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Influences of Total Mixed Diets with Different Concentrate-Roughage Ratio on pH

and Activity of Digestive Enzymes in Alimentary Canal of Fattening Lambs
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(1. College of Animal Science and Technology . Gansu Agricultural University , Lanzhou 730070,
China; 2. Gansu Feed Engineering Technology Research Center, Lanzhou 730070, China)

Abstract : This study was conducted to investigate the effects of concentrate-roughage ratio in diets
on concentration of VFA in rumen liquid, pH and digestive enzyme activities in different sections
of alimentary canal. The twenty four crossbred weaned male lambs of Poll Dorset ( 4 ) X (Tan-
sheep X Small Tailed Han sheep) (4 ) weighing (25. 83+6. 14) kg at the age of 3 - 5 months
were divided similarly into three groups. They were fed on the diets with concentrate-roughage
ratio of 65 ¢ 35(A),50 : 50(B)and 35 : 65(C) (digestible energy and crude protein were at 1. 0,
0.9 and 0. 8 times of NRC recommendation) respectively during the 40 days of regular experimen-
tal periods. Six lambs from each group were slaughtered for sampling at the end of regular feed-
ing periods. The results showed that: (1) Concentration of total VFA (TVFA) in rumen liquid
of lambs from group A was obviously higher than those from group B and C (P<C0. 05). (2) The
pH of rumen liquid, homogenates of mucosa (7. 03, 7. 31 and 7. 35) and contents (7. 19, 7. 30

and 7.58) in behind-jejunum, and of contents in ileum(7. 16, 7. 33, 7.57) were affected signifi-
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cantly by the concentrate-roughage ratio of diets(P<C0. 05). (3)Molar proportions of acetic acid
and propionic acid were ranged from 0. 612 to 0. 654 and from 0. 185 to 0. 190 respectively, the
acetic / propionic ratios varied ranging from 3. 38 to 3. 57. (4) There were non-uniform pattern
ranked of activities of various digestive enzyme along small intestine with concentrate-roughage
ratio of the diets. (5)The highest activities of chymotrypsin in content and those of lipase in mu-
cosa homogenate and content occurred in the middle-jejunum, activity of trypsinase in contents of
behind-jejunum was the highest, and the highest activities of aq-amylase were noted in content of
duodenum and behind-jejunum. It was concluded that still acetic acid pattern of rumen fermenta-
tion was kept in lambs fed total mixed diet with higher concentrate-roughage ratio; the pH of
contents in rumen and abomasums, of mucosa and contents in behind section of small intestine
were affected by the concentrate-roughage ratio of the diets; there was also higher activity of a-
amylase in duodenum.

Key words: concentrate-roughage ratio; nutritional level; fattening lamb; pH of alimentary

canal; VFA; digestive enzymes
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Table 1 Composition and nutrient level of diets(air-dry basis)

=40 Di
JF#} Ingredient/ % [ F Diet

HIRKF A #R Diet

A B C Nutrient level A B C
%k Corn 42.63 26.17 9.65 DE/(M] « kg™ ") 11.95 11.03 10. 11
/NFZ %k Wheat bran 1.01 4.55 8.12 CP/% 13.31 12. 30 11.27
E K [ H Corn gluten meal 3. 48 2. 00 0.50 CF/% 11.25 14.89  18.56
H ¥ k1 Cottonseed meal 6.97 6.50 5.52 Ca/ % 0.58 0.57 0.53
FAFH Rapeseed meal 6.47 5.50 5.02 P/ % 0.29 0.28 0.27
AL
SEHH Apple pomace 3.98 5.00 6.03 Concentrate-Roughage 65:35 50:50 35:65
ratio
B 15 W0k Alfalfa pellet 9.85  11.85 13.92
51k L
E KFE Corn straw 24.61 37.59 50. 68 Calcium-Phosphorus 2.00 2.03 2.00
ratio
KA K Limestone meal 0. 46 0.28 0. 00
HAEH /(g - MJ™)
iR #Y Premix 0.27 0.28 0.28 Crude protein-digestible 11. 14 11.15 11.15
energy ratio
£k Salt 0.27 0. 28 0. 28
it Total 100.00 100.00 100.00

VT AR A IO TR (mg) MGEA R (TUD B 20058k 2558 4034 8547 4058 0. 350 0. 2;%5 0. LMEAER A 940;4E4= K

E 20

Y Provided elements (mg) and vitamins (IU) per kg diet:S 200;Fe 25;Zn 40;Cu 8;Mn 4031 0. 3;Se 0. 2;Co 0.1; VA 940; VE 20
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0.4 mol « L' G AL W A A LB 12 5(W/V)
Hb AP BRIA I

M4 22T g 8 A, I8 B W L5 400
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R (P<<0.05), 5 BT RIEREIEER(TV-
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2.1 JEBRAE pH 1 VFA K E PRI 22 R B 2% (P>0.05) ,
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Table 2 pH and VFA concentration of rumen liquid

KRR 1 BE R L ’ ‘
S /N

Ak B - TVFA/ Molar ratio of acids Acetic /

p . s . S L T cetic

Treatment (mmol « L™") LR WL T 5 R+ R o

. Lo . Propionic
Acetic Propionic Butyric  Isovalerate + valerate

A 5.7140.11" 242.31+68.68* 0.61240.058" 0.190=0.038* 0.173+0.034* 0.026+0.008"  3.3840. 98"
B 6.0320.32* 140.92425.96" 0.64740.035* 0.190£0.047* 0.14240.025* 0.021£0.004*  3.57240.79"
C 6.17+0.19* 155.48482.13" 0.65440.026* 0.18540.013* 0.14440.019* 0.0172£0.003*  3.55240. 36"

[R50 B 7 I8 /NS TR R 36 75 5 B3 (P<<0..05) . 3 3.4 [d]

Means with different lowercase letter superscripts within the same column differ significantly (P<C0. 05). The same as Table 3, Table4

2.2 HGEHERANBZY pHMBEELEEN FRE G EHESNEY B EAMEEY LR & 2R
2 3 W AL PREI A E B N Y pH 251 (P>0.05) 1 CAbB Y E & A B 20 T
A (P>>0.05) H 598 B pH b & #2104k A a(P=0.097),

®3 BEHERNEWHMBEELMHEN

Table 3 pH and activity of pepsin in abomasum mucosa and contents

B QB E/ (U s mg "EHEA D

b3 pH . o
Activity of pepsin in abomasum
Treatment " NPT
Fh I Mucosa N W) Content Zh [l Mucosa N %4 Content
4.77+£0. 29° 3.174£0. 20° 0.04640.019* 0.02240. 005"
B 5.04=0. 39° 3.464+0. 62° 0.04640. 015" 0.048+0. 023"
5.1440. 54° 3.4540. 49* 0.04240. 0167 0.034+0.010°

2.3 [ERE pH FRiE{LBEEME
MR 4 FIE WA BEE] AR pH AT AL RS PR 22 SR EFE(P>0.05),

k4 PERR pH FNH KBS

Table 4 pH and activity of digestive enzymes in pancreas U-mg "EHM
JOgL] JE 2 1 B 2 1 it o VE M il Jig Wi i
Treatment pH Trypsinase Chymotrypsin o Amylase Lipase
A 6.77+0.09° 0.333+0.019° 0.09240. 007" 0.56840.014" 6.799+2. 674"

B 6.79=+0. 06" 0.331+0. 040" 0.096=40. 007" 0.57540. 033" 6.586+3. 445"
C 6.73+0. 14° 0. 353+0. 029" 0.09740.013" 0.56940. 037" 5.52440. 733"
2.4 NMNEBEBRFERANEY pH FiE L EE S R (P=0.063),B.C = g J5 Be&G I pH % & T

2.4.1 /NHEEEE R NEY pH #F58BxR,.C L A(P<<0.05),C 4 PRI A 355 pH 5 F A BB
+ I8 E pH B2 T B(P<<0.05) , 2ME T A F(P=0.066), =B EES PN AEYK pH K
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Table 5 pH of mucosa and contents in small intestine

Zh I Mucosa

N Content

A # T 2 Jejunum i e 251 Jejunum o
A — = —
Treatment A B Bt Ja B Hif B Bt Ja B
Duodenum . i Ileum Duodenum ) . Ileum
Front Middle Behind Front Middle Behind
A 6.53+ 6. 62+ 7.13=+ 7.03=+ 7.00=+ 6. 124+ 6.42+ 7.08+ 7.19+ 7.16=+
0. 09" 0.18" 0.08" 0. 15" 0.08" 0.19* 0. 26" 0. 09" 0.11" 0.16°
B 6.49+ 6.57=+ 6. 994+ 7.31% 6.97=+ 6.01=% 6. 384+ 7.07+ 7.30=% 7.33%
0. 09" 0. 06" 0.26" 0.16* 0. 26" 0.29* 0.174 0. 40" 0.13" 0.08"
c 6.63+ 6. 64+ 6.98+ 7.35+ 7.24+ 6.24+ 6. 48+ 6.96+ 7.58+ 7.57+
0.08" 0. 10" 0. 294 0.114 0.214 0.18* 0.18* 0.38" 0.13% 0. 10"
Sy 6.55+ 6.61+ 7.03+ 7.23+ 7.07+ 6.12+ 6.43+ 7.03+ 7.36+ 7.36+
Average 0. 10" 0.12° 0.23" 0. 20" 0. 22" 0.23¢ 0. 20¢ 0.31" 0.21* 0.21*

) 50 8058 TR S 7 B AN () 22 7 4k B ] 22 52 4 3% (P<C0. 05) , [ 47 807 J8 /NG 7 B O[] 2 7 S A3 [8] /Y 22 S (2 2% (P<C0. 05D,

HO6KTH

Means with different capital letter superscripts within the same column differ significantly (P<C0. 05). Means with different lowercase

letter superscripts within the same row differ significantly (P<Z0. 05). The same as Table 6, Table 7

TR AL EE T R 4 5 C Ab B 25 I J5 Br W& 9 pH
BEET ABP<C0.05),3 43 ja] [ iz 1 454 pH
) 22 534 i & (P<<0. 05)

FOP B LU N & BORE R RN 25 90 1) pH 1y
T I [1] 20 i 12 W T o 5 2 T b Bo@aE i ks = s
BRI N 5 Bl A ) R . pH B S T
HE B (P<<0.05),

2.4.2 /N N2 ) i B 1 Tl RN BE R 1 G O P N
6 Al UL A LB AR N AW IR D S BE R
TEPE S & T BOP<C0. 05), I E A 2 & T C

®6 MNFABRYEREOBMERSBEE

B (P=0.082), Ab3[E] L& g Brax wg Fp g i 0
2SR (P>>0. 05) 5 {H 52 3 PN 259 g 2 14 il 0% 14
B A A (P=0.099) , 7 1] iz B B 4k
PRI (P=0. 063) [y fa#.,

=2 Ja BN A R B T TS v L T H e
BE(P<C0. 05) 725 iy v B A0 [l gy W) S8 3 5 2 o iy B
(P<20.05) 46 iz W 06 1k 2 3 T2 Wi B s
P(P=0.069), 25 i b Be oy 75 0 6 2 1 ity 00 3
BT HE & B (P<<0.05), %5 7 J5 B B 35 v T s
Wi Bt (P<<0. 05) ,

Table 6 Activity of trypsinase and chymotrypsin in small intestinal contents U-mg "HEHAM
Qb B Rt 7] 2 Jejunum E)i7]
Treatment Duodenum Hij Bt Front 1 B Middle J& Bt Behind Tleum

2 I EF G 4 Activity of Trypsinase

A 0.351£0.076* 0.23740.117* 0.35240.051% 0.504=£0. 140* 0.37740.150%

B 0.1860.072" 0.18740. 043" 0.23240. 130" 0.495=+0. 227" 0.220=+0. 120"

C 0.2500. 125 0.13540. 054% 0.26640. 080 0.50340.102* 0.40740.113%
S Average 0.262+0. 113" 0.186=+0. 085¢ 0.283%£0.102" 0.501+0. 150° 0.330£0. 148"

JE S F BTG P Activity of chymotrypsin

A 0.025+0. 004" 0.01740.006% 0.04240.013% 0.025240. 008" 0.02640. 007

B 0.01720. 004" 0.017=40. 005" 0.036+0.011* 0.023=0. 004" 0.023=0. 005"

C 0.0214£0. 007" 0.022+0.005* 0.039+0. 007" 0.027+0.008% 0.020+0. 005"
1 Average 0.021£0. 006" 0.019-+0. 005° 0.039+0. 010" 0.025240.007" 0.023240. 006"
2.4.3 /N oo VE Koy BE AR 1 IS 1R £ 78R, 0.05) A AbFH A+ 48 s N 75 W) i I il % M 2 e T

ABAEFRIEI N Y o JE BB P 2 FH KT C(P<<

B.C(P<0.05), BAb¥izs g BE 24 (P=0. 060)
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Table 7  Activity of a-amylase and lipase in small intestine U-mg "FEHM

Zh I Mucosa

N Content

Ab 3 T 2 Jejunum e 251 Jejunum o
A — = —

Treatment A B Bt Ja B Hif B Bt Ja B

Duodenum . i Ileum Duodenum ) . Ileum
Front Middle Behind Front Middle Behind

o VERY I PE Activity of q-amylase

A 0.190=+ 0.1354+ 0.163%= 0.115£ 0.085+% 0.797+ 0.4774+ 0.726+F 0.697+ 0.350=+
0. 054" 0. 040% 0.048" 0.0344 0.023" 0.145% 0.196% 0. 326" 0. 342» 0.115"%

B 0.172+ 0.176+ 0.151%+ 0.104+ 0.077=+ 0.697+ 0.608+ 0.562+ 0.774+ 0.369=F
0. 020" 0.030"  0.036%  0.030*  0.016" 0.158" 0.106*  0.294%  0.597%  0.214"

c 0.179+ 0.170% 0.145%= 0.107 0.086=% 0. 665+ 0.578% 0.690F 0.993+ 0.640F
0.032" 0.038" 0.033" 0.014" 0.019* 0.137* 0.1674 0. 083" 0.1374 0. 064"

T 0.180= 0.160= 0.153= 0.108= 0.082= 0. - 0.554= 0.659+ 0. - 0. -

Sy 180+ 160+ 153+ 108+ 82+ 719+ 554+ 659+ 821+ 442+

Average 0.037° 0.038" 0.038" 0. 026" 0.019¢ 0.149* 0.162" 0.253" 0. 402* 0.192"

& 5 15 P Activity of lipase

A 3.94+ 3.96+ 5.11+ 2. 69+ 2.40+ 10. 88+ 12.19+ 14.91+  9.23=+ 6. 54+
0. 87" 0. 944 1. 40* 0. 65" 0. 58" 1.12% 2. 66" 3.08% 2. 95" 2.01*

B 3.964+ 4,084+ 3. 87+ 2.49%+ 1.94+ 8.26% 11.33+£ 11.03+ 8.61% 6. 50+
1. 00" 0. 68" 0. 80" 0.514 0.18" 1. 43" 3.03" 2.02%° 1. 66% 1.43%

c 3.79+ 4.10 3.77+ 1. 994+ 2.26+ 7.95+ 11.41+ 13.06+ 7. 14+ 4,57+
0. 894 0.71* 1. 24" 0. 24" 0.33% 1.03" 2.720 2.50% 3,234 2.07°

Sy 3.90+ 4,05+ 4,25+ 2.39+ 2.20+ 9.03+ 11.64+ 13.00+% 8.33+% 5.95+

Average 0. 87¢ 0. 74* 1.27% 0. 56" 0. 43" 1.76" 2.67¢ 2.91° 2. 70" 1.95¢

S C b3 %5 iz o Be R I A i T 1% M Al (P = 0. 07 1)
kS T 38 = b JE BN o VE H B 1
W E T T B S [ (P<<0. 05), 23 i, o B
SRR T BEE P 1 2 s T e e B (P<<0. 05),
T A I Bet 3 T Rl iz (P<<0. 05)

+ A5 5 S M BRI o T KBTS T
BT GBS i (P<<0. 05) .28 g )5 B i % 15
Tl (P<<0. 05) 5 + 48 I 25 W Aif  Hh B &b IR 7
it 1% M 2 v TS W Je B [l iz (P<<0..05)

3 it it
3.1 (AR EE RS HEH 2N

I B pH & R 1 R R DL ) — 2 S 4R
bR 32 22 MU T 4] R 45 0 L5 3R KO M B i
8], Hoover %5438 . £ 4 & 1T 9 i 18 1k 19 ¢ o
pH 24 6.5 0 UR[R SCHk Hr 4 H B4 o] 400 i £F 4k 43 fife o
BRI E N A pH 430 LT 6. 30 6. 28
6. 1", KR E &2 MM AKIL S W, 18 B PR
R B R H LR BORURL NS 2l R4 RSB
PSS = N O R A o g ) s B AT N N
R A IR H W pH B8 T BLC A R R R

41,5 JE R 55 LLOKS B EE 491 43 5 A 75. 696,55, 6%
9.4 0 1y ) KR ] PR PY AR Y R E W pH S b B AH
£,

I Bl ARDRR hORE R LG B KL 9 W TVEA
WRERS & SRR LL N R N R EE R LL T . A3
B2 RILARTT A IL LA  (H A A B 2R BE R LU TE 0. 61
~0.65 Z [, NEREE /R LA E 7E 0. 19 247, &/ TN IR
FEAS B AN K (3. 38~3. 57 Z Ja)) , 4 5 B 2 IR 10 % B 1)
S MEE SR E TR IR A TR A R R R
55 RH N RRE B A 4R R 2 T A K AL A Y
T AT — i AR BE T o e R AR ] M DR & I X 4T 4 S
f PSR BI  R B D SR SRR K E R R
SR A R ) S R Bk DU AS L S v 8 1 P 4
JH IH 28 DR ) MR B 6 5 S R AR 1) N R R R
B, 2 AR 1) BE IR HL 43 31 R 0. 42 ~0. 43 i1 0. 37 ~
0. 430,

3.2 (ARFBHALETSE T N R E Y pH B

ARIG G E NAEYY pH 7E 3.17~3.46 Z
[ o b 1E H Y8 BRI CRP 3~ s i Bk A% pH 48 (4. 77
~5.14), JH KBRS A E A BT E
PEASEE S EEF Y VEA A2 0E 45 5 4 I 1k W i B
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