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The Effect of Single and Mixed Microbial Inoculation on the /in situ Fiber

Digestibility and Silage of Rice Straw Contaminated Mycotoxins

Ha Guyn Sung
Department of Animal Science, Sangji University, Wonju 26339, Korea

ABSTRACT

This study was conducted to evaluate the efficacy of adding the microbial inoculants to silage for reducing mycotoxins in rice
straw silage. When a single agent of L. plantarum and a mixed agent of L. plantarum and S. cerevisiae were added in rice straw
silage contaminated mycotoxins, it had an effect on silage fermentation and fiber degradation as well as mycotoxin reduction. Among
the mycotoxins, only ochratoxin A and zearalenone were found in the test sample. Ochratoxin A and zearalenone showed a decreasing
trend with the addition of silage inoculants compared to the control groups (38.11+2.22 and 633.67+50.30 pg/kg), and there was a
significant difference at the mixed agents; 27.78+2.28 and 392.72+25.04 ug/kg, respectively (p<0.05). The pH was lower in the single
agent and the mixed agent compared to the control (p<0.05). The concentration of lactic acid was higher in the single agent
(11.73£0.31 mM) than in the control group (8.18+0.93 mM), and the highest concentration was 16.01+0.88 mM in the mixed agent
(»<0.05). Acetic acid and propionic acid were found to be significantly lowered with the addition of silage inoculants (p<0.05). Total
VFA was also lower at the addition of silage inoculants than the control group (p<0.05). The rumen in situ dry matter degradation
of NDF and ADF was maintained at the highest levels of the mixed agent during the culture period, followed by the single agent
and the control group at the lowest level. NDF and ADF degradation showed a significant difference at all time points after 12 and
24 hours of culture, respectively (p<0.05). The study results showed that the silage inoculants had the positive effects on quality
increasing of rice straw silage; fermentative charateristics, fiber degradation and mycotoxins reduction. Ochratoxin A and zearalenone
were greater reduction by adding bacterial inoculants of silage. Therefore it is considered that L. plantarum and S. cerevisiae will
improve the quality and stability with remediation of mycotoxin in silage.
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I. M2 X5} A2 4= It Wambacq et al., 2016). T2]L} HE=9] u]Ay
20 2J3 mycotoxin®] SHE S AlRAE WS} EX w9

gl (Mycotoxin)g= #8019 23 HAER FFAE, ARSI 22 qid AR Adeioll wE AlRbEelaL vefshAl b

Ax, xR, ALEA] 5 TgRt ARl SRR Ogunade et al.,
2018; Yanga et al., 2020). X212 BH F3gol= 500% oJAo]
ER1=|Qla, aflatoxin Bl (AFBI), deoxynivalenol (DON),
zearalenone (ZEN), fumonisin B1 (FB1) 5°] F& AlEY59
A 2FAE]T QIti(Liu et al., 2022). ©]5 mycotoxin®]| tis}o] =t
FE a2 deiE=0 Hiole] @ NIt £t oz} w9 nAY
E(Z=Exo} 9 BiE|Ejoh2 of2] mycotoxing E3ffolal B[

ERdtH(Upadhaya et al., 2010; Rodrigues, 2014). 12|31 G&
mycotoxin FelZ 7HA|AL §lo] RHA o= REES| npiE
EHAE TASlo] B9 ASES 4o 4= 9o, AlE 88
W ARAS ARGl B ATE T Fink-Gremmels, 2008;
Wambacq et al., 2016). W2F4] ©]E mycotoxin 2 o L A
o}F 913t = HEEEE ATAREel AGAQ1 B9 tidol
Fo]@37 QItH(Ogunade et al., 2018; Liu et al., 2022).
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FARRO] A APgEiQl AR Rt ofet Al
Az A DAPRIAE mycotoxin®] 2 A7V AAR O T
3LofA] BA1E|3l QIc(Wambacq et al., 2016; Manni et al., 2022).
SEvete] i3y A AR F shR] HEE mycotoxino]|
LErlo] 9)Zo] Ha1E v} QJrhSung et al,, 2011; Sung, 2013).
Sung et al. (2011} FAR A& 5 F8o] Z4V} T+ F57 o
AZE AE0] 12%Y HoH, AE $£FL ochratoxin A
(1.0~5.8 ug/kg), deoxynivalenol (DON, 156.0~776.7 ug/kg) 2
zearalenone (ZON, 38.0~750.0 ug/kg) o|ict. 1=t = A&
Ho] A% oA, BiElo] Bt FH| 9 Ao Jgle] &80l
A Q90 =&%jo] UK Sung et al., 2011).

B BAE o] fistel Tl MES WHRe
KT lon), B Aol et A Ast Bl ot
(Li et al., 2010; Oladosu et al., 2016). AJLT|A] Ha=2S Qfot
TPIEA] AREZ AFLEIA|] S pH 74 2 lactic acid S7F2
AFAEA] =4 A0 ==& FH(Weinberg and Muck, 1996).
Rooke et al. (1988)2} Cho et al.(2015)2] dGofAx g =AY
EA #H7}=2 lactic acid 57} 1|3l pH, acetic acid 2 butric
acid®] TS HIsIlth AFdER|9] A7 IR 52t fakt o
A& pH P 9 714 SR0= +30] A JAlok= 9T
S Sk= AoF ATA QtiPahlow et al., 2003; Oliveira et al.,
2017), oA E BE AR TaEd nidE i T
8 9 4 ¥l ot a3k= ofe] Aol Hare vl Qlok
(Lee et al., 2014; Kim et al., 2017). Z1&{4} o]& A7+= A
Wi UE 0 B 20 Ba 3ol W 9 ) ol
AR F ool ciet ArfE2 V1 Bo] 547} o9l
A AR A|xof k2 FgolE4 ¥l ofudt JkS
FAEA] thgt W82 sk |7t ofE Aol

b ARJEA] Umo] FFEolEAvE RAEHUS BF- AK
R IaER vBES 7Islo] ARIEAIE A= o
Bol=4 g HslE FAY| flste] & d9k= w8ot 29
H B fANF 9UA 9 ARG 3R EHAIE A7t A
LA mycotoxin =, A FE W R4 48] vjA=
FEFE ISt AT

e

o

I. Mz 3 2
1. 580154 2F WA FH| ! ARZEX] M=

Mycotoxing wH[ok= FFol= I&R Fusarium sp.t
Aspergillus sp-= HRLE AL FeER0m, o5
BolE 27 PDBH|R|OA 25TolA] 5U7F Histo] vikES

ZH]5IH K Sung, 2013). EH]%E mycotoxin HH] F3go] HiYE
= 2.5-3.0cmE AER B 2% $FEoE HS5io] e
mycotoxin 2 & FHISITE

A8 HE AR = H1E mycotoxin 2F HA| UR
2 nYE AAEA AN GIAR}F AR 82 SHAlE
Afste] Axsioict fakt ©@UAl= Lo plantarum (1010
CFU/g, MPL, Koreay& T ARESHL, fARF} 8H S9A =
L. plantarum (1010 CFU/g, MPL, Korea)¥} Saccharomyces
cerevisiae (109 CFU/g, MPL, Korea)< 1:12 S3olo] FH|5]
At Z471e] A B SRl HiE kgd 0.004g0] HE=E E
T Yk SpElo] HEA SR, EAOR AR
Ajo] 0] 657} Hm ST 27t Helpd I B
20L Hulg- E2pAE 8710 g H ulsto] FHlelict 1
It vPEAPE A7REA] el RS s &
Hsiglon, M A2ae 370 52t A £ 7ikEste] 4900
ARSI

2. AIU2IX|9] mycotoxin KAt

Mycotoxin FAR= A28 Z249] AlEE HPLC (UltiMateTM
3000 UHPLC System, Thermo ScientificTM, USA)E- o|-85}o]
aflatoxins(B1, B2, Gl, G2), zearalenone, deoxynivalenol,
fumonisin (B1, B2), ochratoxins AS- EA4I510] A2]71d AL
A]2] mycotoxin IF XJol5 ARSI

Az gl 2Rt At ARdER] AES 10g¥ ZFisto]
20ml2] acetonitrileZ 3057F A& &3 & 5EIF YRS
H 45N 10ml #3l Oasis HLB SPE cartridge (200mg, 6¢cc)
2 A83Io] 23902 YA, ZRA2 AT T AlRE onl
9] 100% methanol& ARSI EEAFTE &5 AlEE 50C
oA N, gasE AR5l 7A%351L 1 mL2] methanol/ammonium
acetate(10 mmol/L)(1:1, v/v)2Q] E38ul|2 thA] EaA)71 & &
Aof| AR5k A|E9] aflatoxin, ochratoxin, zearalenone %
fumonisin #42 HPLCE ©0]83t AYATL(Li et al, 1997;
Caloni et al., 2000; Akiyama et al., 2001; Hammond et al.,
2004)0|4] AR83E HPHS: 7]% & fluorescence detectorS AR5}
o] 27519t DONZ Mateo et al. (2001) 2 Visconti and
Pascales (1998)7} AR&3t HPLC WS 7|22 UV detectors:
Agsisick

3. MYEX|S| pH & R7LE Z=A

7k Aej7E AYelAe] pH ZHS 7 Alm 2508 EES
12500 Woi 4T WAk ZolA 244t AT F 4% A=
1% A2 5 ofab<|(Whatman No. 6 SHet 5294 pH 1]
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E}=A7|(HI 9024; HANNA Instrument Inc., UK)E o]-8-5}o]
S5l

7 A SR AFER] S22 0.22um YA TEE
ARESte] offslgiar, EA90f o8 wi7kA] -70ToA WE B
T #=)olty. VFAE= Gas Chromatography (6890N, Agilent
Co., USA)E ©o]|-85}9] Fussell and McCalley (1987)7} AA|SH
80/120 mesh Carbopack, B-DA/4% Carbowax (Supelco Inc.,
Bellefonte, PA, Catalog No. 1-1889) A= o|-83dlo] £451%
t}. Lactic acide= HPLC (UltiMateTM 3000 UHPLC System,
Thermo ScientificTM, USA)E o|-85}o] EA5]3tH Megias et
al.,, 1993; Madrid et al., 1999).

4. NDF % ADF9| in situ Zolig =4

A= ffote] REERloll 7h=ei7t 3= 550 kg AA
Sk 355 ARESISIAL, NDF 9 ADF9] in situ #5182 B7F5}
Ak

In situ A5Fe A|PE nylon bag technicque (Mehrez and
Orskov, 1977)< 7i=5te] 100 mesh (0.149 mm) YUE S
9 x 15 cm 7] AJZt nylon bagol] 4.0 g o] ARE ¥l
YFE Soto] FHISHAEE 12l FHlE nylon bag Alaws &
Al&2] rumen fistulaE F510] FE=9] $H Zl%0] Hoj 0, 12,
24, 48 9 T2ARW7IA] WASIATE ARIHPE 3REEo = Slest
nylon bag> SE+= Hat SH0l H& E0| U& w7k 7PEA
AlA F 55TofA 48417 Fxsto] B4 AlE= ARESISIH:

NDF 9 ADF Eol&-2 in situ AA] 23} 39] A|52] NDF
9 ADF 3F Xo|5 #E-&= gHisto] H7f6iglon, NDFe}
ADF 35F2 Van Soest et al. (1991)2} Goering and Van Soest
(1970)9] o= FASIIH:

In situ

5. EAXNE

B AsofA dojd RE 270 digh SARAL Statistical
Package for the Social Sciences (SPSS, 2017)E 0|85} AZ]
BatA| 7] frold #2442 one-way ANOVA©] 2JA319] 5%
ol It

1. BWOISA Br0f OIRl=

AMLER] HaAZA L. plantarum TYAA| D L. plantarum
I} Saccharomyces cerevisiaeQ] EJIAE FLol=4o] 2 Fw
B0 Hrleto] AR ARl o FgolsA S
=793t A= Table 13} 2tk

AFSE H= A0 AlRJEIA] AlRoA] AR F8ol=EA 5
aflatoxin B1, B2, G1, G2, fumonisin B1, B2, deoxynivalenol-=
HETA] %31, ochratoxin} zearalenoneTt HEEFSILE 1231
ochratoxin¥} zearalenone®] 2 WGAIS 7|5lo] AZXSH
BE Ao Almol AR TS 2ASKIT Ochratoxin
A= A GdAe AR 50 SRS A7 AR AR
2R = 22 33.4143.39 9 27.7842.28 ugkg 502 FH7}
BT 38.114222 ughg 4220] Blslo] WS TS Liekict
(p<0.05). Zearalenoneol X FAkat TUAQ} fATF G
EYAE W ART ALV} T ol lstod 74
She e Hlon, RAkE KR EUAl A AL
(392.72:425.04 ug/ke)7+ AN THAR|(608.6623.12 ugkg) T
71 tiET4(633.67+50.30 ug/kg)oll Hlsto] fojdos w2
FHL ekt p<0.05).

Table 1. The effects of single and mixed microbial inoculation on mycotoxin contents in rice straw silage contaminated mycotoxins

(unit: ug/kg)

Item Control Single Mic. Mixed Mic.
Aflatoxin B! ND ND ND
Aflatoxin B> ND ND ND
Aflatoxin G' ND ND ND
Aflatoxin G* ND ND ND
Ocharatoxin A 38.1142.22° 33.4143.39%® 27.78+2.28°
Fumonisin B! ND ND ND
Fumonisin B? ND ND ND
Deoxynivalenol ND ND ND

Zearalenone 633.67+50.30°

608.66+23.12° 392.72+25.04°

ND: not detected.

2 ® Means with different superscrips in same row differ significantly (p<0.05).
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o

AldE|R]9] A7 17E B9t W pH E E7VdElE Fuff E
3019] = AL, ARIEA] U F8ol=a B8 HAA
ZItKPahlow et al., 2003). AJUZ|A] SAMFS AFJE X9
o A7dE SXIskal Fgo] A2 JAlsle IS & LA
Q1O ™(Ranjit and Kung, 2000; Mari et al., 2009; Oliveira et
al., 2017), °l52 F71/3 &8°l54 HRIEEAE g T
QITH Weinberg et al., 2003; Niderkorn et al., 2006). & H-]
A olde] ATt Anet fARHA fikthS 7R IE AldE]
AloA pH A5le}t AlmofA HEE F80154(Ochratoxin A,
Zearalenone)?] 7AE WAY 4= Itk

Gourama®} Bullerman (1995) % Ahlberg et al. (2015)2
FARFEO] in vitro ARFEROIA FBolEAE ARt 4= k%
£ H 5}, Niderkorn et al. (2007)2 Lactobacillus L
#5271} zearalenoneS (-zearalenol O 2 HIHA
71= RS in vitro AALE|R] 28 AToA Btk il
Piotrowska and Zakowska (2000)%= L. plantarum, L. brevis, L.
sanfrancisco”} ochratoxin AS E3[IgkS H 11519977, S. cerevisiae
I ochratoxin AE EolIghS H o3t FA S ARSSH
2 AFoME AFLEA] HRAEA L. plantarumTt A&
SAAONE FFol=a S WSS H9t ofye} L
plantarum3}; Saccharomyces cerevisiaeS A ARESE S9HA|
£ RIS de r8olsA 4Vt B I Yeiith webA
AREA] Hf Tt mgEEo] HEolsAE Edficks I
tieh 2|2 Ate} 3 o529 B8-2 ARER|) 4 ol
FA 71T AeE 7|rhHr;.

A

i

Leuconostoc

2. pH & R7IM 20| OXl= S

THol=ATE 2 AE HF AfdEA] IaA| 710 WE pH
9 {74 0] WSl Table 22} 2t} pH, lactic acid, acetic

acid, propionic acid @ total VFA= TaA| H7}Ee} tjz27t
o o4 ZelE Uehiit. pH= HE744.56+0.06)] Bl5}o]
THUA|(4.25+0.01) H T9A|(4.23+0.02)004 A Uehgont
(p<0.05), EA) Xz Aololl= £} Hjol} sl ek
Lactic acids= TiZ79] 8.18+0.93 mMo] Hlolo] EraA| A=+
L 58 FES R H, A9 11.73£0.31 mMO] H]
slo] 16014088 mMP7} o B 422 vehhgict
(p<0.05). Acetic acid®} propionic acide WRFF 2t
2.94+0.34 2 0.48+0.07 mM2] $=30]l 11, WaA| A7) wet
Lol o7 Yok} (p<0.05). total VFAE L&A A7} =+
of st} Hket (p<0.05).

AldeEjR|e] Wy EA F S pHOJ 4K SPO= 4.0~4.7
2 A S olE 4= JloH(Cho et al,, 2014), F7 14k
SlF H18-E 7|E0 = lactic acid= 70% ©i, acetic acid=
22% ofs}, 9 buytric acid= 3% H[Yto] 53t F219] AR
2 HE25 4= QIti(Mohd-Setapar et al., 2012). 18|11 AL A
TRAEZS S5 AEA AFSL ARIEIAe] HE pH Ao}
lactic acid ¥=F <7} 9 NH;-N 740 E=2-& Frhl H sl
(Weinberg and Muck, 1996). &a TREA] F71=2 lactic acid
Z719} pH, acetic acid & buytric acid7} 74 A2 ol
Ao M= 231 EQIchRooke et al., 1988; Choi et al., 2015).
TESF Kim et al. (2017)= R4 ARFEAof of2] F9] Fhikt<
ARE519E ) AMLER|Q] pHERE ofYE} acetic acid, butyric
acid®} NH3-N&= 74819900 lactic acide= 271619tk 211
Sisick 2 ATINE Al SEAE WIS  pH
$=Z S48 olug} acetic acid TEFo] 7HASIIT, lactic acid
o] fojrlo F71 kit (p<0.05). oVde] ATES Bolo]
AR EEAe) A8 AR W FUE B0
Ik 4 Qe B Wgio] RIS, ofefet A Eake

gt 94 B ARdEReME FLH Uehte Zle

Table 2. The effects of single and mixed microbial inoculation on pH and organic acid in rice straw silage contaminated mycotoxins

Item Control Single Mic. Mixed Mic.
pH 4.56+0.06" 4.25+0.01° 4.23+0.02°
Lactic acid (mM) 8.18+0.93° 11.73£0.31° 16.010.88"
Acetic acid (mM) 2.94+0.34° 1.56+0.22° 2.23+0.46"
Propionic acid (mM) 0.48+0.07" 0.04+0.01° 0.04+0.01°
Butyric acid (mM) 0.44+0.13 0.54+0.27 0.52+0.11
Total VFA (mM) 3.86+0.17° 2.13+0.43° 2.79+0.34°
Lc/Total acid 0.68+0.02° 0.85+0.03° 0.85+0.01°

ND: not detected.
Lc/Total: lactic acid/total acid.
VFA: volatile fatty acids.

a b ¢

, 7, ¢ means with different superscrips in same row differ significantly (p<0.05).

- 232 -



Silage of Rice Straw Contaminated Mycotoxins

A = AU

J%

3. HIE9Q| in situ NDF 2 ADF 250 0|X|= g%

Sl 7isie] Atz
) NDF 2 ADF2] W5=9] in situ Eo&2 &

Al FEAE BHoIEL 0
A% AZBAHS

9] npYEo] O3k NDF Bafe-S Allaj] whaA] 471+
i} o] vlsle] w8 BAIE Hol] FrR ATS
Ve QK Fig. 1). L. plantarumi} S. cerevisiae® S3A|7T 7+
A =2 20 B8 GABIHA, tR2O = L. plantarum &
YAV} E3Lom, BT} TH S 43S SASIAC: TP
Wl 1241719] B34, Sl 3 HE0] NDF B8 212t

£ Aol iRk ARIo] Bakiel et istaton, Al 1Y 2K PSS A N S
7;%]7]_% 7Hﬁg{___ 7:]03____ tﬂ'ﬂo}- E}‘(Flg IJ—]‘ 2) .03+0.71 A), iS?):l:O 1 A)‘ 7‘;8 34+0.99 % = —|—v‘ HJE—:
ARl AEE RS LRI (p<0.05).
35 r
—— Control Ia
30  ==#--5ingle mixrooganisms ;ﬂ__ -
= -A= Mixed mixrooganisms g b
® 25 ” _.-'!C
- s b -
- a’
5 20 i
t
1)
2015 |
b~
&
2 10 +
5
0

Oh 12h

24h 48h 72h

Time [hr)

Fig. 1. The effects of single and mixed microbial inoculation on NDF degradability of rice straw silage contaminated
mycotoxins by the rumen in situ. 2, °, ¢ means with different superscrips in same row differ significantly ({0.05).

30
—e— Control

25 [ =-®=-=-Single mixrooganisms

20 r

15

10

ADF digestibility, %

- 4~ Mixed mixrooganisms -

24 48 72

Time [hr)

Fig. 2. The effects of single and mixed microbial inoculation on ADF degradability of rice straw silage contaminated

mycotoxins by the rumen in situ. 2, °, ©

means with different superscrips in same row differ significantly (£(0.05).

- 233 -



Silage of Rice Straw Contaminated Mycotoxins

ADF 23t HjgARE E<F NDF ofteat o] ApdE|A]
HaA 7 B il Biste] 2 EsteE Hylom,
SIAE 7S 2 0] Boles /AL theeE T
A7 =9oH, 277t 7P W& 2 FAIsHIH Fig. 2).
HiF 1241710 iR, T Al W EA9] ADF &g 217t
1.5120.46 %, 3.97+0.93 % % 4.98+0.36 % 02 HE Wg
Al 7171 tiztol] Histe] fejFog w3Lom(p<0.05),
7 2ol RoIARl Aol fIQIH: Bl 2441712] SRHA|, o
AA| @ tZ79] NDF Ea&2 212} 9.1320.48 %, 6.38+0.77
% R 3.00+0.22 % R Aol {1 AolE HA
Om(p<0.05), 48, T2AE 22 73S HERASIH:

Kim et al. (2017)2 SAH AR ARA| FAES HR
SXIAIZ ARESIFE W in vitro 1E Foltg K& B,
Aksu et al. 004y 4% AllelA]o] A% A2HE 9 NDF
45120] 2715 RIS, = A7o)dE NDF 5 ADFS] ¥
9] in situ ESHEC] AR HRAE H7IRE SLAESE of
Yl EgAeIA FA| SRIsks 2 HAstlthp<0.05). o1t
3 Zo] IaAE A7RE ARAE 5013t S-(Keady and
Steen, 1994) 18]3l F-(Mayne, 1990)oAx Eal& SZlo]
He v} Qltk 1231 Uyeno et al. 2016y AR 2Ha 574
O] R. albus®}; R. flavefaciens®; 72 39 W9 a4 v
Slole] e Fslel 9 Bo} SRBL Bkt 2
ATola= ANLER] /A ZA] L. plantarum} S. cerevisiae
o] EFHE AREsto] waikegol 7HE £ S FIUL AR
£ E3fokes AFEANE: rgEo] tieh A2 ket ol 5o &
|2 ARdER]9] 45k ol A 7] o= V|Eck

V. Q%

2 A AREA] HaA 7P HE AR R]olA] 5380l
B4 W in sins 92 431800 U= S ISR A
519t AMLEIR] SaAR L. plantarum SLJA| D L. plantarum
I} S. cerevisiae®] TIAE 71619k © ARFEA|S] R 2
A ool FFS FUZ E5F of} FgolEA Fao®
FFE U

A8 AlZofA] H5go]=4A = ochratoxin A 9 zearalenoneRt
AEACE Ochratoxin A 2 zearalenone= THRTOlA Z¥2t
38.11+2.22 9 633.67+50.30 ugkg $=0 = UaA| 7= 74
7o YEhtal, SotAelARtE Z¥zt 27.78+2.28 9 392.72+
25.04 ugkg 0= {4 AJo|5 HYH(p<0.05). pH= Tix
oll Hlsto] TUA] H SAolA LkA1(p<0.05), lactic acidi=
th274(8.18+0.93 mM)°]l vIste] THAA|(11.73+0.31 mM)7} =

9T, EFHAN160140.88 mM)OIH 749 %8 52 Liehgich
(»<0.05). Acetic acid®} propionic acid= TaA] 7o) w2t &
oH 08 UolHg HAsIITH(p<0.05). 2] total VFAT aF
A 7Pt izl viste] W3t (p<0.05). NDF 3! ADF2)
W9 in situ Eoe HiY7IRE 5 SRV M w2
9] E3fee FABIGL HEo= TUAPE E3teH, tix77t
7P W2 S AT 1813l oS NDF B! ADF #2351
= 425 viF 12 9 24A13F o] % B= ARellA At 7€)
S HER 1K (p<0.05).

o] At Ak BiE ARIEA] Aol ARLE|A] aA|
ARG a9 AR 2ol T2 TS B o= 58

plantarum SLAARTY L. plantarum3} S. cerevisiae <A
a0l o 2 el teh AlEA 2 i wade
L. plantarum3t L. plantarum Z7P49) A18-2 Aeix|e] £
I} QP3EE T SRIE AR AR Hrt

V. A At

o] AJTK= IR & A U0 AT At
9] A|¢2 ot 3 AA(No. NRF-2020R1F1A1076625).
olof] ZAI=HUTE
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