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Abstract

The objective of this study was to investigate the effects of dietary hydrolysable tannin on
growth performance and methane emissions of Hanwoo beef cows. Fifteen cows participated
in a seven-week experiment. The cows were stratified by initial methane emissions and
assigned to one of two treatments: Control and tannin supplementation. Commercial
hydrolysable tannin was top-dressed to a concentrate mix at 3 g/kg based on the dry matter.
Enteric methane production was measured for 4 consecutive days at 1 week before and 1, 3
and 7 weeks after the initiation of the experiment using a laser methane detector. The feed
intake was measured daily during the methane measurement periods and an additional
two days prior to each measurement. The body weight of the cows was measured every 4
weeks. Hydrolysable tannin had no effect (p > 0.05) on body weight, average daily gain, dry
matter intake (DMI) and feed conversion ratio. After one week, the methane emission of the
tannin supplementation group was 3.66 ppm-m / kg DMI, which was about 3.4% lower (p =
0.078) than that of the control group; however, this tendency disappeared at 3 weeks after
the start of the experiment (p > 0.05). The results of this study show that hydrolysable tannin
supplementation can reduce enteric methane emissions for a limited period in Hanwoo beef
cows. More research, however, is needed to determine the optimal level of hydrolysable
tannin supplementation to reduce enteric methane emissions for a longer period without
adversely affecting the animal performance of Hanwoo beef cattle.

Keywords: growth performance, Hanwoo beef cattle, hydrolysable tannin, methane
emission
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5ol Jlom, 1 F F4t Hopolla EAI7} Ee 247 kA= mghat oikstal Ao tHIPCC, 2007; Choi et al., 2017). £5
H-5-=o] A7t HlE s k2 AAAA 0 & 839k Eof| o] 21, o]= QIZke] EE 0 = Qlal Q191 H o = Hloh=F
Hek v &) oF 28%5 FA|gcH(Beauchemin et al., 2008). t}-<0] 4 ol o] gk Hgh 7kA0] A3/ 1} vl &2 wh
20| AR EHE A= F ollifA|9] 2- 129 F o] &4 0)7] wjiZol Mg 7kA YA o= QISH AlR o] & &80 A
ot J4td el Ha7t op7|E 4= glthJohnson et al., 1991; Ha et al., 2005). ©]oil whzt §F9) f wigh 2 gehe: ojA1gt 2
870 A7|=]of, Z}E BALE, AlE FEE, A& 7Hse 3tE 2 AR R o] &l Hiety/d= A Alske A7t
25| 7198 =10 QIrHHristov et al., 2013). £3] A 2o|WA] §HE] gy dol A} Qe ACR g
(essential oils), Bd (tannin), AP (saponin) 5-0] L% 31 QIcKHristov et al., 2013).

1 F ehd2 Hholu = E 2] 5o oy LR ZE, LRS! 5ol @il o] e 484 EajulE 3k
0 2 7}R3514 (hydrolysable) BHd ¥} %314 (condensed) E1d9] = 714] Fej2 EFHTh 3 ehd 2 F7|A82A]
J8H(Nguyen et al., 2005), 2%l EE5h= T4 ofn]icite] 43RS F7IA7|= 8 (McSweeney et al., 2001; Min
etal, 2003) 52 oh= EA = dEf3lon, B S BiE5Eo| Algol FoT ¢ 2 Y, 7 ol Z7E HA e s
W, 145 ERE 4 59 a7t vehd v QlthBarry and McNabb, 1999). #-2] 9 Zxjol| w29, ghd-2
HFZ Q) ok MRS X o 200671A] ZHAA]7 = Gal7 .2 (Woodward et al., 2001; Sliwiriski et al., 2002; Waghorn
etal., 2002; Zhou et al., 2011; Staerfl et al., 2012), Bl o3t ¥H==9] mjet 2y 27k Sah= 23 s 7PEA Q1 218
of| oJaf o] Fojx|i= A 0 2 Helrt. B2 2|34 0 = wlehY/dwto] 42 AAISHAY, BE9] Wl Ad-f4 Bl n|lAd=
o] & AAsto] 1A 0 & gk A4S AAlsks Sk QltHTavendale et al., 2005).

71 53t ehdo] mek 27} o]l #oh A7 F2 S39k whdol] 27 o] B Ql It Wischer et al,, 2014). 12
U7k RalA] vhd e 29k ey AR Hjek 47 @ 3ks A Hthe A3 A7 Q13 (Mueller-Harvey, 2006), 23]
of| ulal migk A 7toll o ExpAoletal B vt AFE ITHGoel and Makkar, 2012;
). S35 Bhd-2 vEEjol| A Eafiw]#] ekom (Makkar et al., 1995), $73tol] A= o] 2218
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£ A= Atso) 7R Eald B S 7S ) ok o HIS-9-0] ARQF Ad 2] |l miek HkAEFol| 4 o] 2}o] & s}
S RALT EE
Materials and methods
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A 7 15 A ZAE AFE S5k, FoiE o)A g 577](LaserMethane mini-G, Tokyo Gas
Engineering Co., Ltd., Tokyo, Japan)& ©|-8-5to] 7} 5-E9] W&k viE 5 =5 447F SAsIIth 7HA| vk vlE 5=
E71E0% P dA HIKR 1555 S50 2 UHraL, tiEAef B X2j-tof 242} 75, 854 QJo) = vl |53l Al
712 A A8 7Y 1, B AR 732 Sto] il Hig R = 3 AFFEE $H-(RDA, 2012)01] t
2t A2 1.5%5 Fofslla, 2tol e As AR A ASHES st AbRe 270 8419 2.5 SAJof FUGH e Lhro]
28] FoAolA L, g4 7S -5 2B AHskES skl

Mg sk £

2 A= Ul o] ofs) A miEk viE 525 S7ol7] 2lsf 2o A wE 77| (Laser methane detector;
LMD)E °]-&5k= LMD 2 285131t LMDR-2 Chagunda et al. (2009)2] W& HHgr o2 A 2H7o] giA| 7
F7gsto] Aot FAIFES 28|20 14T & LMDE o|-&sto] WEh HiE s =5 S4sIlth 583 2F2m
Hoj 72ollX LMDelA TARE = E4lo] 5-E2] F of2)] F-g(Hio] Fi= {47ke] Hitiw)of fIX|He g 5toq, o]
A7} 3 of2f} Fgol Hhabe] o] Eoke =8 Sigith. o] A5 0] 83t B SA2 0.5% A 0= 6wt AT

Hgh s = AR N 139 4, 714 1, 3, 75 & 5 4247 i @4 Abg Fo] 2 AR Sofl 513 6 &
FH0.5% 7H 02 24 H 427} 00] A, 1,000 ppm-m & 233t Lol = Hlo|Ejoll A A|Ql5}L). & 4U7H =7
%] -2 of-sto] At 2AS AAISHIH:

Table 1. Diet formulation of the concentrate mix used in the experiment.

Ingredient g/kg
Corn, flaked 249
Wheat, finely ground 237
Gluten feed 95
Palm kernel meal 83
Copra meal 61
Soy hulls 47
Corn ground 41
Whole cottonseed 36
Molasses 32
Rice barn 24
Wheat barn 24
Cottonseed hulls 18
Limestone 16
Beet pulp 12
Palm oil 8
CMS/MSG 7
Urea 6
Sodium bicarbonate 4
Salt 2
Vitamin and mineral mix* 2

CMS, condensed molasses solubles; MSG, monosodium glutamate.
“33,330,000 TU/kg vitamin A, 40,000,000 IU/kg vitamin D, 20.86 IU/kg vitamin E, 20 mg/kg Cu, 90 mg/kg Mn, 100
mg/kg Zn, 250 mg/kg Fe, 0.4 mg/kg I, and 0.4 mg/kg Se.
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HE MFEF Y HE EH
A& e LMD 27 29 HEE] 4U7k] LMD 24 7|7HS Z3ot & 6247 Z7519ich vigtAla = Jof 302
FolRre 2451l o, 2to] Jefae ARs AFR A3 =7 7171(Dawoon Co., Incheon, Korea)E- 08510 &

HAFS 2R AFE A A F 4o 245

syt 42 24
SA=!

Ata9] sFelAdE-2 n|=to] Cumberland Valley Analytical Services Aol $JElsHo] 24351 tHTable 2). ZA&(dry
matter, DM; #930.15), 22 (crude protein, CP; #990.03), /\V\Wlxﬂgﬂ’é 452 (acid detergent fiber, ADF;
#973.18), 23]+ (ash; #942 )% AOAC (2005)0] whet 495191 00, 22K ether extract, EE; #2003.05)02 AOAC
(2006)0f] whe} EAEHIct 2ehld e A glaro] 625802 Ateilal, & M d=FS Leco FP-528 Nitrogen

Combustion Analyzer (Leco Inc., USA)E 0]-&3}o] FokA(Dumas) 1% A4 0 2 BAEIQIcH A A1 E-24 2
1 (acid detergent lignin, ADL)2 Goering and Van Soest (1970)°1] w2} 445191 11, S AlAE-823 4184 (neutral

Table 2. Nutrient composition of the experimental diets (g/kg DM or as stated).

Item Concentrate Ryegrass
M (g/kg as fed) 873 912
oM 934 927
Ccp 155 65
SOLP 71 35
NDICP 27 15
ADICP 11 13
aNDF 311 748
ADF 155 512
ADL 38 88
Ether extract 43 7
Ash 66 73
Ca 10 4
P 5 1
K 9 20
Na 3 1
Cl 4 7
S 3 2
Mg 3 2
TDN 741 474
NEm (MJ/kg DM) 7.3 4.1
NEg (MJ/kg DM) 4.7 1.8
Total carbohydrate 737 855
NFC 453 122
Ethanol Soluble CHO 57 40
Starch 368 14

DM, dry matter; OM, organic matter; CP, crude protein; SOLP, soluble CP; NDICP, neutral detergent insoluble
CP; ADICP, acid detergent insoluble CP; aNDF, neutral detergent fiber analyzed using a heat stable amylase and
expressed inclusive of residual ash; ADF, acid detergent fiber; ADL, acid detergent lignin; TDN, total digestible
nutrients; NEm, net energy for maintenance; NEg, net energy for growth; NFC, non-fiber carbohydrate;
Ethanol Soluble CHO, ethanol soluble carbohydrates, starch, soluble fiber, available insoluble fiber, unavailable
carbohydrate.
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detergent fiber, NDF)+= Van Soest et al. (1991)°]] w2} & 9F4/d obdzflo] A(heat stable amylase)g ©|-&-5to] &4
Stal o] 23] 8-& 383t ZHaNDF) o2 BHsH It 88l @A (soluble protein; SOLP)2 Krishnamoorthy et al.
(1982)0l] wet EA5191 31, SAJAIAIE-8 2T 2 (neutral detergent insoluble crude protein, NDICP)2} AHd Al 4| &
-8z thl A (acid detergent insoluble crude protein; ADICP)-2 Licitra et al. (1996)] wh2t £33 31tk of|gh2- &3] gt
£8}=(ethanol soluble carbohydrate; ESC)¥} 2 (starch)2 Hall (2009)°f whe} £4519.0H, FE2-2 AOAC
(2000) ®ol] wlet EA51oIct. 7kAashd diA F3(total digestible nutrients; TDN), -5-2] Ju|of 2] (net energy for
maintenance; NEm), /3% |0l %] (net energy for growth; NEg) 5! & ©3h22t H|4d-f4848H2(non-fiber
carbohydrates; NFC)2] =2 NRC (2001)°1] AA1 BFRioll ufe} Alatstict.

HEl S &4

(ppm-m / kg DMI)x= LMDZ 573+ 4] (ppm-m)E s 552 vt 55 6 (M 525 S745H7] A 242} H|
s E SASH4Y) k] Bt AT R e BT viE 55 ons)

& = (standardized methane concentration) = AF&5}19it}, & Hgh =
T2 A A 21599 Hgh 0] 7 Hmedian) 02 751, 1 7hS HA A 2(155)2] wek
Bra o &2 Altelt. o), BE vg s (559 vE 5k - 1A AdEe] ve 5
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AFF, A5 2 Hat vleh 24 452 SAS version 9.4 (SAS Institute Inc., Cary, USA)2] PROC MIXED & 0|85

‘5] Pearson g7 PROC CORRZ ol-8ato] #5191t} 54 R4S
7ol SA1A F-21/d, 5%e114 109 Atel ! 7390l Bl A2 7HdaIiTt

Results and Discussion

At M
e o] 7171 &he- obAr HIS-9-0] AKeF /dAol| m|%] &k Table 30l YEhd vl 2}, 7HA] Al 2 S8 A|FollA

Table 3. The effects of tannin on growth performance in Hanwoo beef cows.

Item Control Tannin” SEM p-value
Initial BW (kg) 633.40 627.20 24.850 0.859
Final BW (kg) 670.10 654.80 6.270 0.359
ADG () 635.20 392.50 99.510 0.359
DMI (kg/d) 8.20 7.56 0.526 0.194
CDMI (kg/d) 6.16 571 0.367 0.231
FDMI (kg/d) 191 1.82 0.207 0.427
FCR 16.1 26.50 6.230 0.887

BW, body weight ADG, average daily gain; DML, dry matter intake; CDMI, concentrate dry matter intake; FDMI,
forage dry matter intake; FCR, feed conversion ratio (DMI -+ ADG, both in kg).

"no tannin supplementation.

“supplementation of hydrolysable tannin at 3 g/kg of concentrate on dry matter basis.
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ti277F e X2l Boh 242 6.2 kg, 15.3 kg O] 2 3t Blou BA4 fojxh= ek ektthp > 0.05). 4
o SATE ti277H e A2l H]OH 243 g=4 o 7iA| 7te] wio] 2 Qlel FAIA o 2 [-of5A] 2tTHp > 0.05).
gtk o] AEAF T =AM UEAFHE2 tizolM 22045 kg/d, 0.09 kg/d B =UAIRESAIA fof2p7E &
AekA] 2o (p > 0.05), IR 2 A% A= 277 0.64 kg/d B A2 EAIA 2}o] S Holz] ekttHp
>0.05). AFs 27-8-2 t2tet ghd Xj2jollA] 247t 16.13F 26.5 $1Om =24 O 2 ol A] Al Q-80] Wt
Ot BAARI 2fol 5 ol 2] BkTHp = 0.887).

HEE5E AlEol o) 7k= Als AT A5R8S AAAIZ S 24 G2 77 EojAl = 7
FItHMcLeod, 1974). McLeod (1974)°]l w2 R £1d0] 247} whg 7] 5/ Alsh= Sd o} efell o] ZJolf thala] Ao]o] it
52 &5l =AU Bhol] 23t 2344 Q1 HEg-2 S5 A E .

T ghdol] Rk A3 Et dE 2] Alsh Ak 37k ©d 9wl wet 2le] & Helnh ©hd o] 7F 0]
A B2 39 AdFFl nlAl= FaFol A.om, o i AdgEe] ek 3] gd= Aoz HaEeh gl 2 THeF A
HollA z*hL W &34 (50 g/kg DM old)e] Bo] gl 730l Aol fojAor Zhasiglon, v a1
o W2 (50 ghkg DM PIRhE 7ok Z-2olle A3l 932 nIxIAl e9ttt (Barry and Duncan, 1984;
Waghorn et al., 1994). Beauchemin et al. (2007)2 H]§- 717] A0l AlE2kz(Schinopsis quebracho-colorado; red
quebracho)ollA] &35 Bd-& 71et Aat A& AF gt g5l §22 Afol= gllod, ©dS 2% DM 3
7Rt AgjHollM AgEEe] aAA R fasiglal, Pl Aske2 fojFor W Ans At H&F 70
chestnut (Castanea sative Mill)ol|A] &3t 7H4=231/d ©d-S H7Fet 42 /3780l 1.89 kgollA] 1.77 kg2 &2 444
o2 kA4S Anks B9l oM Mimosa (Acacia mearnsii black wattle)ol| A 323 3] €hd o] 9= 1.92kgo 2
Q3] F7I5 7:‘1]& B} ltHKrueger et al., 2010). 2 AtollAl= o] 5 Bt o A2 ofo] el (Highite
kg 93 gl& Foiotl7] whzol, 529 JdEolls TS nIxA] @2 Aoz wiE
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M|E b=

RS W L1300 B S S ok B 0 4 122 AU L
779 ol LMDE ol §3to] 2t 4 vk 558 Z4slect. A8 A 152 ¥ chzpo] g wyape 379

ppm-m/kg DMI= & {2]519] 3.66 ppm-m/kg DMIC] HI3H 2F 3.4% =& %S Hof £hdoj oJsf wgt 7kA viE
o] a7 b A= THp = 0.078, Table 4). L2fut A3 7HA] 352U FRE}= tizek ghd X 2j 7o) wgh 2y 5ol
A 2] 2foli= EABHA] TH3 Week: p = 0.224, 7 Week: p = 0.737).
N AR g0 1579 A9 & Mg 558 24 374 7RIA™ 71K 1, 3, 75 —?—) H 2F e Feof vt Axt
7} Fig. 10f e ok A 7§A] 1522 Foll= ool Hisf §hd o] Z7}ollA] & met
o] Eotot fodo) x| = WtThFig. 1A). A 7HA| 33Y S0t 75U =AY 7H/\] 15 Zﬂj H] skl w, A
7HAT 1522 Sof|A] ol miet 217k ate] silo] YehA] 8QtthFig. 1B, 10). A 7HA 1579 22} 35 $0] &

Table 4. The effects of tannin on enteric methane production in Hanwoo beef cows.

Item Control Tannin® SEM pvalue
Initial (ppm-m/kg DMI) 5.03 4.44 0.535 0.325
1 Week 3.79 3.66 0.305 0.078
3 Week 4.25 4.06 0.431 0.224
7 Week 4.33 4.24 0.287 0.737

DML, dry matter intake.
“no tannin supplementation.
“supplementation of hydrolysable tannin at 3 g/kg of concentrate on dry matter basis.
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HEh 525 Hlaskele of, B X2)7H(r = 0.155, p=0.714)2F 22| th27(r = 0.968, p < 0.001)ol4 = 2121 &
XA IS B AckFig. 1D).

Krueger et al. (2010)% chestnut #-2l| 7234 & TMRO]| 14.9 g/kg DM 7}sto] v]8-90fl 6523+ Fol51%]
& u, %5 2 ek egRRe Zhashed 2t QIltkal Huslgich Liu et al. (2011) chestut &) 7H=E3814
EHd-2 HgollA TMR Y] 30 glkg DM & &of5t3iE ), A3 D2} 4 d-E0lM e Sk glou mgh 2hlghe tizt
of v]5} 2] & 02 ZhAFIths AL ATHB5.8 g/d vs. 48.5 g/d)E- EargH v Qltk. B=3H in vitro HFES] Bha Alg]of|A)
chestnut ¥ valonea®l|A] &3t 7155l €hd o] Al& U] 7} 450] 20 g/lkg DM wh= = B £5 25F th2
9} v w5lod wet BhAgko] ZhAaskA] QEko L2 7.5 mL; chestnut tannin 7.5 mL; valonea tannin 7.6 mL), 50,
100, 150, 200 g/kg DM C & Z7}4=520] szopof ufet f-0]4 0 2 mehdgFo] Zh4shs B 115t rHchestnut tannin
6.6,5.8, 5.2, 4.5 mL; valonea tannin 6.7, 6.1, 5.5, 4.8 mL) (Hassanat and Benchaar, 2013).

2 ArollA] B2 AllEe] HAER HiRALE kg G 3 g= Fo{ot3l=t, ol Mg A7he] B1kE Uehd =2
ST Hlol 2 $2US & 4 At In vitro ARoA A= U 50 glkg DM o3 27} AR mjgt 74| axp7t
Uehd Aol Her A= W 30 g/kg DM= 716l ol mleh H40] aiks SIS 2 02 Hol gFe AqtofAl= 3

lo

A Standardized methane 0.7 B Standardized methane 07
concentration after one week concentration after three week
of the trial (ppm-m/kg DMI) O of the trial (ppm-m/kg DMI) O
-1.4 ® ; 1.4 -1.4 e I O 1.4
Standardized methane O Standardized methane .
concentration before the onset . concentration before the onset
of the trial (ppm-m/kg DMI) of the trial (ppm-m/kg DMI) O
-0.7 07
C Standardized methane 0.7 D Standardized methane 07
concentration after seven week concentration after three week
of the trial (ppm-m/kg DMI) of the trial (ppm-m/kg DMI) O
& o
14 2-&6 14 14 %) 1.4
Standardized methane ® (@) Standardized methane .
concentration before the onset concentration after one week
of the trial (ppm-m/kg DMI) of the trial (ppm-m/kg DMI) @]
0.7 -0 7T

Fig. 1. Changes in standardized methane concentrations by the time of measurement in Hanwoo beef
cows. (A) Comparison of the standard methane concentration (ppm-m/kg DMI) before the onset of the trial
and after the 1 week of the trial. (B) Comparison of the standard methane concentration (ppm-m/kg DMI)
before the onset of the trial and after the 3 weeks of the trial. (C) Comparison of the standard methane
concentration (ppm-m/kg DMI) before the onset of the trial and after the 7 weeks of the trial. (D) Comparison
of the standard methane concentration (ppm-m/kg DMI) after the 1 week of the trial and after the 3 weeks
of the trial. The standardized methane concentration was calculated as dividing the difference between
methane concentration of a cow and the median of methane concentration of all animals by the median
of methane concentration of all animals for each measurement period. The open circles (O) represent the
standardized methane concentration of the control group (n = 7) and the closed circles (@) represent the
standardized methane concentration of the tannin supplementation group (n = 8).
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7IpEg Aol AL Ul 30 g/kg DM oo 2 S7HAI7]= Zlo] B e g Zlo = wetkHd.

5k 2 A A A HI S ALgol B2 7RIS o, v HilE Zhao] aaprEehd gof 150l AR 1 ARk
g& UL 21 o] Foll= a2t QI 212 HHE9] @7] nlAdEo] ehdof tigh uld =2 484 U] whael
7oz Heltt, of2{gh 2.3 2Hgol| ofsl ehd FojFolie= Al g0l 158 $91 357 2o & Hd 5= ol A&
A7} RAAAITE, o] thgh 24-3o] Z2 23t tix o= 17U 591 357U $o] FE HE s=7Fule- o242
2 o) A1 S HltHFg. 1).

o] A+t Aol w2 ™, e o] THfo] w2 AR E A EH 528 Tdol tidfohs ol 712to] iigE = o2 U
Ehd B} leHMakkar, 2003). Odenyo et al. (1999)0l] Th2 ™ ¥HE: ] E-50] 7Hpgal/d THd2 WA Zsfsto] of
& 7Fss st BlE7| atste) mEsks E3t Zhasld B @S Al lE A8 4
A= o, ol2fet nEES B vt &2 5 B84 02 AESI3int. ok, B Uf Se
ruminantium % Streptococcus spp. 52| | 2{ok= esterasett tannin acylhydrolyase 52| 245 AJitsto] 7k
B ghdo] o AH 2 AghS Balieh 4 Q= ehd Wi o2 227 v Qlct (Skene and Brooker, 1995; Nelson et
al., 1998; McSweeney et al., 1999). ¥ 0] 50| 7hpEal/4d ghdo] gt @%"é Hol 7|2 AL Axlz wokel &
o, 2 Aol ghd xj2jol] mhE meh WA 217t axp7E Fo] 1 3 Sofnk HkE Anfel Fgshe o ® wE
ok

2o

eleromonas

B odojA s H97|7ke Eatslo] 87k EUH oFe] BIS W7l S ATlolAl s AFR U 714l e
9] 47} 428 Z7MA7)a, HhE29] U 7F5A)S Telsho] vle Ehake] X420l ZHAS K| 9| A7zt 5ot
ehd e W} Z7IA1A FolaiU §op7I7HS Fol UAS WAjsls So] 7|rke 2As10] Solals o] Wa st
A0 & A7k,

Conclusion
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