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Background
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Lamb fattening

Pasture Ad libitum concentrate feed and cereal straw

• Concentrate costs
• Straw costs
• Labour costs (Straw distribution)

Intensive lamb feeding cost is 85% 
higher than two years ago



Experimental hypotheses

• Feeding a fibrous concentrate without forage could simplify 
the lamb fattening system.

• Dietary supplementation with essential oils could optimize 
rumen fermentation and decrease CH4 emissions.

• The combination of both nutritional strategies could 
optimize the intensive lamb fattening systems.



Experimental treatments

2x2 Factorial design

• CTL - Control concentrate feed and straw

• CTL+ Control concentrate feed, straw and EO (200mg/kg)

• FIB- Fibrous concentrate feed without straw
• FIB+ Fibrous concentrate and EO (200mg/kg)

-Coriander seed oil
-Eugenol
-Genranyl acetate
-Geraniol

(Belanche et al., 2020)

  CTL FIB Straw

OM 94.1 92.9 94.1
CP 17.4 16.4 2.20
Starch 44.1 40.2 1.7
EE 3.52 2.37 0.94
NDF 16.1 22.0 82.4
ADF 6.4 10.2 48.0
ADL 0.72 1.36 3.64
GE (Mcal/kg) 18.3 17.8 16.9

Cost (EUR/Tm FM)      

Without EO 400 375 70
With EO 405 380  

(Soymeal, corn, wheat, DDGS, palm oil) vs (barley, wheat bran, palm kernel cake, gluten feed and sunflower meal)

-5%



Experimental design

(N=56)
28 pens (in pairs)

(n=7)
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Results (post-weaning)

1 wk post-weaning            P-value
BLOOD METABOLITES  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA
Albumin (g/l) 33.9 34.3 34.0 34.1 0.697 ns ns ns
Total proteins (g/L) 63.1 62.5 62.8 62.1 1.265 ns ns ns
ALT-GPT (U/L) 17.8 16.8 18.3 16.5 0.808 ns ns ns
AST-GOT (U/L) 88.2 84.5 84.2 87.8 4.270 ns ns T
BHB (mg/dL) 1.12 1.10 1.32 1.22 0.190 T ns ns
Cholesterol (mg/dL) 36.0 37.8 36.9 34.3 3.010 ns ns ns
Creatinine (mg/dL) 0.59 0.59 0.60 0.59 0.029 ns ns ns
Glucose (mg/dL) 92.7 93.2 92.9 91.8 2.620 ns ns ns
Triglycerides (mg/dL) 20.6 17.4 20.9 14.7 2.330 ns ns ns
Urea-N (mg/dl) 30.3 25.3 28.8 23.3 2.380 ns * ns
Uric acid (mg/dL) 0.18 0.16 0.17 0.15 0.040 ns ns ns
Glucose/BHB 106 108 81.3 92.4 18.79 * ns ns
Globulins (g/L) 29.2 28.2 28.8 28.0 1.150 ns ns ns
Lipoproteins (mg/dL) 31.9 34.3 32.7 31.4 2.870 ns ns ns



Short term effects (2 weeks post-weaning)

          P-value
  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA

Rumen pH 6.61 6.17 5.79 6.12 0.179 ** ns ns
N-NH3 (mg/dl) 6.65 3.99 8.13 3.10 1.737 ns T ns
Lactate (mM) 13.0 11.1 15.6 10.8 1.992 ns ns ns
Ratio D/L lactate 1.17 1.26 1.13 1.26 0.051 ns * ns
Total VFA (mM) 73.8 110 123 122 10.52 ** ns ns
Molar proportions (%)
Acetate 43.7 40.8 40.6 36.8 1.459 ** ns ns
Propionate 43.8 49.1 46.7 51.6 2.110 T T ns
Butyrate 7.52 6.47 7.94 7.74 0.852 ns ns ns
Rumen protozoa
Concentration (log10/ml) 2.65 1.28 0 0 0.608 ** ns ns
Entodium (%) 35.0 13.1 0 0 9.650 * ns ns
Isotricha (%) 27.5 11.9 0 0 8.940 * ns ns
Microbiota (log10 c/mgDM)
Bacteria 10.7 10.6 10.7 10.7 0.030 ns ns ns
Methanogens 6.38 6.18 6.12 5.95 0.121 T ns ns
Protozoa 6.50 4.76 0 0 0.781 *** T ns
Anaerobic fungi 0.35 1.30 0.42 0.38 0.380 ns ns ns



Eating pattern

          P-value
  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA
7:30-10:30 5.46 4.57 5.23 4.36 0.422 ns * ns

10:30-13:30 4.98 5.80 4.17 4.96 0.256 ** ** ns
13:30-19:30 4.06 4.53 5.42 4.92 0.309 ** ns ns
19:30-7:30 3.69 3.48 3.27 3.54 0.144 ns ns ns
Diarrhoea
Prevalence, % 28.6 21.4 21.4 28.6 19.9 ns ns ns
Severity, 1-5 1.05 1.04 1.06 1.05 0.044 ns ns ns



Digestibility and N balance

            P-value
  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA

DMI, kg/d 1156 1198 1230 1265 50.80 ns ns ns
Digestibility, %
DM 79.0 79.0 78.8 80.0 0.690 ns ns ns
OM 80.3 80.4 80.1 81.3 0.657 ns ns ns
CP 74.5 74.4 74.6 72.4 1.331 ns ns ns
EE 88.9 88.7 81.9 84.4 1.161 *** ns ns
NDF 45.5 45.1 47.4 53.2 1.590 ** ns T
ADF 41.1 40.2 41.1 46.8 1.752 T ns T
Urinary excretion
Creatinine, mmol/kg MW 2.2 2.1 2.1 2.3 0.112 ns ns T
PD/Creatinine ratio 2.1 2.4 2.5 2.3 0.154 ns ns ns
PD, mmol/d 61.6 65.8 65.3 66.3 3.710 ns ns ns
EMPS, mmol PD/kg MOD 71.4 73.7 71.4 69.2 3.770 ns ns ns
N balance
N intake, g/d 30.1 31.6 32.2 33.2 1.377 ns ns ns
FNE, g/d 7.72 8.01 8.18 9.03 0.442 ns ns ns
UNE, g/d 12.0 11.1 11.0 9.50 0.523 * * ns
N retention, g/d 10.4 12.5 13.0 14.6 1.054 * T ns



            P-value
  CTL- CTL+ FIB- FIB+ SEM inter Diet Additive DxA

Weight (kg) 46.8 46.8 47.6 46.7 1.493 ns ns ns
Gut development (% BW)
Total GIT 18.6 17.6 20.2 19.3 0.517 ** T ns
Full rumen 7.88 7.16 10.3 9.04 0.392 *** * ns
Empty rumen 1.68 1.68 2.52 2.45 0.106 *** ns ns
Rumen content 6.20 5.48 7.78 6.59 0.377 ** * ns
Intestines 8.18 8.28 7.86 8.03 0.273 ns ns ns
Other pre-stomachs 2.52 2.18 2.05 2.27 0.152 ns ns T
Rumen papillae
Papilla length (mm) 4.41 4.58 4.97 4.23 0.267 ns ns ns
Papilla width (mm) 1.47 1.55 1.51 1.40 0.052 ns ns T
L/W ratio 3.03 2.94 3.29 3.06 0.186 ns ns ns
Epithelial damage 1-5 1.25 1.75 1.50 1.00 0.320 ns ns ns
Epithelial color 1-5 3.44 3.69 2.94 2.38 0.411 * ns ns

Gut anatomical development



Long-term effects
            P-value
  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA

Rumen fermentation                
Rumen pH 6.43 6.55 5.45 5.37 0.175 *** ns ns
N-NH3 (mg/dl) 10.1 10.6 13.9 6.45 6.008 ns T T
Lactate, mM 8.26 10.9 17.3 13.3 1.389 *** ns *
Total VFA (mM) 87.4 79.1 127 126 9.25 *** ns ns
Molar proportions (%)                
Acetate 43.5 39.7 34.2a 37.9 1.853 ** ns T
Propionate 46.2 49.2b 46.9 42.2a 1.854 ns ns T
Butyrate 5.58 5.27 12.9 13.5 1.15 *** ns ns
Rumen protozoa                
Protozoa (log10/ml) 3.39 2.91 0 0 0.456 *** ns ns
Entodium (%) 0 12.4 0 0 6.22 ns ns ns
Isotricha (%) 75 62.6 0 0 12.26 *** ns ns
Methanogens (log copy/mgDM) 6.39 6.12 6.30 6.17 0.091 ns * ns
Hindgut fermentation                
Cecal pH 6.15 6.09 6.17 5.89 0.162 ns ns ns
N-NH3 (mg/dl) 15.9 20.6 25.2 20.1 3.24 ns ns ns
Total VFA (mM) 141 141 131 119 9.54 T ns ns
Molar proportions (%)                
Acetate 61.1 51.9 63.8 54.1 2.08 ns *** ns
Propionate 21.3 25.9 22.5 26.4 1.264 ns ** ns
Butyrate 15.7 19.1 10.9 16.0 1.144 ** *** ns



Performance and costs

-6% = 2Є/lamb

          P-value

  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA

Weaning to slaughter (12wk)

DMI concentrate (g/d) 1019 1039 1080 1007 28.60 ns ns ns

DMI straw (g/d) 73.9 68.5 0 0 4.350 *** ns ns

Total DMI (g/d) 1093 1108 1080 1007 28.00 T ns ns

Performance

ADG (g/d) 318 328 321 305 16.10 ns ns ns

FCR (g/g) 3.48 3.43 3.44 3.32 0.182 ns ns ns

Costs (EUR) 32.2 33.3 31.6 29.8 0.890 * ns ns

Slaughterhouse

BW at slaughter (kg) 36.1 36.1 35.6 34.3 1.510 ns ns ns

Carcass (kg) 20.6 21.0 20.4 19.8 0.918 ns ns ns

Carcass performance (%) 56.8 58.2 57.3 57.8 0.602 ns ns ns



            P-value

  CTL- CTL+ FIB- FIB+ SEM Diet Additive DxA

Emissions

GEI (Mcal/d) 25.2 25.1 25.1 24.9 1.584 ns ns ns

Ym (%) 3.47 3.27 4.06 3.63 0.148 ** * ns

CH4 g/d 15.6 14.7 18.1 16.2 0.684 ** T ns

CH4 g/kg DMI 11.4 10.8 13.0 11.6 0.474 * * ns

CH4 g/kg BW 0.37 0.35 0.42 0.38 0.014 ** * ns

CH4/VFA 12.5 12.0 9.22 8.31 1.360 * ns ns

Enteric CH4 emissions

-28%

-8.4%

-8.5%

-7.7%

-6.2%

Average emission factors (Ym=3.6%) were 46% lower than considered by IPCC 2019 (Ym=6.7%)

+14%

+13%

+11%

+12%



Conclusions

• Feeding an integral concentrate feed without forage favoured the weaning process, 
decreased the feeding cost and simplified the management.

• Supplementation with Essential Oils decreased the enteric methane emissions.

• The combination of both nutritional strategies could be considered a promising approach 
to decrease the feeding cost and the environmental impact without compromising 
productivity in intensive lamb production. 
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