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ABSTRACT

This study investigated the effects of silage additives on rumen fermentation characteristics of rye silage. Rye was harvested at ripening
stage and treated with different additives in quadruplicate following: without additive (control), with either lactic acid bacteria inoculant
(LAB), formic acid (FA), or Ca-formate (Ca-FA). Overall, ensiling characteristics of FA and Ca-FA silages contained 4-fold more (P<0.05)
butyrate and 2-fold more (P<0.05) NHs-N concentration (% total nitrogen) than those of control and LAB silages. Cows fed LAB silage
showed a diurnal trend with the highest values of propionate concentration compared to the control at 1, 2 and 3 hr after feeding. In contrast,
FA and Ca-FA silages increased the proportion of butyrate significantly (P<0.05) at all sampling times compared to control and LAB silage.
In conclusion, Forage rye treated with FA or Ca-FA showed different fermentation characteristics during ensilage and in the rumen compared
to LAB silage. Further studies are needed to evaluate whether different fermentation characteristics in the rumen between LAB and FA
silages had effect on partitioning of nutrients between milk production and body tissue.
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I. M2

AEAE Ax ol 7S ARS8 Ao
A ARG (butyric acid fermentation)2 tHHEE+= Hojji7} Loj
L] Qe stel Alolek TIEAel /PR fAH lactic
acid fermentation) &% E2&9] -GAkdA|(lactic acid bacteria
inoculant)?} AP A (restrictively fermented silage)-&2] 7Hu]
AKformic acid) 5°] Ut} LU AF2EE He AL
A Auzs 94 78 7R A0S sk, ot fARE
85 F&ob] oA fAFAIE Z718ITKKim et al., 2015).
FAE 2hao] oJsfl pH7} 4.20]512 HolA|H A7t F &

o] o3t AE £ALE WI(Kim et al,, 2015) YAbTE AMde]
A Hrp 715484Mg0] 7] dizoltt. 13y 2 9(Rye), olEE
oF o2k (ltalian ryegrass) EE AlE-8 H(Whole crop
rice) 52 ARZE & = A Hdfof oh= Bt 7RSS vl
2 A= w7t HiE7] diiZoll AFdEA] AR A7) A, ol 7%t
% H]9] FEit opa}l fAHEE fE Az EZo] Lt oy
H|A(round bale) AFLE]X|E0] ol YeRdtt 7iE Sox T
5 IEo] &4 JEE A7t 5 7 E= Al 24 of
Ao} Q= ToA AR 82 HE vk o= itk
ulat H7Re Ak clostridia) Tt Z2-S Rufl#-g 2% oA
517] wiZoll AR 7] BHato] 7hs3t 7R R =]
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A= 1~2L9] &F 8715 o8t At vl AljtA o= 435
ITHPark et al., 1984; Shin and Bae, 1986; Kim et al., 2004).
Ao 71AS} ZQfo] 7hssHA] g7 wizell F-A14do] st
1 357 HsiE o 4= Sl= Jiulat 85% o] 8HZ &
oA o]8s}7] ofgSict. vl fgollAle 80~90Wdtho =
TERELE] AR AZ7HA] 71ASE 2] 7R3 el Al
h o] o3k AlRER] R S} 714l m|Al= ot
7} @ol] =34 =]QItH(Cushnahan and Mayne, 1995; Cushnahan et
al., 1995; Huhtanen et al., 1997; Miettinen and Huhtanen, 1997).
53], FAPR AFLEAE AFIRE Zde S A4tolvA] Bt
AU SHAR7F § S7stal, ARPER AFLERIE A3t A
At A2 wrh 98 PR 8 el Ak 220
% )9 Zulgch

S oAl 9 HWGAIERA] Az Mol 71ASt
=0} lojA Zielat = ZRujAE S THA Hot QPdsHA o872t
Sot7| ol HS9-& 181 2982 WP AR fA
g AR} S AP E ARIER] =S st At 2
8o}, T 2 Ahe S Eoto] AR, A4l A
n|APEA(Ca-formateyZ 2|23t AFH|A AIIZAE Alxs}
of ¥ta EAE ARSI ¥ JllEEirt AR SAISE ol
sto] BEE9] ¥R E44S ARSI

'

I. = &

10 AEX] H= R Az R

292 Aeishy BRFHA BAR] AR AAAE 2OlA
A=A, 2018 5 269 A AFE Skl F7H & A
A, WG SRS o8 U NS 212t A
25193tk SARFA|(Lactobacillus plantarum 1.5%10'° CFU/g fresh
matter; CM bio, Anseong, Korea)E g/l & 5145}9] 1 ton
o] AF 20| 4LE, /A 85%HS- 4L, Ca-FAE 16% EHS
BESolA 6.6L TRIE Z17F AL H YT (baler)7} 500kg H]
Qg Azske F2lo] AL A2 Solso] BAEES 5P
SR 2<19] HRle] A} RS HOIRS B A}
7ol ZA7gsi9ict. HgE LS 15502 FfolA Aled Ego
oRgeleich el Zizte] A% HlAAIelA] Ao ShAAl
it AR2E oF 10m 7202 ARSI AR AR 157
S| Z+ AR 4719] HIAKIHAIE Aeisto] sampler (Uni-
4, % o Bozny 22
334, F N4 AREE B2 T AAE HLEE st
24 ) s Hass

forage sampler, Canada)E ©]-&9]

H}xO

2. In vivo HIFQ| BeEM TA}

9] et AR EAER] A 4R (HH AT 563kg)
£ TAol9] 4x4 Latin square design® 2 AH-E P53t
APARRE BA, ARA A7 AdeA), e #7t Ab
el Aelase 27k AR 74 65% 11T AR
35% Blg= 2] SkQith 1Y Alagolds o4 7419
12805 SFELT(RDA, 2017), Z-E(DM: dry matter) 7|05 |
9] 12% oF(09:00)3h A¥06:00)f 23] 5 B3 Folst
At 7t period= 10¥9=E SIQIAL, 9U7He] Abe 233 1094
of wkzelole A WEIAS S3OH Aol A 1
3], AR 1, 2, 3, SARM 43)) AIeHAaL EollA 4339
cheese clothE o]&3}o] ARE AASH 3] pH meter (model
AG 8603; Seven Easy pH, Mettler-Toledo, Schwerzenbach,
Switzerland)E ©]-85}o] pHE =743t $0f VFA (volatile fatty
acid)@} NH3-N&A4Z 2Jsf 20Co] Easiict.

3. A= & S4 B4

AzzQl 93 ARIERE AZR7|(650)F 72417 AZTH
T, A8 RS ARSI, Imm A1E F6lES F4f(Thomas
Scientific Model 4, New Jersey, USA)St 0] AAAOAC Method
990.0), Z3IEAOAC Method 942.05) E435193t}. NDF (neutral
detergent fiber)?} ADF (acid detergent fiber)= Van Soest %}
(1991)©° = heat stable amylaseS ©|-85}o] Z3|E-S HA3 g
2 o1tk AFE %] WSC (water soluble carbohydrate) HaF
FX42 Anthrone A|2HYemm and Willis, 1954)2 ©]-&5}3ith

AldER] H= Al 10g2 S5 100mlo] Fo] S Kt
S0l AEF5o(Whatman No. 6, AVAVTEC)E IRt 3594
AL % HlZ pH (Mettler-Toledo, Schwerzenbach, Switzerland)Z
ZA5F &, -20T9) H3A5}ct7F NH;-N (Broderic and Kang,
1980),WSC(Yemm and Willis, 1954) 18|31 Megazyme assay
kit (Bray Co. Wicklow, Ireland)E 0]-&5}o] -FAKlactic acid)S
24519, ALEIA] VEA (volatle fatty acid) 242 230le
3000 rppmO.& 4ToJ|A 1587F QA1EE](Hanil Science Industrial,
South Korea)st $of|, 18]1 HI=9]¥ VFAE= Erwin et al.
(1961) HpHOo = AAEat To Agilent 7890B GC (Agilent
Technologies. Santa Clara, CA, USA)E- 0|-85}o] +-4|(Bharanidharan
et al., 2018) ST YN NH;-NBE E4-2 modified
colorimetric method (Charmley et al., 2016)& ©]-&5}%tt.

2 ARolA ¥ A2 Hloly AT SAAE= SAS
ver. 9.4 (SAS Institute, Cary, NC, USA) Mixed model ©]-85}
of Sggoloirt. AFLE A9 AEx 7He] UNHdET NDF, ADF
18]35 WSC Bt S v, 18] ZF ARE|R] | 9o i
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3} 99 WEEYE Tukey WHIL o183t0] A5 Sk
NS WREAO] AR Bk MEEE BAHLY (repeated

L= |

measure ANOVA) 0], Tukey H'HE o]-8s}o] ASHA Stk

M. Zo} 2 jxt

Table 12> AlJE|A] A2 913t S A=z} 185 Bt &
of AR MRS HojFal itk ARdE|A] 4 TR 7
a2 A= el {24 =(P<0.01) Zfol7F AL, o
+ AEzd A& Folx ER1E oF 4~5% 2o]7} RigH A
o2 AZHE Amx e A Aoks AAA AREAIA
£ 7 Qe T8 AR Aol AR AR A el Atk
AP TE(Kim et al., 2001)2] A& TF 30%, AEHDM)G
8%2] ZTHHZ(CP)} Hlwel B & Ao] 342 A= o
O] 37~48% 18|31 XHHE 2 HET 4.5%= F=7]00
AFHE Aoz Helt. Ejt %7de FANE U2 NDF
(Srigopalram et al., 2017)3} H|W = & AF9] d|FA]7]7} o

HaA/1Z Ak 22 & % 93 1 ol B Frle] Jgo.

2 aF7F AQEW7] wEe] -

Azl Ia 185 9] ARJEA] YRR = & Alol7t
o, FEAErSlE(WSC) e AlExet Blusio] Al
A7} oF 80% A4S F7Ret AREA| 7 AldEA]
FojA4 BHolE WSC &= da+= ojgeel o] 12kA(Kim and
Uchida, 1990), T2} s} 7}0] &31=-%(Cussen et al., 1995)
T B2 Aol HaEich TEu 2 AgollA At A
i 7 AFdER9] WSC gFgo] tiiTet fARIAl
7h AR] 27 At A2 olg H7HAIA Z1dd
54| 2Pt it RS ollet):. SEEEE ol&sto] A
ikt AN 7R AREIR|S] AR 4AlF(Huhtanen et
al, 1997)0|A= Wa $9] WSC d=H%DM)o] 2z} 17.7%%}
6.8%= Ziulite] ofgh R A gyt eI, AET oF
12.5%9] WSCE o3t ERkmxE o83t ARIEA] Al AY
(Haigh, 1998)0lX %= 7lujibdad 3d7F AFLE|X] WSC o]
43%=2 F27F AFLEA] 0.6% Xk =9

Table 2= AFJE]R] HH 185 39| Ha E4S HoF1 9]
o} 537 AFLE A9 pHE fARFA] 7 AREA] Bk =3t
Ak ARFFE Alo7t L, F 4T NH-NH[EE 10% 7]
qro = zpol7h ATk FARFAl AP AFLER|9] pH= 737
AtdE|R]9} Blwste] o4 SIA(P<0.05) Wkl fAF TR

Table 1. Chemical compositions of forage ryes and round bale rye silages

. Additives® 5
Item SEM P value
Control LAB FA Ca-FA

Forage rye (% DM)
Dry matter, % 48.4 453 39.1 36.9
Crude protein 4.5 43 4.6 4.5
Ash 44 42 43 44
NDF 70.4 68.4 70.6 62.6
ADF 443 39.2 44.7 439
WSC 13.0 13.2 12.8 11.0

Silage (% DM)
Dry matter, % 52.4 41.4 343 38.8 2.49 0.002
Crude protein 4.6 5.0 5.1 44 0.35 NS
Ash 6.0 5.0 6.0 5.6 0.32 NS
NDF 713 69.8 69.8 70.4 0.69 NS
ADF 45.6 44.8 447 443 0.62 NS
WSC 2.4 25 1.6 23 0.55 NS

'NDF, neutral detergent fiber; ADF, acid detergent fiber; WSC, water soluble carbohydrate.
*Control, without additive; LAB, lactic acid bacteria inoculant; FA, formic acid; Ca-FA, calcium-formate;

*Standard error of least squares means and P values represents statistical comparison; NS, not significant.
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Table 2. Effect of silage additives on fermentation characteristics of round bale rye silages

. Additives® s
Item SEM P value
Control LAB FA Ca-FA
pH 49 4.5 5.0° 4.8 0.08 <0.01
Acetic acid, % DM 3.5 24 4.4 2.9 0.86 NS
Butyric acid, % DM 6.3 7.2° 26.3* 23.5° 3.86 <.0001
Lactic acid, % DM 0.6° 1.1° 0.6° 0.5° 0.11 0.009
NH;-N, % Total-N 9.2° 9.0° 18.2° 17.7 2.50 0.133

*®Means within a row with different superscripts differ (P<0.05).

'NDF, neutral detergent fiber; ADF, acid detergent fiber; WSC, water soluble carbohydrate.
Control, without additive; LAB, lactic acid bacteria inoculant; FA, formic acid; Ca-FA, calcium-formate.
*Standard error of least squares means and P values represents statistical comparison; NS, not significant.

iAo R EPAIRHP<0.05), FAF FFol 1L1%= ARFR] &
AbE ARdE|A] Ho Woith of2fRt Aike Almxo] A2
Fol AL ZAor BzE 52 A7E F57100 0|2 A
Amzo] 78 ol 50% e wlwA 30, 1 2 7
71k FARIA] 71 ARdEIRlE nPEe] BE0] o= A oA
Y2 Aot FZFG S8 15%2] ojgejet glo]gkio] &
EFE A7IEIA RAPEES =R AFE]AI(Kim and Uchida,
1991)] pHE 3.90I03L 4t o2 6% BEFAE, F22
30%2} 50%714] A%t A}La]&|(Kim and Uchida, 1990)2] pH
L 717} 459} 482 PR, AT FRRS 4.3%%} 2.3%E Wop

R Aol & Ao 77ieh fikdAl J7F ArdEiR] o] &
1 542 d9shaa st

ikt Aelibdsd A7 AAdE Al ga ZHE 2Alst
L BT |elAAE FA) ARl Bk DA gl 4
e =91(P<0.05), & A4F NH-NQ| By 5 F3471 5
o} 28] =QIE AH(P<0.05)F & uf, LS ATt gl
clostridia 2JAjof] Aofigt Aoz AlgErh YAEEaoA saccharolytic
clostridiar= AR YALO & A3FA|7]11, amino acid fermenting
clostridiatz of|teALO 2 HE] NS AAISIHA SAF Aol
FFS SErHLeibensperger and Pitt, 1987). ©] A7o] o5k,
NH; 5ot YAl 5 7ol 2] Aol JISaR™=80.7%), &
AL 22 ANE HYrHR*=89.9%, n=14).

Table 33} Fig. 1-= FARA| 7E 7impit 18]l 7inibds
& e RIS e slole] WE S48 BT
AUt ARPHE 53] AfFeE WA Ht pHOL & VFAS] Ht:
S 1831 ¥ VFA 5 ZANacetic acid)@} ZZ1]. 24K propionic
acid)®] Ht Hl&-Z FARA 7 Al EiR|eL tE ARIERE
2l FEJAR1 2ol7h QIdet. 1Eu FARFA 7 AR
AFREF 1, 2 1238 3AFO|A] HEE=919] propionic acid Hl&
(% & VFA)°] 7|mjik 71 AFdeEA] Bt =2 H3HP=0.1)°]

SRIE|QIT. & A9 AP AE2 2 AmRE ARSiA Al
ZEQ7] ol BH59] propionate Hl&o] okl A= Aut
0] FTF Hrh= ARJYA|Y] FAE tFe] Ao wiEo® A7t
EItk. Chamberlain et al. (1983)-2 HFO] HEof] GARS 9]
S A3 B3 S4do] oF 253 olo] TjAlEloly ulEol]
NARIE AlsTo=A ugE] 23t propionic acid AJ4to]| 7]
ook oRzke] YAk Ak} 9l % VFAR 27KIcke sigick 1
$9] AFE=(Newbold et al., 1987; Jaakkola et al., 1991; Martin
et al, 1994) FAt g0l =2 AFZQ f4hda AlRIYAE
AF3t ¥9] UaE= & VFA 5 propionic acid H]& St
Z2IE HYrt

77 T1=a iulibded 7 AREIRIE AR 5
A0 B9 S W WIS Rablo SAIEA 7t Alle]
A9} vlwste] FojA o R =QUTHP<0.05). 3 WY iso-
PAE B vlEgo] oMk AriEEd H7F AR Al A
2ol FARFAl 7 AR SRR Rold A #=8ka1(P<0.05),
ZAmAt 7F ARdE| A= TR E et FARAA H7F AR E]A] Hot
o AsKZzZE P=0.090, 0.101)°] SRI=|QIc}. BE=9] valeric
acid B+t Hl&o] QloA= Zinlik 37 AREA] 507t FakdA|
A7 ARdEA] FolET Fold SIA E=3UTHP<0.05). Iso-valeric
acid V18] oI ATt 27} AfRlelAe gAkEA Bt AT
YA HET =2 FHP=0.068)0] AL, 7ulibdwd H7F A
YA 7ol A =ATHP<0.05). o237t Aik= A
HA T ARPE HEEAIAE Heks Uekdek Al B2k A
dE|R|et Feiibdad A7 AALEAIE AFRE SAIES] B
IS AR T 1,2, 3 el SAR MOl B
oF FARFA 7F AR AR Fold A =3UTHP<005). E
St iso-AF B]83} valeric acid 18]11 iso-valeric acido|AE 2,
3 83 SARPIAE 22 AE Bt olEgt B9 da
S48 AWER ALAE AT 599 RN Bol B
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Table 3. Effect of silage additives on rumen fermentation characteristics of cows fed round bale rye silages

Additives
SEM P value
Control LAB FA Ca-FA

pH 6.7 6.8 6.7 6.6 0.12 NS
Total VFA, mM 64.1 65.2 68.1 67.0 4.82 NS
Acetic acid, % mM 69.9 68.8 66.9 67.7 1.49 NS
Propionic acid, % mM 18.3 19.2 17.5 17.8 0.81 NS
Butyric acid, % mM 8.4 8.8 11.7° 10.5% 0.72 0.025
Iso-butyric acid, % mM 0.95" 0.97™ 1.15% 121° 0.080 0.067
Valeric acid, % mM 0.90 0.87° 1.0° 0.95% 0.034 0.103
Iso-valeric acid, % mM 1.58" 137> 1.78% 1.86° 0.149 0.133
NH;-N, mg/dL 6.2 7.1 7.0 7.6 1.02 NS

“PMeans (means of five samples during the day in each of four cows) within within a row with different superscripts differ (P<0.05).
INDF, neutral detergent fiber; ADF, acid detergent fiber; WSC, water soluble carbohydrate.

*Control, without additive; LAB, lactic acid bacteria inoculant; FA, formic acid; Ca-FA, calcium-formate.

3Standard error of least squares means and P values represents statistical comparison; NS, not significant.

22 O .Hvsh M O Hvs AN
- vs (P<0.05) (P<0.05)
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< < 12 2y
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[1+1 — -
S 2
= o
=X 'T: 8-
<. 18 e
y <
o S 6
15 L] L] L) 1 1 4 T T T T T
0 12 3 5 0 1 2 3 5
Time (hr) Time (hr)
167 Yot 24 F
(P<0.05)
& E 2 0 Hvsw Hvsh, %
i [ o) ey B
E (P<0.05) o E
(o] (13<Efns') |2 i
|3—E 1.2 e 1.6
S S
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Fig. 1. Changes of rumen propionate (Cs), buryrate (C4), iso—C4 and iso—Cs during 5 hr after morning feeding of cows
fed rye silages with different additives; control (without additive, —-@-), LAB (with lactic acid bacteria inoculant,
-M-), FA (with formic acid, —A-) and Ca-FA (with cacium formate, —x-).
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11%]%131 (Cushnahan et al., 1995; Huhtanen et al., 1997), AFY
ZR)o] AhA oz wol ZEE5 WSCP} o] 85 Aolgkar st
LA Lo S =2 1 g Rl B 1 3 s i =2 LA [l B e B
7 AR AEE R AljhE avE HolFA] ok, e
WSC FFe AR SiKlipogenic VFA)O] S715k= -9
LRERS oA Q= A2 M S0 Zho|th
ARJEA] Az QloiA Zinlitel Ba oA avle 4% 815
0]23} Adofx+= Ho] SRIEA|IKPark et al., 1984; Shin and
Bae, 1986; Kim et al., 2004), &% RO = 2a 94 gapr}
AA5FA] LktHHaigh, 1992, 1998; Davies and Haigh, 1993).
£3] Chamberlain and Quig (1987)°f 2JslH 7HujilS o835t
AARES 4 Liton Xt 6 LitonolA] & Aol A% 7|7He
IS 04l ST Haigh (1992)+& bunker silod] 52 £
(6 Liton) 02 7iujike H7Iste] A|lxgt 87709 AldeE]R] 5
A REE7E JAIE R oF 20% HEHOINA 5HA, RSl
E2 A Hoes W3S wlof Zelide] okt TadA auprt o
AL SiGIH: ESE S Aol A= EREHE 7Pt E
A oREE 7L 2 oM E FTo] Ags] #AEES
Hde] FP&E0} E0] /i =g AR AdolA 46k
At SHAA7E eSS AU G2 W A7 849 Jo] EotE
w1 gJelo] WolAl 5 Be elgo] xR0 ARg F9
Cushnahan and Mayne (1995), Cushnahan et al. (1995) 2]
11 Huhtanen et al. (1997)29] =FojA= & HAF2Q] SAHES
AldE|Z|et Algbda AdeiR|e] Wa 43 ol ik R4t
A= pH7L 40J5}, FAto] HE7IEC R 10% oV, Ak 2%
of8l, TE)TL F WAF NH,NE| vl2:& 5% ol3lgi, Agha
AIJEIA = pH 4~5, AmZ WSCZF AFZ|AJo] oF 40~50%01
25, & A NHe-NHREO] 8% mRto| et & A9] fAbd
1 ArdE|RIe} ARMEE. AfUE|A|o] WaEAgo] 9 AARE2] 2
3o} 27) Qrejek SAMHE ARIZIAE 9] propionic acid
(glucogenic) U18& Z7IA71 1L, AgkkE AleiAfe W) v
RS ZAAIRIHE ATES B Age] S| At 7]
Wi @ AEE Y A7 AdeReE st
AR AR Ao AR AR 7ie] BEEA Hol
= W] Wo} oY S RS B B ofjet 4]
Holuixje] tijet $24 RslolrbA] deke Erke AT AT
(Cushnahan and Mayne, 1995; Cushnahan et al., 1995; Huhtanen
et al., 1997; Miettinen and Huhtanen, 1997)7} Qlt}. SARTS
AZIRE HF5E D= 159 propionic acid 3] ATiEC.
B 1, 8% 2T 3g°] YobkdA thiido] H @ol SAI
ol-g&]H, AlRPEa AFJEAlE fAlolA E&F olgaao] Eof
A G o8 8= ovA] HiEgo] A eR o wow, 4]
W} R BlE T SRR Aot et SeuEhe RARE

B BH0 AYAE Ao A T $30) AT
ARelAIE ST 217} UG TR B HR H
MRS &Rl WU AEIA ofgo] 7FsT AR AZE,

V. 2 &

2 AP Jfujil J7E o = ARt AR E AdE|R|
B8 TP fIsto] W] T &4 WHalof| n|X|= 9F
= AP ARRIE|R|Q} BlwstRlt. o Au 2 OA 452
H| AARJHR|(F7E, FAREA] 7L ik 7% ARikEd<s
A7he AESIAIL 185 Fof| 22} 47)9] Hjd2 Ades
AEES TAPINIE AE2l] 2AE Aol 50% B Hl
EXE F7F ARLER R} FaktA] F7E AL A= ol A
2x|e}t AR Hasde Hlth 28y Al Aelibds
A A7F AR AR ARIEA] Hoh it o] 48l A
EUI(P<0.05), F F4F NH:-NO| By 5k 77 Bt
28 =& (P<0.05) SPER E4S Hojqlth vi9| ¥R &
d FARE W] Aeeh AR 4579 S4B A(BAA
3 563kg)E HAIo10] 4x4 Latin square design©®Z AH-S =3
ST ARAF T 1, 2, 3 AREOIA FAkEA] 7 ARER]7E
ZHalatk 2471 AR E| R HE T} 9] propionic acid HlE(%% VFA)
o] &2 AHP-0.1) BRI, /vt H7F AldEiR|e} Au)it
Zed A7 RIS ARG SAISS] B9 G HlE2 AL
BAF F 1, 2, 3, SARE HFoflA FARQ} FaktA] 7 AL
24| Heh Fo4d Al EUTHP<005). ool HojFal Q=
W9 Ia O] AlelE & ul, FAkEA| A7 ArdE|R]e) 9
A ARPEE AFLZIA] S AFE|A] o] gaE&2 =ol7] fIet

3to] welo] & ol

T g 1o

a

LA

V. AL At

& T T8 ATARI(EAIER: PI013823012020)
O] Ao &J3f o]Foid A

i=
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