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Abstract: An experiment was conducted to determine the effects of tannic acid on nutrient digestion and nitro-
gen metabolic parameters in sheep, in order to determine the appropriate amount of tannic acid in feed. Four
fine-wool wethers (two years old and average live weight of 3542. 15 kg) fitted with permanent rumen fistula
were selected and a 4 X4 Latin square design with 10 d preliminary and 6 d sampling experiment was used to

study the effects of 4 different tannic acid contents on nutrient digestion and nitrogen metabolic profiles. The
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contents of tannic acid in diets were 0 (A), 10 (B), 15 (C), and 20 (D) g/kg DM. The results indicated that
both feed intake and the intake of DM, OM, NDF and ADF were affected by the tannic acid in treatment D (20
g/kg DM) (P>0.01), while the digestibility of DM, OM, NDF, ADF, Ca and P was unaffected by the acid
contents (P>>0.05). The intake and digestion of N were higher in the A, B and C treatments than in treatment
D (P>>0.01). N retention increased as the level of tannic acid increased (N retention in treatment C was higher
than in treatment A). No differences were observed in N digestibility, pH and total nitrogen in rumen fluids
(P>>0. 05), whereas the levels of NH;-N and BUN decreased linearly. The level of NH;-N for diet A was
higher than for D (P<C0. 05) and BUN was higher in the C and D treatments (P>>0.01). In conclusion, tannic
acid increased rumen bypass proteins. N retention was improved when the ratio of tannic acid was less than 15
g/kg DM, suggesting that the optimal tannic acid content in diets is less than this ratio.
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B PR (tannic acid) OPRERBR » & — M0 2 W AL 5 W) A7 A8 T 40 1 L 2 0 L L7 030 L s 3R K L 55 4B ) 2H 21
Hh TR ) 1 R B I T UK T VBT Bl G K S8 0 LA B KIS PR O BEAS Ve, BT IR MIE R B B T2
FAEEBAAA Y . B R P R R S TR . T SR T IR BB S 5 AR A L R S AR 45
B BRUTTE » B — BLOA N & Rt P B R . SR T R 2 Sh R I 1 A B 2 R RN T Ak R R R
HHIE BT R 24 Sl R T AR S R B R B — M BUARVE Y — R M pH  5~7
I B3 ] 5 R ) M DR v A AR SO U A ) BRAR R 1 BT TR R S BV A RN T M L R SR R 1 A )
A G e L B A RO TR R B R AR . MR T R RE S IEARE (pH 2.5
NG (pH Jhy 8~9) I, 283 4 1 i A B 2R 1 8 20 L 2 U S T WO /N 3 0 o, DTG 36 B0 98 1S B 1 AR
MR R . A ATE DS A= Tt hygs i/ i B R T 4 w8 A 5 v B T AT O PR T R R AR R DR R R R
PRSI T AL . 5 9 R 450 3 b 24 4 2 Tl MR B 1 /K OF- 4303 Oy 0,00, 1. 70 1 3. 40 g/kg T-#) % (dry matter,
DM 1 £1 & A AR BIF 58 A B Al MR e B3 7 5 0 3. 40 g/ kg DM IR X G K 2 190 B2 A9 DR 9P S8R i i . IS S I
o S RL HE R A T R SO S 2 sh Wl g 8 R B ORI RIOCR L B A A K R B ST AR GE 5 1 X T AL
Sl i BT R (Corp Hi, O XA BT AR AP ROR B A A FRARIE . A IS0 LA 34 gh WA Y 5 TEAF 58 fal R e 5 0
I3 M Bl BT R (Cog Hiy O X B2 2 2178 379 SO A ) P A A B 52 00 5 RS 70 A 2 B0 7 T A ) KR PP Y 0 DTS
e Sk Sl BT RRAE O R4 sl Wy R i R B AR R — RO B RS IR0 LA & R O O AR S e R it B e
A
1 MRE5FEE
1.1 X%t

AR R T 4X4 50 T it e 4 R K AT B E R A (2 2 PR E Jy 3542, 15 ke) 1)
FRAGER I 16 d(HRIY 10 dL BRI 6 &), 2 WI3E 64 d. AR I A0 TR 00 45 SR CR2 i 4 2 R 1 A0 B 7 R e K
BN <20 g/kg DM) ALK 43 9 ABLC Bl D AL AR UK A 5 Bl ) B2 o 78 46 B2 77 iR 0,10,15.,20 g/kg
DM,
1.2 RBEARE s E R

B0 )R 2 B [ 56 ) AR S FR AR T L 4% H B R 50 g/ d B R - TH AL BE (digestible energy. DE) VKL
Jii Ccrude protein, CPO#EF HE A 1. 5 A5 ECHI (3R 1o Zp Hrali 807 R CBEIRO W B R HE T Bl ad 1k 22 R A R A )

LR B BT R AT S BB AR RIS — A AT R 5 a0 A e ) R R R TR
T I E IR . K R B T AT A A e i) % a0 i — o 5 W 3 9 Sy 3K 6 ) AR R R FORELRL 249 8
Jei o i HOREEC 7 i 4 i TR A H O R AT 4 R, BB MR 2 S IR ) 306 G 1. 0 kg DM, 43 3 YK 45 i il Wi
(07:00,14:00,21:00) , 5 K HEHHFR 5 5 10 R BB 5 AR, HLR 1wV BRDEL, B i ikoK s



W26 £ 12 ) 2247 2017 4E 181

F1 HABEEMERNARREFKF

Table 1 Composition and nutrient levels of the diets

JFURFH %, Ingredients 1+ Content (% DM) B2 /KF Nutrient level & Content
F >k Corn 37.85 AHHLY Organic matter (% DM) 92.01
K &K1 Soybean meal 6. 00 1L iE DE (MJ/kg) 14. 70
B 15+ Allalfa hay 12. 00 HE AT CP (% DM) 11.25
T KFEFF Corn stalk 27.00 PR 4F 4E Neutral detergent fiber (% DM) 52.01
KEZF5FT Barley straw 16. 00 TR PE LR 4k Acid detergent fiber (% DM) 33. 65
B A F5 CaHPO, 0.17 5 Ca (% DMD 0. 46
A KA H Limestone 0.33 B P (% DM) 0.23
Eh NaCl 0.50
B Premix 0.15
43 Total 100. 00

R R A kg H AR LA T E Composition of premix(mg/kg 1 # Diet) :Zn 60,Fe 60,Mn 40,Cu 12,1 1,Se 0.2.,Co 0. 3,

1.3 #RRES5MEF &
13,1 JEfeRihikes AR R TE AR EHREE  R  5 d L HOERRFR S 0 SR R
B IR A R WFE S R A) 685y 8 GE 1 mm FLFD J5 . %0 DM, CP 45 (calcium, Ca) . ## (phos-
phorus,P) . 1 PEPE 2] 4 (neutral detergent fiber, NDF) 5 /2 ¥ Pk % £F 4k (acid detergent fiber, ADF), % K&
I C06:30) W AR 3 IR A it o % H HEE 3 1) — & LU BIIRCEAT: L 8 65 “C LT Z e 5 | [n 3] | FFAR /5 il i T4 it
I DM, Ca P ADF 5 NDF; 53 H HEZE 5009 2008 7 HOfR P i 10 206 R (H, SO O W R IS RE L V2 i, 25  3%
. FEMORZA 2% ok H, SO, 0 mL, DU 8 200 7% B HEPR 19 10 %0 ~ 20 20 BURAE CICHE PR 8 ) B 90k}
L VA A 25 I PR TR 2R o BRCTRL R A T B e 5 A T AR ) e iy i T RRCRIZE A i DML CP L, Ca PR
g3 (Ash) (RRPEVE VR £T4E b M DR VR 2T 4E J2 IR A (nitrogen, N) & H
1.3.2 5 B ke WSS 6 KA BIFE 6:00CEHT 1 h) . 8:00(&J5 1 h),10:00(& )5 3 h),12:00(&J5 5
h) [ 14:00C& /5 7 h) , 443 HOl R0 1 348 DR 4 rh il JBUR B W29 50 mL, & PHS-2F 8RR 1 (it i ik 4X
fr ) O SC BV E pH AR 1005 4 J2 20 A0 3 08 OB DB VR TR AR, I AR AN HgCL, ¥ W 2 W CRERG KD J5, T
—20 CAR-AE, 4595 W% 54 & (total nitrogen, TN) VZ A (NH,-N), 98 B i NH,-N ¥ B (70 52 , #2552 2605 it
HE L 7L HE AT .
1.3.3 Mm¥kES BRI 6 X 9:00C& 5 2 h) & HEFFHICR M 10 mLUFZRPUEE . 2 BB AT i 5 L
5000 r/min £§.0 10 min, MK, —20 CLRAE, % I JR K %A (blood urea nitrogen, BUN) . R JH — £ Wt N5 ¥
Gl 700 & e pig o A AR ) R 9 P 4 A1) R 47 10 2 PR 38 R 0 2
1.4 HEXLE L%

K SPSS 20. 0 B AF AT LT Jr 5 22 3 M. 25 W E ] Turkey WA 2 & AL NI S5 R KRR A
Mean=+SD,

2 BREHMW
2.1 B R TEAENE T RMSHG YA
th 2 2 A i o 45 A AT T ER S R XDRT I pHOR AL N B E T 2 3 R (P> 0. 05) 5 {H Bl 3L T BRI 1

TR B NH,-N B R R Z /I B TR B A i NH,-N 3k B 25 T D(P<<0.05), HIL ¥
BUN # i & & T C.D(P<0.01),
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Table 2 The average of rumen metabolic parameters and plasma blood urea nitrogen (BUN)

Ab P Treatment pH N Total N (mg/100 mL) NH;-N (mg/100 mL) 1 3% BUN (mg/100 mL)
A 6.74+0. 14 47.2646.31 23.3141.22a 17.32+1.53A
B 6.68+0.12 45.4245.45 18.42+1. 56ab 14.29+1.76AB
C 6.66+0.13 44, 83+6.23 15.53+2. 27ab 13.42+0.87B
D 6.65+0. 26 46.8049.53 12.87+5.32b 12.98+0. 32B
P Y P-value 0.746 0. 845 0.035 0. 040

TE R IS ) K5 5 B 360 28 53R 3 (P<<0. 01) R I/NE 52 B 368 22 53 | 3 (P<C0. 05) , T Il
Note: Means with different lowercase letters for the 0. 05 level, different capital letters for the 0. 01 level within the same column represent differ

significantly, the same below.

2.2 HARTFTETRAZTHBERSEALS EA ARG YA

2.2.1 TYRAHYESLHEY RN EWHE AR 44 A B.CH DM 54 HL (organic matter, OM) 3R
RV RE R E R T DP<0.0D) ;45240341 DM 5 OM 38 pfE i e R 22 R A B E (P>0.05) {1
Wb AB.C ) DM OM JHALR ¥ 2 & F D i HE G 3) 0 & 434 AB ) NDF 5 ADF & A & .14
B B3 T C.D(P<<0. 0D, &b ¥iZH C ) NDF 5 ADF 1 A& JH b &K W3 5 T D(P<C0. 01) ; % 4 H ]
NDF 5 ADF gy HEH & H bR 22 5 WA (P>0.05),

R3 LENTURANR. PEREFEMBREREFERIELHRZ MW

Table 3 Effects of treatments on apparent digestion of dry matter, organic matter, neutral detergent fiber and acid detergent fiber

it 51 foAlt 1 i i Wi
Treatment Intake (g/d) Excretion in feces (g/d) Digested (g/d) Digestibility (%)

A 1000. 00+0. 00A 322.19419. 83 677.81+19. 83A 67.78+1.98
1000. 0040. 00A 331. 16415, 62 668. 84+ 15.62A 66.88+1.57
DM C 938.004+21. 76 A 320.254+33.10 617.75+11. 34A 65.8543.53
D 756.00+91. 23B 261.43469.52 494, 57+21.71B 65.4242.87

P {f P-value 0. 002 0.127 0.001 0. 895
A 920.1240. 00A 302.42423. 68 617.77+23. 68A 67.1442.57
B 921.0540. 00A 294.68414. 60 626.37+14.60A 68.0041.59
OM C 878.36+15.86A 278.72430. 25 599. 64414, 39A 68.27+1.64
D 689. 34495, 56B 229.78+75.00 459.56+20.56B 66.6742.98

P {4 P-value 0.002 0.193 0.001 0.955
A 520.1040. 00A 194.16+12. 96 325.944+12.96A 62.67+2.49
B 518.6340.00A 195.82+11. 38 322.81+11.38A 62.244+2.19
NDF C 400. 89+38.42B 157.74420. 67 243.154+17.75B 60. 6544, 43
D 380. 69432, 15C 116.89+45. 10 224. 61426, 24C 59.00+6. 89

P { P-value 0. 000 0. 146 0.001 0. 947
A 336.4640. 00A 141.30410. 32 195.16410. 32A 58.0043.07
B 331.5240. 00A 133.774+9. 26 197.7549. 26A 59.65+2.79
ADF C 264.85414.63B 102.10410. 85 162.754+3.78B 61.4541.43
D 200. 23426, 13C 76.85441.58 115.0947.16C 57.484+3.58

P {f P-value 0.

000 0. 081 0.001 0. 886
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2.2.2 HWFRMIH AR P AB.CHNEARYS NHAENKEE T DP<C0.01) ;45 402 [\ )R
NHEH S N AR 2ZEF AR E (P>0.05) ; %5 A0 PR 28 N HEH 5 Bl 57 /R Lo i 396 T R A B4 A B
ERm T4 C.D A B &S TAMA DGR O A CHNARREREST ADP<0.01D) ;£ 403
1] N £f /& $%$T R LB R 2 BT AL C A 3 s T A(P<C0. 01) , JoAth £ Ak B 1] 22 S5 48 W 3
(P>0.05),

x4 RBELEW NRRAHELNFENRID

Table 4 Effects of treatments on apparent digestion and retention of N

Ak AR PR AHE s FEHR B ERTEEI7 s CRIERLTES A7 RAFEH R
Treatment Intake Excretion in Excretion in Nitrogen amount Nitrogen Amount of Nitrogen
(g/d) urine feces of digestion digestibility nitrogen retention
(g/d) (g/d (g/d) 73] (g) 0
A 102.54+0. 00A 7.22+0.32 44,29+2.61a 58.2540.32A 56.8140. 31 51.0342.93B 49.7742.86b
102.46+0.00A 8.07+0. 65 39.5243.0lab  62.9440.65A 61.4340.63 54.87+3.66AB 53.55+3.57ab
C 96.16+6.42A 6.5740.73 30. 3644. 35b 65.80+2.07A 68.4345.91 57.234+1.34A 59.5241. 3%
D 77.49410. 25B 6.13£3.08 26.8943.87b 50.6046. 38B 65.29438.23 44, 47+3.30C 57.3944. 26ab
P {fi P-value 0.002 0. 838 0.014 0.001 0. 586 0. 000 0. 040

2.2.3 5 BERYRIIE AL HESHBH . AEHAAMNCaBEARSAHABEZRARE . HEEST C.D
(P<0.0D4bFHH CH Ca BABBMBES T D(P<<0.0);4HH AL B.CHECaffEEMREEFER T D
(P<<0.0D); &AL ¥4 e Ca Wik HAL R LB EEZF(P>0.05) ;A A BCHPEARREESTD
(P<<0.01) ;5 A0 #R4 [R] P 284 = AL JH AR 22 R AR B3 (P>0.05),

£S5 RBLEI CaPRIELHZm

Table 5 Effects of treatments on apparent digestion of Ca and P

b 7 AR FEHE AL ER S
Treatment Intake (g/d) Excretion in feces (g/d) Digested (g/d) Digestibility (%)

A 4.60+0.00A 3.64+0.49A 0.96+0.49 20.874+2.30
B 4.60-£0.00AB 3.67+0.36A 0.93+0. 21 20.2244.57
Ca C 4.31%+0.10B 3.58%+0.00A 0.7340.10 16.94+2.32
D 3.48+0.42C 2.81+0.23B 0.67+0.19 19.25+5. 46

P {fi P-value 0. 000 0.008 0.1000 0.652
A 2.30£0.00A 1.4640.02 0.84£0.02 36.52£2.00
B 2.30+0.00A 1.4240.08 0.88+0.08 38.26+8.00
P C 2.06+0.05A 1.3340. 06 0.73+0.11 35.444+5. 34
D 1.744+0.21B 1.1040.12 0.64-0.09 36.7845.17

P {f P-value 0. 005 0.120 0.687 0.663

3 itie

3.1 éﬁ%ﬁﬁriwkfrﬁé%% DM . OM #F= & 25 4 Ji il AL 84 7 vy
IR B BT R & i AN AR A SR i R TR (20 g/kg DM L BH 52 52 1G] AR AR5 11 o DA T AR A1 40
FRE &, %ﬁﬂﬂ%ﬂéﬁDM OM.NDF 5 ADF [ A & . FEE 57 8RB 30, 4 %5 DM, OM NDF
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5 ADF W5 AL 3R IF 0 0 3 R 0 L 31X 5 1 0 22 0 9 4l A AL 5 5 B PR 4 4 S A IR B T K 43 1 Dl 0. 00
1.70 1 3. 40 g/kg DM [ £1 5 HEfR KA 58 & 31, 45 b B[] DM, OM NDF 5 ADF JH{b %2 5 R 8. % & W
2 LRI T ) M 25 U BT KO (ALBLCLD 43 Bl R 0.00,0. 77,1, 53,2, 30 g/kg DM) Xt 4 2 35 43114 Ak R FH 1 5%
M, 45 SRR B 25 7 K% DML OM NDF 5 ADF {5430 B % 5% s Merkel 21 fF 58 201 3 1L 2R 28
B HT WK ARB (Quercus nigra) B 5 R B R & BT (1 52 M BB (Rhus copallina) B4 1, DM, OM,
NDF 5 ADF JH b2 ¥ i 4 =
3.2 R T EKT AT R ARG A A Hw

AFERRE R TER R MR ARG SR T AR E A O R E A B S Rk AN
Jei B2 W AT R B L SRR RN T /N X BE R W, mRE N TR B SR R A B s Sy AR R AR
P ORI BRL T 45 AT AT O 2 R A D R R A R B AT MR R R S R AR DR R T e A A b Bk R
1 A BRSE AR it 2 00 B 10 T R B R B . Yo SRV G BRI OK R ) B R P R R S e
R it 0 A UUBAE T . RASh Y R BB T & BRI R B . BEAK T T3k 2R A B TE 90 B D9 1) e 236 i 20 0
TR B B T, DT 4 R K E R AR S SRS T AR oY e B L R BT IR AR R R I B R B T R R
MHE R, RINAF B i AP R B X 5 R 2 HGE M — 3008 B b CP R M FAIG, 3 80% B b NH-N i
JEE R B 3 5 B DCE 2 Ak Py 7 a0 2 B A A — B i 2K PR R R AL B SR O NHL-N M — 2, H
B AFAEAR R B AR G PE (r=0. 999, P=0. 001) ., R IM K IR R A EL 2 5 W NH-N il 24, Gk 57 BR vk B £ %2
o PR AV PR AU s T B R A B R SRR AR Z R

P48 5 BT R R AR R EEE R ER TR S EA RN ST AR SR T E AR S
REJy S SR Y, B R TR A W R 2 SR IR T R T ORI B R L R e A A SR
G NLE R ZES . RBEPCAES A 4 2R R B KT 43 51 R 0. 00,1, 70 3. 40 g/kg DM [ £ F A LB 5
R KE Ny 3,40 g/kg DM Al K i) bR AR H 2 0 2 I T A LA L T RUAE B R R W R T At A b
4.
3.3 FMRETEKT A4S BRI F

AT 45 AL P ) Ca P i fb B AR 22 F AR B 3% . Calixto 257V BF 58 & B, 13 4 v 80 77 0] DU i
DRSS AE B F W I . Neto 2522 BF 58 W L Lotus pedunculatus 1 ¥ WAL 7088 B WA 1 W i W i 32 5 T
8 5 0 1 A R o T X 0 A5 B AR A S T AR R SR AN B R . BT IR K BT 5 40 PN B2 A 1 4
BFES A nTEE P VR LS 5 S0 4, FRAR I D o 1 AT B8 v B T BR U B X Ca P 3R T Ak W it G (2
ES AN

4 #HFit

A FE A BT R ELAT 4 v R AR P9 T AR R B B A R AR R B T R /N T 15 g/ kg DM X 4 A
SRS MRAR /N i S 25 4 5 1A B 5 6 1 B A IR AT PRy SR B 5 T 2 AR AR PR LT R O 15~20 g/kg DM
I o 25 R W 0 5 10 R B s WO T IR AR AR R P A S IR A 2R 15 ¢/kg DML AT 8 3 5 AR AR B RO NS G5k
Z o B A BRDREJEURE AT DL A R S B T DB e DR B R o 4 A 2 L o T LA TR i
1 B 7 BRATE S ADRHES i 30 6
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