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Effects of Fibrolytic Enzymes and Isobutyrate on Digestive Enzyme Activity of Small Intestine

and Growth Axis Hormone Receptor Gene Expression of Liver in Dairy Calves

ZHANG Ying-ying, WANG Cong” , LIU Qiang, ZHANG Yan-li, PEI Cai-xia, WANG Yong-xin,
GUO Gang, HUO Wen-jie, ZHNAG Shuan-lin

Abstract: The objective of this study was to evaluate the effects of fibrolytic enzymes,isobutyrate
or their mixture on digestive enzyme activity of small intestine and growth axis hormone receptor
gene expression of liver in dairy calves. Thirty-six Holstein male calves of 30 days of age with
similar weight were randomly divided into 4 groups. Calves in control group were fed basal ration.
Calves in treatments were supplemented fibrolytic enzymes (FE, 1. 83 g per calf per day) .isobu-
tyrate (IB,98.5% of isobutyrate,6 g per calf per day) and their mixtures (IBFE,FE + IB),re-
spectively. At 45 and 90 days of age,3 calves from each group were randomly selected and slaugh-

tered. Samples of small intestine contents and liver were collected in the morning before feeding
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on 45 and 90 days of age for determining intestinal digestive enzyme activity, GHR, IGF-IR and
IR mRNA expression in liver. The results showed that on 45 days of age, amylase activities of
proximal jejunum digesta,distal jejunum digesta and ileum digesta in IBFE group were significant-
ly higher than FE and control groups(P<C0. 05). Trypsin activity of duodenum digesta, proximal
jejunum digesta,distal jejunum digesta and ileum digesta in IBFE group were significantly higher
than other groups(P<C0. 05). Lipase activities of proximal jejunum digesta and distal jejunum di-
gesta in IBFE and IB groups were significantly higher than control group(P<C0. 05). The mRNA
expression of GHR and IGF-IR in liver in IBFE and IB groups were significantly higher than that
of FE and control groups(P<C0. 05). The mRNA expression of IR in liver in IBFE group was sig-
nificantly higher than other groups (P<C0. 05). On 90 days of age,amylase activities of duodenum
digesta and ileum digesta in IBFE group were significantly higher than that of FE and control
groups (P<C0. 05). Trypsin activities of proximal jejunum digesta,distal jejunum digesta and ileum
digesta in IBFE group were significantly higher than other groups(P<C0. 05). Lipase activities of
duodenum digesta, proximal jejunum digesta, distal jejunum digesta and ileum digesta in IBFE
group were significantly higher than that of FE and control groups(P<C0. 05). The mRNA ex-
pression of GHR in liver in IBFE,IB and FE groups were significantly higher than that of control
group(P<C0. 05). The mRNA expression of IR in liver in IBFE group was significantly higher
than other groups(P<C0. 05). The mRNA expression of IGF- IR of liver in IBFE and IB groups
were significantly higher than that of FE and control groups(P<C0. 05). Intestinal digestive en-
zyme activity, mRNA expression of GHR, IGF-IR and IR in liver were improved by the supple-
mentation of the mixture of fibrolytic enzymes and isobutyrate in calves.

Key words: fibrolytic enzymes;isobutyrate; digestive enzyme of small intestine; growth axis hor-

mone receptor
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it 15 o AT A R B R EES . AN, BRSPS T
FRRE S e R AT B AN R B 1R R I
N & 34 GHR ., IR, HMGCS1 mRNA () % ik
T AR RR ST A AT A R R X R A
SR S I R Y A TR A ¥ A B SR
WILF 45 Tl 5 5 T IRIR A WS INAE L4 B ] LA
R R WS ) (A4 R AR R R
TE 42 o R R e D R e

A 3250 K TR O L 2R /0N g T Ak T AN
GHR mRNA . IGF- TR mRNA #1 IR mRNA # ik
(RZ R S O £F 4 00 i Tl L 57 T BR X AR AR K R & B M
TR AR BB 2R

1 MRl5F%®
1.1 Kz 5kt

T2 B {44 i AH 3T ((48.5+40.3) kg) 9 30 H
W4 Aar T 30 20 42 36 Sk BEMLAT R 4 AL A 9 k. X
HE A ) AL AR L 50 4 40 ) e LA H R BV
Ao 1. 83 g(FE) QLA B FRH L MR A
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RS W) A & U8 AR A 1S 71 160 U 1A 58 4 1 15
J34 000 Ud, TR 6 g« d' (IB) (¥ EN
98.5%) LT 4y iRl 1.83 ¢ FIF TR 6 g« d!
(IBFE) [F i s . 1056 1 45~90 H#%,60 H #
Wr s, 43 BIAE 45 F1 90 H % 45 ALl B 3 Sk i A7 &
S RAENE R BE VMR .
1.2 ARARRAFEE

I A B 1) 7% L W g iR H07:00,12: 00

*1 ARAHREFRKE(%DM)

Tablel Ingredient and nutrient level of daily ration

1800 fAlME , BEIR 2 ke W5, A HEROK  £F 4 55 1 Tl
M5 TRIEFMRATE S T, WE RS
T T RFURE B (B E K 6500, K BEE R 3200, 0 4
3%) .4 H 07:00,12:00 A1 18.00 1M 1 kg K5 kLA
1.5 kg B A& T30, 21 4E 53 fif T A0 S T 1R 7 ) MR i VR
TR, B EROK. U5 RREE TS T 58 57K
IR L,

i H Item 4295 Milk  #5#} Concentrate of calves F f5 T-#£ Dried alfalfa hay
T i/ (g« kg™") Dry matter 12. 86 94. 32 91.21
RPHEE/(M] + kg™ ') ME 13. 90 9.10
HEH /(g kg™ ") Crude protein 3. 18 19. 41 17.53
FPEBE e 4E/ (g » kg™ ') Neutral detergent fibre 25.01 52. 84
FRVEVE - 4E/ (g « kg ') Acid detergent fibre 13. 49 39. 86
4% /(g » kg~') Calcium 0.71 1. 35
/(g « kg~ ') Phosphorus 0. 68 0.31

LB RB AR 4 NRC(200 D) il 2, S8 H . HR NS WE . B T w84 M8 % : Fe 100 mg, Mn 60 mg,Cu 16 mg,Zn 60 mg,Co
0.2 mg,10.6 mg,Se 0.6 mg,VA 10 000 IU,VD 2 000 IU,VE 75 TU
ME was calculated according to NRC(2001) ,and was a calculated value, while the others were measured values. One kg of diet

for calves contained the following:Fe 100 mg,Mn 60 mg,Cu 16 mg,Zn 60 mg,Co 0. 2 mg,I 0. 6 mg,Se 0. 6 mg, VA 10 000 1U,

VD 2 000 IU,VE 75 TU

1.3 HmxX&E

IR I 18] 40 B AE 45 F1090 H % 45 4 A 3 Sk 4k
A= AE ] W I 290 K R AL AT R IV . — 20 C AR A
B I B A 64T B S A B A LA B NS ALY
T Sk B BT U 4 /M £ 8E 10 mL, — 20 C A7 . 7EHF
FRAFARIIFEEREMENCHET 2 com® KN —
U AL2Y ik 2 B A A FRER K 1 Be AR v U e, 1
LUV NNGEE R i el B =R L |
TR ML 2, — 80 CHRAF .
1.4 /N E L ERTERIENE

[ 38 25 W R PRERCETBE 0.5 gu 3 1+ 30
A4 CHy 0.4 mol « L " GEALHI I W AE vk 15T 9%
10 s,4 'CF 15 000 X g B> 5 min, I L5 W, F
—80 CARA# M. el & (gt 2 B0 DA L 8 3
7 25 B /0N 6 o i IR 2 1 6 0 O IO O A
1.5 HEBERENE

FI 52 e 5 e it PCR 2 AR W@ JIFAE KR
ZW(GHR) RS EZ (R ML E S K

BT (IGF- [ROmRNA [k,

1.5.1 5 RNA BB I 5 5% RNA £ HZ
B8 Invitrogen 2% m) 5 RNA $ B ] 356 B i 47 . 4%
SRR FE A T AZ R A D 8 {X ND-1000 ) 5 &
RNA ¥ 5 fi 4l B, $ B8 PrimeScript® RT Master
Mix Perfect Real Time Sz %% 55385 & Ui W #E 17 S 5%
Fo REFERNMIKZR N 10 ‘uL;5><Prime® RT Mas-
ter Mix 2. 0 uL, & RNA 500 ng,RNase Free dH,O
iz SRR 10 pL., K5 20074 cDNA JiE| 4 C
UKARAT 26

.5.2 &itgl¥ W HE GenBank 23 Aii 1Y 2F
GHR.IR.IGF- IR % [ ¥ 5 (45 43 5 i NM _
176608 . XM 002688832, AF 508807), #| | Primer
Premier 5. 0 J{F T 519, DL 18S rRNA N2
B A RERARA SRS Y. 51V F5E
SIS R

1.5.3 SCHFZEE R PCR 4R ¥ SYBR® Pri-
meScriPt™ RT-PCR Kit & 5] & i B #:1E , PCR J2
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MAEZR 20 pL:10 pL SYBR Premix Taq™ I ,0. 8 erence Dye,2. 0 L ¢cDNA #i#z,6.0 nL ddH,O,
pL E5190.0.8 pL F#lE51#.0. 4 pL ROX Ref-

*2 HHEBRMHSEERSIWFS K PCR &4

Table 2 Conditions of PCR and parameters of oligonucleotide primer pair

H A2k A PCR 74 /bp 5149751 (5'—>3") 1Bkt g /°C

Target gene PCR products Sequence of primer Annealing temperature

F:AAATTCACCAAGTGCCGTTC

GHR 141 62
R:GGGGCATTCTTTCCATTCTT

IR 148 F.CCTGGGGTTCATGTTGTTCT 6
R:AGGGTGGTTCTGTGACTTGG

F:CCTCATTATTCCTGCTAACCAA
IGF- R 159 62
R:AGATAGAAGAGATGCGAGGAGGATG

F.CAGACAAATCACTCCACCAA

18S rRNA 117 62

R:GAAGGGCACCACCAGGAGT

1.6 MFHENE
B —20 °C ¥ GRARAE ) I 75 RE S 0 IR A7 5 . i 1R 2 &% B
WA & R RO UM E mE P A RKEE ES 2.1 BHRFNMTFUESBHESSTBENELE/NGE

R M IGF-1 ¥ i, W BEE MR R
1.7 HIEAIE 330 0L,45 B, IBFE 425 7 i o L 28

BB SPSS17. 0 Gl 4 PF i ANOVA vt [ g f) 35 o 036 1 8% 25 F b BB 4l FE 4

PR R=

B P W4T 7 22 5 T AR 4 G (Duncan) Z FHE 4 (P<<0.05), 90 H %, IBFE 41 48 1 [ 1 119 i
R RBCE bR HOR . i BT A 505 5 X IRALA FE 41(P<<0. 05),

A=

x3 HREMALLSBREBERTBRITELF /NG iE S EFEN 0
Table 3 Effects of fibrolytic enzymes and isobutyrate on amylase activities of small intestine digesta in dairy calves

IU+mg '« min '

Wi H X HEH FY oA FTRA  ReHndA SE P
Item Control FE 1B IBFE
+ 455 & 5 Duodenum digesta
45 Hiy 45d 0. 320° 0.291* 0. 287" 0.272¢ 0.028 0. 215
90 Hir 90d 0.516¢ 0. 689" 0. 714" 0. 861" 0.037 0.001
25 g v & BE Proximal jejunum digesta
45 HiF 45 d 0. 25¢ 0. 28¢ 0.37" 0. 50" 0.029 0.008
90 Hix 90d 1. 05° 1. 09° 0.99* 1.11° 0.063 0.932
25 g v & BE Distal jejunum digesta
45 Hi% 45 d 0.51¢ 0. 58" 0. 63" 0.67" 0.019 0. 005
90 Hir 90d 1. 25° 1. 33" 1.31° 1. 36" 0.020 0. 317
8] i & BE Tleum digesta
45 Hig 45 d 0. 50° 0.61" 0. 66" 0.67" 0.021 0.001
90 H# 90 d 1. 35° 1. 38" 1. 46% 1.52° 0.024 0.033

FAT R EAR NG PR R ZE R 3 (P <<0.05) . FERH

In the same row,values with different small letter superscripts means significant difference (P <C0. 05). The same as below
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2.2 HIRAMALSBESRTBRYEL/NGR
ERMEEMRm
H# 4 [0, 45 Hi% . IBFE 4+ 8l E A

il 35 Pk B 35 v T Hfb b ¥R 4H . 45 0 90 H #, IBFE
2H 23 iy 3T v 25 M a2 s A [ i R AR E S M L
T HAb AL P4 (P<<0. 05),

R4 BRENAESBEERTRYES/NGRESBEEENZN

Table 4 Effects of fibrolytic enzymes and isobutyrate on trypsase activities of small intestine digesta in dairy calves

IU+*mg '« min '

i H XT B 20 AR FTR4  RERNY SE p
Item Control FE 1B IBFE
+ 4815 B B Duodenum digesta
45 Hig 45 d 5 579. 08¢ 7 018. 82" 7 222.95° 8 160. 36" 281. 309 0.001
90 Hix 90d 11 995. 2% 11 570. 2° 12 743.0° 12 440.1* 163. 60 0.025
23 W3 v 2 B8 Proximal jejunum digesta
45 Hi 45 d 3978.17¢ 4 746. 44¢ 5 209. 58" 8 241. 24° 488. 117 0.010
90 HiZ 90d 20 065. 09¢ 21 647.18¢ 25 715.48" 28 080. 52" 962. 949 0. 000
2z g v & BE Distal jejunum digesta
45 Hiy 45d 4613.19¢ 4 723. 44" 4 976. 17" 5423. 83" 100. 635 0.001
90 Hix 90d 14 080. 82° 14 645. 37" 14 839.57" 16 243.17* 264. 848 0.002
[ iz £ g Tleum digesta
45 Hi 45 d 2 308.91¢ 3 045.40°¢ 3 473. 04" 3 559. 38* 149. 525 0.001
90 Hix 90 d 8 158.12¢ 8 283.91°¢ 9 102. 24° 10 131. 60" 253.337 0. 001
2.3 HRAEMALSBBSSTRMES/NGE RS TR (P<0.05) ., 90 H# . IBFE fil

B B 14 B 2 i

5 A W, 45 H %, IB # IBFE 2 25 I it iy
A2 g 32 vt i D i TR MR X R S TR R (P <
0.05), 90 H#,IBFE 411 45 1% . a5 M 3l g . =5
25 iy A1 18] i Jig W7 T 0 3 R T X B AL R FE 41
(P<<0.05),
2.4 HRAMAENSBRBSRTBEIEFFEK
MHARZHEERRZEZNZN

FH 3 6 AT, .45 H#% . IBFE #1 IB 40 GHR mR-
NALIGF- IR mRNA ik & B % & T FE A i 4H
(P<<0.05),IBFE 41 IR mRNA £k f R 25T
IB.FE % &40 (P<<0.05), 90 H#,IBFE.IB.FE
41 GHR mRNA F ik & W F@m T X 4 (P <
0.05),IBFE 44 IR mRNA ik 525 T H b4t
P4 . IBFE il IB 41 IGF- [R mRNA ik & B 25
F FE FIXf BE4H (P<<0. 05),
2.5 HRAMAUSBHSRTERNEFNLEE
b E A

3 7 Al 0L, 45 H %, IBFE fil IB 41§ 5 R ik

IBHAKESEZREL FEH T FE MX R4 (P <
0.05), 45 F1 90 H & .IBFE FI 1B 40 (19 4 K % 2 .
IGF- R ¥ B34 2 = F FE FIX 41 (P<<0.05),

3 3
3.1 ARFMALESREBE R TEHRMES/NGHE
g EERN R

7N T AT O P R A S e T H R SR S TE /N Y
THACE B0, 584 S A AR Y I B A L BE pH
HORR AL % DI O . WA R B A d A
564, MH 5 SR BT Y T8 1k 3 R RO A AN T R
53 Wb B4 T A0 I 1EL 45 B T 1 i T PR AR A L 2L W Bl R
SN R B i T LR TR W 4 I B
PEER, Bl H O3S KBS B RS s e A B
Yy B AR S N 2R 4 2 0 T A A A R A B AR
HEVE R DAR T 3l R 3015 38 2 i okt 54 - 75—
SEJOE N . BB K AL G P e i 32 S 2 A R T o
E B T RN W S R 4R Y AR5 b L FE4]
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Table S5 Effects of fibrolytic enzymes and isobutyrate on lipase activities of small intestine digesta in dairy calves

IU+mg '« min'

mH Xif B4 U REEH FTRHA RERNA .- P
Item Control FE 1B IBFE
+ = $5 1 & % Duodenum digesta
45 Hip 45 d 135.75% 147. 06" 158.11* 159.18* 4.165 0.143
90 Hix 90d 218. 65¢ 237.00° 244.22° 253.17° 3. 854 0.001
23 Wi v £ BE Proximal jejunum digesta
45 Hig 45 d 122. 47" 133.71* 133. 86" 136.16* 1.693 0.001
90 Hix 90d 256. 89¢ 264. 14" 268. 04" 272.67° 1. 936 0.003
25 g i v & BE Distal jejunum digesta
45 Hip 45 d 136. 35" 138. 90 139. 38 140. 46* 0.696 0. 005
90 HiZ 90 d 265.16¢ 269. 31" 275. 44" 284. 08" 2. 328 0.001
i & BE Tleum digesta
45 HiE 45d 175.27¢ 177.71¢ 178. 70" 183. 53 2. 868 0. 828
90 Hir 90d 250. 43¢ 251. 25" 256. 84™ 258.69° 1. 333 0.035

x6 BREAMALSBHESTERNEFMEKBMHEZIEERRZHZN
Table 6 Effects of fibrolytic enzymes and isobutyrate on mRNA expression of GHR,IR and IGF-1IR of liver in dairy calves

WH Xof HE 20 UM RTR4A RERNA .- P
Item Control FE 1B IBFE
K& Z & Growth hormone receptor
45 HiE 45 d 0.117° 0. 120" 0. 145" 0.152° 0.021 0.021
90 HiZ 90 d 0. 404" 0. 433" 0. 444* 0.453" 0. 004 0.036
1§55 2 Z K Insulin receptor
45 Hi 45d 0.190° 0.223" 0.271" 0. 325" 0.038 0.028
90 Hi% 90d 0.198" 0.292" 0. 310" 0.351° 0.028 0.043
B ZRE A K AT 324K IGF-1 receptor
45 HiE 45 d 0. 049" 0. 054" 0.064" 0.070° 0.025 0.037
90 HiZ 90d 0.217" 0.222" 0.253" 0.270° 0. 006 0.028
x7 HREMALELSBESRTBRWEF DFERHZMN
Table 7 Effects of fibrolytic enzymes and isobutyrate on blood parameters in dairy calves
tH Xf HY 21 2 5 fif ity 5T AW - P
Item Control FE 1B IBFE
KM ERWEE/ (ng » mL ") Growth
hormone
45 HiE 45 d 2.27" 2.39" 2. 89° 2.99¢ 0. 381 0.041
90 HiEF 90 d 2.32" 2.47" 2.90" 3. 01" 0. 641 0.019
S Z ¥R B/ (uIU « mL™ ") Insulin
45 Hi 45 d 9. 74" 11.05% 13.21* 13. 33" 0. 456 0.047
90 Hix 90d 9.52" 9. 60" 12. 59* 13. 06° 1. 106 0.035
IGF-1#¢ % /(ng « mL ') IGF-1
45 Hiy 45d 2. 34" 2. 80" 2. 87" 3. 23" 0.194 0.034

90 H#¥ 90d 2. 46" 2. 64" 2. 90° 3.22° 0. 690 0.030
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TE B Tt TR AR 1 T N A MU T O P A R R 2 A Y
EaR G ESORA 5, IBFE 4178 FE 41 %5 &1 4
REFEAL L A 5 TR, 15 IBFE 4 3
oIS T A e v S B e . S 2R T LA R
DA T 2 4 i TR 2B K L 4R 1 2T 4 0 A 1R 1 B L 2T 44y
i Tt SA A5 b A2 2 AR ) 3 Ak R L (R R T
JIE 7 R 7 e T v TR 4 R R T R A A 3 )
HE P RE ORI A BT HE th H R =K 5L iE
o VERY S AR AR S BT L 45 H Ry, IBFE 44
245 g 30T i 25 3 iy 0 1) g 1) D8 o TG P S o TR
W44 FE 20 (P<<0.05), 90 H %, IBFE 4+ 35
A Il fig 1) 3 A Tl 3 P N R TR B R FE 2 (P<<
0.05), IbAh. 9 H N5 K& P RR T iR ) 7 1 32 = 2= B
Rl pHY , —J7 1, B pH Bl E 3h R %
T E SR e 5k B A R g R
BB IR A 40 . 45 A1 90 H it . IBFE 4145 i3 it
Ui 5 g 326 vt 0 [ g JR A ) S M 3 v T At A B
H(P<C0.05), 75— J7 M, pH I A B #5983 'H
WNERE B ETIE VEA LGS L, 52 m 4
58 WA TE A R B DTS 0 3 T T e T 5
Jo AR R A R A 2 0 IEMARDRE . HORLVS I %) £F 4
RO T R ] LRk h A I B A F
ANTE 4 T NI P R B L DL R A S W 1R 41 4
3 i T P AN TS S50 FORR I AR R R A B2 R
XA 4L 2 AR 2R (2 E 7 3B RN R IR R R
Ji 53 W V4 T TR oy Tl 2 1 R R U R O P A I 4
153 A ) BN AR R S 78 SR ) BT A R i 1) 32
Y For N b R AR SOIR S & A 2 RN A B
2 5EFYRATHAD TR, 50 B8 o % m R
A B T IH AR A ST TR RE A HRR P
TINETF 4t 2 it R0 S G I PT  3 45  B R )R L ORE
K R e Bass TR . T LN L SV A
gy SN o S P o N AN 7R < S DA RS
Y1 pH AS[R] S AH R AL A Tl 3 R AN (] 5 s i
) pH 255 R . B 4 A I Akl A AR IS L T
PLZS W AL B P T AR A I . BR bz Ah,
AR RGP A 82 7S 2 52 W A0 Tl 0 1 >4 HORR T i 8
Jig I N AR 2 S 1 v B /0N U R 6 AR 1 RN D
it 11 395 [l 2 i
3.2 HIRAMAESRHBSRTBRMNEFFEK
HERBEMRBEFERKEF 1 Z4 mRNA %
1% 19 5 i

GH &R a7 v 70 %t T 3h W A K L F I s

—Fp Z KRB E. /M GH 41 5 % F L
GHR M 45 & A 66 k45 H o) gy g™, = iF
GHR /K F 8% w. GH fE | T i GHR 7 4%
IGF- IR, IGF- T X HAR#AMBAERKRKEE A 2445
SURC B EE I RE . AN I P B IGF- T
FLoR A M T LUF Y GHR mRNA £k 7E— &
FEEE FUE TaiiRMAE R EE . A%l hE
KA R S5 & O A8 0B BRI = ) —Fp 2 2%
FR IR 45 LR S O A2 JE R 5T P A R AR S
FEYI I B A RE 4R 5 vk b GH & i (H S BEAIK
GHR ¥ Mg o IGF-T e ™ . AR5 1 v
o GH.In IGF-T ¥ B 25 0] %0, 1B 1 IBFE 41 i) ik
G TR L IB 5 IBFE 412 6] % 5+ A
o UEWISR TR AT LA i R A s Wi HORE SR
AR R0 R S DA T 38 o AR A Bl i 3R 2 R R TR A 3R Gk R
I A A I 3 R T 2T 4 2R e A R O
AR ., S4h ES R B FEES W IR M4 5. v
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