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Effects of Sowing and Harvesting Times on Feed Value and Functional Component of
Triticale (x Triticosecale Wittmack)
Jisuk Kim', Kyungyoon Ra?, Yul-Ho Kim®, and Myoung Ryoul Park?'

ABSTRACT Triticale forage has the highest yield of all winter forage crops, including rye, and a cold tolerance within an
average low temperature of —10°C in January. Therefore, this study analyzed the effects of sowing and harvesting times on the feed
value and functional components of triticale to optimize the use and supply of triticale as livestock fee Room temperature' can vary
widely with climate, season, and time of day. In order to clearly state the conditions of the study in a manner that facilitates
replication by other researchers, please consider using an approximate temperature range instead. Seeds of the triticale ‘Joseong’
were sown during the fall of 2021 (October 20th) and spring of 2022 (March 7th). The triticale was harvested at the following
growth stages: seedling stage, booting stage, heading stage, 10 days after heading, and 20 days after heading. The moisture content
of each harvested triticale was adjusted to approximately 60%, and the triticale was fermented for silage for 40 days at ambient
temperature under anaerobic conditions. We measured the pH and organic acid content of each silage to determine the feed value
and functional component. The lactic acid content of the triticale silage harvested at the seedling stage sown in both fall and spring
(1.61%, 1.63%) was the highest among all the silages. The octacosanol content in the silages of both fall-sown and spring-sown
triticale harvested at the seedling stage (0.38, 0.27 mg/ml) was the highest. Overall, the results revealed that harvesting time had
a greater impact on the feed value and functional components of triticale silage than sowing time.

Keywords : feed value, harvesting time, silage, triticale
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oAl Al 7F @AE DL Q)thLee ef al., 2020).
J7} 7}20] 7|5 A %E £Om(Yang ef al., 2021;
Lee et al., 2020), B} ZH&o] H|3]] ZEOIEA|o}YH, &1
w, AlZol& et Al AlE HEFAAIEY] Ve AEE
o] =2 A o7 HEQtiAthukorala & Mazza, 2010).
AT ol =& = AR g8 Vs 5
SRS FALE EUHALT U Qo) shadol
7H4 wo| =gttt &# A QJth(Tulloch & Hoffman,
1974). AR 718, AE2E, BaHol(Arde A= U
Hu, 72 5, 6440l 8Fste] Axst=dl o] Al7]oll= 7]
Frzlo] B9gsh] wiie] AxA XL oL #Fgo] o]
ShA] grol iR At YA &= vhEo|A|al Qitk(Heo et al.,
2005). AFQE| A 7hE0] GeFeiatel Bagh uekl, u)y
g, 7] sAEAS Al 4= ArHRogge ef al., 2006). FAY
7HA] = AFd R A zof BHE A47F +3E A
o, 2e, A, ofgE et glo]ieks 9jFrolan, ST
¥ AlE F AR BARA AREA, TARYE 5o
S°] H7MEAHHeo et al., 2005; Choi & Song, 2011;
Kim et al., 2008; Moon ef al., 2014). T3t AR AL E]
Aof pHe} 7140 WL Adelx] S wAo] 294
o7 S u|HArKim ef al., 2015). ARWFAES] o
T AGTAY, A8 29, 284470 B2 AR}
A&} F4of ek AF7E i REtolH, 2 10 oyl A
T AR thAE EAANL YA E A5 A% A
7F tFEo|th(Song er al., 2017). ALR2AHE9] /00 1]
= 822 9 A7), e ol et P
Zpo| 7k QlaL, =] F] kgl oA Alm7HA] FHol A4
F 4= lth(Lee ef al., 2020). WA & ko= EfE
ALe 7He Foll 3gsto] Aul 7172 2Esklal, A
SO STAR Wieo] 8kstel AmrlA BAS
BE7| A7 AFRTH] RS Alste] ELEA
Q9] Apeleld] ol g BEES FA] SIS,

5 ool M olA] AFo] QPRAOE Fpskal Safo] §
SEF AR 2B Aulst BRI, JEH FANE
el B FAE 2 490) YEsha glo] o]
QPsit. Aol S AFol Goldt EefelAUo] F9lek
E8of gobu, SaFyo] a1 ARA 77} o} ARz
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| 7HE(10 2093} 2022 F(3E 7)o TEshAct
A HEFL 7HE 7S 5E7]9 6.8 kg/10aS AJH]
31911, 2022 & wHE7]0] 4.6 kg/10aS o] % AH|aATH
(RDA, 2012). AR 53-8 §1H7], 97|, &57], 5
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QF 30°C olste] Ao A Bl Aetsial i
409 & AT A e A= sEAxEEA, sEAEE A
2 E47|(SEM-700DD, Hanil, Yongin, Korea)= 4]

ok & 42 mesh =2 A=A FH|5FAT

AI=7X| 24

At 7FA] H71E 98] 2T Z(CP, crude protein), AHd
M A E-8-F4(ADF, acid detergent fiber), S A A &&
G2 (NDF, neutral detergent fiber)& 243}t 2o
Wz B0 Zohul 2] B 7](FP628 nitrogen determinator.
LECO)E o] &3] THALE 3t & A4 6258 &
513 th. ADF2}F NDF+ Van Soest A& ¥ (ANKOM2000,
Ankom Technology, Macedon, NY, USA)S o|&3}o] %=
A5 ArEstT) 7HASIoFEESHTDN, total digestible
nutrient)& Z|AH] [88.9 - (0.779% x ADF)|S o]&ate] AF
2519 thLee er al., 2005).

2R e AFYEAIE 200 ml 4HZFETEAE] 10 g
A gol FH|SHE 32k SR/ 100 mlE @il 25°C
shaking incubator (VS 8480, Vision Science, Daejeon,
Korea)ol A 200 rpm &&= 24A|7F 2E513ith FEH AR
£ whatman No.10 filter paper2 ojulgl & YA EF|7]
(VS-24SMTi, VISION SCIENTIFIC CO. LTD, Daejeon,
Korea)E ©]-8-3}0f 20°C, 3,000 rpmofl A 1587+ 422
sto] Aede AgHo= Frlskeith pH 5742 pH meter
(Seven Compact Duo meter, Mettler Toledo, OH, USA)&
o]-§-5to] AF2(25°C)oll A 33] whE AASHHE 714t &
Ao i EE &N 1 mlE syringe filter (45 um, PTFE)
2 AT T upolere] yol ulshalrh. §714F BAlL
UPLC (Waters Acquity UPLC instrument, MA, USA)7|7|
£ ol&stlen, #4712 Moon et al. (2007)9] W&
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Table 1. UPLC conditions for the analysis of organic acids in triticale silage.

Items Conditions

ACQUITY CSH™Cs 2.1x150 mm, 1.7 pm

0.1% phosphoric acid in water

Column
Mobile Phase

Isocratic Flow rate 0.2 ml/min
Injection Volume 10 pl
Absorbance UV @ 210 nm

Table 2. GC-MS conditions for the analysis of octacosanol content in triticale silage.

Instrumental conditions Operating conditions

Column DB-5MS
o (30 m x 0.25 mm x 0.25 pm)
220°C, 0 min
Oven temperature 260°C, 10 min
GC 310°C, 10 min
Injection temperature 280°C
Injection volume 1 pl

Carrier gas flow

1.20 ml/min (He)

Transfer line temperature 280°C
MS MS source temperature 230°C
Ionization EI 70 eV
SIM ions m/z 467[M*-15] ion m/z 130 ion, m/z 97 ion

%3kt Table 1). §-7]AF #3254 (Sigma-Aldrich, MO,
USA) Acetic acid, Lactic acid, Butyric acid, Propionic
acid& 0.25, 0.5, 0.7, 1.0 mg/ml L2 Z}Z} £} 3
wAe A4t

SEIZALE 24

4 ARE 200 ml AZEEAA 1 g A HE &
99% chloroform 100 mlE @3 10°C shaking incubator
(VS 8480, Vision Science, Daejeon Korea)oll A 200 rpm
2 24A7F 22590k A4REE 4SS whatman
No.1 filter paper= o]u}slo] Znv|5tgITh o}l 400 ulE
syringe filter (45 um, PTFE)Z ZA|3}o] Hjo|do] €11
MSFTA (N-Methyl-N(trimethyl silyl) trifluoro acetamide)
FEA] 100 plE 7Fske] 60°C 2ofA 155 52k TMS
SEAS shlh S EARs g BAZEE GC2010
PLUS (Shimadzu, Kyoto, Japan)2} mass spectrometer GCMS-
QP2020 Ultra (Shimadzu, Kyoto, Japan)& ©]-8-5}o] F45}
Aot 2etFAE £E2EZ(1-Octacosanol, Sigma-Aldrich,
MO, USA)E 0.25, 0.5, 0.7, 1.0 mg/ml =2 FH|5}0]
st 24 AFAS 1) tHy=8509873.911x-200358.

9642, R2=0.99). 242102 Lee et al. (2018)9] A@H&
Zkx3lo] Zu]3}ItHTable 2).

SH 24

SPSS 27.0 (Statistical package for social Science, SPSS
Inc., IK, USA)Z 295 AREsto] Fo4de HSshth
ANOVA A A] & Duncan’s multiple range test= 5% <&
oA AFHHS AN

o
Znt W DE

OE7| ¥ +2A7|8 EQEIAY 4=

B0E A 2 AETA 2 SR henE wo o
209 FE Rolfom E4 F 10U(10DAHHA o] 274

o heshpact ¥9hE Be A9 AU E4 209
(0DAH)O] M= © ZojZirkTable 3). AA4eFe 273}
vl A55712 25 194 Al o al(p <0.05)
52719} 10DAHOIAR B3}Eo] 7temEnch o
(Table 3). T2 ARHFINE & A7AT} TAG 4
32 BEckJu et al., 2010; Ju et al., 2011).
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Table 3. Plant length, fresh weight, and harvesting time of triticale according to growth stages.

Sowing time

Growth stage

(Date) Trait SS BS HS 10DAH 20DAH

Plant length (cm) 32.59 81.0° 95.3° 131.4° 133.9°

2?123'253‘” Fresh weight yield (kg/10a) 882° 2,574 2,913° 3,309% 4,608°
Harvesting time (date) 3.31 4.18 4.26 5.6 5.16

. Plant length (cm) 30.7° 70.8¢ 93.3¢ 121° 140.6°

20233%1;r1ng Fresh weight yield (kg/10a) 569¢ 2,193 3,249° 4,151° 4,330°
Harvesting time (date) 4.28 5.10 5.16 5.26 6.3

SS: seedling stage; BS: booting stage; HS: heading stage; 10DAH: 10 days after heading; 20DAH: 20 days after heading

abcde

superscripts in the same column are significantly different according to Duncan's multiple range test (p < 0.05)

Table 4. Crude protein, acid detergent fiber, neutral detergent fiber, and total digestible nutrients in silages of triticale sown
in fall 2021 and spring 2022 harvested according to growth stages.

Sample 2021 Fall 2022 Spring

SS BS HS 10DAH  20DAH SS BS HS 10DAH  20DAH
CP (%) 24.2° 22.3% 21.5° 16.1° 11.7¢ 35.0° 20.0° 18.5° 13.4° 12.4°
ADF (%) 27.9° 31.0¢ 36.3° 38.9® 40.3° 2234 32.4° 31.8° 34.0° 38.8°
NDF (%) 39.0°¢ 47.3° 59.0° 58.8° 60.8° 39.8° 50.5° 50.9° 52.8° 59.6°
TDN (%) 67.0° 64.7° 60.1° 58.9% 57.0¢ 71.3 63.3° 63.8° 62.0° 58.2¢

SS: seedling stage; BS: booting stage; HS: heading stage; 10DAH: 10 days after heading; 20DAH: 20 days after heading
CP: crude protein, ADF: acid detergent fiber; NDF: neutral detergent fiber; TDN: total digestible nutrients

abed

AtLE|X[e] At=7tx| tHEt
ZHZ(CP; crude protein) &2 7953 BubE
9 H7|(SS, Seedling stage)o]| zFz+ 24. 2%2} 35%5 STH
,] 25N 7] &= P =8 SRS HY , 7Fe o R
ISl B EATH(Table 4). *ﬁ%?—ﬂi g 29
‘E"JXEH ol Aashs AeFe HIlth %71(BS, Booting
stage)2] 7-F- wubEol Wg) 7heuhEe] 2 ghekol
o =em, S5 10 o]Fo= 20% mvte g 7 v
I gapgo] fARE e 2ol oeh 22 Aik= 5
Wl Wol 17| AR A 2ehul o] Fei(eF 20%)t
o fFH7](18.5%) dFol 7Hd Ethe A¥H(Heo ef al,
2005; Yang et al., 2021)9} v]2=5}9ic}. ZAMR O] JoFAlZ]
oF Ay ADF 73§ fH7]of 7Haubgdt 5uhgol 242t
27.99} 223%=2 7FY FHAw LS 2 A2 A}
Z7Vel= A3S B9tk NDFQ| A9 % ADFe} 55
owylo] 7P Wby, SH7|<57|<E47]<ES5 B 10
U<Es T 20 o2 HA Tk AS 23U o )
itk TDNO| 79 7Feuhgat Fukg fri7]of 242} 67.0%
€} 71.3% = NDFo} &e] tfg ASA o &3k, A

l

IS

superscripts in the same column are significantly different according to Duncan’s multiple range test (p < 0.05)

F12 24T 93 Dol AFE
2] 9] A ARZHA = 2HA 7], R, A7k A7
W ol we chachn 2AEeY 2 Anl 4= o
Al EZE AL apFA7|9F kA7 o whek Abd 2] A] 9]
AFEZFR)7F 2t Ao] EelE 9 thSong ef al., 2013).
3 EYEAY E57]00 5t S S 65%= X5)
o WE AjleiAle] ZARI S ZohE B AT ung
et al, 2022)% 2 A9 A7} FARE B Eh

B¢ tKTable 4). A X

Algl2Ixiol pH % S714 g2t gt

£ QA pHE 7Hed BohE R0 4
71 7,059} 6.85% 714 EH(p<0.05), 75712} B
S A7E AAEHA Wolx]= ﬁil: H S tH(Table 5).
598 471AR $35 AU ] AN E A4S F7]
2 ZH2 pH7} Yrolx|= A% B9thKim er al, 2001).
EEAL S o|& E57]l 8t 2= 65% olst=
Axsto] RhE AMA X9 Ao A= pH7E 6.28 FALE
AchJung et al., 2022). §7|AF % ZAKLactic acid) 3
o o= FeskEnt B3k GRIIA 1 Rk, 7
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Table 5. Changes in pH and organic acid content in silages of triticale sown in fall 2021 and spring 2022 harvested according

to growth stages.

Sample 2021 Fall 2022 Spring
SS BS HS 10DAH 20DAH SS BS HS 10DAH 20DAH
pH 7.05° 6.21° 6.18° 6.17° 6.15° 6.85° 6.21° 628"  622®  58I°
Lactic acid (%) 1.61° 0.75° 0.50° 0.31¢ 0.22° 1.63° 1.33° 0.69° 0.42¢ 0.40¢
Acetic acid (%) 0.02° 0.02° 0.02° 0.02° 0.01° 0.04° 0.03* 0.03° 0.02° 0.02°
Butyric acid (%) 0.047°  0.043®  0.04°  0.037°  0.03° 0.04° 0.04* 0.03° 0.03° 0.03¢
Propionic acid(%) 0.03 0.03* 0.03* 0.02° 0.02° 0.03° 0.03* 0.02° 0.02° 0.02°

SS: seedling stage ; BS: booting stage; HS: heading stage, 10DAH: 10 days after heading; 20DAH: 20 days after heading

abed

0.5 -
B 2021 Fall

[0 2022 Spring

04 -

03 -

e

Octacosanol (mg/ml)

0.2
de de de
€ €
0.0 L L L L L
SS BS HS 10DAH Z20DAH

Fig. 1. Changes in octacosanol content in silages of triticale
sown in fall 2021 and spring 2022 harvested
according to growth stages.

SS: seedling stage, BS: booting stage, HS: heading stage,

10DAH: 10 days after heading stage, 20DAH: 20 days after

heading.

abede gyperscripts with the same column are significantly

different according to Duncan’s multiple range test (p <

0.05)

Sul% wt wakE AR Ak gl o Esth
(Table 5). ZAKAcetic acid)®] 2= 7[SaEHT}M= &
ool 4 BoEor] AR A4S 2Ab0] TP vof
At 78S melh LBt Aelel A ATATHChoi e al,
2015)0f| ostd #Are) ghefo] w&4F pH7F Wobs vt
HAE 5 o] g3t AFd PR ALZATH(Song et al., 2013)9}
2 A Ao A= dAREEFe] pHoll 2A] FaFE 7IAIA|
okttt YA Butyric acid)@} 3 2 3] 2AKPropion acid)®
Eeele S8HAI717F Kol Hekol WA} Wolxli= 7
= H¢lOm(Table 5), o]t Aib= A o] w©&
W el ool F7bshe EW AdeiAel AT Ak

oo,

superscripts in the same column are significantly different according to Duncan's multiple range test (p < 0.05)

Ake R YTHChoi ef al, 2015). HAT0] AL Hsjof
A5 o2 wAsy] Sla) AR WE A AAAE A
galo] Aate] WAS 25t Yike] AL Fol A
o2 B HYrKim e al., 2020). &7]AF sFFo] AL
hemEa Boks AleA 7] Aol $17)E Aol

U Rlo A= §le ALo2 ERIE G th(Table 5).

AtRxle] SEtTALS B2 s

Eeje A9 AAAY ARTAS o] 154 A
B okE7) % 23] Fusts slsh] Sle) S
e BHe HAY AW, hew B9 g7l 247
0.387} 0.27 mg/ml2 th2 ABSHA R =9kon 71&ut

5 5700 7P wekt(Fig 1), RR71014 $:97)712

Shaigel RSEAT 1 olF F471%E B4 F 20071
Ar SEEARE ol HE7le BAglel Hlsatdt
(Fig. 1). 29 BSEAE Setsabs G 2410 23
A 33k 62 FR719 Bl A aHSIclRa e
al, 2020). o] ATE o H, BulE Bt 1S
S EdEAYE A1 SR A
g BAQ SEEAE Fol B AUAE AT 4
9ge MolFL Aot

x
a3

0]

2 A3 EEAY] a37I(Rs, B9t 3
(FH7], 971, 2471, 25 F 109, 25 5 209) Ard
22 AbE7FR| S} 715 AR w4 AnE EEHE Al g
A 2AR fEo W EEAde] HA atgalz|et
T3] A4S S 7|2ARE AF6hr] §gk Aol, Al
3t Ak o33 gk
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