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Effects of Supplementing Organic Citrus in
Making Rice Straw Silage

Ahn, Jong Ho

The effects of supplementation of organic citrus on the quality of rice straw silage
was investigated in this study. The aim of the study was to improve the quality of
rice straw silage using agricultural by-products and therefore to secure the good
quality forage sources. Firstly, looking at chemical composition of citrus added rice
straw silage, crude protein content appeared improved with the addition of citrus to
rice straw silage compared to control while NDF and ADF contents decreased. pH
of the silages were different between control(4.39) and treatments(3.47~3.53).
Lactic acid content was higher in citrus added silage(4.87mM) than in control
(3.65mM). External quality of the silages was also better in citrus added silage
when citrus added at the equal ratio with rice straw(l:1). This trend was the same
as with pH and lactic acid content. Propionate was significantly higher in citrus
addd silage but butyrate was significantly lower. DM and NDF disappearance rates
in the rumen were highest when citrus added at the equal ratio with rice
straw(1:1). In conclusion, supplementation of citrus to rice straw silage with equal
ratio contributed the best to the improvement of the quality of silage and it may
have been due mainly to abundant content of non-structural carbohydrate in citrus.

Key words : organic citrus, rice straw silage, chemical composition, external
quality of silage, lactic acid, DM and NDF disappearance rates
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22X dupg fEEA olg3hE Jloll 2k A2 AQ UVt =1 e B, 333
B 54 AR g 13AFY e #7159 F QAT fU1E00] A HeEs
FURAES 09 FFFHoR o]48 Barv) Ak F, 2003). T vhtellA Azt g4k
HE Y BAEL 9 626530 Bola o] F HA] 52650 oW HIE A3hEo] YA
Afa o) g1, =AU FFo] ol 2ARS| GlEoR o] o] JHEdn] AiEE
Y BAE F 50% FA ol A PAEE 1,74JE A® ¢ J0z Rudn o
(FER, 2002). AAl 7IEASEHNAE T4 /M RAES 7HE AR S22 AR
gon o)F Fit 71E HAEd U AEF AV AL ES Hohd JEe AdlE
AA ggo] 2FHT Qth BehA] FARAEQ HA 9 84S wolV] AT WS AT
o] 43 Aol

Fd, ZEFFHE Ul A gol AaEE AY FY S ARG PoF
£ AERrEE 2001d 27,000ha 645,000M/T, 20023 26,000ha 643,000M/T, 20033 25,000ha
632,000M/T, 20043 22,000ha 584,000M/T, 2005'd 22,000ha 638,000M/T, 2006'3 21,000ha
620,000M/TS Zt7}t 7|28t &G A4FE Ho|i JAT(FHE, 2006). ZES B3E
o] EREl 7} AAREA o]0 & AeE AATH EF citrusTFo FYel Eo)
ZA5lE Ao E dA Y FFAHEAQ essential oilo] FFF EFEH AThF F
1988). ©] 2]9 % pectin, cartinoid, ascorbic acid, flavonoid, limonoid %< ¥ %3 E°] {4
o] glemi(Z, 1999; %, 1996; ©] 5, 1987) HE EsiEe F#5Fd 48 A7 T,
1998)% B9 ut quch 18U ZFE FRF pectin AR W&o d=x3IVI7T A €3,
AN A AzAFHEE AAo] AAAY dadAs EAZE ATk, 2002). EE
AAEE MR 7129 ARE o] 8T £ Qo o] B S53E FFo] 11 W)
ol 44 B0 49 23 458 AR 2= A7) BAo] o3 &3] o

F)AEL AMA dut ZF A} st Gdate] vlgo] Fof o] &g WtE 7
7 Fart I {f71REe]l g F A&3] FASM AL AY TMR(Total Mixed
Ration) AFE WA o] &3t YR oBE 48 ZARE GEE + J& AR 7
gt £ AF9AE {712 A4 A daEE E€ 536 Arsi s3AYEA
& AZse §7154E A% BARAE GguRtoE AREA Y o] HeAE A
Ak 1F JA| Qo] mjAFA UM TF AT oA AAREH F2
T 2AEARLLE o] &Eo gov AEY FHEAA AFEH gad R ARl
ol OE AR HFHY 7134 2318 R A4S FAaFTF) doe 2FHE AY
I ok =3 AZ AdE BY§ 74 20 o3te TS s F3o] o2 lde 9
F7t £A=HE EAA o Ao WA DAY WS o83 FI ol
Uz gk 53, €3 & Fo AL Ex 7l ARAE 53 2L ¢E9 2489
FY7 A el v A Z3AT AxPo) vl FAE7t FFI o8 AHAS LEATE
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AP BE A% WA 59 A54E 5D 5 A AL AREHNE F, 2000). 7
BA 2 AFNAE FARAE Bl B P AR AW Fush FA Pl 7]
1A FAANE AR 2 F SAAEBL R0 Ase) FAo) $48 RIANY
PAE Az 0T 2F A7t LHE 2ARYY.

I. zj2 3 gy
AY 1. $AFE A8 BZALEAY Az 2 2 Hr)

1) F71422 &Is HEAIX|e] H=

AR A2 HF L 4 HA L o] 439, FEL AFEY A71FEANETE
A GREE2E A AR BF L AFE o834 5~10emE AR F A8-E
At ZHE 2 chopperE ©1 &3 FHZ ZA B3t AE A7MA 30Co| BF BHEEHA
o A IAE AI+FAFRL)Y 2T E viEst WA g At vgd 23
I L. acidophilus)y& A7FSE A+ ERIC)TH HA+LE(QRIC) AHETFE F 37t
AE Azt AdeA] AzA| WAoo 7HE o]gA4e] zolg HIE AP RLTE
HA 500g0] TS H7HEA R, IRICE HA 250g, 242 250g9] 1:1 8l &d F4FS
F7F A7¥slh 2RICE ¥R 340g, Z4HF 170g2) 2:1 B2 WG oy f47E 371
2 A7Ea0. #4847 28 E 5005 7 13g0] SRS Hlstdoh RAEFe Lactob-
acillus plantarum} Enterociccus faecium& EZE A .S 2.4 (Bigbiogen) Tl 1x107 cfu/g
oldd AEFS AL3ET RE AYEAE 73 B o= SL Zel2F bagol JAFHEE
bag 5] 3718 25 AAS Y A3 F Pdlo] Agg GHA BAger 42z
AeA 308 B F AMESA T S8 38 2E AT AdEA Az HFH £
F 0%E FEF TE FHTFE AUEEA dFeE =AY

Table 1. Chemical composition of raw materials of rice straw and citrus(%, DM basis).

Rice straw Citrus

DM 919 133

Ash 15.1 2.7

Crude protein 6.2 19.0
Crude Fat 15 2.6
Neutral Detergent Fiber 614 72
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2) ®I\HdES IS HEAREZ|XIe| EA It

F71 el 2% {7172F A7E wAALEA Y FH Hrie AdzT]4A 550CH A=
% Imm Wiley mill2 B3}t pore size 0.177~1.19mm¢<] sieveE SFAA vA] YAE A
A&, AOAC HH(1990)0 & AE, 2t Nd, A4}, Goering® Van Soest(1970)°]] ¢
@ NDF ¥ ADFE AdElA Az A 9 F& 2z 24, vzt Fr18tgh. AdeA 9
pH $3& AHYEA 1P E 129 HEE FFFE A7E T 4 A+ d 4359L H
g F uAEY 5L AAINTIZ] A8 4T ol3te] WA I oF 1083 ¥} pH
meter(ORION 290A)Z pHE =43t Lactic acids WA & ©] 8319 spectrophotometer
€ o] &3t £X319 e VFA ¥4 435 5mlE 25% metaphosphoric acid®} 3|4 & F
gas chro-matography & vial(11lmm)°l} ‘20]A] -30C <] WHilo] @ T E4A A2A A
A38] AFAAA 14,000rpmol A 1087 AR F A3 AL F3}b] gas chromatography
(HP 6890 USA)E ©]83}a] acetate, propionate, butyrate 5& £43}9thErwin 5, 1961).

Ad 2. #7173 A7 sZALEAY W& o] 84 %t

Digestion jar DAISY Incubator(ANKOM Technology Lid.)& AM8-8te] @A) A 9] v
ATE AEAYE € NDF £48S AT, HIAAYEHAE Wiley mill2 1mm
screening= A}-8-3}4 Filter bag F57(ANKOM Technology Ltd.) g+l 0.25g2} HIAALL | A&
Yy 98 B3 & Z7+9] bag digesion jar DAISY Incubatorel]l 2t 2+ jard 400mlS]
A4 buffer §Y 1,600mlE EF3S AHL3H 2™ SampleE-2 digesion jar divider®] ¥
Zdo] 124 £83t] Y wjde= 39T oA 24A13 vigstgdch

1) 84 Az

2 2479 A Ui 244 3L SAS(Statistical Analysis System) program packageE
o] 8319 THSAS, 2000). "

. d= o 3§
AY 1 #RTE AR HYALAAY FL H
1) 2B &7 HEMZIRIS TEUY Y MR B

AE A7 B 730 g AFALEAY FA Aolg ¢ JREE LE A F
€ vlasls] ZASIATHTable 2). WA WA A Fo] g & Aol & o 238 &
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FE U2TE AT BE ALYA NN SEAS vlwete FE F A48t NDFS}
ADF 3 QA BE AL A A 2E ¥ gastqct 2adde] Agoe 2] ¥
ol ¥/ A7tE AYEAE 2E ¥ Z/ISQUIURIC), A F/tE AL AAME TE
¥ ZAEFHHUGERIC). ¥ AFNME HAANYAAS) HE A FF A Eo) AT 2
o)7F yelstetl ole ATt ZEE AME T AU A&sA ASE AAste B4
€ SR A¥Y AGE Aol st wxy} 7] Holg dugE AMFHoE HE
o syl dYHPTn BoAnh. 2 B 479 F2 AL 7 AYPTd 2E Fo
FUAE R FE& vadtedy gleng AdeEA ¢4 Fo| JUdH 71X E 2ASE b
T 9% ¥AA dytty Asd.

AEE AR RIAYYAY SRS SHoE 4F A7 ARG =093
9} 3FFol FosAl(P<0.05) EXon 12 FAME ZF F7t FFo) L W O FEY
o olE & F(2002)9] BFoel AtFubg Arlste] AYIAE AT w 29 F o)
A J7 FE0l 2E4E 2u9E gFo) A Uehd Aot fAR AEE YEY
o 299d JFIE YUl E NDFSH ADF @32 F37HA £-931A1(P<0.05) & 254
€ Ueilen ZE Artgol ¥g st & wRg o ERTHP<0.05). & 5(2000)
HAMe s AYHAE AzsHE o @A, NDF, ADF §3Fo] &4z 53, 748 9
53.9%aL SRAEE B AFoA Y ZE Hule) o3 WAL E 2] 8-12%
2 M$ ol en, NDFS} ADF FHFE 57-69%, 42~50%=2 AxtF o2 YolAE AFS
AT 53] o] F A ZEH FAFE FA FAF RICTE 299 E 12.19%, NDF
57.77%, ADF 221%% F¥4 FA0] Wl$ 584 Yelgth & @704 4 v
o] AYE o] FARA A £3to] AYe]A LA A2 Non-Structural Carbohydrate(NSC) FF&
S8 Zota LR F AYHAT AR 224 NSC FFE 2EE J7H FollA
AovetA] e FERO foldtA (P<0.05) F718I9eH 242 A7 Aol 7HE %L
P LA LIZ AV FolA 128 A7% 7RG O F718te A%L By

Table 2. Chemical compositions before and after silage making of citrus added rice straw
in different ratios(%, DM basis).

RL 1RIC 2RICL SEM
before 7.72° 11.82° 49 53° 045

CP
after 8.24° 12.19° 8.76° 0.52
before 68.76" 449.38° 165.16° 2.77

ADF
after 55.48" 42.55° 50.91° 1.73
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RL IRIC 2RICL SEM
before 84.33° 61.59° 78.32° 3.13
NDF
after 75.69° 57.77° 69.26"° 2.37
before ND ND ND
NSC
after 7.15° 14.03° 13.63* 1.24

* ® means in the same row with different superscript differ significantly (p<0.05)

A means in the same column between before and after silage making of citrus added rice straw differ
significantly (p<0.05)

RL rice straw 500g + L. acidophilus 1.3g

1RIC rice straw 250g + citrus 250g + L. acidophilus 1.3g

2RIC rice straw 340g + citrus 170g + L. acidophilus 1.3g

CP : Crude Protein, ADF : Acid Detergent Fiber, NDF : Netural Detergent Fiber, NSC : Non-Structural

Carbohydrate, ND : Not detected

2) 22 A7} f7IHAAIEIXI| pH, Lactic acid, Volatile Fatty Acid & 22t ¢&
Al

ZE A7 = T3 02 IANDY A9 pHS} Lactic acid &3 ZH-E Table 39|
Ve pHY ¢ 2T 4399 vlws] BgtE W 4F HAJHA pHIL 347353282
o). ol9b= W E Lactic acid®) 7% EZT 3.65mM3} Bl x| H}E o 487TmME
ZAE¢ 93 1112 A7 Lactic acid®] $Fo] ®okd & ¢ F AUk & 2 WA
2 G HEEFL 222 133 111 HEE RS Az AdeEAdA *E pHe}
E2 Lactic acid 32 2% FYsA YAE st 2as & & AL € 571 UM
o} QA 22L& 212 ERF AYIAAE pHE FESY 24 Lactic acid FF 2 a3
E29] Ae7t 2F3A Ul pHTH AdElR e F4 Hrle] 2FHY 2] € + §l
2 AT :

Gas chromatography & ©]-8-3}<} RNAAYE A 2] VFA §F& 23 THTable 3). Pro-
pionate ZHE& 71 IRICH 2RICOIA HA7IsHA @2 AT, & RLEG #23H
(P<0.05) Etom weiol butyrate: F23HAl (P<0.05) 743ttt &, propionate ¥F°]
£ butyrate o] F& Aol HA GEI} $38A UYEPTE Acetates ZES 3
7he Foll A QutAERl A¥de 2] FFEA &L Fol vidte Folx 2FAE UEhiR
21} propionate®] Z7}19} butyrate2] AR Q13}to] silaged] TE H o= A FFE v
AA ke Aog Asdth A, gty oz AldE]A| A=A propionate H7HAE A3t
o ArdeEiR) 9] pHE Bo{=&l 3 propionate TFE F7HA17]0] TEE QAN AL
24 o B ATl Zo] AEE v AR HUIsHH olgt fAY EFHE B



RANYIYR AZE AT §7122 Bhas 315

QA3 AL dr o= ZE A7) silaged] FHE NSC A #0) 9% £33 jo] A E
¢ F 7] WFEolgha 4"

Table 3. Lactic acid, pH, volatile fatty acid and external quality of rice straw silage added
with citrus in different ratios.

RL IRIC 2RIC SEM
pH 439° 347 3.53" 0.16
Volatile Faity Acid(mM)
acetate 19.52° 22.40° 24.10° 0.68
propionate 4.46° 5.76™ 6.13° 0.30
butyrate 447 257 341® 0.43
Total VFA 28.45 30.73 33.64 1.43
Lactic acid(mM) 3.65° 487 347 0.27
Incompleted Completed Incompleted
External qualiry fermentation/ fermentation/ fermentation/
Bad smell Good smell Bad smell

® means in the same row with different superscript differ significantly (p<0.05)
RL rice straw 500g + L. acidophilus 1.3g
IRIC rice straw 250g + citrus 250g + L. acidophilus 1.3g
2RIC rice straw 340g + citrus 170g + L. acidophilus 1.3g

AY 2. §717F ZUb siZAd g Ae] W] o] §A At .
2 NDF £&4¢&

ul&9] in vitro DM

7122 A7 HAAYEAY B o] &4 HrEr] ke WE9 in vitto DM R
NDF 44 && Table 49} o] ZASITH Wl F 3AZHRE 48AI17HA 9 BE vigA T
thellx] DM % NDF 4351& 2% 8133 228 1:19] vl &2 EF3 A= AL
A 74 A Usten ZHEe HUEsR ¢ RLTFIA 71 Wkth(P<0.05). Wi F 34
8] AEAIEL IRIC 2038, 2RIC 17.25 2 RL 10.88% £3= o0 vjg 3 48413
+ IRIC 32.64, 2RIC 20.53 % RL 19.07% 43}5 %1tk NDF 43182 IRIC 11.26, 2RIC
9.63 X RL 8.27% &3t= o] g ¥ 48A)ol= 1RIC 21.48, 2RIC 17.38 ® RL 14.49
% A3tEAT ol9) T A X 5(2002)8] AbAEE A7EE sIF AL THA Y in vive
E48-E(51~62%)F Biwste] ¥ of A dked o AFE A 27 RIAYEA
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2y ol A B SEFALUAE WA Foistel 2AG Afoln] W] B AFA
E FEAIALAAY BE £520e BSoz Ay EeE Asdt

Table 4. DM and NDF disappearance rates in vitro in the rumen of rice straw silage

added with citrus in different ratios.

RL IRIC 2RIC SEM
DM disappearance rate
3h 10.88° 20.38° 17.25° 1.43
6 h 11.00° 21.59° 20.51° 1.53
12h 12.46° 20.94* 19.96* 1.40
24h ND 24.61° 19.11° 1.34
48h 19.07° 32.64° 20.53° 2.15
NDF disappearance rate
3h 827 11.26° 9.63%® 0.56
6h 8.28" 17.52° 10.71° 1.66
12h 6.85 17.10° 12.38% 248
24h ND 18.80° 1527° 0.91
48h 14.49° 21.48° 17.38° 1.25

> ® means in the same row with different superscript differ significantly (p<0.05)
IRIC rice straw 250g + citrus 250g + L. acidophilus 1.3g

2RIC rice straw 340g + citrus 170g + L. acidophilus 1.3g

RL rice straw 500g + L. acidophilus 1.3g

ND : Not detected

V.5 2

B ATE Y9 #7132 S o) 88 AIAYEAE A=z 5 HI FEL F
T 70%2 28 Areta AL AE A=A £71722 AU AFALE A 4
T LEFH A E 4TS A TG FAES B84 4@ ¥ 2R AY &
Bel F4 P4 719t AAFgh

g A7kl B WIALEAY 4 F4L L2 AU FH7MEC NDFS} ADF ¥
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Fol ZasPy =dWA FFo] Zrbsts HYFL QY 74E Ay == T3t &
RIAAL YA 9| pHE 279} vims] Bte w) 2+E JrhA) pH7} Yol on o]g:= wt
HE lactic acid®] 9 28 H7HA lactic acid®} FFo] Holhch 9o L WS HT3l
TAFAE 42 AN JAE S38tn was Z ° A ¢ 4 QU 28y 229
A7MEE S%E £ T AHYEAE pHE F53Q 01 lactic acid ST D 9 BAF F
Ao A7t EF3A U} pHTtO 2= AYE) R 9 EAL WISy d= RA st A
< AABIITE AdElA Y] VFA 3e 2Ee WAS 5YF %oz ArE IRICOIA
propionate”} #-23HA] (P<0.05) Z7}8t% T butyrate”} st AlAEA] L& o] b3t
7198901 AARHAG. 2 F7h WAL EA Y gy AE L NDF AL (in
vito)2 HEH 2+ AT Yoz MY} W M =4 Uston o= Zad T
TSl 0] & NSCrF AU e A 9] WA Hgsto] PP Fom AT gy
£4E F4o] BobA Al Y ol g4o] Zrhsigtn € 4 Utk ZEFL Arle WA
AR E A2 o AT FFANFL B ATME BA 1119 v L2 T
€ W 7P E3L FRou 3 3 FrhEe vee gAsA st 42 Frke) ug Q
EAE U A3 47 gert Jox Asgn

[ : 2007. 7. 30. AF=EHFY : 2007. 9. 14]
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