworm powder (HDSW) and
fermented silkworm powders. Abbreviations are the
same in table 1.
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HUMHZIE L % 0.14 MEEFEHEIE
AlRRE|Y EH 20 o2l JEE dalh @0 fe 2ol HEEHEE SH LS
2020 128 opl
BrRCio| AR e AR T | =0l
i |
B |[AriEEEA .
noR I 8 e
g HEA S0 31 I
200mmes 297 mm = T] Edgf ' [RY 8 |

_77_




U=(FIBYE ALREIHA)S| oo it=dE] 8|

Al8 & F A

KFR| &=4lB3{ 13 ‘
($)55365 TE §2F2 0| gRM us: i KFRI :
SHAHFT 245 ARR0-07-2 1-305-00 1 el

Tel: Fax:

1.8 H 8 : sSIAMNBR(F)BHIRSISIL
2.F & (5750718 [Y2 NS A8 289-38
NS Y : BSF

422N - 2020 o7TE 02 &

5.8 T : HEHES

6.ABED :

e AN - =] AN 2
0-phosphoser i ne 30.8 mg/100g OOl 't THEESD| ®3Y
Taurine 14.4 mg/100g Ol BIESEHSD &Y
0-Phosphoet hano lami ne 580.4 mg/100g OHll =gt TiEEAT| S3Y
Urea =z - Okt NISEMT S3Y
L-Agpar tic acid 32,9 mg/100g Oll=& TISEND SEY
L-Hydroxypr ol ine 148 mg/ 100 Ol dt NISESD S3Y
L=Thr eoni ne 32.4 wmg/00g Ollls¢ AISE4T &3Y
L-Ser ine 20.9 mg/ 1000 OlDl=¢t XiEEHD) AFY
L-Glutamic acid 13.7 =g/ 100g Ol ¢t XiSEM) R3Y
Sar cosine 46.4 mg/ 100g Ol0l et TISEND Y
L-2-Ami npadipic acig 0.8 mg/100g Ol =&k RHENAD| SR
L{=)-Prol ine 202.1 mg/100p OOl & ZAlER4D| RF R
Glycime 35.7 m=mg/100g Ol Ni@EA)| A3
L-Alanine 80.0 mo/ W00y OHles REEM))| £33
LCitrull ine 54 mg/100g Ol gt TimEM)| UG
OL-2-Anincbutyr ic acia E r=f ] - Ol ASESD B58Y
LVal ine 48.6 mg/100g ol NSEST S8
L{=)-0yst ine AR = Ottt KHERA D 83
L-Methionine 7.6 mg/100g Ot IESENI S8
L-Cystathionine 7.3 wmg/i00g 0y THEES) &Y
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Table 3. Contents of free amino acids according to lactic acid
bacteria fermentation of € militaris grown uwpon T. molitor

(mgf)
Components NP FP T-value Povalue
Aspartic acid  1,205.16+5847 1047.8243.07 41305 0.000
Serine T6178:0.77  662.34£535 31865 0.000
Taine 16963112 152.05:174 05817 0.000
Glutamic acid  2,05997:100 192264209 0989 0.000
Glycine 2433140.14 4874008 0498 0.000
Flistidine 2156420.15 28.63:047 0264 0.000
Argining 447234044  HO.IT:004 01447 0.000

Thieonine 644044024 B08.06:019 0760 0,000
Alanine 1140994133 1069.98+0.71 0457 0.000
Proline 41081:0.51 43037001 o121™ 0.000

Tyrosine 35642:001  M54:003 0275 0.000
Cystine 49.10:080  61.66:010 0157 0.000
Valine 39622:025  S68.30:170 0167 0.000
Methionine ~ 12433:097  10B.06:388 0219 0.002
Lysine 61327:151  @2115:080 0453 0.001
Isoleucine 247224302 23639044 0166 0.004

Leucine 40663:0.11  W300:340 0425 0.002
Tryptophane  199.14:007 2139004 0498 0.000
Plenylalanine  330.15:0.01  283.30:103 01197 0.000

TAA" 022102 945866

EAs" 2,714.64 2581385

NP, ton-femmented product; FP, fermented product.

AN values are mean+SD.

Motal free amino acid.

“Bssential aming acid(Thr+Val+Met+le+Len+Phe+Lys+Typ).
I ), 005,
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Bacillus licheniformis @3 752 AIE2 &8 J7lse AWz HohElct

Table 1. List of the chitinase-producing biccontrol bacteria reported to reduce plant diseases and nematode damage

Strain Source Target pestis) for biclogical control Reference
Gram negative bacteria Plant pathogens
Alealigenus xylasoxidars Sail Rhizoctonia bataticola, Fusanum spp. Vaidya et al,, 2001
Aeromonas hydrophila SBX - Aspergillus Ravus, Fusariurm axysporum Halder et al, 2013
Chromnobacterivm strain C-61 Sail Rhizoctonia solani, Sclerotinig Park et al, 1995
scierotiorum, Phytophthora capsici,
Pythium wltimurm
Lysobacter enzymogenes LE429 Sail P capsici, F, oxysporum, Pythivm Han et al, 2010
aphanidermatum, B solani
L. enzymegenes 3.1T8 Phizosphere P aphaniderrmatum Folman et al, 2003
L enzymogenes C3 Phiylloplane R solani Giesler and Yuen, 1998
‘ FLISGLATT Qrarmimedrum Jochum et al., 2006
‘uen et al, 2003
P ultimum Kobayashi et al, 2005
Magnaporthe pooe Kobayashi and Yuen, 2005
Uromyces aopendiculatus Yuen et al, 2001
Bipaolaris sorokiniong Zhang and Yuen, 1999
Piewdomonas flucvrescens PE27 Sail A Ravus Akocak et al, 2015
Serratia marcescens B2 Phylloplane R solari, F. oxysparum, Bodrylis cinerea Akutsu et al, 1993
Someya et al, 2000
Someya et al, 2001
Someya et al, 2005
5. marcescens GPS Phylloplane Phoeoisariopsis personata Kishore et al, 2005b
5. marcescens JPP1 Phyllosphere Aspergillus parasiticus Wang et al, 2013
5. plymuthica MP44 Rhizosphere R solani, Cladospaorium sp., Alternaria Jankiewicz and Brzezinzka, 2015
alternata Kamensky et al, 2003
5. plymuthica IC14 Sail B. cinereq, 5. sclerotiorurm Kamensky et al, 2003
5. plymuthica HRO-C48 Rhizosphere Verticillivm dafilia, Phytophthora Kurze et al,, 2001
coctorum
Gram positive bacteria Flant pathogens
Bacilius amyloliguefociens SAHA 12.07 Sail Ganoderma boninense Azizah etal, 2015
B atrophosus Rhizosphere F. osyspanium Shanmugam et al, 2013
B cereus 108 Sail B cinerea Hammami et al, 2013
B licheniformis 5213 Sail Phoma medicaginis Slimene et al, 2005
B pumilus strain G2 Sail R solani, Verbicillium sp., Nigrospora Ghasemi et al, 2010
sp, Sternphyliurm botrposum,
Bipolaris sp.
B subtilis Bhizosphere Alternaria spp., Colletatrichum Marasimhan and Shivakumar,
gloeosporioides, P capsici, R, salani, 2012
Fusarium spp., Verlicillurm theobromae
B. thuringiensis - Sclerotium rolfsii, Aspergillus spp., Reyes-Ramirez, et al, 2004
Fusariurm sp.
Paenibacitlus ilinoisensis Sail R solani, F solani, Sclerotium rolfsi Subbanna et al, 2015
P kribbensis Sail B cinerea, Collefotricum acutatum, Huetal, 2014

. axysporum £ sp. rodicis-lyoopersici,
Magraparthe oryzae, B capsici,
R, solan, Sclerotium cepivorum
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Table 1. Continued

Strain Source Target pestis) for biological control Reference
Gram negative bacteria Mematodes
Chromobacterium sp. Soil Globodera rostochiensis Cronin et al, 1997
Lysobaocter enzymogenes
L. enzymogenes (3 Phylloplane Caenarbabditis elegans, Heterodera Chen et al, 2006
schachtii, Melaidogyne javanica,
Pratylenchius penetrans, Aphelenchoides
fragarioe
L. enzymuagenes, Pseudomonas sp,  Rizoplane Trichodorus primitivus Imsunza et al,, 2002
L capsici 51215 Sl Melsidogyne sp. Lee etal, 2013
F chitinolytica Soil M. javarica Spiegel et al, 1991
Serratia plymuthica Soil Meloidogyne ethicpica Aballay et al, 2013
Gram positive bacteria Mematodes
Bocilus licheniformis MH43 Soil Bursaphelenchus xplophilus Jeongetal, 2015
B. purmilus L1 Soil Meleidogyne arenaria Lee and Kim, 2016
Paenibacillus efimensis RSE20 Seil M. incegnita Hong etal, 2013
P elgii HOAT3 Soil M. incognita Mguyen et al, 2013
P illinoisensis KIA-424 Soil M. incognita Jung et al, 2002
P palymyza GBR-1 Rhizoplane M. incognita Khan et al, 2008
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- Rotary Dryer(100kg/hr) 17] 997 36 1=
. S
7F & A - ZF71(e] ==Fety]) 17]
- ®3471(80kg/hr) 17]

= 9 Tt 2] T A7 E D
+3% Z#7] Expeller 150kg/hr 14 154,000,000
247 2H 14 20,900,000
ZAAF MIE o] B Rotary Dryer 300kg/hr fj; 129,881,500
Screw CON’ V 11KW 14 17,600,000
= A 322,381,500
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> W 2% o 2EIIHUIARHEIN W 2% =0T
> W 4% & 1 2EIIEUIARHEIN W 4% =0T
> B2% o 2BIIEHLUIAMZHEIIM B 2% =20
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pH

HEI|HEFARHEIM 20T A9

MMM A 2EI7|HUSAIRYEIIA o H|E0| HAZH 2t Y
m] (e]

A=
(7h Z2S7IHAMZHEIM & 2E57|HEEAIZHEIIA S S0oo 2feh tiAlM =

M AR JYHAAF MEHZ o MEe S0
*._73”_0—1% —T“Sﬁ% 24 2SI AR ™LA e
ZSI|EUSAIRHEIIM e Zofoll 2|t HAAM=E M35 HEo =l
HHES 0|2%t lysozyme act|V|ty assays Soll AAlSIFS.
- oz ¢

sl =2l8t @&HZ Micrococcus lysodeikticus?t BHSAIZI =
I¥on], zBXHMoz ZSHst FHEE

—

=
lysozyme activity 3= & &t

i

_ L= Py =]
- 11 Z3 ND o} d|msf C4, W2, W4, B2, B4 HolMe= Sl
Lysozyme activity 2| ZI7lE22E EH2(+p<0.05, ***p<0.001).
- U2t Z2S7(EIAMZEHIA 3 2SF|EIUSAIZEHIIM S 20d= HAMEE

24515101 S0l MHBANS ZIAI|E 218 Bl
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Lysozyme concentration(ug/ml)

(28 5] 2BIBAREIM U ZEVELIARHIN Zof 21 Fe

Lysozyme activityel &2l C4, W2, W4, B2, B4 oA Re|Heol ZI7tE Hel.

(Lh ZS7|EIAMZAEIH 2 2E7|EIUFAIZEIIM S Zofol| ot Bl =3 FAls

2o &l
- o HF-FEZTE 1X10° cells BF22 96 well plateoll seeding st &, T
cell mitogen®! concanavalin a (ConA)E X2|5t0{ 36AZF HIKS
MAISIAS. Bl Foll= Thiazolyl Blue Tetrazolium Bromide (MTT)E g1
M=

CHAl 4AlZE BiFS AAISI2N, =EBXM2E 540nmolM SHE FH 2
AAISIA 2.

- O ZI Bz ZAs2 2FI|HAREIK 2 ZSI|HUSEAIZHEIEA
=0 ZoAM BTt sl 2E¥MH S E¥S.

- ND &0 B|m3ld W4 I&(*p<0.05).Z} B4 I&E(*»*p<0.01)dlME=
7oAl BIE B s

- OEtM, 2E7|EUSAMZHEIIN S S0 HETo SAMUEaNE 2

MTT assay

] 2.0 fl";
% 1.54 _ - % §
1

(33 6.] 2BIIBARAIIN 2 257|ELE LRI Zof 212 Fo

H|ZM Z 2| MTT assay &H2l. ND ol H|W35t0d W42} B4 ZolM ®el™Mel S

mjn
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(ch 2ZB7IEAMZREIIM & 2F7|HUSAIREIA Ll Zofo] 2ofst WY

- H|MEZ oM mRNA cytokine expression level &ols s &z
HIZHRIZ S 1 X 10° cells @22 12 well plateoll seeding & =, T
mitogen®! concanavalin a (ConA)E X2|5t0 36A|ZF HiFS AlIA|ISIF 2.
Bk Fol= CIAl cell@ 735109 RNA extraction kitE O|&%F RNA 22| &
AASIRS. zBXMSZ E2|lst RNA= cDNA &4 % Real-time PCRO|

- cDNAE template2 3t0{ MyiQTM real-time PCR detection system
(Bio-165 Rad, Hercules, CA, USA)& 0|&5}01 Interleukin (IL)-1B, IL-2,
IL-12, TNF-a, IFN-gammaS =& 3s5t% 2.

- 3 Z3 |L-2°] E< ND ol d[sf C4, W2, W4, B2, B4 ToA LLE2
we|&el
S7H*xxp<0.001)E 2.

- IL-122] A< ND ol H|3 C42F w2 oM ®e[AMel S7H*p<0.05), W4,
B2, B4 oA 1Eo oAl ZIH+*+xp<0.001)E £l

- TNF-a®l Z< ND o Hlsi C42F W2 oM ReH
E7H*p<0.05,**p<0.01), W4, B2, B4 oAM= LDEo RFoHQ

S7H***p<0.001)E =&,
— IFN-gammaollA ND ofl H|3l C42} B4 22 |o|xol Z7H(+*p<0.01)E,
C2, W2, W4, B2 ZollAM TEo| fo|Mol ZEIH(+++p<0.001)E =,

- meiM, Z2FI7|EAE N B 2SIEIUSAIZHEIIM S Z0i= AL

A =

=
HAULS AIO|EFIQIo| FH|ES JIHAIA HAMZS SHATIE &

1.5

n_

.

relative IL-1b level

i

i

ND C2 C4 W2 W4 B2 B4
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[13 9.] Salmonella S48 E 142 =% FAHS Sot |Fotx 4749 ol o=
B Z2EIFEIAMRHEIIM Y ZSIELUFAIZHEIIM Z0] FoM HHIZ M}
A= g &golg £ S

Ch =4 3% MEel=es Azdel Mg = A 28, 2+ ZZH BursadlM
MEe| == Salmonella &=
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Z ol 14mol| FHE AAlsto] HIEHS MF et =,
H&E = 22| 2 0o|E 0|88t lymphocyte subpopulation?| =ols

AU .
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22.35% 5 LIERH 20, cytotoxic T cell(CD8)2| B ND2 8.51%,
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- = AT0M ZEI|HUSAMRHINE 2% =020 4% 207 IELE LT
of 852 BAMet Zof 2% ECts 4% =0ZoM =3 O 25 2o|X[gt
2% =0{ToME S22 505 2l Eoh ZFI|IEUFAREIIME BOl
HotstH mat= of AKX, H[EHAM dHMO| X 2= olRE 257
U SAREIIM S MY HITER 2% EFIbste Aol HEd AWz ¥z
=

(2) 3N dedaElE Al 2Hdsted, ATIHEztE2l S4o w2t +=Fo| 7§l

o Z4: 24,6000% &

0 NO Ok w N =

n8HE 1Y
== H|SCI 24
stautE: 1
wEAE: 1A
< HYH ALY IE >
(eh2f @ A, M)
o 7+E |
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o =IE(THAE) 1 1
- IC)) 2 2
=3 SE(EHAE) 1 1
- A (FX) 1 1
Mo E2 . 7|8 x| B = 1T
Aol S5 - ls A g |BEEAE) 0 0
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e | SEEDIE) 2 2
i N 1C ) 1 1
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IEEN e i 1
o | =EEAY) 1 1
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the Hydrolysis of High and | 7| (4) | 2= i 12.31 |1229-4160
Molecular Weight Chitosan Chitosan 3 )
using Immobilized Enzyme
Characterization of Bioactive Journal
Components isolated from the < ., | 3F=27|El| H|SCI
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Synergistic Antimicrobial Activity of Chitosan Hydrolysates derived from
the Hydrolysis of High Molecular Weight Chitosan using Immobilized Enzyme

W

Yong Hyun Lee', Seung Hoon Yum', So Yeon Park’, Hee Soo Hwang’, You Jin Hwang', and Jae Kweon Park®
'I.quv'mrenr af Biomedical Engineeving, College of Healil Science, Gachon University, InCheon 21936, Korea
“Department of Life Sciences, Colleges of Bio-nano, Gachon University, Seongnemdaero 1342, Seongnam-si,
Gveonggi-do 461-701, Republic of Korea
Division of Biological Science and Techmology: | Yonsetdoe-gil, Wonju, Gangwon-do, 26493, Republic of Korea

ABSTRACT

The features of antibacterial activity of chitosan with different molecular weight and with antibiotics are discussed in this
study. Depolymerization of high molecular weight chitosanfHMWC) mediated by enzymatic effects was observed in the
concentration of enzyme immobilized onto a matrix and time dependent manner. Amibacterial activity of chitosan hydrolysates
CTSN-PE and CTSN-B3 in the presence or absence of antibiotics was investigated. Synergistic antibacterial activity of CTSN-
P8 with Kanamycin against Stgphnvlococcus aurens and E. coli was observed based on the dependence of molecular weight of
chitozan. On the other hand, significant antifungal activity of CTSN-B3 was observed in morphological changes of Penicillium
itanlicesm. Our data demonstrate the critical importance of microbial species and the size of chitosan that can provide some potent
biologically activity without significant depressive activity of antibiotics.

Kevwords: Chitosan, Antibiotics, Molecular weight, Antimicrobial activity, Staphviococeus awvens, Pericillium italicum
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Characterization of Bioactive Components isolated from the Degradation of Black
Soldier Flies Hermetia ilfucens by A Chitin-degradable Microorganism
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ABSTRACT

Antioxidant activities of the constituents of Black Soldier Flies (BSF) Hermetia illncens were determined based on the
preparation of hydrolysates by enzymatic hvdrolysis. One of the strongest chitinolviic bacteria called 1o SY-02 was isolated and
subjected to the hydrolvsis of BSF provided as a powder. Upon reaction performed for 2 weeks, the contents of total
carbohydrates, reducing sugar, and protein in the culiure supernatant were estimated to be approximately 1.942 g/L, 0804 o/l
and 2159.1 /L. However non-detectable amount of lipid in the culture supernatant was observed. Those biomolecules in the
culture supernatant were further subjected 1o determine the antioxidant activities that showed significant free radical scavenging
activities toward DPPH and ABTS, and FRAP, respectively. Our data suggest that bicactive substances derived from the
hwvdrolysis of BSF in the culture supernatant could be utilized as an additive for animal feeds and developing other relative foods.

Kevwords: Chitin, Insect, Black Soldier Flies, Biological activities, Antioxidant
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