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2 NG M 18 25 AR 482 2 1 T TR £ e RURE R HG R 0 883 (P<C0. 05) , HLZEVR AR 5 % 5 24 v] b 5 48w B A T
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Effects of different rearing systems and fatty acid types on calf growth
performance, ruminal internal environment and blood serum indices
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Abstract: The aim of this experiment was to investigate the effects of different rearing systems and fatty acid types on
calf growth and development, with a view to providing theoretical data to support further research. Thirty healthy
Holstein male calves with similar body weight (41.21+4. 99 kg) and age (1646 d) were selected and randomly

divided into six groups of five calves each. The experiment used a two-factor experimental design, with factor 1
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being different rearing systems (single pen feeding and group feeding) , and factor 2 being different types of fatty
acids (long-chain fatty acids: corn oil and short-chain fatty acids: tributyrate), and the experimental groupings were
as follows: single-pen feeding+basal ration (SCON) , single-pen feeding—+basal ration+supplemental corn oil 20
ml.-d ' (SCO), single-pen feeding+basal ration+supplemented with tributyrate 8 g-d' (STB), group feeding+
basal ration (GCON) , group feeding+basal ration+supplemented with corn oil 20 mL+d™' (GCO) , and group
feeding+basal ration-+supplemented with tributyrate 8 g-d™' (GTB). The experimental period was 59 d, including
a pre-feeding period of 14 d and a formal-feeding period of 45 d. Body weights were measured at the beginning and
end of the experiment and daily weight gain was calculated. Feed intake was measured daily during the trial period
and used to calculate the average dry matter intake and feed-to-weight ratio. At the end of the trial, rumen fluid was
collected through a rumen catheter to measure rumen fermentation parameters and rumen enzyme activity, and blood
was collected from the jugular vein to measure blood parameters. The results showed that the feeding mode and fatty
acid type resulted in significant differences in dry matter intake and the feed-to-weight ratio of calves (P<C0.05) ,
especially in the treatment including addition of fatty acids (P<C0.05). There was also a significant interaction
observed between rearing system and fatty acid type with respect to isovalerate (IVA) and NH;-N concentrations
(P<C0.05). Compared with single pen rearing, group rearing with tributyrin supplementation significantly increased
IVA concentration. A significant interaction between rearing system and fatty acid type was also observed
for a-amylase activity, xylanase activity, and glucose (GLU) levels (P<C0.05). Supplementation with corn oil and
tributyrin significantly enhanced carboxymethyl cellulase activity in the rumen (P<C0.05) and increased albumin
(ALB) concentration in calf serum (P<C0.05). Under single pen rearing conditions, the addition of tributyrin
significantly elevated GLU concentration (P<C0.05). In conclusion, under the conditions of this trial,
supplementing calves with 20 mL-d ' of corn oil and 8 g+d ' of tributyrin improved feed intake, enhanced rumen
development, increased serum albumin levels, and thereby promoted calf growth and development.

Key words: calves; tributyrin; corn oil; growth and development
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Table 1 Nutrient composition of starter, milk replacer and

oaten hay (dry matter basis)

. B IRy BEAIREORL BEARIRY Mk T L
(08:00 1 17:00 4 —¥) . B IF EBH (AL HOAHE & o ) N |
Nutrient Starter Milk replacer A. sativa

HORH A BR 2 W) Mlgie & (Avena sativa) T 5 H 2R

T4 & Dry matter (DM, %) 92.51 95. 74 89.13
B HFRMHREELHL 25 kg-d RERIE LR ML [ Crude protein (CP, %) 19. 42 22.74 8.50
FHTROK PR AR B 00 07 o B A Rl ) MR 3 8 3R LZF 4 Crude fiber (CF. %) _ _ 31,30
JRST AR 1 BTR . MG D7 Ether extract (EE, %) — 15.54 1.60
L3 H&REZAEARMNE B4 Crude ash (Ash, %) 7.51 — 7.45
1.3.1 AERKPERRI & 250 T I R 45 R ] i 4 Calcium (Ca, %) 0.91 1.17 1.15
PR T, iC 4 %) E (initial weight, IW) 1 K # (final #% Phosphorus (P, %) 0.66 0.99 0.36

weight, FW) , 7T 5 3 44 H 1 5 (average daily gain,
ADG) . B H ic AL M R £k 8 M i K R
A Y R & B (dry matter intake , DMI) J R e (feed/gain, F/G) .

1.3.2 98 B R B S A T 48 b il I 25 R, 28 1 AE AR R R W (5 ) 43 LAk
BB TS5 B ) o B KA R 100 mL, £ 4 )220 M i IBIR ) J5 3 %< 34y, — 80 CLRAF o 5 A& ML U7 W2 (volatile
fatty acid, VFA) R H A M 3% 1% (Aglient7890A , % HH 48 B B A BR 2 /) W s, B4 & P i W5 2 (total volatile
fatty acid, TVFA) A & R (acetic acid, AA) . A R (propionic acid, PA) . T fig (butyric acid, BA) . % T &
(isobutyric acid, IBA) | % R (valeric acid, VA) 1 5 % R (isovaleric acid, IVA) Z . 4% 2 & (ammoniacal
nitrogen, NH,-N) ¥ B 5% F 28 1 — YRR 84 L 647k (5880 AT WL 43 6O BE 3t T2602, AR B AR AR A BR 2 w] ) il
ENT . IR TG PE S R Agarwal A5 URT Miller Yy 1A U 5E .

1.3.3 I R B K i 1 458 br DU 5 T2 50 235 TR I, S R LS L B0 A B I L — 80 CLRAF . A2 48 B
£, 5 . 8 A (total protein, TP) . F14E [ (albumin, ALB) .Ek % [ (globulin, GLB) ., & IH [& % (total cholesterol,
TC) . H i =g (triglycerides, TG) . i % B Jig 2 11 (high-density lipoprotein, HDL) ik % & g #& 11 (low-density
lipoprotein, LDL) .| Ifil ## (glucose, GLU) | 3k B§ 1k g i R (non-esterified fatty acids, NEFA) | ig & H fg
(pancreatic lipase, LPL) 4= K ## % (growth hormone, GH) . B3-¥% T & (3-hydroxybutyric acid, B-HB) | & %
(insulin, INS) | i &% % 4= & A F -1 (insulin-like growth factor-1, IGF-1) , = fllt B IR it Jit & R (triiodothyronine,
T3) i IR R S5 2 2 (thyroxine, T4) , FF A MLTE 46 A5 5 o1 b 5t AR 9 4= ) 20 w) A7 00 2 o

— « A2 Indicates unmeasured.
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1.4 %t o

RIS BUE R FH Excel 2016 #4700 253 B 0 % FH SAS 9. 2 PR A BRI 47 A A £ 7 224587, 2% Duncan 32 33
TLEHH,P=0.050 AERAEE,HP<0.050 hEFBF,
2 ERE545H
2.1 FREFAFRF X BB £ R st a4 £ R ek od Hl

TR 3507 2 NG D5 R 26 0 K HLAE R S 4 i TW . FW T ADG 3 TE B &5 (P=0.05,% 2) ., 578
JU7 12 246 0 ok 452 A= B DM 5% i) (2 2 (P<<0. 05) , JE I B2 25 AU X 4= B9 F /G A S 25 52 Wi, HLAE M A i) 35 7 2R, A4
FAN A I R, USRI 2 )5 RT3 S 4 DMI(P<<0. 05) .
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Table 2 Effects of different rearing systems and fatty acid types on growth performance of calves

i H Kb 3 Treatment B Pl P-value

Ttem SCON  SCO STB GCON GCO  GTB  SEM RS FA RSXFA
#) T Tnitial weight (IW , kg) 46.00  43.50  46.00  46.33 4533 42,50  1.483 0.721 0.389  0.223
K Final weight (FW, kg) 88.33 92,17  96.50  93.17 9450  83.00  2.891 0.854 0.681  0.091
SF-14 H 198 Average daily gain (ADG, kg-d ') 0.94 1.08 1.12 1.04 1.09 1.01 0.054 0.983 0.132 0.113

Ty T R £ i Dry matter intake (DMI, kg+d ') 1.71c 2.22b 2. 26ab 1. 88c 2. 33ab 2.47a  0.069  0.018 0.005  0.803
BEILE/G 1.82b 2.07ab  2.02ab 1.81b 2. 15ab 2.45a  0.122  0.108 0.012  0.189

SCON : B A% 5] 57 -+ £ Rl 4] ¥R Single-pen feeding +basal ration; SCO: A% 4 35 + 2 A 47 4 + b 78 T K 3 20 mL-d ' Single-pen feeding -+ basal
ration+ supplemental corn oil 20 mL+d™'; STB: BRI 3% + FE A A7 R + 4 78 = T M2 H M5 8 g-d ™' Single-pen feeding + basal ration+ supplemented
with tributyrate 8 g+d '; GCON: # 3% + LAl 7 #2 Group feeding+basal ration; GCO: $f F7 -+ JE fill 7] K2 + b 58 T K 3 20 mL-d ' Group feeding+
basal ration-+supplemented with corn oil 20 mL+d™'; GTB: B +IERAMR + 478 = T B H i 8 g-d™' Group feeding+basal ration—+supplemented
with tributyrate 8 g-d~'; RS: fi 3% Jy 3 Rearing sysem; FA: Il B2 Fatty acid; [A47 R [R/NG 7 8F %R 22 8 8 3 (P<C0.05), F . In the same

row, different small letters mean significant differences (P<C0.05), the same below.

2.2 FAEFEAFRFXBEAEH IR XA T4 98 B R B Ha
T 3% 5 2RI B R 28U A0 A8 B AE FH G TVA  ONH,-N 3R B A7 75 5 38 52 T (P<<0. 05) , A F R m R im =T
PR M R 2, B SR W = TR H MR e i e T IVA IR E (R 3),
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Table 3 Effects of different rearing systems and fatty acid types on rumen fermentation of calves

i H Ab B Treatment H o 1 PA# P-value

Ttem SCON SCO STB GCON GCO GTB SEM  Rs  FA  RSXFA

JA% K PERE R Total volatile fatty acids (TVFA, mmol-L™")  71.99 93.40 85.91 71.23 76.00 80.06 10.082 0.351 0.399 0.712

Z.T# Acetic acid (AA, mmol-L™") 34.54 44.18 41.55 38.33 36.68 40.46  4.828 0.699 0.612  0.531
P4 % Propionic acid (PA, mmol-L ") 26.37 31.07 30.02 27.53 28.03 27.31 4.131 0.654 0.812  0.849
ST 12 Isobutyric acid (IBA, mmol-1 ") 0.54 0.54 0.41 0.86 0.41 0.59 0.009 0.122 0.051  0.052
T B Butyric acid (BA, mmol-L™") 5.40  7.64 8.05 4.04 529 7.22 1.402 0.202 0.128  0.873
SR Tsovaleric acid (IVA, mmol-L ") 0.36ab 0.4lab 0.26b 0.31lab 0.29ab 0.54a 0.081 0.198 0.604 0.021
AR Valeric acid (VA , mmol-1 ") 3.81 5.78 562 3.01 3.58 5.0l 0.953 0.143 0.151  0.672
TR /R AA/PA 1.40  1.47  1.44  1.47  1.30 1.44  0.109 0.668 0.854  0.469

AR NH,-N (mg-L7Y) 5.91b 8.76ab 8.10ab 5.32b 11.49a 9.17ab 1.824 0.242 0.318 <20.001




5535 B 4 W Ol 2E 3] 2026 4F 215

2.3 FRRFF KB BR K A x4 408 R B S 0 %R

T 37 75 2 105 T 248 20 9 58 A A o= 0 TR L A RO T 35 A7 A S 38 B i (P<<0. 05, 4) o IR I IR 2K Y
R MR AR R T R T AR BT T (P<C0. 05) , T 68 A 28 1R 18 AR F I L - G A I 2T 4 W I R K RO il
PR T 3 W (P=0.05) o ¥R 00 Rl A =T R R S 4 R S R TR T AR A A R W Y 3 R
(P<<0.05),
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Table 4 Effects of different rearing systems and fatty acid types on rumen enzyme activity of calves (pmol min™*mL™)

it H AbFE Treatment bR P{H P-value

ftem SCON  SCO  STB  GCON  GCO  GTB  SFM Rgs FA  RSXFA
#E i Protease 2.62 2.27 2.84 2.87 2.21 2.65 0.292  0.993 0.104 0.693
a-JE B il a-amylase 0.67b 1.15a 0.98ab  0.86ab  0.63b 0.97ab  0.141 0.138 0.072  <<0.001
2 4 — Wi Cellobiase 0.41 0.79 0.60 0.52 0.37 0.37 0.154  0.162 0.743 0.241
B H 3L 2T 4k K i Carboxymethyl-cellulase 0.26c  0.40ab 0.47a 0. 30¢c 0.40ab  0.40ab  0.052 0.052 0.012 0.262
AT B Xylanase 0.46b  0.78a 0. 46b 0.57ab 0.54ab  0.6lab  0.081 0.853 0.113 0. 009

2.4 REFEFF KBRS BR £R stk e F 54709 H R

T 3% 5 2R 0 R 2 Y 10 A2 BRI GLU e BE A7 76 i & 52 (P<<0. 05,3 5) . JRMFRR IS g 3 52 ) 1 4
A E P ALB # B (P<<0.05) . AR FEN BN =THRHMEEEFE S TEE NE D GLU ¥ &
(P<<0.05),

£5 AREAFARRIEHEREBNESF M FER 0

Table 5 Effects of different rearing systems and fatty acid types on serum parameters of calves

i H MbPH Treatment L ARMIES P{H P-value

Ttem SCON  SCO STB GCON GCO GTB SEM Rs  pFA  RSxFA
K2 E1 Total protein (TP, g-L ) 46.06  52.26  56.08 47.99 44.88 51.43  2.992 0.172 0.082  0.289
[ 11 Albumin (ALB, g-L ") 23.50b 26.83ab 29.13a 26.18ab 25.29ab 28.43a 1.274 0.561 0.011  0.052
FRZ 1 Globulin (GLB, g-L ) 22.56  25.44  26.96 21.46 20.59 24.00 2.358 0.143 0.333 0.734
J I % Total cholesterol (TC, mmol+L ") 1.33 122 1.60 1.20 132  1.22 0.154 0.128 0.321 0.119
i =i Triglycerides (TG, mmol+L ") 0.11 0.1 014 012 010 0.1 0.012 0.517 0.208 0.471

15 % i I8 2 14 High-density lipoprotein (HDL, mmol-1.”") 1.50  1.42 1.83  1.38 1.52 1.37  0.193 0.129 0.401  0.092
{I% % B2 Ji§ 2 1 Low-density lipoprotein (LLDL, mmol-1." ") 0.33  0.27 0.40 0.27 0.34 0.31  0.054 0.347 0.283 0.091
ML Glucose (GLU, mmol-1. ") 3.96b  4.56ab  4.85a 4.40ab  4.04b  4.20ab 0.211 0.153 0.238  0.022
k15 1L I8 7 2 Non-esterified fatty acids (NEFA, mmol-L ™) 0.11  0.13 0.29 0.16 0.09 0.12  0.072 0.388 0.387 0.298
B-¥2 T I B-Hydroxybutyric acid (3-HB, mmol-1. ") 0.30  0.31 0.26  0.31  0.30  0.29 0.041 0.694 0.437 0.864

JI§ & 1§ 1 Pancreatic lipase (LPL, U+-mL™") 28.50  27.95 24.06  30.53 29.89  26.24 3.042 0.302 0.162  0.991

2.5 RREMARF XEE B LA B EIRARNG R
) 3% 7 2O G 5 R 28 18 1) 22 HAE FH X IGF-1. T4 ¥ BEAE 76 8 & 52 i (P<<0. 05,3 6) ,STB.GTB #l GCO 24
B IGF-1 ¥ B2 5 T SCON M GCON(P<C0.05) ,GTBAH M T4 E B &5 T STB4H (P<0.05),
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®6 ARAFRATXRBEHBRLERINEFHENE

Table 6 Effects of different rearing systems and fatty acid types on hormones of calves

i H 4 B Treatment b i 1% Pl P-value

Ttem SCON  SCO STB  GCON  GCO  GTB  SEM Rg  EFA  RSXFA
#E K% Growth hormone (GH, ng-mL ) 5.88 4.79 5.77  6.32 5.85 5.95  0.554 0.154 0.238  0.629
W6 1% 2 4 K B -1 Insulin-like growth factor-1  172.40b  206.28ab  216.73a 173.69b  210.23a  213.43a 11.532 0.941 0.079  0.009
(IGF-1, ng-mL™")
i 5% % Insulin (INS, pIU-mL ") 15.22 15,80  16.39 1551  14.78  15.09  0.438 0.053 0.463  0.101

DY A BRI R B2 Thyroxine (T4, ngemL ') 60.90ab  71.77ab  58.18b  68.63ab 61.56ab  73.65a 4.304 0.132 0.852  0.007

= RLPLIR IR 5 4R Triiodothyronine (T3, ng- .11 1.14 1.12 1.23 1.20 1,19 0.072 0.144 0.973  0.908
mL ")
3 Wig

3.1 RREA T X RS R £ A x4k A KA e Hom

BAMAERKEEANUZ A FBAERm 8545 B ACE IR SR EE Ko i 4 BEOK O 45 2 A
Ko VB H NG E AR E R PR A A KPR S R RCR B OGS AR bR o AT ST K B, AR 3R O 25 IR U R 2 R X
RSN TR A (2 S T A I S I TR G O N E e I R RSO NE (PR O /1B 1 e 5 S
VB e BB 4 J5T T Ay 52 A B AR A B B U7 TR ] B K vl P 88 v 82 A AR A5 T MR AT 4 R B AR T HOR
U EARKMERE . = TR H MR AR A, S A E S D R B A T8 S R R R, T A 2 A Y
S5 W T RE 00 585 R, PR SRR 00 B W R A A 05 SR ) o A T A WOOR T, DA T AR A A R
BMAERKEE™ . FEUA 0 R 45 F e B, =T R H- 3 18 T 3 o A A0 ok 0 40 5 17 ok #8 ve 2E P R AR A
WL U7 IR P A3 M A A S 4 H SR B g, 3Kl () 422 Y ] R s U R T DARINCRE AR 9 8 R E SO T A W i
e 465 2 8 T 22 b AR ARk T AN S B Al AR A o ) B A AR G I v B R AR AR 1T 2 B OR B i R T R ) R
A HSFX H B E A W RS, T RBRE R LA A AT M W L A S R B g m S B8O H R &R, H
RS REARSNELEEBEHE R, SR EFEESFYHME PR AREER AR E, X2
FE % 4B LSO = 1 A
3.2 ARARS XA BRER S4B B A B8 AF00 0

AW IE E R T AR B S DR AL CE IR RS MU . B R RS BRI H R B
IR B IR E AL o A W) AT 7 AR B N R OB S AR mT ) e B A, SR /N R LU A B I AR K . IR
25 R 2 1A A A, R A D AR K RN g e R B REE T R A S R il A T RE I AR 4 R AL L R/
PR R AR AR o ORI B2 4 2R /P R TC S 3 2 ) o HORR AR M) Kyl A = T e H R )5, 2498
N R A TR T R v B X TR AN A e e AR G T R AT AR D R AN R A R 8 YRR 0 TR AR A BLAA
RS s)  XAE—E B U] H O AN SENR TR A B TO0 A RE 498 18 R % (R e A KO &, HHLH Al e 5 106
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