] . . :
w Korean Journal Of Agricultural Science PISSN © 2466-2402

n

Check for
updates

& OPEN ACCESS

Citation: Jung KS, Cho HM, Lee HS, Heo
JM, Lee SK. 2018. Effects of Glycine soja
and hairy vetch supplementation on the
nutritional quality of corn silage. Korean
Journal of Agricultural Science. https.//
doi.org/10.7744/kjoas.20180015

DOI: https;//doi.org/10.7744/kjoas. 20180015
Editor: Woo Kyun Kim, University of
Georgia, USA

Received: January 26, 2018

Revised: March 9, 2018

Accepted: March 9, 2018

Copyright: © 2018 Korean Journal of
Agrcultural Science

This is an Open Access artidle

av_Ne distributed under the terms of
theCreative CommonsAttribution Non-Commerdial
License (http: //creativecommons.org/licenses/by-
Nnc/40/)which permits unrestricted nor-commerdial
use, distribution, and reproduction in any medium,
provided the original work is properly cited.

elSSN © 2466-2410

PLANT & FOREST

Effects of Glycine soja and hairy vetch
supplementation on the nutritional quality of
corn silage

Kang Seok Jung', Hyun Min Cho', Hyung Suk Lee?, Jung Min Heo', Soo Kee Lee"

'College of Agriculture and Life Sciences, Chungnam National University, Daejeon 34134, Korea
*Woosong College, Daejeon 34606, Korea

*Corresponding author:leesk@cnu.ac.kr

Abstract

This study evaluated the effects of Glycine soja (GS) and hairy vetch supplementation on the
quality of corn silage. The feeding regimen consisted of a corn silage (Control) and a control
supplemented either with 20% GS or 20% hairy vetch with four replicates. All experimental diets
were stored for 40 days at room temperature (20 - 25°C). The control had a higher (p < 0.05)
dry matter level but had a lower level (p < 0.05) of crude protein, crude fat, acid detergent fiber
and neutral detergent fiber than any other treatments. Hairy vetch had a higher level (p < 0.05)
of acetic acid and butyric acid than any other groups but had a lower level (p < 0.05) of lactic
acid than that of the control. A lower silage pH was observed (p < 0.05) in the control compared
to the other treatments. The control had lower (p < 0.05) sucrose and fructose concentrations
compared to the other treatments. Corn silage supplemented with hairy vetch showed a higher
level (p < 0.05) of crude protein and buffer solution protein and a higher ratio of soluble protein
to insoluble protein than any of the other groups. Thus, the results of the present study suggest
that GS and hairy vetch supplementation of corn silage would be beneficial for maintaining
quality and elevating protein levels when compared to the control.
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B ARAN S 7dshs AT 7)€ AR Y o] 8 B wole e A
AFE9| $5-2 oFA] Hizlo]H o]of] tfgt o] =5 W= o] AlF% 2iAf|o|H o] H7}z] 2] Zg = o]
AR X971 o] 9lom o] rgt Al M o] ghAol =Eeh 2102 HojItHKim et al,,
2017).
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1986)0] 7HAlE Tkl (Carruthers et al., 2000; Mustafa and Seguin, 2003) 5}, St 22 S A] 71=2] thapgol Al 7]
A BA|Z datR k= & sk 2 Eato] 2ulks PRSI 9l AlAo]thSheaffer et al., 2001; Contreas-Govea
etal., 2009). Lof|A AGeH TH-S Heks}7| 9J5to] AFU 2| R|ofl @4 7} A9 (Lessard et al., 1978; Kung et al., 2003)
£ AP |E st oL Hart A As= BAo] ZEElon, Fat AlEate] 7FHMustafa and Seguin 2003;
Armst’ong etal., 2008), ZuHOfori and Stern, 1987) 5 oj2] 7}x] AJo] Alg%]7| & 51Qi}, 18] 11 Jang et al. (2015)

& TR 2 5 Al TR Rl ORI W1SH AU A S, R 2T Sh
Clie] 3% 20lo] SP7)= SiSiR HHe Mol T gege] 718 g A0l A1elAe)
HENT o ]0}__[-]] 27AFo] 91911 5F9Ich 3t Yang et al. (2016) % 2424 AL 2] 2] H|ZA] S3(Glycine soja) S 2

7 AOIA 20 ) e B Rk 2Pl Rk Tei 7 ol e
2 720] Aa7] Qs T A= sEEA7], 4517, 1R 273, HeE 5 TeiE ARo] ot Buk Qe 45

fo

= A7) QJelME B A7t sk Al oltHAnil et al., 2000; Choi, 2016).

S4sote] Eut oo 2t S3(Glycine soia), BEF, SlolHlA 5 of2] F HEH 2 4 ik 2 AgolHs
Fafol el 7| 218 Shastiint S44o S Glycine soja)it SlofeIX| S H7Hsto] AldElAE A5t ol
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Materials and Methods

A[E R
AplejAle] Aol o] 88 A 24 E2(Glycine sojd), Slofel A o T sk 24

rlo

Table 13} 7t

AIJ2|X] M= 8! |22 M
AR HE
Q442 711 0 2 5}l o|of] SZ(Glycine soja) 20% H7FFE, al|ol2]Blx] 2006 7k 2 T RTe) 3] 2jo) 45HE o)

_1

S ST AR 2 kg B3| 1] AURA 2 Alsle] 20- 25°C HES] A B Aol 4027 U
RHESEEREUT S

Ate(x|e| 24

FRJE270°C] &4 Az ]0l|A ol 2 uirtA] A xsto] U Este AR ths 2417 (cutting mill) 2 b4
o] B4 (AOAC, 1995) Al 22 ARE81%] 01, NDF (neutral detergent fiber)2} ADF (acid detergent fiber)= Goering
and Van Soest (1970)2] B © 2 BA519ic},

pHE A8 10 & 25 100 mLel| Y31 4°C2 24A17F B2t 5 914122 (Hanil, union 32, Korea, 2,000 X g3t}

Table 1. Chemical composition of silage materials used in the experiment.
Chemical composition (DM, %)

Silage matterials Stages

Crude protein ~ Crude fat Crude ash NDF ADF
Corn Yellow ripe 8.1 2.3 6.1 59.8 24.5
Glycine soja Early bloom 17.2 24 7.2 57.4 24.0
Hairy vetch Early bloom 26.0 4.0 10.3 59.3 33.1

DM, Dry matter; NDF, Neutral detergent fiber; ADF, Acid detergent fiber.
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35 & pH v|E|(Corning 440, USA)Z S5s3I -S4k ok pH S A9 22 WP O 2 /3592 pore size 0.2
um ©] syringe filter oj}3t % HPLC (Waters 1260, USA)Z £A5}9} 00, ZAka} whake GC (Shimadzu GC 174,
Japan)2 24519 00} EA 27 Table 29} Ztt.

Atejz|o] buffer 7+8/d @i (soluble protein, SP), $/dAAle-8/d Tl (neutral detergent insoluble
protein, NDIP), AFJAJA] &84 thil A (acid detergent insoluble protein, ADIP), & B]THHE} 2 4515+ (non-
protein nitrogen, NPN) 3122 Van Soest et al. (1991)9] ¥}#-8- 0| 8519 o Atla]|z]o] thila] 2.35](04)-2 Licitra
et al. (1996)2] ¥}#of| w2k}, Flieg's score= ZAtol| thdt AL Al &l WUAko] ] 8-2 AbEalo] 75} rHKim et al.,
1995).

Ej:" I=Uk-|
H AJof|A] Aoj7 Hlo]Ej= SAS Ver. 9.1 program (SAS, 2005)S- 0]-8-5o] BAREA S AlX|5H AL
89142 Duncan (1955)2] TFEZA7 (multiple range test) 2 504 42=0i|A] xj2]stSict.
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Table 2. HPLC and GC condition for the analysis of organic acids.

Hterns Conditions
HPLC GC
Column SUPELCOGEL C610H Alltech 19686,
ID 0.25 mm
Length 30 m
Detector UV, 210mm (Waters 2487) FID (Shimazu)
0.5 mL/min H, : 0.65 mL/min
Flow rate . ..
Linear velosity : 22 cm/sec
Solvent 0.1% phosphoric acid Ethanol
Absorbance 210 nm
Injection volume 20 uL 0.4 uL

FID, Flame ionization detector.

Results and Discussion

Az X|e] efet™ =M

Aela|x|e] s}5F4 ZA)-S Table 30]14 K= Hhoh ﬂol A2 Feke thz 77} 53 2006 TR LOI8H 5-25) U 5]
2] 2006 I 7(0]5} S0l 8lx) ) Kok folshA| e gkar, 22 sojalulx) 7, SE, theTe] 402 8ol
) =gtom], 244}, ADF, NDF g2k slo]]ul XHU} ok el LRt oI5| &4 Lt Ebteh o] A3k Table
1] utehd uhek o] Ap2le#)o] xﬂﬂa Edol] 7]Q15He 210 2 WOtk Jang et al. (2015)% S440] sojz}8lx]
£ rfste] 2ol o] Z7pAZ on, w3tk Contreas-Govea et al. (2009) = WEE-S 2440l H7}sto] 2phuizo)
OkS r=o}A oL} NDF= _7}5404:}J_ 319t} o) B Alglo) Avle}l §AleH Axtela sl o0, Adukd o & Fal 2he
o spEalEct AHg7o] w2 b 7|Qlsks Zo@ AYzkEth 18] Yang et al. (2016)% 2440f opF-S 7510
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71t L pH

%714k} pHol ot Al ke Table doflA] k= vle} 2k, 714+ ggol Qo] 4ke: 537 9 slofe] szl
o} f2lall 71 Lrelskr] ol S44:0] 484 B2 Fo] Egolut slofeluix) et 8] wlo 2 37l
o, 2443} ke 5579} Sofelulx| 7} Tt fojoil e 4 ol ol AlEA] ARe] 4a4e
sk o] ofo] FH5kL 7|Wo| &4 A2 3% 27] W04 B4to] 19 ol AAIE]o] pHZ UleiZ19t 24t Aol
U Wik A dato] 341517 o 7] whe]tHMcDonald, 1981).

pHv Hi277}F thE A e LR S| Uelton, o]= 4~-8/d 3t 25 e A= f714te] J3k
O & 7HeTt E5] Aike pH shdoll A4l ke 571 wliz(Weinberg and Muck, 1996)0|m, T} &
2aluct gAkslego] Bol $52) (buffering capacity)o] o} ZAto] APJElo] = pHe| 7}t ola}A) ok
Atk Atz E th(Albrecht and Beauchemin, 2003; Muck et al, 2003). &5t £} ALR2ME0] 749 A go] 2=
o} Jang et l. (2015)& S440] slofalMla S A7t Al Az AlglolA] S} Ajze) A7lo] £71ol wet pH
I /5sitkal 519. 9™, Contreras-Govea et al. (2009)% 24240]| climbing beano] E3Hd AL 2| 2|7} 244 Tl
At ]2 Bt pH7 Retthal sl 2 A golAe] At} 2]12] pHe A2+t 25 3.7 - 4.282X4 27g/dol & 727} ¢l
+ 202 Y71 Flieg's scorew T2, 80f 2|8l E37-9] 0= 7| Uefstom 7P 22 19| /4 & 65
B AAA oz f7)4be] 240e oottt & 4= Aok
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Arde|2)e] 484 BatE o] §eF2 Table 5ol el vlo} ). Sucroseg} fructosel= S-5-712} sllof2]8lx| 7}
ozl Hsto] f-2lobA] Wetom, S5t sllofgul x|t Atololl= Rl gt &fo] 7} QI =] 2] 29k, Glucose FHF

Table 3. Chemical composition of corn silages in the experiment.

Silages
i (DY O Control Glycine soja, 20% Hairy vetch, 20%
Dry matter 28.9 =+ 0.402” 25.8 £ 0.44b 24.4 £ 0.49b
Crude protein 8.2 £ 0.27c 8.8 £ 0.21b 9.9 £ 0.30a
Crude fat 3.2+ 0.11b 3.3+ 0.10b 3.7+ 0.13a
ADF 28.7 £ 0.77b 29.2 + 0.88b 33.3 £ 0.46a
NDF 49.2 +1.01b 49.4 + 0.94b 56 + 0.53a

DM, Dry matter; NDF, Neutral detergent fiber; ADF, Acid detergent fiber.
"Mean =+ Standard Error.
a - ¢t Means within a column with same superscripts are not significantly different (p > 0.05).

Table 4. Organic acids and pH in experimental silages.

Ttems Silages
Control Glycine soja, 20% Hairy vetch, 20%

Organic acid (DM, %)

Lactic acid 4.3 &= 0.40a” 3.12+0.33b 3.3+£0.38b

Acetic acid 0.70 = 0.12b 0.86 = 0.14a 0.88 = 0.12a

Butyric acid 0.07 = 0.21b 0.12 = 0.23a 0.15 £ 0.24a
pH 3.7 £ 0.01a 4.2 = 0.01b 4.1 = 0.02b
Flieg’s score 97 65 70

DM, Dry matter.
“Mean = Standard Error.
a, b: Means within a column with same superscripts are not significantly different (p > 0.05).
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A 22|t Atolof] -Fofet HakS: Ko x| 99ttt o] Aif= Z4p0] -9 484 Tk gl =3 olu sl|of 2l
| Bt e A g4 EAo] 7]915k)a s12Ic) YukA] o &2 Al )R] A|2A] Bhaol| gk Aol 29lo] Q= A=y
Z7lo] Fadt - Hrt 84 BhshEo] Fefol =t} 2 Adolxe] 55 E slloja]lx|e] W7k 48/ ©rshE
o] RS #5171, FEHS AdSAIA HE E_Zjoﬂ/\ih B4 Qololg} AzElthMcDonald, 1981). Jang et al.
(2015)2 H.ajo]| Sflof 2B E A7kt A 2] 2] A= Aol|A] slloj2]lx]e] 42320 zolzlo] ue} At x| 9] 4843
ERs3l2o] = ¢ okl 6190, Yang etal. (2016) St Al 2| R]of] oY E-S 3430 & H7I5H AFof|A]
H7HE0 557t EoEE AR YA 48 0T 4ElE 0] e w3kl BarghHE Qlok

Al2|X|o| KAl 23|
Ajele|2|o] gl 5 Table 6o} Liefl uheh k. A% Ale|zloflA] Eehalal 5 950 7184 2ehapalo] u]
82 o] Hl17(59.80)7} TIZT(55.196) L B T5470)00 v]3}o] Selab] e Azigion hzel B5T A
ololli= fola 2fol2 Bo|x] ik, S5 AkelA] Al A] slof2] HIA| o) HMe B 430) F7bo] Qlojie 3
%29l k2 47} 5% RUP (rumen undegradable protein, ¥:9] ] 23] chaf)e] Z7} Zwioj A 2420l
9Ickin Hel|n] 53] RUP7} Eo] ek 4% Blel Sloj)is o] §oi Qlo] S50l ulste] tha Alopd] 245 7}
A3 9 70 2 A EICk W 552 A20) Tl gre slofelsixlol Hste] Rt viH RUPE SAl7|= &
ol FA7/ole} & 4 k& Zlo|ck. )1 FThIA F A fraction slofe) iz 77} iz 7L EE TR G ol
7 Hefstont of 2k SPPROIME ot 4 3k 21024 RUPE 5712 eko] Rasieia i
fractionol] QiA1= slofelsizl T thzTol ulste] folst e e Uekigion 7ot 557, S50t
Sl0fel17 Aololi 15 017} l51ck B2 raciondlhs 537 fofel 7] l3fed $olap 2 205
£ Bolw, 537} o7, slofelulx) et T Afolols fofet xto|7} LihbA] etk B3 fractionol A o

Table 5. Water soluble carbohydrates in experimental silages.

Silages
Pleizer sellab e etz imizs (00 Control Glycine Soja, 20% Hairy vetch, 20%
Sucrose 0.6 = 0.01b 0.8 = 0.01a 0.8 = 0.01a
Glucose 0.6 = 0.01 0.7 = 0.01 0.7 = 0.01
Fructose 0.6 + 0.01b 0.9 £+ 0.01a 0.8 £ 0.01a

"Mean = Standard Error.
a, b: Means within a column with same superscripts are not significantly different (p > 0.05).

Table 6. Solubility and fractionation of protein in experimental silages.

Silages Buffer solubility (DM, %) Crude protein fraction by CNCPS (%)
CP SP 1P SP/IP A Bl B2 B3 C
Control 8.2b 4.52b 3.68b 55.1b 30.2b 20.1b 11.9ab  30.3 7.5a
Glycine soja, 20% 8.8b 4.81b 3.99a 54.7b 30.5b 20.4ab 12.2a 29.6 7.3a
Hairy vetch, 20% 9.9a 5.92a 3.98a 59.8a 39.3a 19.2a 9.9b 28.0 3.6b
SEM 0.97 0.54 0.49 1.97 1.03 0.87 0.62 0.92 0.78

CP, crude protein; SP, buffer solution protein; IP, buffer insoluble protein; SP/IP, ratio of soluble protein to
insoluble protein; CNCPS, Cornell net carbohydrate and protein system; A, rapidly soluble in the rumen (NPN);
B1, soluble in buffer and precipitated by tungustic acid (SP-NPN); B2, insoluble in buffer and fermented in the
rumen but some escapes to the lower gut (100-SP-NPN); B3, insoluble in buffer and slowly degraded in the rumen
(NDIP-ADIP); C, insoluble in buffer and acid detergent but almost not degradable in the rumen (ADIP); SEM,
standard errors of mean.

a, b: Means within a column with same superscripts are not significantly different (p > 0.05).
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T, =31 sllof 2Bl 0 2 =2 Aol o fofdt Axk= of ]l gHH C fractionof| A<= sf|of 2|8l x| 7} Lt
HA] 5 Lof| H|gto] FofolA| R ArkE HYl ou t 2ol Z3+ Alo|ofl= f2fgh xto| & Ho| x| &9kt of= o]
2jElx| o] T zo] 55 fafo] thl A Er} 718/do] =2 20 & ARt ujehi BiEE-E AlgolA] 2&3t RDP
(rumen degradable protein, HF9] Esj| il 2l)e} RUPQ| H|-8-2 ubs7] 9JsijA= Zh thajataE buffer 88 =of
HHA fraction2] &-&-(Licitra et al., 1996; Sniffen et al., 1992)c] & 25}ttt S13ch.

THH o2 AP A] A zo| Rlo] G4l 7t E5 B dllof2|Blix] = FEo] =2 AEEA Ha AJ/dH
Al & wf Zitke) Adell= BAA QRlo)7)= sHAIRE A £30) H7he 2Tl kS S7MIZIHA E A e
A 4 = FAARI M= Tkl spAllnt wfebA] S5 A E] x]of] Z3o|u slof2]Blix| ] 2006 A =o] H7h= EE
1} 27& Aol FA1E 4= okl Hojich

ool

Conclusion

& AT AR A o] 2 oS S7MAITI7] ffste] S Al Aol HiEA, S| 23 20% thAE Sllof 2
BlIA] 2090 tHA|-2] 32|20 4RkE0] A3de st AldEix| o] S ZAFSIITE 714t aol] 9lof Zak2 thx
F7hETT S slof x| TR FrofsAl A UEhst e, 24k Sk S5t sllof2|Elx| 7 R E e o
P =2 442 HIir}. pHE 277 the 7 X2 SEoh S| ekt Sl & ek 71848 2 o) v
&2 sllof2|Elx| 77t iz &3] Hsto] fofahA] &2 Axint. 2|1 ST F A fraction Sof2]l4]
F7H iR EFECHRol51A 4| LrERoH | Bl fractionol] QlojAte sl|o] 2Bl e tholl H]sle] -2)5)
Al S /3AE eIt B2 fractionolMe &3 sllof=]slx|teol vlste] folshAl w2 2xhE HAA, B3
fractionoll A= 2, E37, o= Blx| T 0= w2 /g Aol ot fofdt Aok ofu it ?h C fractionof| A
= 8llof2BIX| 7 U A] = ol HIste] FofshA| 2 Ak BRloth S 0=, Al 2 R] Az Jlof <ol
et =3 % slloj2|Elx| o) 37 ke ¢5Ho] &2 AME A Ua gl & o 24te] Aol 244 Rlolrl=
SR A 22 7k 2EHE SRRe ST E A S R A 4 9

€<

Sz Aol S5olLt slolelizle] 200 Az ) MM a2
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