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Effects of Glycine soja Supplementation on the Quality of Corn Silage
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ABSTRACT. This study was conducted to examine the effects of Glycine soja (GS) supplementation on the quality of corn silage.
Corn silage was used in a 3x2 factorial arrangements with respective factors being addition of GS (0, 10, and 20%) and without or
with Lacobacillus plantarum as lactic acid bacteria, and were stored for 40 days at a room temperature (20-25°C). Corn silage with
supplemented 20% GS increased (p<0.05) crude protein contents compared with that in corn silage with supplemented 0 and 10%
GS, however crude fat, NDF, and starch concentrations was not affected (p<0.05) by addition of GS. Furthermore, the interaction
was found (p<0.05) between corn silage with supplemented 20% GS and the addition of lactic acid in butyric acid. Silage pH was
increased while GS supplementation increased. Corn silage with supplemented 20% GS increased (p<0.05) glucose and fructose
concentrations. The results of current study indicate that corn silage with supplemented 20% GS could be used as a useful strategy
to improve corn silage with increased crude protein contents along with sucrose, glucose and fructose concentrations.
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M B st FAZE FelA HA S5, 5= & A
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<l =W A &4 FHEkL Itk FTA 5 AP 3L Qlok sHATE Uil o 2AbR 9 ngol opz] w1
WY, =4 FE7F £5, EHEe, A W T SUeld dAHoRE IIHREFM, straws)ol] HiRE OlEET} =
o8 o] FAE grolshal gt} o3t ofH e A = AAoln, HF o At o] §F of 2uiNlECR F
sh7] fleliA= A S Bjt 7HE A st A AR 2870 60% Fmolth f-EuEtel A A=
sttt Eluel SAYS 7HEoAl Hoiste v AkR A 2ARRE AZF 1Y Eor F 270 32% ol
£ 90% oS Yol &Skl YA iﬂh?n% Heah wREEL glon, 9 2ARRE Wd A&HHow Frts)
AR 5 AL RAFER 0% £ AFES Ak I QIh(Kim, 2014).
UtH(Kim, 2014; Han et al, 2016). ZLe{L} ARt olbS & AR FolA Spae olvA] ool wWolA vl= &
Ao Zofgt Bidl Fo] Ax|skaL glo] WEHolM= dot Axl=eli e vl 8514 o]-8-=|aL 1l (Coors and Lauer,
& WskA] Eskar Sk 2001), oA = 7P HHA QD AR shtz Q1A E]

O.L.m
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£ =AY AR RS A ZSHH(Albrecht and Beauchemin,
2003; Kim et al,, 2016). 2542 AAYA S AT 4¢
29 AR HFFE FIAA FaL, A= Horsh=
Azt ok 131‘% S AFYYAlE BE AL AL}

H gk off, 2 o Ao H]sto] el ghfo] Hat
73%=2 1[|-¢- Fh(Darby and Lauer, 2002). ¥4 w13 o]
o|ol7l A A SlaAE Al B 5
2% =712 93 dt7F 2R3} tH(Anil et al, 2000; Choi,
2016).

olelgt BAIS s@sk] sAskel ofel 7b ATk [
=3 Qledl, 53] B AR EuEe ko] AR
of bl ke S7MAIVlE ATE U wast At
EalmEe 2o wol £ 714 okl Bug SA0 7%
Slof et o2 2R o FHS WRo] E
2 Ao 22 a5 7|t 4= Qi (Ahmed and Rao,
1982; Singh et al., 1986; Putnam et al., 1986).

58] Seai T3 EANE AL A Aol
FBHTL Trelufol Hla) A, ANEOR o Soa E
2] AlgE AYAKSE 4= 9okl 31t} (Carruthers et al 2000;
Mustafa and Seguin, 2003). 2% FoF+= £ A=
o 4 gloit, HTES Be ANRS 750} BE A1
o] AR 9l5fe] o] o} |3 K 17| U] (Sheaffer
et al., 2001; Contreras-Govea et al., 2009), T}= A5} &
Pokse 4= Bew et Ak

Ofori and Stern (1987)2 240} tR9o] &3hulEe &
3 A2} T TS ol T SIS, W 1ol
A=t} Sae] BTG Ba) Adao] 20-40%
71519 =4 (Ahmed and Rao, 1982; Singh et al, 1986;
Martin et al,, 1990), @12 ShaE2 11-15% 5713 A7}
Ugkchar 819 tH(Putnam et al,, 1986).

Uk Fo YAk ol &ah, AulEo] A=xQl of
Y5 (Glycine soja)o] TheFstA &3zstal gk o] =
AT} 2 2] ek el Hs 22 Aol
L EA SEE 4 Q= R0l Qlof AMd PR 29| o] &7}
A7t =& 4 AUtk @A o= =l vlste] S

S Abdelxe] g R FT A7 IR Btk
A7t oS- mlnl gelc. & A 8ot Fubg

Bo| Eubzglol diEt ARES AASIIA, 1 27|0A
A obgEel WrhHlgo] S AplelX o] EAe m]A|
L gake 245 918 A E e,
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Table 1. Chemical composition of silage materials used in the
experiment.

Chemical composition, DM %

Silage S
materials °8%  Crude Crude Crude Crude NEE
protein  fat fiber ash
Com YW g1 23 29 61 606
ripe
Glycine  Barly =17, 4 232 72 500

soja  bloom

“Nitrogen free extract.

A2 Lactobacillus plantarum (Zjé‘,1 U]H}O]E Xﬂ}_, {1%)

2 Abgatet

LI ES
Ap1E] ] Azt o] 3.5 cm PR A
HYTL 1kg # uldue] WF

2 UE AL 25C AR A aselat el
gt = Aal 24 £220f opEL 0, 10, 2 20%X

R o 2 T35l o, 7 2]g] Lo Tr*“‘_nL AAE F 4
F(15x10"cfu g 2] AA| 1g& A= 500 kegoll F7ksH= H]
B2 RS Folaha] rg)os Egtstel 329 8

QFE Sashet.

L=

AtdE|X|el EZA
l;.l

FAE, 37 % dfx
Zoha A 22 dk 23|15, 718 T2 A5 [nitrogen free
AH

extract (NFE)], =&, sucrose, fructose & glucoserx= AOAC
(1995) HFH© =2, neutral detergent fiber (NDF)&} acid
detergent fiber (ADF}= Goering and Van Soest (1970)2] &
Ho.z B,

2 g2 7 ml S0 S3t6)o] 7}@‘7] (EYELA,
MAC-601, C‘J__,_Ig) o]-§35to] 115°ColA| 6027F A&
sta, A &% £94(0.2M CH,COOH 3m19]- 02M
CH;COONa; H,0 2mlE 4ojA "TE 5ml go)3}
amyloglucosidase 5ml & E&3t 8N-L oto] F24x
(8H=, GJEIO TECH BW-20G)of| 4] 40°CZ 14|17 59 A
gstlet. vk T2 - 17mle] A 50ml Sk
o ¥l YHA|E FH,=2E A2 3o filter paperS ©]-8-3}
o] o]T}a}gt. oJTHL tubeo]| Wil YSI 2700 SELECT (5
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(%) = YSI 2700 ZA3}-4}/Sample (g) x 50% x 0.09

-3 Aufj 4= 50, HEAIS=: 0.09

AVFA: YSI 2700 SELECT BIOCHEMISTRY ANALYZER
USER'S MANUAL (19939)

in vitro 2% A&

2 Aol AFEE A2 he- AfollA EE AE A
st o, A3 E N2 39°CE [FX]5+3iT}. Buffer -§-4
2 solution A (KH,PO, 10.0g, MgSO,7H,0O 0.5g, NaCl
0.5g, CaCl,2H,0 0.1 g, urea 0.5g¢ DW 1172} solution B
(Na,CO; 15.0 g, Na,S9H,0 1.0g DW 1L HE 51 H| &=
1,600 mL7} =5 4 o]A] 39°Cof|A] pH 6.80] =& 3}
9131, of 3k 9ok 400 mLe} EHeto] ARaHeIL 712 Al
2 0.5 g¥ filter bago]] Yo, A|RE YA &2 blank
T 27l EHlekth AlBE Y2 filter bag 3|74 Hij¢k
7](DAISY")ol| g o] 39.5+0.5°Cof| A 48A17F vkt & 7]
01 271 552 3] AlA3)aL, 20-25°Co)l 4] 24 hour

3o} JFsteich. ARL oz AN wglon, of
~4 Ao A% 208 PR

A& AAE(%) =100 - {[W3 - (W1 x W4)] x 100 / W2
W1 = Bag tare wt.
W2 = Sample wt.
W3 =Final bag wt.
W4 = Blank bag correction (final blank bag wt. / original
bag wt.)

1%
1 T 237 1 240 A AR i
F5% amLE W7let
o 24A] 7F AA A F T QA1EE] 7] (Hanil, union 32, Korea)
2 2,000 x goll A 2087F YAl 3 the, AFsHS F5)
o] 0.2 um<] syringe filtero]] oJTA]Zl 3, HPLC (Waters
1260, USA)2 AR Z43heict 2413 BHAke GC
(Shimadzu GC 17A, Japan)Z EAslF o Bz A
Table 29} Zt}.

flo

pH

= AjdElA) 100 g7 Boke] SRS Fsjel wug
ch 200 24402 BT % WAL sl200 g)ﬁ}
A5 S Folo] pH meter (CorningAl, S 440, UAS)
= 249

Table 2. HPLC and GC condition for the analysis of organic
acids.

Conditions
Items
HPLC GC
Column Co10H ID 0.25 mm
Length 30 m
UV, 210 nm .
Detector  (Waters 24g7) PP (Shimazu)
Flow rate H2:0.65 mL min™
Linear velosity : 22 cm sec™
Solvent 0.1% phosphoric Ethanol
acid
Absorbance 210 nm
Injection
volume 20l 0.4 pl
S| 24

= package program (SAS, 2005)2 ©|-&
MASFAAL, ORI E H 7t 7ke] HahH|
2to]+= Duncan (1955)¢] A1th57 7 5 (new multiple range
test), FEERIA| H7F4=27k0] Hatz| xjol= T AAo=Z,
5% =20l AQ] S0l AAL %t

AlElR|e] siEts =M W HE NS
LRI Y FABFS oFYF 20% + fARF e TL of

HF 0%+ AR FA 7o) Hlstel frofshA Etoh,
ThE HelT7els HohE Holt otk ol Ao &
Ko] ofgt Az 22Hch Zrhid geke opigel A
7teFo] wolA o) we} Zrlele A Hol=td 20% A
7HE7E 0% H7btoll wlste] =& AiE Eioh 1y
ikt Aol ofgh Atol= (ISITh. Jang et al. (2015)%= £
o) slojeH| A& 7R AFdE|A] A2 AFoA =
ThE gkeo] ofshA S7kshikal 61312, Contreras-
Govea et al. (2009)% 2= AU 2]X]9] climbing bean¢]
A7t AdoA Zehalzl dlaFo] 12.6% Z7tE= FA A

A= AQrhal 51 Th Lessard et al. (1978)2 244 A}
Qo] zehd FE F7HA717] Heted ok 7t
A] Zbale] gk gol AT, pHot ghole] 57}
5 Sulshl Holoka mastel 3 AmAgel £ E
© 2ute] Fa4s A Sl

Z A% - NFE - NDF 9 5-9] gbeF2 2z Aef+ 7t
of7k Ajol7} gl 222 LpehgAIgh, ADF % NDF &
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Table 3. Chemical composition and in vitro dry matter
disappearance rate of corn silages in the experiment.

Lactobacillus plan-
Levels of tarum addition
Item, % Glycine Mean
Soja, % Non- . o otment”
treatment

Dry Matter, DM % 0 24.310.40"°25.3+0.45" 24.8
10 25.340.39%25.440.39® 254
20 25.5+0.34% 26.6+0.50° 26.1

Mean 25.0 25.8
Crude Protein, DM % 0 8.0£0.11° 8.4+0.13® 8.2
10 8.4+0.15® 8.7+0.14" 8.6

20 9.0£0.17* 9.240.31* 9.1

Mean 8.5 8.8
Crude Fat, DM % 0 3.3+0.21 3.0£023 3.2
10 344025 3.31032 3.3
20 3440.16 3.3%0.12 34

Mean 34 32
NFE', DM % 0 56.6t£1.51 55.5t1.64 56.1
10 55.9+1.22 54.0+1.32 55.0
20 54.8+1.12 53.7+1.51 54.3

Mean 55.8 544
ADF",DM % 0 26.740.77 27.240.88 27.0°
10 28.410.94 30.31£0.97 29,448
20 28.3+0.56 30.7+0.92 29.5*

Mean 27.8 294
NDF, DM % 0 46.211.01 46.4+0.94 46.3
10 47.2+11.11 47.1£1.23 47.2
20 48.241.05 47.8£1.04 48.0

Mean 47.2 47.1
Starch, DM % 0 28.5t1.44 28.2+1.15 284
10 28.6£1.76 29.1£1.26 28.9
20 28.7£1.74 30.8t£1.38 30.3

Mean 28.6 29.4
disap;l:ﬁ?ehfa % 5024225 51.242.55 50.7
10 51.6£2.12 52.3+2.40 52.0
20 51.0+2.37 51.6£2.31 51.3

Mean 50.9 51.7

YNFE: Nitrogen Free Extract.

“ADF: Acid Detergent Fiber.

*NDEF: Netural Detergent Fiber.

’Mean = SE.

“2 mg of microbial mixture (Lactobacillus plantarum, 1.5x10" cfu g ™) / kg.

*“Means with no common superscripts among 6 cells are significantly
different (p<0.05).

ACMeans within a column or row with same superscripts are not
significantly different (p>0.05).

2o opigel H7IE Z71E3 NFE §Ee 2
W2 e o B3 AEe] e gl 1
o A Bl e Aol glof olo] FTE UL A
© 2 AZFE ) Contreras-Govea et al. (2009)2 2-4~4~

climbing bean¢] F7}H AL R] AFHo|A ND &
8% Z7HEL RAH AT W o Yo oleld
T B} 2] 53} AV} ol das FaT AL
Az, & Ao e S AFLEA] Alx 7))
A9k oplF-2 ofA] S} 7HA171917] wiizoll NDF gkl
gk Zpol7t gld Ao AtmET). In vitro DM 424
£2 opiE A7 9 A AR U Aol ghi= 4

O e

i
o

AI_I.

Ab S oPF o A7EErol woldell whet Aashe
S W=, 20% H71E7E 0% 7kl vlske]
A agt A3E R TH(Table 4). E3F Akt 3

Table 4. Organic acids and pH in experimental silages.

Lactobacillus plantarum

Levels of addition
Item, %  Glycine Soja, Mean
% Non- Treatment
treatment
Laﬁ/z}‘f)ﬁld’ 0 444005 464005 45
10 4,010.04®°  4210.05° 4.1
20 2.840.02°  3.0+0.03* 29"
Mean 3.7 3.9
Acf/:}%ﬁid’ 0 0.99+0.01° 0.88+0.01°  0.94°
10 1.02+0.02®  0.99+0.02®  1.01F
20 1.2240.02° 1.1540.02°  1.19*
Mean 1.08 1.01
Bu%r/il‘;ﬁdd’ 0 0.02£0.00  0.01£0.00  0.02"
10 0.03+0.00  0.02+0.00  0.03*F
20 0.05+0.00  0.030.00  0.04*
Mean 0.03 0.02
pH 0 40+0.11°  4.0+0.03"  4.0°
10 4240.09®  4.1£0.04°  4.2%°
20 45+0.10°  4.3+0.03* 44"
Mean 42 4.1
“Mean + SE.
““Means with no common superscripts among 6 cells are significantly
different (p<0.05).

ACMeans within a column or row with same superscripts are not
significantly different (p>0.05).
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AT vkl Hlatel tha Zrtehe Aol A,
folah ATl op ek, Ak SHAF FEE opBE 20%
H7FE7E 0% ol vsto] gelell Z7kehs A4S vt
WO SARE Blol ofet frolat Aol gl

pHE= opig 7lato] S71gtol wet i FolAli 4
S AR APl ©Jg TS UehiA] ekt ol 2
Ato] pHef| 218491 &S 57| uj& (Weinberg and Muck,
1996; Im et al, 2016)°0]|2}2 A=, ZAlo] AR o
ARl Az Pelo] & Aol pH| Pt U
oA S == TH(McDonald, 1981). Jang et al. (2015)
< o] oA E AR AFF A AR Aol
A pHE| ®HS}7}T o=t 4.21, 5% H7H- 4.35, 15% H7ME
450, 30% A7}E 4982 =718ttt H st v 9o,
Contreras-Govea et al. (2009) %= 24>59] climbing bean©¢]
S3hE AL ERTE &4 Tl AMd P A Bt pHYF =9k
thal shQlar, At SFe S ©rd ol Hske] 5.2%
ALEAT holeh e AA A BTl pH # 27}
3.93-4.02, RAF THFL 5.06-5.58%2 4] AFQ@] x| o] EAle
Qs ol ALk WL 519}, 2 ARl dolAE 7}
2e) 7o) pH 917} 4.0-4.5, ZAF Tk 28-4.602 4] 2
Aol Q= Ao AlREr). £t ARabEe] 4% she
S 2T 714 Tl Yol pHoF 2 Aol At
Holek. ol §714te] §FEgo] elstel A2l o)
pH tﬂﬂﬂ A =]7] wj&Eo|t}(Albrecht and Beauchemin,
2003; Muck et al., 2003).

T8Y EtrElE ¥

Sucrose@} fructose $HF2 oRYF H7lgFo] SVl w
o Zasle e Rolen, SA7TE 20% 7ol
vlsto] o8| 2 E 3 th(Table 5). 22| et =]
ANM Akt AR FA Rl Bleke] L A
UERH A {97442 A=A 34T Glucose 3Haf2
oFdT A7Fel wotdel wet Srkske AdE WER
el 20% A7EE ARl vlske] fofsiHAl Bk
a3 A2te] kAo oA Akt A7 A
Zhtoll mlste] w2 AvE Bl o] A= A7 &
Ahatol] osto] =84 TepalEe] Fafol B 2t B
sto] freleiA| Wekr] wlEo 2 AlmE ). McDonald (1981)
© AR A=A o] gt Aol 8.710] w2 A2
o] A S R 84 deehEe] dol Eukal st
e, & doAs oFTe W7E 84 Btk
o dadoME 44 892 ofd Ae® AZEL. o
2Rt Avf= i %LE'*—J SHolA & o M2 4
- o

O s

X] Zﬂ}—oﬂ Aol G

| gt oAy

Table 5. Water soluble carbohydrates in experimental silages.

Lactobacillus plantarum

Levels of addition
Item, %  GlycineSoja, Mean
% Non- o atment
treatment
Sucrose 0 0.14+0.00 0.10x0.00 0.12°
10 0.10+£0.00  0.09+0.00 0.10®
20 0.09+£0.00 0.08x0.00 0.09°
Mean 0.11 0.09
Glucose 0 1.25+0.01  1.01£0.00 1.13°
10 1.34+0.01 1.17x0.00 1.26®
20 1.6810.01 1.324+0.01 1.50°
Mean 1.42° 117
Fructose 0 2.7110.04 2.471+0.07 2.59°
10 2.4510.03 2.2240.03 2.34®
20 2.3310.04 2.05%0.05 2.19°
Mean 2.50 2.24
“Mean * SE.

““Means within a column or row with same superscripts are not
significantly different (p>0.05).

Fo] Hrl= dbg AArHOA B uj 27 g9lo|7|=
Auk HAG AR F AL 2o geke] 27} Sof
7o) derz, 20% Fre) opygel Hrke A

Aoz AR EC.
o Ok
AL =

£ 7 955 Aol Aol 2R Y B2
7] HOM S obYES 0,10 2 2004 7SI o]
ol AR HEEAG ARAE T Feoz s
of 4ol 2:39] AAFS AN 2T §F
2 opF 20% WL A

© AW werh ZAF YL ok Yol ol
of whet gashs AL ekl glr, 20% H717F 0%
71l lste] fofshA| At ATE Bt pHE of
BF ANl Z7Kel utet Rolxlt AP ek %
el 7l Faol Qlold fake Helt Fxjele] v
sfo] & AFL A S-S AFEA s
th AEHOR oY AriEol BolW AR o
ARl Bl $AA acloleh 2 Yol )
Bl g o] RS 3 /\]7].1__ R A} FFefo] glo] E3

= A7,

7] st vJ 0}74]

Jo
A
2
N
o}
o
o d
rr
pas
lo o

F20|: 2, S AL, oY, F7IA
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