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Interaction effects of concentrate level and duration of fattening period in lambs on in
vitro gas production, fermentation parameters, and volatile fatty acid concentration
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ABSTRACT

The aim of this study was to investigate the effects of levels of concentrate and duration of fattening period in lambs on in
vitro gas production (GP), fermentation parameters, protozoa number, and volatile fatty acid (VFA) concentration. Twenty-
seven Lori male lambs (265 kg BW) were fed with three experimental diets (55, 70 and 85% concentrate) for 100 days (9
lambs for each). At 70 and 100 days of fattening period, ruminal fluids from lambs in each group were collected by the
esophagus tube. The mixed ruminal fluids were used for In vitro GP test. Results showed that potential (b) and rate (c) of GP
were affected neither by level of concentrate nor by duration of consumption of diets (P>0.05). Organic matter digestibility
of diets increased (P<0.05) by increasing concentrate level, however it was decreased (P<0.05) by duration of fattening
period. The NH3-N concentration increased (P<0.05) by increasing the concentration level and duration of the fattening
period of the diets. Number of protozoa and total VFA concentration in diet containing 85% concentrate was higher
(P<0.05) than those with 55 and 75% concentrate. With the extension of fattening period, propionic acid, and iso-butyric
acid decreased (P<0.05), while the acetic acid, iso-valeric acid decreased (P<0.05). Interaction effects of concentrate level
and duration of fattening on GP after 24 h of incubation, propionic acid, and butyric acid were observed (P<0.05) In
conclusion, reducing the fattening period when lambs fed a high concentrate diet may exert beneficial effects on rumen
fermentation parameters.
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1. Invivo
2. In vitro
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Table 1. Ingredients and chemical composition of concentrate and experimental diets incubated in vitro
(% of dry matter or as stated)

Concentrate Experimental diet (% of concentrate)
(g per kg DM) 55 70 85

Ingredients
Alfalfa hay (dried) - 45.0 30.0 15.0
Barley grain, ground 466 25.8 32.8 36.9
Corn grain, ground 186 10.4 13.3 16.1
Wheat bran 75 41 53 6.4
Soybean meal 233 12.6 16.1 19.5
Mineral and vitamin premix* 20 1.0 1.29 1.56
Sodium bicarbonate 15 0.74 0.94 1.15
Common salt 5 0.25 0.32 0.38
Chemical composition
Dry matter (fresh weight) 897 88.9 89.1 89.4
Organic matter 95.2 94.3 94.9 95.5
Crude protein 180 16.2 16.8 17.4
Neutral detergent fiber (NDF) 179 375 31.6 25.7
Acid detergent fiber (ADF) 71 244 18.8 13.2
Metabolizable energy (MJ/kg DM) 12.3 10.5 11.1 11.7
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1. Contained (per kg): 180 g Ca, 70 g P, 35 g K, 50 g Na, 58 g Cl, 30 g Mg, 32 g S, 5 g Mn, 4g Fe, 300 mg Zn, 300 mg Cu, 100 mg I, 100 mg Co, 20
mg Se, 500000 IU Vitamin A, 100000 IU Vitamin D3, 100 IU Vitamin E, and 3 g Antioxidant.
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Table 2. Interaction effects of level of concentrate and duration of consumption of fattening diets on gas production,
metabolizable energy and organic matter digestibility in vitro

Day in fattening period (Time) 70d 100d SEM® P-value

% of concentrate in diet (Conc) 55 70 85 55 70 85 Time Conc _ TimexConc
GPy¢' 271.7° 3257 36.05 265° 238" 345" 165 0009 <0.01 0.06
GPy* 335%™ 396% 465 329° 289° 432° 185 0017 <001 0.016
GPyg* 39.6° 458° 501° 37.6° 32.8° 49.7° 243 0014 <0.01 0.034
GPz,* 414> 482® 50.9° 40.7° 352° 529° 281 0.092 0.001 0.031
TGP® 423™ 498" 50.9° 41.0° 358° 538 298 0.093 0.002 0.025
b° 416™ 499" 516° 40.3° 35.0° 529 276 004 0.007 0.025
c’ 0.06 007 007 007 008 007 0006 0.091 0.517 0.463
Metabolizable energy (MJ/kg DM) 764 837 897 751 721 876 021 <001 0.011 0.055
Organic matter digestibility (mg/g.DM) 502 455 576 495 469 563 14 0.001 0.012 0.052
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Vlaues in each rwo with diffrent supercripts differ significantly (P<0.05).
1. In vitro gas production (IVGP) for 16 h (ml), 2. IVGP for 24 h (ml), 3. IVGP for 48 h (ml), 4. IVGP for 48 h (ml), 5. Total gas production for 96 h
(ml), 6. Gas production from the insoluble but fermentable fractions for 96 h (ml), 7. Rate constant of gas production during incubation (/h), 8.
Standard error of the means
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Table 3. Effects of concentrate level and duration of consumption of fattening diets on ammonia nitrogen
concentration, pH, dissociation coefficient and rumen protozoan population on in vitro gas production parameters

% of concentrate in diet Day in fattening period P-value
(Conc) SEM! (Time) SEM®
55 70 85 70d 100d Time Conc TimexConc
Ammonia nitrogen (mg/dl) 109° 123 197F 161 12.2 16.4 130 0.002 0.033 0.378
pH 6.02* 595° 578 0.04 5.98 5.85 0.03 0.001 0.011 0.787
Total protozoa (x10* ml) 16.8° 16.1° 333 216 19.8 24.3 176 <0.01 0.090 0.933
Dissociation coefficient 3.93 35 35 0.26 3.62 3.65 021 041 0934 0.213
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Vlaues in each row within level of concentrate with diffrent supercripts differ significantly (P<0.05).
1. Standard error of the means
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Table 4. Effects of concentrate level and duration of consumption of fattening diet on total concentration and relative
ratio of ruminal volatile fatty acids in vitro

% of concentrate in diet (Conc) SEM Day in fattening period (Time) SEM! P-value
55 70 85 70d 100d Time Conc_TimexConc
Total volatile fatty acids (mmol/mL) ~ 69.3° 83.1% 825 339 733 833 2.76 0.015 0.018  0.205
Acetic acid (mmol/100 mmol) 57.1° 56.3° 544> 045 55.4 56.6 0.37 <0.01 0.033 0.662
Propanoic acid (mmol/100 mmol) 215° 23.4° 256* 048 241 229 0.39 <0.01 003 <0.01
Butyric acid (mmol/100 mmol) 14.8 14 131 122 135 14.3 0.35 0.058 0.115 <0.01
Isobutyric acid (mmol/100 mmol) 2.15 1.85 207 018 2.36 1.68 015 049 <0.01 0571
Valeric acid (mmol/100 mmol) 2.23® 221° 251*  0.08 2.44 2.20 0.06 0.035 0.020 0.158
Isovaleric acid (mmol/100 mmol) 2.30 2.15 222 0.05 2.16 2.30 0.04 0.185 0.046  0.052
Acetic acid/ Propanoic acid 2.66 2.45 2.13 0.5 2.31 2,51 0.05 <0.01 0.032 0.015
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Vlaues in each row within level of concentrate with diffrent supercripts differ significantly (P<0.05).
1. Standard error of the mean



150 VAR liasli o 5L B+ 8,58 el ol psle

4
T
=
= 3 ab a a
_% be be c
£
S 2
=
p
.U
B 1 4
o
<

0 o

20 ~
) ab a
g ab ab
= 15 + b b
_—
[=]
£
=
'g 10 +
£
5
[a] 5 o

0 -
_ ] a ab
E 25 o be c
[—]
=
= 20 «
[=]
£
= 15 1
=]
-]
3] 10 +
=
(=]
E‘ 5 .
&

0 r

55% 70% 85% 55%
70 day

cale 1 6yl 0z (Ao, 0AD Ve D) 0, lucS woyd 9 (Ggy Vo v g V) Grasdioe o blae Ol 31 Sl ) USG
(S 09n bl 50 (el Celis V5l amy Sige g sl 1 Stslonl S 9SGy gl «Segy g e
P<-120) aiyls 5,0 sxo (_;)La" O stind alin e By gl a5 slapl Foinn
Figure 1. Means of interaction effects between duration of consumption (70 and 100 day) and concentrate level (55,

70, and 85%) of fattening diet on concentration of propionic acid, butyric acid and acetic acid: propionic acid after 16
hours of incubation in vitro. Histoghrams with diffrent supercripts differ significantly (P<0.05).
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