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A8 Z7betn] olol web WA 2]

ZH AT goiEa e otk ol S HA 2840 ALES 2014 5,070
MTol Al 2017 6,058 MT &0.2 =715 AP F 4.6% o4 AAHNS Kol JrHE
1-D.
[£ 1-1] 2 HAMA ik 2F(2013-2017) (A EQFESHAX SARR)
oy 20134 20144 20154 20164 20174
= Uy | Ha2 | 5712 | SuEd | H62 | 5718 | FUEY | deS | 57 | Susnd | RS | SURE | SuiRd | R [ E57HE
Bl 1,180,320 0.08 0.05 1,030,250 0.08 1271 872,771 007 -15.29 1,465,629 012 67.93 1,087 008 -25.79
EbEy 2,131,638 0.17, -6.14 1,963,240 0.16 =780 2483608 0.21] 2651 2,346,638 0.19 -551 0.16 -4.67
A 6601.302( 052 -242 6716917 053 175 67i8086| 056 0.02) 7436845 061 1070 152 -1.23
8 DRSS 1,684 903 0.13) -8.06 1,875,202 0.15 1129 Z27280,164 0.19] 2160 1643943 0.14 -27.64 0.13 839
s Sefeefiz 355,269 0.03] -19.67) 376,282 0.03 3.02 198,893 0.02} -47.14 553,991 0.05 178.54 007 90.23
5 A 3 glako}A] 12,000 0.00] 100,00 91,500 0.011 662,50 - - -
=27 698,400 0.05] -64.20, 198,135 0.0Z -71.63 79,875 0.01) -58.69 18,400 0.00f -76.96 = - 100.00)
QRH AL 56,520 Q.00 2L37 53,835 0.00 -4.75 126,111 001} 13425 158,687 0.01] 26.62 318,564 0.0 100.3%
O stARE S A8 & A4ke] 80% o) HIF2 e Mo A9HA glew, 1 o]
2G4 A ke vHIE SRR HAAL AL dHVIE SR S dd A8
2 A G E fal HAs] Bad Aotk FYEFGAA, AF 9@ AFHIE YL
A2 =A%, 2014~2017) (& 1-2).
O %LH"*W 3 MAE B8 I3 HA F e SHHEMLT)L FUsH, e HEA
= 2017d 71Ee® oF 6 MT wro] oA A4tEon, tffiEe] 5 M4 Fas
°‘°ﬂ o) &Edte & ot



O LAHE A4 £ 20139 7|FO 2 14,433 kgollA 20173 7]+0.2 52,922 kgo. &2
AY 38.4%°] ZF7F FAHE Holal JTHE 1-3). LA ojo] Aakgko] whgl AYLto] EotA
F eAoHE fo F ALE AT £ At WD F Az AN JEe AL w2
FheE A & Aa Y AT Y QLR ART £ YS Aow Jgdrh

[ 1-2] 20 2429 A4F, $59, B9 & F7he

2014 2015 2016 2017
== A E Hoj BTkg A £FW DO B7kg MME 2 O Frts MM +EY #ofY Bits
() 6) ) % (=) §) (MR %) (&) (§) () (%) (E) §) (M) %)
k=2 ES 11 - 138 1354 9 - 119 -1342 10 - 147 22.86 9 - 248 689
ERLEN 85 - 1,266 -52.64 80 - 1318 422 85 1902 4413 87 - 2,724 4322
O2[ZEMA 0 - 5 5833 0 - 5 083 2 - 23 38182 1 - 17 -26.88
Hi2| 74 A 20 - 771 579 21 - 752 =245 21 1,067 740  -159 24 - 861  16.36
AL E2|LHMA 7 45661 756  -0.16 4 - 439 418 5 - 53 2229 4 - 469  -125
HNguA 11 - 363 1727 10 485 348 411 12 1,205 378 862 12 1442 407 744
OFLIE A4 16 - - - 15 - 414 - 18 - 418 1.08 21 - 689 6479
QFO{HZMA 2 - 54 -475 5 12196 126 13425 4 9049 160  26.62 6 3500 320 100.36
AFMnpopMa 7 - 333 1948 5 26981 202 -393 6 22964 238 17.68 6 2612 268 1255
ANFMgeaMe 0 - 1 3333 0 - 2 11518 0 - 4 16717 0 - 13 199.23
HEMA 5 - 28 -2145 1 - 50  78.84 1 - 45 -89 1 - 54 18.88
SR R EN 8 - 255 5544 7 - 244 -434 7 - 247 14 5 - 180 -27.41
APNESESEN 4 - 153 48.15 5 209 186 2126 7 1,578 243 30,99 8 6447 292 20.09
PN R 31 3107 1211 1753 46 9261 1409 1637 31 76493 983 -3024 30 110307 1,055 73
NN 202 15377 4223 0.89 46 33936 3248 -23.08 206 84,696 3791 167 239 124887 4537 1967
R R EN 4143 16059 4501 -3689 4895 19225 7451 6554 4973 16299 8216 1026 5011 5515 8341 152
QM A 27 1208 827 -945 35 1,081 997 2052 33 1,022 1,146 1499 38 4371 1,041  -9.21
IRLEEMA 61 58650 1,888 -13.67 56 67,081 1518 -19.62 52 62210 1,550  2.09 52 68265 1,522  -1.79
EOIEMA 3 - 394 - - - - - 6 12,926 635 - 11 16510 1,045 6461
TE2|FpEEMA 324 196,654 4437 1656 227 181,254 3985 -1021 360 262,076 7,285 82.83 401 196381 9,883 3566
EDOFEML 6 - 155 -5385 5 - 94 3944 6 - 133 4135 5 - 147 1072
ZRHMA 76 102683 985 1162 68 77,768 987  0.16 68 101,948 961  -264 65 105399 948  -1.25
sorgMa 21 138 1,030 -12.71 - - 873 1529 38 77935 1466 6793 22 73005 1,088 -25.76
*Za]: AFA(HE L AEFAE Y SR, 2014-2017)

[ 1-3] LAAHEANL ¢ BF
2013 2014 2015 2016 2017
TUF | YA | FAF | FUY | FAF | Y | FYF | Y | AT | T
(kg) ® (kg) (% kg (® (kg (% (kg) %
14,433 | 422091 | 20,845 | 511,837 | 25534 | 590,326 | 51,433 | 1090780 | 52922 | 928,836
*Z 2] 21 9F21(2014~2108 1 = U FS5HAIA R)
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20073 7% AFAAE =) B (S 54009 Q) F HA ALAzo] v ZAek 1369]
) HFo] o 2.5%21 A WS, WA WA 4 EN2E YA
A3 Aol fAR 42U Aoz Bduth debd 1 Aess
WEE A WRe) Fuel AA e AFUA] ALY

rlo mlm X’E
o
>

[F 1-8] ¥ AFolA NIz e Z= foll & M4 HETE A
At E 5 A AL
3% SA-FAe] B e B4 AR Sl WAt S
o] = S
k=l 10 mg/kg ©lst
H] A& 4 mg/kg °]at
74 5 ol

0.1% ¥%, 610 nm FF=.



A2Ad. S AAF dZYG 7l A € S A=x
1 d+99
7 AR

(D) ATCC W=7} RoAR S=d(Aspergillus nigen 12 &

» S & A4 Y S5 AAS ST HHY #FE AEsr] 9] KCCM E=rgER
A e ZHE ATCC Wa7l Hoe Aspergillus niger 12 £ FEIIATHE 2-1. o] +#
FEL oln AANA LM Eer FF ot tolA(glucoamylase), TH4F, FFEA
58 Aasled &85 o], Generally Recognized As Safe (GRAS) =39 ¢FdAlo] H
AEE dFEClE & F Ut #F 2-1dAE FRE dFE0] 7€ AAdA &8
RAe dE 9 i B, GUIAE B4 AF Fo] 7o BaEHo eA sotste] g
gt FFEL VR XY ARE FE3H T

(& 2-1] 8RF 12F2] Aspergillus niger AR

Finuakc:! ATCC Medium B NE geE o

A]
o
24

|

+ Produces 4-nitrophenylphosphatase,
D-xylulose dehydrogenase, L-malic acid,
L-xylulose reductase, acid protease
protease (acid),
alpha-L-arabinofuranosidase A,
alpha-L-arabinofuranosidase B, citric
acid citrate, endo-arabinase, ferulic acid

Aspergillus YM agar/broth esterase, gluconic acid,

niger van 9029 Malt extract agar O glucono-delta-lactone, glucose oxidase,

Tieghem Potato dextrose agar glucuronidase, beta beta-glucuronidase,
lincomycin sulfoxides, urease urea
amidolyase

+ Produces citric acid from whey
permeate

+ Produces gluconic acid in the
production of aldonic acid and aldonate
compositions useful in cleaning solutions

Aspergillus YM agar/broth

niger van | 13497 Malt extract agar O ¢ Produces glucoamylase

Tieghem Potato dextrose agar

Aspergillus 6275 Potato dextrose agar + Produces carboxymethyl cellulase
niger van YM agar/broth CM-celluase, citric acid citrate,




Emmons’

glucosidase, beta; acid Glucosidase;
glucocerebrosidase, xylan
endo-1,3-beta-xylosidase xylan
hydrolase, xylanase

Tieghem mOdlflcaU,OH of Produces carboxymethyl cellulase,
Sabouraud's agar beta-glucosidase, and xylanase from oil
palm wastes
Produces extracellular lipases
Aspergillus
niger var.
o 16513 Czapek’s agar Produces acid protease protease (acid)
macrospor
us Koaze
Aspergillus Czapek’s agar Produces amylase, alpha 1A; salivary
niger van | 22343 Malt extract agar Amylase, salivary, alpha-1A
g g Produces ethyl alcohol ethanol
Tieghem Potato dextrose agar Produces glucamylase
Produces 6-phosphofructo-2-kinase,
Aspergillus ATP.(.:itrate lyase, aconitic hydr.ase,.
. carnitine acetyltransferase, citric acid
niger van | 11414 | Potato dextrose agar O .
. citrate, polygalacturonase
Tieghem endopolygalacturonase, pectinase
Produces citric acid from apple pomace
Aspergillus
niger van | 60363 Malt extract agar Produces gluconic acid
Tieghem
Produces aniline, gluconic acid, glucose
Malt extract agar oxidase, glucosidase, beta; acid
Aspergillus Emmons’ Glucosidase, l?gta, acid, .
niger van | 16888 modification of O glucocerebrosi a§e, kynurenmase—type
_ , enzymes, pergolide sulfone, pergolide
Tieghem Sabouraud’s agar sulfoxide, pseudonigeron
Potato dextrose agar (1-3)-alpha-D-glucan
Fermentation of tannin-gallic acid
Produces 12-hydroxy-trans-nerolidol,
18-homo-19-norcortisone,

) 18-homo-19-norhydrocortisone,
Aspergillus YM agar/broth 9-hydroxyacronycine, L-malic acid,
njger van 9142 Malt agar medium citric acid citrate, gluconic acid,
Tieghem Potato dextrose agar grindelane dimers, hydroxygrindelanes,

hydroxylated biphenyl compounds,
hydroxylated steroids steroids,
hydroxylated, lipase
Aspergillus Czapek’s agar Produces acetyl-xylan esterase,
niger van | 10864 Malt extract agar O acetylesterase acetyl esterase,
Tieghem Potato dextrose agar alpha-glucosidase maltase, amylase,




ethyl alcohol ethanol, glucoamylase,
monoamine oxidase, saccharifying
enzymes

+ Produces large amounts of maltase and
smaller amounts of alpha-amylase

+ Produces ethanol from potato starch
when cocultured with Saccharomyces
cerevisiae ATCC 26603

Aspergillus YM agar/broth

niger van | 13496 Czapek’s agar O + Produces glucoamylase

Tieghem Potato dextrose agar

Aspergillus

niger van | 10575 Malt extract agar + Fungus resistance testing adhesives
Tieghem

(% 2-2] SZFAspergilius niger sp.) WlFS 93 wjx =A

ol 4]} ) A A 240 L 71&)

Distilled water 1,000 ml, Infusion from Potatoes 7.0 g,
Dextrose 20.0 g, Final pH 5.1+0.2 at 25 C

Potato Dextrose Broth

Distilled water 1,000 ml, Sucrose 30.0 g, Sodium nitrate
2.0 g, Potassium chloride 0.5 g, Magnesium sulfate 0.5 g,
Di-Potassium phosphate 1.0 g, Ferrous Sulphate 0.01 g,
Final pH 7.2+0.2 at 25 C

Czapek Dox Broth

Distilled water 1,000 ml, Malt extract 6.0 g, Maltose 1.8 g,
Glucose 6.0 g, Yeast Extract 1.2 g Final pH 4.7£0.2 at 25 C

Malt Extract Broth

Distilled water 1,000 ml, Peptones 5.0 g, Yeast extract 3.0
Yeast Malt (YM) Broth g, Malt extract 3.0 g, Dextrose 10.0 g, Final pH 6.2+0.2
at 25 C




Ma A

g, 7] gRE 1259 FFZATCC 2299 28 g =23 &9 2 38 5
g7 A4
1) F7 WA =4 A48
5 A4 A4 WA 23S FEE] S8 SEE wge] dukre
i

AFY o

o U Jor

2 7] grd 12F9 SF7ATCC 71g#F)< 25T oA

A2 F 2-20] AAISHAT

BN

@) S=¢ Wi =4 A2

(b pHell W& S=¢ 5 A
Z:]_—é‘ a7’y

bof wjAe] Z7] pH =

= S HA oSS A
Al AEE Huskdoh A g9 F
ZA st EZFE 25ColA YFY o)A st

THOZHE HH 5
AHE-E = 8] 4FF(Potato Dextrose, Czapek Dox, Malt Extract, @ Yeast Mal)E 7]
17 v Fst Tk Hi A

e 2Yse] FIF 5

Z ¥} A Yeast Malt agare} Malt Extract agar

(W) Dextrose &FaFol w&

» SIF HA AYS 93 =24 F9S 95t A Y Dextrose FHFS ZA-dlY SIH I
Ao dE A E vwsdd. A FH€E A uixA] Yeast Malt agare] Dextrose 32
1%, 3%, 5%Z A3l S-S 25Tl A IFY o) wjSst At

1d Ax v

EHolE T iAo ¥& FHIY IZa

Eis
o

- EIE AF WES A% 24 3PS st =
5 A4 3 AEE Hlwskth A 9" HA ufA|Ql Yeast Malt agarg E#E| 0l E
7 ml, 10 ml, 15 ml, 20 mIE X433t EZFL 25C A YFY o)A vl &3t H T}

25E 924 3o Sad
east Malt agaro|Al &=

- IE AR AL A 24 Y
d A=E vstdch <A BPE 3 A Y
37 A AFE ol WStk



("D B5etE Rl e ERF 5 Ma 3l F= v

» Sod HEY uEE A 21 E1S A5k bR Y gstE S/RE 2 st S
s A 1Y HAEE vwstgrh. o4 F99 H3Z X< Yeast Malt agar 24 7]HES
2 831 EL Dextrose, Fructose, Maltose, Starch, Sucrose® t 2 A st SZHFE 37C 9
A LY o] vjFstA T

ok AAFH A A

(D vA <} AAEE FHEC=Z 3 vjA] Az

» T]E S wul Aol nlste] AAAQ] WO A S8EE =o|7] fa AFFANES
H| x| o} Z2Eks SRS ZE st WA E AFRSPT. FRE HEY U2 FAHEQ] HX 9
A ZBAEQ] 7hAtule)] Z=FFE (0.14H] B2 FHybsta 121C oA 1587 Ed#ske] bka
Y e E TE viA o] HH S A WA SHFoE A8 A niger ATCC 16513 #+5
10® cel/mlo 2 HZF3te] 37ColA 190 rpme & Fer kS 49~797F wl ksl oh.

2) &= 9 FE2E9 ALd-7MAFAd F3FE &4

A} gAe FHROE @ WANMY FRE FAF L WY A7) wE T Ak
WY AEES W] g5t 57 e $2E2Y AAUIARH FREES TG
A} Ao FR5E 0148 RIE PR W, BEse] Wy FPE BE A
HA B Ah AR sFFor AEA A npiger ATCC 16513 #-F5 10° cel/ml o2 =3}

o] 37ColA 190 rpmo. 2 de wjgS 747 AY3A) o5 Tl FHRE S0 100%
oeh-E 20 mls FH7Eg F dAEEEte Aozl ASAES 108 FAEte FFE
gatAdt ol A3l FAF AL Ad-7HA184 F3=7](Scanning UV-Vis spectrophotometer) &
o] 83t T



g}. Ochratoxin 3 A} &<1& 93 PCR 3}

»  Aspergillus nigere] ™A F4<Q ochratoxine] FHA EA|AREE FRIsHr] 3l
specific primerg ©]&3% PCRS FastHt}t. A niger ATCC 165132 25 mle] Yeast malt
broth7} Eo{d= 50 ml tubeo] HEF3ta 37ColA 190 rpme 2 3Y FoF HEr w3t
t}. Genomic DNA= AzgPA o] ZZEF u2} plant/fungi DNA isolation kit (Norgen
Biotek Corp, Ontario, Canada)E& Ah-&3st FZ5 Atk Ochratoxin A2 &A1& &8st
7] 918l Toxin A-F / R, Toxin B-F / R 2 ANPKS5 / ANPKS6 primerE A}&3}%t}.
Aspergillus spp.S}y Aspergillus niger?] E-o]2 F22 EE-S FZ A 7]= positive primer 2+
Asp_gen_mtssue} NIGE AFE3}9 Tl Primer AR = & 2-39] AASFH Y. PCR2 10 ul9
Gold hot-start Taq PCR master mix (Bioneer, Daejeon, Korea), Z+2+ 1 ul®] 5 uM forward
2 reverse primer, @ 1 ul®] genomic DNAZ HZXy 25 uldlA F3EAG. o3 2e
PCR ®F% &loll A =385 ATH95 for 1 min; 30 cycles at 95C 30 s, 54C ~ 63C for 30 s.
72°C for 1 min; 57} final extension cycle at 72°C for 3 min). %% DNA %75 &<l3s}
7] f3te ortE 24 H7|gE5e PSR

o do M

[¥ 2-3] PCRell AH&-¥ primer F &

Pirmers Function Sequence (5’ to 3’ ) Reference
Asp_gen_mtssu_F GCCATATTACTCTTGAGGTGGAA Glaucia EO
Aspergillus spp. detection primer Midorikawa, et
Asp_gen_mtssu_R CCGAAAGGCTGAACCAGTAA al. 2014
NIG_1 GATTTCGACAGCATTT(CT/TC)CAGAA | Susca, A., et al.,
Aspergillus niger specific gene
NIG_2 AAAGTCAATCACAATCCAGCCC 2007
Toxin A_F GGGTGTTAACTCAGACGACTA Simon G
Toxin A_R GCGATTTCGCCCACGGAGTGTC '
: EDWARDS, et
Toxin B_F Ochratoxin detection primer CAGCAGATGGATCCCARCAGCG 1.2002
ToxinB_R P GGAGATRGCYCCCCSGCTTTRTC a
ANPKS5_F ACGGTAAACGTCCTGGATGA Fatima Ayoub et
ANPKS6_R TTCACCGAAGTTGTCGTGC al., 2010




nt, Aspergillus niger ATCC 16513 #F¢] F2A4 24
(1) Sequencing= ¢+ Genomic DNA =

» Wi HA 2d AP HA & ML YA S A AEE S8t A njger ATCC
16513 71 AA=HAH. & +F9 4% genome FHI} op2 FIfE o] YA Fol MAH
d f424 2 54 fFd44 575 A% 144 S AT 94 NGS 30| 7hs
3 B FFo] 1EZ genomic DNA #1®3}7] 98] standard CTAB methodZS ©] &3}
genomic DNAS FZ3}9t} 25 mle] Yeast Malt brotholl A £ #3F 100 ulg HE3 %
7ColA 190 rpme 2 33Ut & sttt "W+ H 0.2 um 713 2719 01@% gaf’:
B3 RFAFde] 3l FAAE MY FAACEREH £ & dx 2 WA A& IF
ANAT FAHAIE E o spatulag ©]-83l microcentrifuge tubeol] %713 400 ul«] extraction
buffero] AEAFHT. FAA= 500 mgel 0.4-0.6 mm 72l fFEvl=<F 400 ule H=/Z
E2F[o]Lotd &AL I 08 Ut dEHoE EYAS AASHA lysiss T3 5HA
o FASE AASE LS Fuo HE/EEEE/ oLt YIEE F ¥, LT Fu
o) FREEO|2olY YALE W AFEEL 01 R3] 10 M GEF oMo ES
7bstal 2.0 volume®] 100% ol&&S WolFolA IAAIFT. AHdE X DNA pellets
100 ul 10 mM Tris, 1 mM EDTA 2 1 ul 500 ug/ml Rnase oIl XH“F‘#EU\]ZiE‘r Digestion 37
ToA gk AIZE FF WiFEH AT EEES AASH] A4 FEE microcentrifugeo A1 10
2 59t 1452 2(13,000rpm) I AAI7IAL FAHEES MEE FEE KHHIH 2-D.

I

w 2

S|
3

Ao

(2) Aspergillus niger ATCC 16513 59| #2 A

FZ % DNA+ DNALINK(A &, Sk=)oll A Sequencing®} Assembly #4jo] ZsP=F AT} H

T A& FdA gRE 93t PacbioAte] Sequel AHIE AAMAF7 AL EA S F £o}%1
t}. Assembly:= Pacbio readE ©]&3%+= de novo assembly toolQ! HGAP (Hierarchical
genome assembly process) v4.0-= /\}ﬁf‘s}d FHHAT. FHA =2 Makers ARE-3}<]
FYHAT. ZE =9 CDS ¥ 9°S BLAST 2 Interproscana Ab&3le] F48 Ett. o
=d 75EL 71E Rad A nger Ma A} vlnste] IXE FAstH L EdHE
AAELS pfame F3 =uelS AUt olHo] FAA BHo] dxmH A nger ATCC
13496 ol EAste MAFAAe} B Ao A& MAh FxAtole] e@id Aqds
CLC genomic workbench (Qiagen)= F3l vlnlstdth. Aspergillus genome databaseol A X
¥ Aspergillus niger®] =4 FXHAE T3 B AT A npger ATCC 16513 FZ A =
d FRAATE EAsEA ISR T



Bichner fnel

1 s
—_— - -z 1
Vacuum filtration Transferred to a B J
1 “b e microcentrifuge tube & | =
o sk gy suspended in 600 ul Add 500 mg glass beads &

sonication for 40 min at
55 °C and 47 kHz

Centrifugation for 5 min at
high speed & Transfer the
supernatant

extraction buffer

pre—

. —
s SSoey, | . 6 : 5 .
— w — R =
' Resuspend in 100 ul Further extract with @

Centrifuge for o Incubate at
10 min 37°Cfor1h g 10mM Tris, 1 mM Phe/Chl/iAA (24:24:1)
(13,000 g) - EDTA, and 1 ul 500 & vortexing for 30 min
ug/ml Rnase

[29 2-1] NGSE 3 3 Aspergillus niger ] 1<% genomic DNA F&4HH

6275 11414 9142

ATCC 16513 13496 13497

Y agar

Cazapek agar | g L .
e . w Q .

43 036 16888 10864 10575

ATCC 23

PDA agar

g 1o

Y agar

Cazapek agar

Malt agar

(28 2-2] 12F9] Aspergillus niger @559 WA 2 WdE € 5 A4 A4 vz 43 2

I WA vtas 5 AAE A AT S-S vl Aspergillus niger (ATCC 16513 /
11414 / 9029 / 22343 | 10864).



2. d72%

7} 7] §RE 12%9 EFFATCC 71EE3) A vig =3 89 2 8 & N4 H4Q &
BRIk

D &=+ WA =4 HH3)
A% HA ﬁﬂi‘ri %’4311 ditHo s o wjgel AHRHE HiA =4S
]i A

X 2= Potato Dextrose, Czapek
Dox, Malt Extract, ¥ Yeast Malt 7} 9,11:}. 7] BR3 S 1252 AR FASE viA] 24

oA A wE A WA o Mgt Ak 1Al WA A WA ze]H BT
YubEel W A o HAgHoz F MAE A4S HlsAnh WA o mY =7
A5 FAAAE 1A WA e ARH o2 B

= 7] E3 S 1252 Potato Dextrose, Czapek Dox, Malt Extract, ¥ Yeast Malt 3]

Hj x| A 25C ol A HEF 79 = wjoksly, Ml &% U B A AAHS HwEPS

o], Yeast Malt agarollA] BE S=o] Z vt A, 1 o222 Malt Extract agarol A

F2io] Z wigyE AFS BAtHE 2-2). =3 B A3 AARE 7|dste, 12F9] #

T F AL M B BYHIE 75 5% S AEIAHARE 2-2). B FFEC] FF T &
Ba(A ngel‘ ATCC 16513, ATCC 11414, ATCC 9029, ATCC 22343,
T4 A Mg =24 8 5 A 94 =24 dde st

=

5
T
A
[

HsAgol VY e
ATCC 10864)0.= H

=
ko3
T

al

@ F= Wi =4 A3

Oh pHel e FwE & Ma BE A= vn

AT 27 HHXH pHE F80]9] g7l FaFe vA| 1 2ol
5%9] E=#S pH 55, 7.0, 2 852 %A ¥ Yeast Malt agar®} Malt Extract agarol] H= &

sttt wiF Z2¥E 8Qto g 1S uwl, pH 7.028] Yeast Malt agarol A
A njger ATCC 16513 o] 7P W& AAEE Bom, 14 we} 71 18 & A4 Ak 1Y
ot O o2& A mger ATCC 22343 +to] w2 AL 9 1 5 M4 PAHES BYS IRIsHA
TH1d 2-3).

m[o



mdum  pH 16513 11414 9029 10864 22343

i

e ——
.\

oooooo
20000

pH
55

[29 2-3] pH =49 w2 HEE A nger FFE WFE € I A4 A4 vz 4¥ 43
S y!}

A a3 =t}
(1P Dextrose el mE S+ & A4 0y A& v

= M pH A4 7 SA 22} A B840 EUE F TS Yeast malt agarol| 4] dextrose ¥
< 1%, 3%, 2 5% = T2 st HF F 5CA 134 Bt wigstinh A AAE §do=
15t S wl, A njger ATCC 16513 57} oJe] wieF 27 AollA A niger ATCC 22343 #FRHT}
o w2 i S5 2 gk & A4 AES BAY B A nger ATCC 16513 #F= 79 Aol 1%
dextroseS 3k HiA| oA B AMAE A= EES RYT 139 Hol:s 3% dextroseE -3
iAol A g Fe & AMAE AAPSIATHAR 2-4). FF S5 OiF AGS A% 21 dHeEe
H-E2l 84 197t 28 A0R Holn, ta X3k 5 MAES Hol: 3% dextroses 3t
iAo A 139 vl ZHARTE 1% dextroseE g3 iAo A 79 Wik o] ¥ E&3Y 7o
= did

101'



13 Days

Daxirose 2 Days 4 Days 7 Days 9 Days

1%
16513 3%
5%
1%
22343 3%
5% |

Al A vl

(Th vjA] ] ol W& F=v =
» HAH g 20 AAS AT oA WY 2dAdA & A4 AR ¥ AFS I
ZHolE & XY &S 7ml, 12 ml, 15 ml 2 20 m=E ©2A sked A niger ATCC 16513 52}
ATCC 22343 5= Yeast malt agar ¥iR|olA HF 3 25 CollA 13Y¢ Tt vjdsiyc) wiek A=
5 A2 Sl WME T2 FHA0

= SU¢os FslE W, F o o =5 20 ml/platecl A =
5o 3 AMAE AASIET wela] HA SI3F )

2 AAsIRaL, A mger ATCC 16513 -7} 115 =
& 2de AR Hstd, HE $HRTS A nger ATCC 16513 w5 AASATHIH 2-5).

e AT vl

l‘>

3

_llol-

@D 2= WE S

niger ATCC 1651302 HAAH3 g &%

» FHAH AL AETS A
AdE ARt vl == 25T, 30T, 37C, E £2CE AAYsAtt WY dxE SUo=2 g
Jetls o, 7CoA MiF 49Ul 2 & A4 A E8A4S GAT 5 AJHH 2-6). HF
Z o7 A niger ATCC 16513 #5= 3 ZHolE o 20 ml 1%9 dextroseE $Hr3h= pH 7.09]

AE&S Bt 28X

Yeast malt agarol|l A 37CE vl S v & & A4 LS



mifplate 2 Days 4 Days 7 Days 9 Days 13 Days
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7ml 03 f &
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(28 2-5] A3 A nger #5529 vjR| ) w2
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13
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143+ A nijger ATCC 165135 A S E HA wix]Q Yeast
5 2 ®3lE-S Dextrose, Fructose, Maltose, Starch, SucroseZ TthZ
Al Bt 3TCTAA IFLold =
Maltose & Sucroses A GE W ©r3ER o] §3ldes o 2 5 A
AR sEANE A Tl ErsEE Aboldl
3

|
BREE SRV 5 i A 2o 2 9%

carbohydrate

sample Dextrose Fructose Mailtose Starch Sucrose
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o
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(29 2-9] AF7tE Rl ¥R oivl S/ H7MF WE A nger ATCC 165139 &=
AgE FEE
(A) Rl IR P QoM M = EE EYE B4 (B)400nmOjMe| MA FES BHT 2 os0f ] <

35

3

281 2805
2726

25
1.5
1.102
1
0.668
05
0.204
0
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1715 1745
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(29 2-10] /B HAE WA ] FFS b W2 A niger ATCC 165139] 53

derg 22E UV-VS §2= 84 23

@) BARE FHEOR S AN SRE T Mk B A vm

. J1E e MG Wst] AAA Sue g HEEE Folv] s @AUL T4
oz e uA 3 MPPEe THITA AT WA W FRE A 2 Y
of e Fas W JEE wLd AF, FCAA 190 pme 797k MEA e o, 7
Au oEl Ak RS POl HEHEE ERHOR FNLF WAL FAFAHIY
2-1D).
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[28 2-11] Ao A7ME S75 ol B2 S3F dE 2 5 A2 A4 v A3

v ospE F2ol 100% oIS 20 mie AT AARS F AEAE olgde] FRE ¥
AS FASAT HIAE FAECE 3 WA AN FRE S= e FEE FREUS
Al W S/ Z7bEol web ¥lwd A, A oib 0.1 E SRE AV 21
el 5% dpe 22Eol A & FREE HAAL AU LE g
oA LEA FFEE HolA & 350~400 nm e FAA F FFEE H Ao
g2 Hol B J7he Z o8 BHAZITHIY 2-12).

A RN A AR g g s = [T oon I =
051 z5W

019 151
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(28 2-12] ZA bl F7S5 J7Mgl W2 A niger ATCC 165132 3= ogh&
UV-VIS 3= 24 2%



Toxin A Toxin B AMNPKS

(28 2-13] A. niger ATCC 16513 genomic DNAS] 2 aztEAl Az AZEL 9% PCR #7)
d% Azt (1, 2) control; (lane 3, 4) control; (lane 5, 6) 1 kb ladder; (lane 7, 8) toxin A; lane
9, 10) toxin B; (lane 11, 12) ANPKS.

t}. Ochratoxin fZ A} 8<21S ¢g PCR 33

Aspergillus niger®] W®Z Sl =49l ochratoxin FHAe] EAARE HClEr] 9o
speicific primerg ©]-§3led PCRE X33ttt Ochratoxin FAAE FHA7]1& toxin A,
toxin B 3 ANPKS primerE ©]&3%F PCREA I} 7195 A FdA 27 W=t =2 ok
< IRIEAHIRE 2-13). olF B3 B AP HAAH A nger ATCC 16513 w9
ochratoxinell thg FH S A3t

2} Aspergillus niger ATCC 16513 @32 §AA £4

B 779 A A GEE 98t PacbioAte] Sequel ZHIZ AA AL EAN S
gt AA BA Az F =27)71 369 MbOE 14709 contigZ7t Aol Fth 71E wH]=
= YA “T—Q@ BAE(NCBDo 558 %+ A (genome) F591 Aspergillus niger CBS
513.882 ZF 8/1¢9 ZE R F(chromosome)= 7FAAl Qv ZOE Hixoth. £ A3
A8 A niger ATCC 165139 F3A 4 23 £F A4 F5(CBS 513.88)¢} 5L3H
87/ Z=RES FHIIoH, 71E TF #FEG AA A4 277 9 AXE Aoz
votE ATHIE 2-14).
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[18 2-14] A niger ATCC 16513 assemblyS 53] €2 14709 contigE2 NCBIOl 7A€ A
niger CBS 513.882] 87§ 2] contige3} X%t

A. niger ATCC 16513¢] Al F-A &4 Az F 10902719 FdxE fH3dor, A
niger ALY FAo] TAstE= Fo M4 {FHA 47H(fungi 00007690, fungi_ 00008240,
fungi_00008241, fungi_00010067)€ FH3IAIL(GEE 2-4). ol=9 =dWAds ZUsAT
fungi_00007690, fungi_00008240, fungi_00008241> X% 22 contigh’dol {3t o,
fungi_00008240, fungi_00008241& A= w]-¢- <3| AATE o] 4718 FHA= 7] B
38 A niger M 7 A brnA, fwnA, olvA, pptAst FEA S o] FUTh Al AFEHSA
AR H2 LS AYStE ST OoEA AEEA FUY A nger ATCC 13496% ©] 4
MY Ma FRAAES AL AANSH A nmiger ATCC 16513 #F¢4o] drlzd A dS vwst
ATt



[¥ 2-4] A njger ATCC 16513 FAA ] EAst= M4 F4x B2

Contig Gene name Function
000005F fungi_00007690 conidial yellow pigment biosynthesis polyketide synthase
000005F fungi_00008240 pigment biosynthesis protein Aygl
000005F fungi_00008241 laccase
000008F fungi_00010067 4’-phosphopantetheinyl transferase
brnA gene
ATCC 107% VERTENTECH NoRNao ‘ BURRBINATY H7An x 4 1 e ESSHIHEI NERMOUENC S:Ii??}&z CEHONRNOEM Boliro :‘55; EACNGRARN 110

M

| |
ATCC 13496 |Flsntr'rlt | CEGEE [ rllo?llll! pruEFAPHHER IIMTlvlslI NOEcE-RNE! ||||5-slmp NocuErEER~ NERNEVANTE NeNEPcTTEN NAREcHcHEE 220
ATCC 16513 WPENOTGTEW NHSHERGONP BGERGRENMH ENMPAREANE EEMTETESEW NAMQONFEEEN EENUPSDHAP NGGOEFEFEA NEENOMANTE NSUERGTTHE NAMMCMGNER 220

T LI LI LTI I

i i |
ATCC 13496 GHANNNEEAR wTEN NEPHENPFON ERNANGORND BEMTTENETS EVEAEWEGED WDEvENCEGR BPPGGINPUG TANEVENERA FIPFPPIIHI NNASERENER 30
ATCC 16513 GEJ\IIIIIHI MTII IIPHIIPP!:I IIIAIGEIII ERETTENETS ENEARWHCEE ERRVENORCR PPGL-INPNG TAHMIHII* PIPPPF-HI NABIIIIII 30

TR ||||IH l [T T LIl T m'l LA T LTTETI

ATCC 1349 WTNTERDNEF ENDFNCHOEN ||||san-||s BEARSERNUT |nup|sn|| TARESEPEAC VBENENCENN PENENECEEN ||||uumllu “m'asa. |n||u|~r|p|m
ATCC 16513 IYITFIINIP BNErPNCHOEN BONNFTTHE: EPANSENNMT ENAPBSPTEN TABNSEPEAc MIPIIIGIIN PIIIHIGlII IIIINNHHIN EHPWHEHGHE IGIIGITIPI

(0 T TUDCORVIT [TYPRTVERNT T |\|| (TUTTELT (LT

i
ATCC 13496 GONEBGEENN SATPWEEBTH vNEPECHE  WEBERAv | NemENS 0 B Ao AR 45
ATCC 18513 GlBNGHENE SATevERETH wENeHcHEwA NENSEVANNN NAPHGNoNwY PBNANNNCC NTORSWWARH ARSP sis

LPEETRRT Tt T ey el Vot S m o o e |

20 20

. . Alignment
Gene name Family Description E-value
Start End
Cu-oxidase_3 Multicopper oxidase 28 142 27E-38
binA £ 00008241 Cu_oxidase Muticopper oxidase 151 308 1.1e-26
Cu_oxidase_2 Multicopper oxidase 374 468 7.3e-16

= f— S CUZ0Xida5e

[ 2-15] A niger ATCC 134963} A. njger ATCC 16513 Ato]¢] brnA ©¥id A g Hlnl. ¢
% ME& A niger ATCC 13496¢]a1, of2f A4 ATCC 16513 o]t} brnA FAAe AU
£_00008241 #H=e] v HH

= f 00008241 FAAe] A brnA AR} AFAAL o] FQ 3 3719 Cu-oxidaseo] = <l-S
7V8 k. A niger ATCC 13496¢] BrnA ©@¥ld A g3 vHlugs o o 22 AEAHEE 714
I YA 2-15).

= 00007690 FAAS] A5 fwnd AR FEAds ol R e EwWlE JHET A

niger ATCC 13496¢] FwnA ©id XA} vlugle ) AF dol7} wj-s AAAR 27 6
el Adrte]l M= ztolE HATHIH 2-16).



fwnA gene

ATCC 13496
ATCC 16513

: Gel G = Alignment f
i H IR Al R ) nilrln:! '[I EEES = i
%mm: l“’“ﬂmﬁiﬁ 5 s SR | e

. SAT Starter unitACP transacylase in aflatoxin 3 245 1.0E-82

Eﬁ(ﬁﬁm biosynthesis .
%r“ mﬁl 1 Ketoacyl-synt Beta-ketoacyl synthase, N-terminal domain 378 627 3.3E-80
Acyl_transf_1 Acyl transferase domain a14 1234 9.3E-39
fwnA 00007690 Ketoacyl-synt_C Beta-ketoacyl synthase, C-terminal domain 635 754 6.3E-36
PP-binding Phosphopantetheine attachment site 1654 77 1.1E-09
PP-binding Phosphopantetheine attachment site 1773 1837 6.5E-13
Thicesterase Thioesterase domain 1900 2002 25E-14

f—A T R REIORCY Sy i £5:0H - -

(39 2=16] A njger ATCC 134963} A. niger ATCC 16513 Ato]e] fwnA ©Hilld A HlnL. ¢
& ANE2 A niger ATCC 13496°]a1, ofzff A2 ATCC 16513 o|th. fwnA X9} A-54<l
£_00007690 &2+ =wQd K

olvA gene
@ " ™
) i
Arc o M REEIH b2 Ggl A gemmmmenl vomm—m !'f".“'."‘ | I:Iil:ﬁﬁ: ERCHAHAREN MASAARNANN HEVASHENAN A IHH’E
140 " ﬂn
| 1
NeCiests T ﬂl RREARNAORR MERRAASHWR Eil‘élﬂgi [ 5|2||§Iﬁil IF;IEIE :%R n "ﬂ [T Elum ull Iuﬁ&% ¢ i’é&: 252 -
mnmmmmﬁmﬂmﬁmmﬂimnﬂ [T (TR (T [T | il
P
1
ey A S N enccl MANRAATHA BREHC |222 PocHRRRRFE Hai""l PRRRAWAR .Igisue‘ H‘ RRHoH >
I I TN T [ilﬂ[lllll 11T TITTTTITIN T VLT TITVTRTV [T CIVITATII T |||
340 360
[ |
e Wl w SR A SRR ) B St
[LLTTITT [LITTTrT I.III\IIII_I!IIIIII\I.II||l|||II!II||IIIIIIMIH|||I|||l|[|ll|!||II\II||.IIIIlIl||I!I
‘Gene name Family Description ; E-value
Start End
i £ D0D0Z240 DUF1100 Alpha/beta hydrolase of 63 372 1.3E-11

unknown function (DUF1100)

] —D U 00—

(39 2-17] A. njger ATCC 134963 A. nijger ATCC 16513 A}o]9] olvA @A X 4d Hlz. <
& MIEE& A niger ATCC 134960] 1L, ot A4 ATCC 16513 ©|t}. olvA AR} FF5A <
£_00008240 #2+e] =l HH



= 00008240 H-AA2] A-$ olvA AR} AEAdS o] F9 A 1702] Alpha/beta hydrolase 7]
S JMAE =WelS sbHT A njger ATCC 13496«] OlvA @iz g3} vugls o o
He AEAHEE 7R JATHIH 2-17).

= 00010067 +AA2] 79 pptA XA} FEHE ol FATE o] pptd AR =SR]
7b A Al S TS A HE2 2 Mo 71 etk A & ¢ ok
f 00010067 A= 17§2] 4’-phosphopantetheinyl transferase superfamily 7]&5& 7}A|+=
W& 7HH T A niger ATCC 134962] PptA ©@ild A Ay} vingds o o #2 AE4H
BE 7EA 2 JAJATHH 2-19).

PptA gene
¥ s b § i
ATCC 13496 METPSEEEPT ||m||-r|p ETATSHANPE EBTEGPTEGO ANOREEAERD REVSEASNEE ENUENARTCE NPWSONTESE TRAPHEEFCE NPSAANESAS SSSEPTMEEN 110
ATCC 16513 MsSTSSEPKPT ENEWNNETHP ]‘n\'rsomlr; ERTECETEGE ANCEENANER RrvsE~ASNEE EMEERHETCRE NFWsoNTESRE TRAPHHRPCH IPSN\]lsns sssEPTHEREN 110
P T T T T T T T A I T TN Hﬂn I
t 14l C

ATCC 13496 WEHOESUEAN ACTTEFPNAN EEENG s||| TSTTERERSP INPBFPI’IB-’\ HENRSHET saillsll IserPIlH PESETECH A EEEA IIMTG 220
ATCC 16513 gsmal AcTTERPNAR REEBCHC Il] TSTTERERSP BNPSPPTRASA nlls’l‘r |l s.\ll]sl. KsHTHPRER P'SSTIG' s A UEEARNBMTG 220

[T I 1IN LY ORI LT EE AT R CONT AR DDA VT ||||||| NI

ATCC 13496 EANEAEWEER HEEEDNE Pl lltllllf-ll IlMlGlIIGI IIIIIQAI!G GIIIMMIG collcEEcE: llll‘lGIlll ARECHNANCA IGICACII 3‘5
ATCC 16513 lAlIanIll EBNONRNPD HOGE------ - --- -Bo

LT TOTTNTYEneT | "1’ ||||u|||
Alignment
Gene name Family Description E-value
Start End
ppta 00010067 ACPS 4'-phosphopantstheinyl transferase 135 239 5.2E-13

superfamily

MHAGPSH

[ 2=18] A. niger ATCC 134963} A. niger ATCC 16513 Alo]e] pptA T A 4E Hlu. <
% M49& A niger ATCC 13496°] a1, otz A& ATCC 16513 o|th. pptA FARe} A4
£_00010067 #2429 =wQd HH

= J|E BIZF(Aspergillus nigen) TF7F 7 £ e Ao HidH Z4 #dE a4(FHL
E2l(Gliotoxin), W= E-7uk-3] E(naphtho- y -pyrone), Eg}o] ZA(Trichothecene), 2 I &}+E
Al(ochratoxin), 2~H| 2] ZrtEA 2~®l/o}& 2} 541 (Sterigmatocystin/ Aflatoxin), M2t 4z 2ol=
(ergot alkaloid)7} Atk Aspergillus niger genome databaseE 7|¥to 2 =4 FHAE &
S APt B Ao AFRH A njger ATCC 16513 52 A ¢ vlws) BckE 2-5). 2 =
AEAY AFHE A2 ws BEFsty B 845 A= Ao ofFgdE5A AFAE Y
T Aoz 23 /MY B4 WSS Tt ASE AGHAG AN B FFE HiH
A AR AA FHAEel AEHA FUoEE ZAHEHE A A= oHzol o
o dstATh. A nger ATCC 165132 oln] HaAHE AHS fa) AgHosE &85
ATFEN, AL AFAS FHAA FEAA GAEAT

o?:oﬁ



[¥ 2-5] aspDBoll &A3}+= Aspergillus niger 54 #H 7

% B2

Toxin Reference

F2 o Gene

Gene Product Description

Kristian Fog =~ An01g07960, An03g05220, An05g01710,
Mycotoxin Nielsen et al.  An06g00900, An06g02120, An11g07050, Mycotoxin biosynthetic process
(2009), An16g07720
Flavin adenine dinucleotide binding,
) flavin-linked sulfhydryl oxidase activity
Daniel H, .
. . and role in cellular response to
Gliotoxin  Scharf et al.  An10g00070, An01g01280, An09g00560 . . )
2012) mycotoxin, gliotoxin biosynthetic process,

mycotoxin biosynthetic process,
oxidation-reduction process

Ochratoxin Abarca et al.

Polyketide synthase (PKS), encoded in a
predicted secondary metabolite gene

An15g07920 . .
A (1994 cluster; required for ochratoxin A
biosynthesis
Trichothece R.H. Proctor Trichodiene synthase activity and role in
An03g00590, An17g00450, An09g02610

ne et al. (2020)

sesquiterpenoid biosynthetic process

Sterigmatoc

An01g05920,

An02g10940, An03g05460,

versicolorin reductase activity and role in
positive regulation of sterigmatocystin
biosynthetic process, sterigmatocystin

Glinsukon et An06g02670, An08g02850, An08g09230, . . . .
ystin/ biosynthetic process, catalytic activity and
. al., 1979 An09g01950, Anl1g05440, An12g02080, . . . .
Aflatoxin role in sterigmatocystin biosynthetic
An12g09560, An13g01810, An14g05070 -
process, monooxygenase activity and role
in sterigmatocystin biosynthetic process
Alkaloid biosynthetic process,
chanoclavine-I biosynthetic process,
emericellamide A biosynthetic process,
Eroot Nina An05g02370, An07g08760, An08g09330, emericellamide biosynthetis and ergot
a]kiloid Gerhards et An11g05060, An12g05630, An16g08610, alkaloid biosynthetic process, have
al. (2014) An18g01540 NADPH dehydrogenase activity, hormone

binding, steroid binding activity and role
in ergot alkaloid biosynthetic process,
steroid metabolic process




3. 8% 5l A&

O

718 RE Aspergillus niger dFE° W HZ v =1 9 3 AMx AYY =2d HH3 A
Je E3le], HAFAHC R A njger ATCC 16513 ¥FE HZ ZAAL 9 3 YA #F2
AAstFon, ZHolE I 20 mle] 1%9] dextroseE ¥-f3l= pH 7.02] Yeast malt agarol
A JTCE Mgt e o 7HE 52 5 M4 AXES RIS gl

AFolA el FEEE Fol7] 9t AFFAES HIA 9 AEES o] &3 AAAH WA 4
T TR S BE VR RA3dE 567 Wil &5 dEE FEEY F
BEd A% BRe 3AdoA 1E FFEE B AT R4bE) bl 198 SR
A7 w23l B4 M4 FAHO S et M AEES U F AT

FHoZ AAHE TR A nger ATCC 16513 #52] AA FAA ARE A AL

of grslygon, HA FHA Zol= 369 Mbe &2 14709 contigE 7F
.2 89 AZ 2 E(chromosome)o. & AT 4 dRom, F71AQ 44 9
FPsted F 10,902 T FHAA FEE FJAG o] T ALY F AMAi Ao FF

2
Mol Fa Mx A BE FAAE AT Sold 24T FAsG

=

tlo Mr oF Mr b
X o
to 2
O

W

Aspergillus niger genome databaseE 7|WFO. 2 Aspergillus niger ¥+F+=2] genome U
A2 A FFE Glstor, ojn HaskE S f8) AAgAoE 85U o
#, profile SR E =4 #AH FHA SAE AT F AT wWepA 72 T E
S 28l &8 =
gelstdt.

=

9 Aspergillus niger 4FEL 54 XS0 AL FAA



A3A, B2 4 F A Az BH AA L YA
1 d+99
7F A=

(1) &=H(black koji)

= 3 M0 FE2AS B Q8 982 &S wAE A& Aspergillus niger T
Hi ke & Axste] Alxd S5& FUFI(EFALaAFATE, A, A7) st

) FreFEA 0} @ Qo) B4

ot

Mrel FANNES o
stk AgEALE (PRIEHA, 475
sAlolM ST AE s

@ 52

© SFOERE & ALE ZaAAY A3 AU A & ATAN A8 TS

Novozyme Atell X Fgdhs ZaAdlesS WS IAHA)ZHE Fdstd ARgstainh /\}%%
F2AEe FAHEA, F¥F pHet %E 59 ARE F 3-10 AABATH
[& 3-1] E4RAY ML ALdE BELAEY &4
. Optimal condition
. Density
Enzyme product Main enzymes Temperature
(g/mL) pH
(C)
Ceremix 6X MG Protease, Xylanase, « -amylase, _ 5 0~6.0 5560
B -amylase, cellulase
qu““;g; Supra o -amylase 1.25 5.0~5.6 50~75
Termamyl 2X a —amylase 1.00 5.0~5.6 37~110
Viscozyme-L 4 -glucanase, xylanase, 1.20 3.3-5.5 95~55
cellulase, hemicelluase
BAN 480L a —amylase 1.21 5.5~7.5 70~80
pullulanase, « -amylase,
Ondea PRO cellulase, xylanase, protease, 1.21 5.0~5.5 55~60
lipase
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= thermostable « -amylase (Teramyl
T} st 3AstAth S 2 goll AxH
7Fek & 90C oA 1AIZE B9k 7193 3 50C R 58 W5 23 E44
B3 Abg ] 0.5%7F HEE 7}ete] 50°C ol A 244
&S AAEF(3,000xg, 20 min)ste] AZ=AS A AL
ol Al 24Xt FF AxEFT dxHE SHMAE B35t 45 mesh AW

Black koji aqueus - Boiling
o Boiling
( Black koji 2g, I Mixing + second enzyme

Teramayl aqueus (90°C, 1hour)
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g, ZARAMG % FF 4 F i A=

» B2 A & MAE A XsE EAHAHES thermostable o -amylaseS FAEOZ
st= Termamyl 2.2XE ©]&% 194 LAY 194 G448 F Ceremix 6X MG,

Liquozyme Supra 2.2X, Termamyl 2X, Viscozyme-L, BAN 480L, Ondea PRO && zt7}
7t2 Agete 2vA A4 HS H st

19A EaAele] o3 FFORY F MAE FASE A9
£ 10%014 50%2 SR o, 10%sh 20%E Fask WA 6

qol, 7% Bazel B=
gole] & Alage] FRORNE RHIUL, 0%l FAxe Bzt g 2 AT
T 30%REE BAES BErb UT ol Bael Agel AAA gtk tgow

5

& gyl 0.1%, 0.3%<}F 0.5%% S7HAI71H S0 2 HE 5 A
o, 849 §57F SUISIHA SHOoERE & AAo &
1S AP THH 3-9). wEkA 1"474] g4 2= thermostable «
ermamyl 2.2XE o] &3l Eo EAME T 20%00A4 S AXRTHF

7 9=

-amylase7} T4 &

T
iy G471 0.5%7F =5 718ty G4AHESA] 7]+ Aol ;54 A3 Ao 7 webE ok

[18 3-9] Termamyl 2.2X (thermostable «-amylase)E ©]-&3F 194 E4H 8 =4 &4
E: F= tb=ol 845 7Feh $ 0T olA 1A2F Sanks

A: S BAHES 90C oA 3083t 7HEs & E4F 0.1% 718k 90T oAlA 1A EadkS
B: 3= EAES 90T oA 3087 71E3 & 42 0.5% 7Fste] 90T oA 147 E4au-g
1,2, 3,425 S B4EY w57 10%, 20%, 30%, 40% % 50%

W 24,\]7} Zob Axsle] Esl3 40 mesh A%< B3

Al €& 83.65+0.01%°]% Tk AM7tE= 43.1+0.032 240

HEAM AP M7H38.5)HET &2 —’F%—% et T =3 S5 {dl S AAe HEE

20.31+0.09, A== 583 0.28, A== 4.84+0.16= YERAOH, 2AJHEMN A9
\!]

A EXNS zFod o] A = A ztol:= 8.66+0.010) At}



S A4l HEE AMSE Swole AE, o, Alxzy 22 Vg dESo] o
i, 194 E4&A-EgE FE 559 &2 AEES 7t 184 F71
oz nRAGY ARIIFEINE(G2E), did Az JRES 7R
Mol 5 g TS P77 fste] 19 Eé:ziﬂl T 29 EaxAEE
ot 294 EAaAHPEe= E 3-19 AAE Ceremix 6X MG, Liquozyme Supra 2.2X,

Viscozyme-L, BAN 480L, Ondea PRO2| FEAANES AMg3te] $33tYt). o]F Ceremix
6X, Viscozyme-L, Ondea PRO+ amylase¥, cellulasef, protease EAEo] &35 o]

enzyme cocktail A &FE°|Ath.
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ER Azt F 27 5
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0.5%0l 333t =s 713t
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#
Mze] g2 17 3-100) AT

100

I Op = Ondea Pro 0.5%
I E = Ban 0.5%

B V = Viscozyme 0.5%

LS = Liquozyme Supra 0.5%
[ C =Ceremix 0.5%

80

“= 60}
X
; —E—
o
> 40}

20 |

0 =
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Sample code
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(19 3-10] 28A Eadeld] o3 A=Y 53 4 F 429 289 o)

- owA maAe @ S fU T Hie] 8L 48-68%0) WIS LEIAT

PROZ} 7} &3ko ™, Ban 480L7} 7} “ ‘F%% YUER KL E 3-10). 2‘:]'74] B4
2T 3 Ao HlE T foyoz
o] HEEo] 29A AaA S ol

dol AF EF Fu T Are £ 194
we $E& Rk olzle S3e F 4
an L ECIE PN R PR

L
o

o
A

L
T

T 90C oA 303 dA st S FHolx
0.5%°l 3| <3sl= Termamyl 2.2X EAAE 7}l 90T
50CE 255 9 204 E2AES =7 S5 AMEE9
= Fd & MAE AxsA 204 24 AY

, Ondea



o] 4R BFHEEY AMpEI) 28 &
AW AAAE WeEly] s A=HR F A5E 45

g 9 A

3-119] Wo}ﬁiﬁ} 2A EaAPolA ARgE EaAEC o WHE FEIHFS
2.6~2.8% A= vl FASIACH, EaAE AloldlA #FoZ ]l AelE YERNA &4t
So| =

]_
o mebd B ATolA AR 26 EaAUE A% EaAES 1WA GadE F
23 JpepalEe] 710 SHrRalE e

4.0

Il OF = Ondea Pro 0.5%

I B = Ban 0.5%

35k [ V = Viscozyme 0.5%

: LS = Liguozyme Supra 0.5%
[ c=Ceremix 0.5%

3.0 F

25 ]
20 F
15 F
1.0 |
0.5 |
0.0
OoP B \ LS

Sample code
(28 3-11] 224 E4&A el Y AZHAR F 38 AFHY FF TF

Total carbohydrate content (%)

= 20 EaAPC Yl Axd F= FUd & ALY BEES ol&ste] AUtE 45
a9 3-120] AAEAH. S= fFdl S Aao] ATl 215~48.39 HMHAE YENeH,
Ondea PRO > Viscozyme-L =~ Ceremix 6X MG > Liquozyme Supra > Ban 480L<] =Al=Z
=7kttt Ban 480Lell o3t S=MAE At BE SHMAES vl o3
S zo vE) =& AZFE YeERQYE =3 Ondea PRO, Viscozyme-L, Ceremix 6Xol

A%t FIAAELS 194 B4aAYTE A3 SFA L He) FoHoE & AUtE

UER 1T

L



80

I N1 = chloroform extract pigment
I OP = Ondea pro 0.5%

N B =Ban 0.5%

[ V = Viscozyme 0.5%

[ LS = Liquozyme Supra 0.5%
[ € = Ceremix 0.5%

40 F =
20 | I
0

Nt  OP B v

LS Cc

A 7H%)

Sample code

(19 3-12] 29bA E&AF) o) AZH &2 42 F M2 47}

o S ZAste] a9 3-130) AASA O
ol

g EES-TI

[E 3-3] 297 EaXgd 93 = F F A F A o
Enzyme product AE
Ondea Pro 13.47+0.17
Ban 480L 12.99+0.01
Viscozyme 12.33£0.00
Liquozyme Supra 13.31+0.01
Ceremix 6X MG 13.41+0.01
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Squid ink OP B v LS c Squid ink OP B v LS c
Sample code Sample code

10

Squid ink OP B v LS [
Sample code

(19 3-13] 2@ EaAFd A F2 4 F x| 4 54
(OP: Ondea PRO, B: BAN 480L, LS: Liquozyme Supra 2.2X, C: Ceremix 6X MG, V:
Viscozyme-L)



s
N
o
o
do
>
o
<

iscozyme-L3} Ceremix 6X

& AP FPSAT. Ak Fgol MY 2L BT
3

= B30 th3 194 §4x8 & Viscozyme-L3}F Ceremix 6
ZF 0.1%, 0.3%, 0.5%=% 7}3te] S Z2MAE A =59, 1 3
F4A AHEFol USSR STMAY FEol 4&F aste A¥E UEIT
Ceremix®] 7% 0.1%2F 0.3%E A3 A9e F&o dol & AolE HolA Fgont
0.5% AH&F Ave o0& s=s3c 29 Z < F&< Bk Viscozyme?
A% 01%5 AdRe o A e 48 UEUAT, 03%F 05%9) A& Adle
0.1% A&7 ARG F&2 LolHARE & AolE HolA gt

p
o
o
I
uich

100

Bl C1=Ceremix 0.1%
[N C3 = Ceremix 0.3%
[ C5 = Ceremix 0.5%
V1 = Viscozyme 0.1%
80 F 1 V3 =Viscozyme 0.3%

1 V5 = Viscozyme 0.5%
60 |
40 |
20 |
0
c1 c3 Cc5 Vi1 V3 V5

Sample code
(28 3-14] = f3 F A9 AAiFE Ui 294 E4XE E4A ALEFe FF

Yield (%)




4.0

I C1 = Ceremix 0.1%
N C3 = Ceremix 0.3%
3.5 [ CS5 = Ceremix 0.5%
[ V1 = Viscozyme 0.1%
[ V3 = Viscozyme 0.3%
[ V5 = Viscozyme 0.5%

3.0

20 -
15 F
1.0 |
0.5 |
0.0
c1 c3 ¢c5 Vi

V3 V5
Sample code

[Z3 3-15] Adtd ®mZo o7 29A a&A ol &) A=A F 3od 5 FF &
Foll i &4 AEFY IF

Total carbohydrate content (%)

» S Al Ao AT ek EAA AFERY FFE A 19 3-160 AAEAT T &
A BT G4 AREE] SIS SA4Le ATLE ASAZ T Ceremixe] A A4
AHEEol SrketE A ATke] 549 7S eI, 0.3%9F 0.5%2] ARE-RF 3ol 3
AAAE & zolE Holx Attt ¥bH Viscoxyme2] 7Z-F-ol= 0.1~0.5%2] Alo]olA &4 A}
ol & FYAQ zolEF Ho|A Ut



80
@ C1 = Ceremix 0.1%
B C3 = Ceremix 0.3%
[ C5 = Ceremix 0.5%
[ V1 = Viscozyme 0.1%
[ V3 = Viscozyme 0.3%
[ V5= Viscozyme 0.5%

60

40
20 | I
0
C1 C3 C5 V1

Sample code
[298 3-16] &= fr2 3 A&o] Arlo] i@ Add &E4A ALFo IF

A 7t (%)

V3 V5

- EFAn0 A SAY Ud Ea A8 9% EAS] 1% 3-179) AASkYT
Ceremix A& 450l Qo] FFALe] Yt Ta ALF F7hel A 2% Foshe
= 0.3% AFgol 7H @2 FES, 0.1%%} 0.5% AMSTE2 A

YAk # ViscozymeS AME3E 7
A AE 7FASE AL, AT =

0.3% A& > 0.1% AH&T > 0.5% AR&+Fe] A2 wolxth

(% 3-4] 32 f2) & H20 F 4 golo] @ T ALF I

Concentration
Enzyme product AE
(%)
0.1 12.49+0.01
Ceremix 6X MG 0.3 12.30£0.00
0.5 13.41+0.01
0.1 12.88+0.00
Viscozyme 0.3 12.324+0.05
0.5 12.33+0.00




» QA HEALS] M EHES RTORE St SaMAiete F A ZolE A4ke A
¥ 3-40] AAEHTE Ceremixe] 79 12.49~13.419 WY Uddom, G4 AL
Eo] A #FHA &odth. Viscozymeo] 74-¢- 12.32~12.889] HHjo| JRoH, &4
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Squid ink C1 c2 Cc3 V1 vz Va . Squid ink C1 cz2 C3 v vz
Sample Code Sample Code
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Squid ink C1 c2 C3 v V2 V3
Sample Code

(29 3-17] 52 # F M2 4 S g e 52A A48T IF
(C: Ceremix 6X MG, V: Viscozyme-L, 1: 0.1%, 2: 0.3%, 3: 0.5%)
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B2 HB0 mesh Of&H
20 piEle

(2 2
e e
LHENIO0 rpm, 1 ki

(3) SEphE
S0°C, 24, 300 rpm
B BEREYD 0.5% ww

M (1) o2
- BEEEY
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Sieve through

(5) HE (5 55
-EEHE . BENERR
- BT, 24 b ER i
- 350 O
(6) 24
= P mill
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(n 4 My
[29 3-18] E4AAH) 9 TH ZE5E
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A4, E= 7 F Ao EEEsHE B4, A R A HIY
L a4

7h Am R A

» S AL ARE AT AEE AFHIIES S5 ZATT S TAETT(FEERYFATS,
A, A71E)A TR To2 S AR st Ax" Aot 7t

AH

AN

S FAATTIAQA A THNA A FuHrol B
o7 Ag3Fth Termamyl 2X$F Viscozyme-L-& thEAAHA ) A T4
skl ARESETh & A4 Az D B0 AREE Aok &S ACS T8 ol AS

(D &+

FAAF7HAA AFTH S AT AAE H“ﬂﬂr FEE&ME o] &3t AxsA
S ZATF 5,“’ 718 A2 B G f? 60 mesh EFA LS THAIA SHELE A
= #atH AREEATE. SHEDG00 g chloroform

al 5
(1500 @7 &7 F Aeols 24 h 5% ﬂas}oq EREYRREH F Aes 2EYT
FExAo] 9459 ¥ A4 At 5 MAE xetE AGS AT EH YL
T3 AEF7]E ©]&3to] chloroforms AAS 50CA 48 h &<t EFA=xstd H4
do] & MAE AxIAT AxE Z AAE desiccatord] WOl oA BASAA AA
3 kel AHgSATHAY 4-D. Sl 2@ EFF K2 & Aot §uFINL2 B9
SHATH
c | Chloroform +
B OAISElY black koji _
Black koji — grinding (25°C, 24hour 1 —_— Extraction
(45mesh) 50rpm)
|
J
Second
Centrifuge Supernatant I\gfe;seugerranegft || supernatant
(20min, 2900xg) extraction flask 9 extraction pull
into flask
|
¥
concL(Jei‘tarator Measurement
|| ofthedragof
(65°C,chlorofor flask
m Dp 62) (+supernatant)

(23 411 $WF2He) 9% & e § AL AxFR 5EE
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{5 thermostable « -amylase (Teramyl 2X)E S AEFrE9
55 ST %%L st Bl AMstth S 2 goll Alxzd &4 8 mLSs 7H3E F 90T ol A
A B 71ES & H0CE 25& Y33 22 84xElE 9% cellulase cocktail
(Viscozyme-L)& %7] &= AME#9] 05%7F H=Z 718t 50C oA 2443 Bk HE-gA]
Zth Wkgo] E5d I AANEFB,000xg, 20 min)dte] AEHE AASL IAHES 80T
o Al 24A12F FF AEsIAT AEE S AE FH5t 45 mesh AW FHAIA G

kel

AN BB AP BaFAM AT FF FU & i BLEINLE YU
REHLE 4-2).
Black koji aqueus - Boiling

-y Boiling

( Black koji 2g, I Mixing + second enzyme

Teramayl aqueus (90°C, 1hour) .
8mL) (60°C,24hour)
|
|

Centrifugation Residue Grinding pigment

(3343rpm, 20min) (50°C,24hour) (45mesh)
[28 4-2] E&AAEA AT F= Fd & & A2FH 8=

anEHY L ol oo v‘i—*—ﬁ}%‘t}.



@ T8

- oo BA LS ERALE 22 FR49) 10 mgmL (W7 HEE EGE F gLl
24N%F B ARG 4N F ARSES ANELGE00xg, 20 minste] FENL 3
stof ®Ajol AgHAT. AREY FY¥ 24e IAF fol¢ wBARVEILYY

(high-performance anion-exchange chromatography, HPAEC)S o] &3te] EA3t). 34

A gEae AUA BHE R

10 (L& FYSisS. 271 24 108 5L

% 20 mM NaOH gl o= 10u] 343te] PA-1 AP0
£ 120 mM sodium acetateE =3+st= 100 mM

NaOHZ FPom, olx 108 E<te 200 mM NaOH €92 0.5 mL/min® fF&Eo=2 &
041:} NEESERH &9 Fa3E T 798U F5 Y+ glucose, fructosest
sucroseol] thall AAFA(IH 4-3)S FAste] HPAEC I ZrfE1#HOZRHE A|5E9

g3 e AAsAn

140 a0

120 ] Glucose standard : Fructose standard .
-7 -~ 5
- 80 -
100 4 - p >
- -
- #: i

B0 - -
i -~ 2o o
= P -~ = r -

] 4 -~ " -

40 - i 0 -

- - - ‘J" .
20 - F
=2 -
- >
. o
Q

000 002 0.04 006 0.08 0.14 012
Amount of fructose (mg/mL)

008
Amount of glucose (mg/mL)

T T T
000 0oz 004 .06

L]

Sucrose standard

0.00 0.02 004 D08 a8 019 02

Amount of sucrose (mg/mL)

[Z13 4-3] HPAEC £4& 3 glucose, fructose$} sucrosee] A4 34



FRALE AxFF] 1000 Pt Bol 4T slete] 24ATF F
edlA Awd T Asrageld ode AT QA Frkm UARG000xg, 20
5 o FoATE AEAe A5ColA 243 B¢ 52 T 52

5 ]

N
methyl esters}stal 7FA32ulE TGOS ©]-&35h4 l"i—éié‘}gi\:‘r E%%/Q% oxalic
acid, malonic acid, malic acid, fumaric acid, succinic acid, citric acidE A}
MzAe A7 & 4-17 2o}

Oko
ol
52
£
()]
(@)
A

(£ 4-1] 35 2 EF 42 Mae 4714 FL AT GC BH=A

Fl

Item Conditions
Column Supelcowax 1.0 fused silica capillary
(0.25 mm idx30 m, 0.25 xm)
Carrier gas N2 1 mL/min (split ratio = 30:1)
Oven temperature 230C isotherm
Detector FID
Injection volume 1.0 L
GC equipment Hewlett-Packard 5890
4) TFEENAF(WSD R FEFFTAT(WAD

eAHEAN LS} SIS ZH2 0.5 g (db; S92 50 mL conical centrifuge tube <kol
AH Agsla F/HS 25 g2 718k vortexing mixerZ EAMA AT BEAMEAR S XSt
conical centrifuge tubei= wrist-action shakerZ o]-&3to] ALoA 30E7F JRAIZ & 2
AEE](3,000xg, 20 min, 25C)3tATE AL vlg FHFS FA8F ¢FrE d4ld &A
105C oA FeEHW)d =g w712 A9 T, AHDEL TAWYE =AY B

ATt FEREFTFATE okl Aol o) AL A

WSI (%) = %100 WAI (g/g) =

m
S



(6)

LA EMLY} SHMLE 27 05 g (db)# 50 mL conical centrifuge tube <Fell 213
A#Fsa S/ 25 g2 7Fske] vortexing mixerZ EARAIA 85T o FE=oA 3083 7}
43 F = FEoAM 20830 YA ol dAEHQ500xg, 203t FTAE
A A3l conical centrifuge tubeE FF o 1083 FoJ NS A A3IL 105CAA FaFo] &
w7kA] A xStk i =s ool Al o) A=At
- _ 27N N5 () — Fd=2 FF(g)

8=(%)= =] AR () e
AAHENLS} SHMLE 27 0.1 g (db)# 50 mL conical centrifuge tube <Fell 213
AgFsty 57 40 g& 718ke] vortexing mixer®2 EAFAIA 85C o F& x| A 3087t 7}
g3t & IE FE2A 208 WAEAT o5 AR @Q500xg, 2083 T HE
348kl 610 nmellA A3 dFfrE dxzwes st FHEE FASAT £ A
% 0.1 g& DMSO 40 goll &afiAA et & FFHES 33t 610 nmol4 DMSOE
Hzros FFES SASAT FAZ Sal=s otefol Aol o9& FAsunt.

_ tfroll 83l S A 40] Abs

o Fass - _

A8 SO0 = DasonT gera & el dps 1
A 54

LAAHEZM A} S MALE 0.1% F57F H 55 DMSO| &siAIxl & = A4 gqo A
EAS AAA(CR-300D, Minolta Co. Ltd., Osaka, Japan)E Ap-&3le] Hunter’ s color
system SlollA  SASAY. 7+ Aol Fre WZ(L  lightness/darkness), A A %(a
redness/greenness) L A =(p, yellowness/blueness) = VFER QLT o]uf AR&3FF A x}A 9
ZEwge] gke L 98.07, a -0.18, b 1.570] At

o] YR&AAF U NE AAA

Sor
H
Jo
R
Sor
2
v

2o EM L0y ERMLE DMSO 78t 0.1% =9 §Hoz Az F 247 9
Fag el =EAHY. R aldEdd =232A717] A dAEHG000xg, 208)5k]
FEqe FFEE 610 nmollX ZAstq AP A FREE Stk gFHAF8Rlsdd ==
o] 45d £ AR FFH FAEE 610 nmellA FH3 A F FIFEE )
3 otele] Aol os) hgAS HrlsATH

R 2ol et P (%) = AR Ao AL Ao

A A Agyg



(1) 3&dight)

oA EM et FRMAEES 470 50 mLy Y EZ YA Fo} UV-A, UV-B, UV-C
7 FA)o] ¥al 48 h &<t Al A=A At 2 A4

HoAHEM Ll SFMAELS 7+ 1 mLy 15 mL comcal centrifuge tubeol] ¥ il pH 3,
5 6, 7% 89 EFHFEAE 4 mLE 7tete] 2B & A2 Aol 48 h ¢

= QA HEM AL SIMAE 742 5 mLA 15 mL conical centrifuge tubeoll do] WH-3ta
25, 40, 55, 70, 85 & 100C 9] &27] =& IFHx7]0 48 h 5 FX3Ach

4 714+

AolHEM AL TFMAE Z+zE 5 mL¥ 15 mL conical centrifuge tubeol a1, &4}
=7t §=2 7}3k & vortexing st &3|A1A WEI L9

12

. QAAAHEAMN A} S AE 27 5 mL4 15 mL conical centrifuge tubeel 231, 100 mM
CaCly, MgCly, CuSO4#5H,0 &84S Z+7F 1 mLE 7ot d&E3 & 29 dAoA 48 h &

ok A3t

N

(6) T+
» QAHEMNALL Sl A= ZHZE 5 mL¥ 15 mL conical centrifuge tubeoll ¥ 31, glucose,
fructose®} sucrose’} 22t 1% (wiv) 5=7F H =% 713 & vortexing 3t &3jA1AH L&

s} 2ol eraolAl 48 h F<k FAISYH.

o &% fd FAk9 7FEEH L ARTI] B A
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(Female, 7 weeks)

27bX| M¥el & M4 AFIES 10 mo/kg ]
o gYOE 14¢ #E TR0 44l ————— — .

So0j7|7t St B £ofof ot CO,= 2HatAbsH0] 37| ME 5
O|4EE HEWSE BEs T ZE SOI7IAL HOHSHE ol H M
\ 227 A2 2 E N3 W30S Six M4 xxEa Ey
N e e . —— — — S S S S S S —— — S — S — — e
S

[ 4-4] &= /3 & A& AFY 14 B85 ATF5H Ad 22

(3) 14 ¥HE Fojof o3 #F

o
u s

= SD AT GA T 259 Z 00 mg/kge] &Fo =2 14 W& A
Fostdnh FoA712 ¢ £ Foo] o3k OVJ e EEtﬂﬁ‘rE e A . FA, A
g 32 AT HEE 7IFsdd. UL W ERA T8 5 CO, ¢HHAFste A7(brain,
heart, kidney, large intestine, liver, lung, ovary, small intestine, spleen, stomach)S' 4= F
FSHAAE AN o] FARE st A&7 229 FA@E FE FFAQ@E U
i+ oragan index (%)E AF&3dle] 14Y wWHEEo] o] o3 & MAE 9 74*715—’“ Atk
(18 4-4.

x
b
Wl

N

N

N
=
o
i

(1) 149 W2 Relo] o3 FHARA, Fysts R 2PN

derq BHAH o FF BoE B 9 2
ST, HASHA, AR YA $A D 2AGAR AN OLP SR st
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AZ AAka 2412 Minitab 16 (Minitab

S

95%

stlom, Ad
one-way ANOVA A& 43)

el =082 2gs
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=3 = At
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Tukey’ s HSD test
Inc., State College, PA, USA)el| <]
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Sor
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v
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Jo
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2
J[m
oX,
M
=

= HEEA L A HEMN L} S AWM R(TE, 20, A, X337, F
gE)e B35t 1 4-20] AAS EiE‘r. FEI}FL 6.0-9.0%, =Ferde 30.4-35.3%, =
W2 0.1-0.3%, =322 0.7-2.8%, F ©T3E2 54.6-57.6%2] H AT &3] =5
A gFo] Z=AA > e A > SAHEA L o2 ZUlslg s, ol YRE
S H = eumelaninely melaninel] =0 v dio] o3 Ao E AdEHET I
AAHENALTE 235 o] g2 MAE HF fFoFoz &2 FE& Yehd A

AoAHEAN L= 2Aolo] HAEFHYE 3538t o|Z2RH BAREE AAH AxH7

(£ 4-2] AADAL, QHAH ALY FFML AWAHE

2 o fo Jo & X

Moisture Crude protein Crude fat Crude ash Carbohydrate?
Colorant

(%, w.b) (%, w.b) (%, w.b) (%, w.b) (%, w.b)

Caramel 7.0+0.0° 35.3+0.2° 0.3+0.12 0.7+0.3° 56.7+0.5%
Squid 9.0+1.1% 30.4+0.1¢ 0.2+0.22 2.8+0.0° 57.6+0.32
Black koji 6.0+0.0° 38.5+0.12 0.1+0.12 0.8+0.0° 54.6+0.1°

1100-(crude protein + crude fat + crude ash)
The same lowercase letters within columns are not significantly different at p<0.05.

s g TS B4t 19 4-59F & 4-300 A
/«lo}om oo R BN 29} FRMxoA ThE FEUFEE BAHYAT mFeln A

=
B~
Lo
Ho

£ AaSel Mol FoFeE Be FEE Uohier, RoluEALG FEALEL
FAE SEOIUL W A ol feldel BANAG. oA Aag AzauA 2]
™ = =
— . =

g1l 2 chloroform< AHE3le] frE]ldEo] 3545



400

300 4 F t
ructose
P4
.//
5
O 200
c
_ Glucose
100 7
) p Sucrose
J e
0 4 . i
0 2 4 6 8 10 12 14 16
Time (min)

[Z23 4-5] |2 a, e EMN LS} S544 /29S2] HPAEC 2=2rtET

[ 4-3] A DY L, 2o BN L EFNL FET FF
Glucose Fructose Sucrose
Colorant
(£ g/mL) (4 g/mL) (0 g/mL)
Caramel 18.6+0.42 17.6+0.22 19.3+0.12
Squid 1.9+0.1° 1.8+0.1° 1.5+0.0°
Black koji 1.8+0.1° 1.6+0.1° 1.8+0.1°

Y100-(crude protein + crude fat + crude ash)
The same lowercase letters within columns are not significantly different at z<0.05.
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Water solubility index (%, d.b)

120 6
A B
100 } = D5t
o a
= T
x
o
80 - o 4}
£
5
60 = .'.: 3 L
o
| -
7y b
b o 2Lk
40 " 2 2 T
A )
e
20 | g 1F c
[ : ] lL
0 0
Caramel Squid Black koji Caramel Squid Black Koji
Colorant Colorant

(29 4-6] AL, A HEN LY FZHYL) FEEAR T FEFFAS

A DAL, e B LY FHMYze) FREHAFE FREFAFE BAF] 2

4-6°1 A AT 728304 >

stalem, AHedAa

U Ao EA A9 SaMLEe Fo &lEE A&l AUeH, 53 S=

AAFE 52% AER ¢ AU FEFFASFE AYAALE BolA o

of ¢ W2 FEFFATE FAs= 2ol HEA odsith eAAH=AL
< Frete AoE AAHARL S5das 15 glge g 79

adE. ol F=¢ 5 AMAEo] chloroformol] & &35 +=

o
o
T
|
=2
)
>
ol
el
2

Ao EN A9 S Lo FoAe 83=F 85T A5t
A A e 2o Eoll 100% &3l=7] 7] wlZd &= A4 Attt &
Aol EM 0] AL FREINAF(TH 4-6A)0] Bl 85C oA &3l
ART. 2 Y ZFALE 85T AA JtEsle e &
F(5.2%)00 Bl A FUFSIAT wEtA SHMLAE FE AFY 548 ERSa e A

o Z Fddh

HEFAA Bl A
A stk oEfel ®

glol BoHel gal=st ge WHOR Z3Y 4 guth T 5
ol ERe FREE -
A 29} EFAAE 85C 2 7}

e
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Solubility (%, d.b)
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Squid Black koji
Black colorant
[O19E 4-7] SAAHEAN LS STANLFTZEL S35

o
=
=
ox,
ftlo
( r_lE
it
ol
o
£
=]
'S
I
2
2
>,
ol
o
pach
o
ot
A
=

f M2 Ho

_1>~

_“0{' ol

N

o %&

Rl é «

o B
A
&2
L
2
fo
ol
2
)

S8y
Sy

=
o
£
rlr
pau

(o

il

el
e
i
= =

[ 4-4] 2NN ENLS FFNL A9 A 54

Black colorant L a b
Squid 15.3+0.12 3.4+0.0% 6.9+0.1°
Black koji 12.9+0.2° 3.1+0.0° 0.8+0.0°

'The black colorant was dissolved in DMSO, and adjusted to the final concentration of 0.1% (w/v).
The same lowercase letters within columns are not significantly different at p<0.05.
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UV irradiation
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The same lowercase letters within columns are not significantly different at z<0.05.
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Kidney 0.9+0.0° 0.8+0.1* 0.9+0.1* Kidney 1.6+0.1* 15+02¢ 1.6+0.1%
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[ 4-6] 2AOIH AL} T o FNL0) ATFS F FAstn B4 A%

2 xt e Unit Control sM4A SHOYEMA
Total leucocyte count (WBC) (10%uL) 7717 79+08 77812
Neutrophils (NE) 12.5+37 10.7+2.4 10.5+4.4
e Lymphocytes (LY) 77.7+7.5 81.7:38 821150
WBC differential counting (%) Monocytes (MO) 2.5:1.1 2.1+06 2.0:0.7
Eosinophils (EQ) 4.0:46 1.7:08 14:04
Basophils (BA) 2.1+06 21107 2.3+08
Total erythrocyte count (RBC) (10%L) 74104 7.3:0.22 74+01
Hemoglobin concentration (Hb) (g/dL) 14.8+0.7 14.1+£06 14.3+0.3
Hematocrit(Hct) (%) 46.5 + 2.1 47.0:15 46.3+1.1
HESR Mean cell volume (MCV) (fL) 62.9+16 644414 62.8+1.4
Mean cell hemoglabin (MCH) (pg) 19.9+0.7 19.2:04 19.4+04
Mean cell hemoglobin Concentration (MCHC) (g/dL) 31.7:09 29.9:08" 31.041.0
Reticulocyte (RETIC) (%) 3.14+03 3.8:09 3.7+05
-Endd Platelet (PLT) (10°7uL) 1137+138 988+ 24 1016+260
sog Prothrombin time (PT) (sec) 11.8+21 10.9:0.2 121+04
Activated partial thrombo- plastin time (APTT) (sec) 40.7+9.8 404265 48,9465

(& 4-7] 2R N BAL F= 42 B2 ATFA T WAt B4 A

2 QIxt o8 Unit Control T4 RFHEM L
Total protein (TP} (g/dL) 6601 6301 65+02
CHEE | Albumin (ALB) (g/dL) 47+0.1 47+0.1 47+0.1
AJG ratio(A/G) - 2501 2802 26+02
Total bilirubin (T-BIL) (mg/dL) 00+00 00+00 00+00
7 ols Alkaline phosphatase(ALP) (/L) 695+ 150 1734 + 441" 651+ 203
Aspartate aminotransferase(AST) (U/sL) 7716 776 807
Alanine aminotransferase(ALT) {U/L) 41+4 51+10 43+8
ME 7)s Creatinine (CREA) (mg/dL) 04+00 0400 0400
Blood urea nitrogen (BUN) (mg/dL) 199+10 173+21 166+15
x| Total cholesteral (CHOL) (mg/dL) 144+9 g1+10” 115+ 7
Triglycerides (TG) (mg/dL) 56+ 10 60+ 17 79+ 22
=1 Glucose (GLU) (mg/dL) 282+ 47 266+ 56 273+32
Calcium (Ca) (mg/dL) 128+04 12304 124103
Inorganic phosphorus (IP) (mg/dL) 111204 11.0+1.0 11.0+03
ke Sodium (Na“) (mmol/L) 146307 1481+ 06 1480+08
Potassium (K*) {mmol/L) 6102 60+05 5702
Chloride (CI) {mmol/L) a52+18 974+10 96505
25 &4t | Creatine kinase (CK) (u/L) 226+ 55 157 £ 21 216+ 48
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NSt T. Sla FofolA TPt CHOLol thzwrel wlsl #oxoz 2Hasilal, ALP
Na 3! Clo] dizgel Hls| #Fodo=z 78ttt LA =

o Hla fFelde s HAstth TP, CHOL ¥ ALP+= XH7]%5, Na, Cl ¥ BUN2 4%
7Ie3 ddE AAREA o5 FA] S =AW TH HA 2HE 1HT W, A
A= Folol o3t FA4E FFoE ARFHA Feth

Control ZAA QEOHEMA

Liver
2o
Centrol aig A
Kidney --- Liver No abnormalities detected
Mo abnormalities detected
kidney Tubular basophilia minimal
Tubular cast minimal
Lung Lung No abnormalities detected
Spleen No abnormalities detected
Spleen ---

(19 4-28] 2R BN L0 E2 2 FH&0) TR T 2AYY5A P4 A

e
=
k>

wvi o (wn (= = s
v (vt (O |O (w1 |
v (b (O O (1

Hzed ANEdTS UL 75 5 Aee 4P sd HAAE 38t 119 4-28¢
AAsAT. gh, A, H, e =R st HA Ay, diE2ad Blalst] Al Tol A
ANEEd Foiol ddd 5454 Wdle #EFHA ¥t dxa ] RN 328 A
o] 54713 2 Al A5 dRbAQ EAIECAA #F JHsd iR HeR dd
Aty A2 o2 SxALet AHENLE P 14Ut B8 AT B Ay o
I 2, A, ), el AdeEd ook ddE 549 Wdte dEEA At



3. 8% 5l A&

oy T
A

o o

oy I

o] o

714

o
T

Zol HF gaEo] YA

=

9]

AH

=

o

9

ERAISL RPN

’

d =%owH

s = o] A

e &

a7 o

SEEES

=&

o

2_70 ol

o

e T

, PH 5-8 H] A

71

9, T

Fslou, pH 3-4 ®

s

oy

o

o
&

X

o}

1l

ol
100

=T
) rl

e glo] o] Eo]

AAARG )G FaFBH2E A9 obRoled o

O =

O A7zt W& P 25T 9 50C A 2/ML7tA A%

1A

28 53

QLA A

"

k<]
pul

B 4olA gkol 7bEEA Aol of

S

L7pFe 7

T
)

O =44

o] Ao}

AR
AN

O

0

R

)

gea

Tor

0

Hr
W

pAn
)

Ut mebA 2 Aol A AN

o}
s

2= A

s



AS5HE. E= frEll 5 Ai9 JMFAF H L7 Bt

2

ey

FRAT7IHAA dFYIE AFSE S5 foll F ALY EEAFH A EFHDA
FES FFToF AEEATE S5 fdl 5 MAv ETAFE EUSIALE, AHESH
DA FS HEEFTNLE Bt FESIAT WETCE QANHEM LS ARG AT

HEAZE AT YRBL AF phEoIM TUSe] A On, o9l 46| AgE A
o W §UIEE ACS 57 ol¥el Ae AgHA

Aol o8 FF 49 & Aad He

o] Az

2ko] A 2= Finny 519809 WHE LF W AHNSHOZ A x5t AHEEH
Azl wgnee ¥ 5-10] AASFAL, Ao Az THE 7 5-10 JeERY 3=
HEZ A (Spar mixer, EGSE o] &3dt &3t WS Pt

N
3] FAAN F 607 F¢ 1A TEE ST 1A a3 w150 g

2Td2e 3
B@ste] F2Yreka 1087 F2olM 7 EE STk FHRES BY F shzw]
185 = 20

st AEsta, e Yol 4087 23 WEE St¥T 23 HEVF Ed dkEe $l
Oé %(Electric deck oven, NSO-96)ol| A 2587t H11, AL2(257C)
AH-8-31 53 T
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Baking
Black koji dough Dividing of Moulding & (180°C for. 25min)
o - Cooling
Mixing dough Panning
(for 30min, room
temp)
LS 3 M B # X i
Floor time Bench time Proofing
(for 60 min) (for 10min) (for 40min)
[Z9 5-1] 34 4] A=z 3 E8%
[ 5-11 541 Ao wg]
Formulation (g)
Ingredient Control bread
o e BK1 BK3 BK5 BK7 BK9
(squid ink)

Wheat flour 237.5 247.5 242.5 237.5 232.5 227.5
Colorant 12.5 2.5 7.5 12.5 17.5 22.5
Butter 35 35 35 35 35 35
Water 120 120 120 120 120 120
Sugar 25 25 25 25 25 25
Yeast 10 10 10 10 10 10
Salt 3 3 3 3 3 3
Egg 50 50 50 50 50 50
Total 493 493 493 493 493 493

(2) 2we] Mz

= A S Ao 30&E3F WA Aol FYRES 3 cm X 2 cmé] AP SR Y
AT A== MIAE o]835Fe] Hunter® s color systemell wel W =(L, lightness), 244
%(a, redness)e} FAM=(b, yellowness)E AR TEMAe HE HAE9l FuT =
Z+7y 98.71, -0.621<}F 0.718°] 3 o}



Kol

R

WEe WE A WA

- Hkz 100 g2 8 500 mLo] W
FUEE 80£5% 7ol A

= of &
155 7t 08 12058717 HHEo]
]

< 257,

m2=ddy
FAREE SAs IR

Rojol A 27 Rl g W @ vehych
ORISR

- FRAL AUG e o RuE AW T ALETIA 3087 WA H TR
(AACCH 72-10 19832 ol 48] ZAsta H-EAmML/Qo 2 ERAA

- o] Fr] &4 ZHe AW T ALESC6NA 3087 W7 3 F 7] Ao FFw 7
o Fo 2% AolE o g3te] F7] £UB®WS AL

- —TL7] xqﬁg] A& 2 /\hau].g] = -}( )
ol X2 = . _ (" vl = -1 0 o g
BEEO = avening rate) = (S5 gsoy gz Apwel g2 "
;7] xq%g] A wil S 7Hg %:Bl:‘].( )
ENUAR-) _ A T 1 1o ° g w
BB lossrate) = D e 52 ()

6) e} 71A 4 =73

=7

= 2wo] x217Fe rheometer (Model. CR-100D, Sun Scientific Co., LTD. Japan)2 o]-&3}<
7d Z(hardness), -5-7“d(cohesiveness), & Ad(springiness), 2+ (gumminess), BARA
(brittleness)& =431t

=i}
=

[¥ 5-2] g2 =23 (Texture profile) B4 93 A=A

Sample height
Sample size
Table speed

Compression rate
Load head
Hold space
Test type

Adapter type

Adapter area

10 mm

3x3x2cm

30 cm/min
50% strain
2 Kkge
10 mm
Mastication
Quadrangle

2.5cm




o A 15+

o

<

al

3

7}

=
=

U7 100 goll &5 2 g @Qu< =< & 40 mL
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=
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25 g= #< =(EF) 600 mLel ¥i 2FHE09 a2 AT T
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=
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7} 27}

o}
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A &

o

o =&

o

SFATH.
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e BoE

o
TR

o)
B

N

bl 2

°

grobdl =&< A 1,000 mLE

spectrophotometer2 675nm<] 3}
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2. olelaagel hd FF o F Mao AL
D ST 4 ofo] 29 Az

01,3 5 7 9%% A/ AL APFoE &
iz o® 3ttt WA AFH ofo]lx=

2l | wet ik F 28X EFEAT o] % ol
AHAYS T A4CT HYS v A= BAgZ oA 2
Y oF 303t A nRkele] ofo]l A7 A X3

X2
H

o]
=l

=0

m?L‘ 12

A=
7+ =

HE [ ou

2) ofolz=age] A 54

= Az olojzay e EAE HAEHUAN 2 cm FAZ Hol MAAE ©]838t] Hunter’ s

color systemel] W}l ™ =(L, lightness), 22} =(a, redness)et 32 %(b, yellowness)E =43}
At FEUHe WE, HAEe} JAE = Z47F 98,71, -0.6219) 0.718°] A o

Q) ofelz==a el FFE&(Over run) 74

Az7]AA Ad F, 65 g &5 &

_ ofolszig we] §o — g ofo] =g
- S ofol =9 o 77

x 100

wh Agel U@ 37 49 F Qa0 A

D F=Ha F7] A=

= FI)9 W2 WY E o]&ste AEoA 3 A A= %Pil%& HE] £S5 394 AA]
3] 3027F FoFE ta, RS ol 69 £52 283 A HHE 9N T F LA5S ¥
I SFAA BT 52 35S Y oHA E‘r/\l 6o £x=2 2 B3t W= st Ads
71, WolAueHE Yo HES A4S 0% ¢ ¥ FA ¥, 77 0.5cmzE o
H $ AF 3 cm FI)EE AL F 160014 303 79 F oA 1A ¥7F @t
(9 5-2).



Baking
Mixing Sieving Cooling (160°C for 30min)
(Butter, Sugar, (Bread flour, (for 30min, Cooling
colorants) baking powder) refrigerating) (for 60min, room
temp)
/! P4 e
Whipping Moulering
(for 10 min) (for 30min)
[29 5-2] &4 F7] A=FA
[¥ 5-3] STAAED) F7] s
) Control cookie
Ingredients o BKS1 BKS2 BKS3 BKS4
(Squid ink)
Bread flour 90 ¢ % g g 85 g 80 g
Salt 2 g 2 g 2 g 2 g 2 g
colorants 10 g 5¢g 10 g 15 g 20 g
Butter 50 g 50 g 50 g 50 g 50 g
Sugar 50 g 50 g 50 g 50 g 50 g
Baking powder 3g 3g 3g 3g 3g
Total 205 g 205 g 205 g 205 g 205 g
(¥ 5-4] ETNAE(FEFY) F7] wig
) Control cookie
Ingredients N BKL1 BKL2 BKL3 BKL4
(Squid ink)
Bread flour 90 g 875 g g 625 g 50 ¢
Salt 2 g 2 g 2 g 2 g 2 g
colorants 10 ¢ 5¢g 10 ¢ 15 g 20 g
Butter 50 ¢ 50 g 50 ¢ 50 ¢ 50 ¢
Sugar 50 g 50 g 50 g 50 g 50 g
Baking powder 3g 3g 3g 3g 3g
Total 205 g 205 g 205 g 205 g 205 g

- 100 -




@ FFA 2T A

» I FF)o] A= MIA(CIE Lab colon)E o] &3t Awk & Lo 30&3F WA
7l 938 (cm x cm o2 &} =43k th. Ldightness), a(redness), b(yellowness) &< =4

st om, EMPo 2= MI(1,=98.71, a=0.178, b= -0.621)-& A}&3} Tt
(3) Rheometerel o3t 71AA B4 =3

= 7)o %27He rheometer(Model. CR-100D, Sun Scientific Co., LTD. Japan)& =743l 7
S(hardness) < YUENAQITH Hardnesse 82 £ H1 938 7|&F08 stgoen 72+ A
drdE 53] whEste SA3 gho] HagesE etk A5+ 3.0 x 3.0 x 0.5 cm
2 FAHsAo

@) FFA4T7) W= pH

on, ¥r=o] Wx(g/mL)= 50mL W AAE 2
sold R} g5 FARREH FIAth
2. 4T+2%

. EFALY 4w hE 287154

- SITALE MR AW o AL BFS 1Y 539 AASAT STAEDS 5
TAxEFA ol FABLF AW &9 PeA FEE Flddnh £ FTAL
Paucke §RMAEEI0] Fojxl A elA AW Lol e Fwst uS Fehdnt
Aupe] A ABE Aol ME Aupe] Lo FeMn fAHAY] AHE SRR
T8 ST aEFAY AFE 9% ol FOE Solol T Hoz waHLh
- ERA AR AW WE] pHE 544-5.482 WS GERIAT, FHALPRT 24
255 Aoldls §oHl HolE HolA Yt F FFMA FrbE AW wEe] pHel
AL MAA o, ol EEo| BEo| FTL MAA P AL o @}
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1% 3% 5% 1% 9%

BKS

(19 5-3] FFALEBEKOY FFALESAGKLIE A7 A &0 4 54

o N oMt ' oo Lo
o o o &

[E 5-5] S &ELBKS)S ST LFeFABKL)S 713k Ao pH, F71E4ER A=

Sample oH Baking loss Firmness
(%) (KN/m?)
1% 5.45%0.01 33.95 10.42
3% 5.47+0.01 23.13 10.40
BKS 5% 5.46+0.01 26.13 46.07
7% 5.48+0.01 20.67 60.83
9% 5.45+0.01 22.81 76.58
1% 5.45+0.03 11.98 18.34
3% 5.46+0.01 12.34 19.53
BKL 5% 5.46+0.01 11.94 25.89
7% 5.44+0.01 12.86 22.57
9% 5.45+0.01 13.32 12.99
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[ After cooking ]

XX
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[ Before cooking ]

(29 5-5] F2ALE59e Arlelel AWS HEH 2T |

[% 5-6] SZALRLEKS)Y} FZY2EZYBKLIS A7 W) §58, ahe W Ry
=& g%
Sample Water absorption Volume after cooking Turbidity
(%) (mL)
1% 84.20 39 0.212
3% 84.19 40 0.261
BKS 5% 69.99 38 0.349
7% 58.22 35 0.439
9% 54.81 34 0.789
1% 69.94 37 0.185
3% 79.70 39 0.208
BKL 5% 69.63 35 0.247
7% 62.31 35 0.293
9% 45.05 32 0.367
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. FFAL9 ololaaYe] hE 47154

EaMrEEd AESS A7l AxG ofo]xaYe 9
of AABETE FHA 2] A7l 5%%E oolzaPe] HLMg el A
Aol FAESEE el BEs} Fee AL ¢ 5 AT =Y F24
7hgE ofol A g o] SR AESHES HUMg AR 2 vt =3t
28 TASE Al §F Aol Ao wekdn
40 50
wh
30
L E=] —
- ml i |
20
10+
10 F
' Squid InkBKS1 BKS3 BKSS BKST BHSS ! SquidinkBKLT BKL3 BKLS BKLY BKLY
Sample code Sample code
20 2.0
26} 2.5
20} N & 2.0
| A5k m <15
aanf a0
25 0.5
" Squid inkBKS1 BKS) BKSS al;:sr BHED Squid inkBHLT BKL3 BKLS BHI!I.T BHLS
Sample code Sample code
6 5§
A 4
4k
3
a st a
b
.l
oL 1

BKS1 BKSE BKST

BKSS

Squid inkBKE1
Sample code

[29 5-7] ZIFTHALEDBKS)S EFLES

106 —

SquidinkBKLY1 BKL3 BKLS BELY BHLY
Sample code

SABKL) A7} ofol2ae A B4



E
. hl ;E!] hm R

ohol A u 2 FoFe] %9} 9% FEAAE W7k Ho] S A HEBA L H7} ofo] T
g3k fAE A 542 Jehhd

- oA MEALY FRALE AAE ofol2ade FHEOveruNE A E 570
AASAT. HzTd LBZAHENLE HVIS ofol2aY ] FFES 18.35% oAtk &
FALE W7V ololaAYe] FHFL FHAL WP FNTFE AT, oA
ol EM 4 ofo] =AY Mol FAFE ZFM A 5% 9%E HIIF ofo]2=AH Y FFELS
B E "7} A 22 21.38%9F 22.49%0] 9T, HE2AAE A Al 22.89%9F 23.06%0]
o webd AR FFAL AL ojolxAYe] AT AL olelaAYY AL FMow
a3k 2 ol9loE ofo] 2AY L FHAE Flsel U o BekRh

[£ 5-7] S48 2BKO)S} ST asS5ABKL) H7t olol2aYe] TFE

Overrun (%)

Sample
BKS BKL
Squid ink 18.35
1% 20.24 22.17
Black koji colorant 5% 21.38 22.89
9% 22.49 23.06

g 229 At 3 HEs5A

FALEEY AFEL Wrlet] AZH Fr9) e 19 589 19
Aede venly) Agstgon,

N
N
oft
)—l
(&)
N
I
o
-
N
rr
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Batter

Cookie

Squid ink

15% 20%

.:.

10%

Black koji-based black colorant (powder)

[Z17 5-8] STMA&ETE FHUlstod Al=xd F719 A#

Batter

—

Squid ink Black koji-based black colorant (liquid)

(29 5-9] F2A2e5Ae driete] Az 7719 @

- FEAe 7L 9 AESAARE E 589 Ao L RIDE FHA: Wrio)
NEFEE FOHOR Faste] A Uror, b @SR FE4% Azl we
ooz Pastyh 7)o WEE S A AR o) Baste Ao A
k.
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[% 5-8] a4 779 4 54

Sample L a b
Squid ink 26.59 -1.65 0.09
5% 29.00 -0.89 2.62
10% 26.89 -2.02 0.57
BKS
15% 27.07 -1.72 0.62
20% 27.10 -1.97 0.66
5% 27.29 -1.51 0.74
10% 27.47 -1.77 1.25
BKL
15% 26.57 -1.92 0.46
20% 26.39 -2.08 -0.03
= F7)9 A 3% 23 & 599 et 719 AEe tx2F HlE =

)

= G A

M4 HATMEEAA e AEHS YEUT. LA AHEM A H7E(6130.92) 2 =
A A 7FEGTTLL 5832600 frolXbe Holx ekgkoi}, 10% Aa B HsLT
(57285000014 R& AEFHS YEIATL 10% S84 53 A7FEG572.2008 71
we ATz JERNYT, ol 15% (577111, 5832.66) 2 20% (5917.26, 5856.33)C.%

S HYrigo] S E ARl foHoR FUkstY S HUpL F
718 @ e & g AT Fe Ve R WihE, £EYE FAHHY F
7] Wr=o] 543 F7) AT texture 52 ols FARS o|3eE 543 mjsu|
ol o3 YFe won, 2T A'2 FIA ] HPFe A3 S FHIA &
83 FEH AggozA Ao FFH FHe JAst AFS FEHA St
= AgHAle] dEdE 3o wEA S JUF FI)9] AR e S8 HVkE
U T FFY Ha= s 278" Ao SN2 AHREH

Jlot

TAHLE HIMgE F71659 p
(Squid ink)e] 5.56°. 2 7} E% = e
= A2 Yepith ol WrFFe pHrE 5729149 wbal, S=pAla Bbe] pHE 5.02
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pH
5.55 = 0.01
5.63 = 0.01
5.50 = 0.01
5.31 = 0.01
5.01 = 0.01
5.66 = 0.01
5.49 = 0.01
493 = 0.01
478 + 0.01

Hardness (N/m?)

6130.92+208.85
5728.50£333.15

5771.11£46.87
5946.28 £137.38

5922.61£34.79
5577.00£78.94
5808.99£50.55
5846.86 £125.08
5851.29£92.77

9%

10%
15%
20%

5%
10%
15%
20%

T & F7]9 A=< pH

Sample
Squid ink

s

=

BKS
BKL

3. 8o 9 A8
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=
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A6d. AF7NLA =

L =&EAA 33
H
_ =i A A A Vol.(No.) i =AY | SCle 7
= T
5o = ; x4 3
= El A ./J\_ 3 LG =
1| abs na Sy | 9%l | aaaE3y F | = wISCl
o R = =0 -
AR
ERIEES PN
A F x| 2,
2 Aol o gt dEol, | AFHEFFS | AT | U H]SCI
5} 54 & gl Aa A
ezl 9%
Ao | g | souma o
Aspergillus niger A78H Microbiology .
3 producing black spores | =3 and HAE =9 SCIE
for natural black A&z ~
pigment Biotechnology
2. 5343
= £33 =9 ZdHs =444 Z=d=
NAE FHROR TP i
_ M=t sk
1| 222 wogs M @ o= jlg}jjg; 10-2021-0013143 | 20211 19 2990 | tharml =
ol g F= A= RIS
3. ZleA#A(1F) A%
_ . 7le4d = VEs
HE 71&Eold 83 71 <A A] A oF
]E ] ar s ]EE ] ]—Fo ﬂ]’b"7 %/@%Z} (2020)
55 #o
S(black) A4 22,000,000
1 | =897]Eod - (FEAad | 20208 12¢ 219
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