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ABSTRACT This study investigates the metabolomic changes in breast and thigh meat from Cobb and Ross 308 chickens
regarding the rearing environment. One-day-old Cobb and Ross broilers were raised for 35 days in conventional and animal
welfare farms with, amongst others, different floor sizes, stock densities, and ammonia concentrations. One-dimensional 'H
nuclear magnetic resonance, orthogonal partial least squares-discriminant analysis (OPLS-DA), and pathway analyses were
performed to analyze the metabolomic properties of broiler meat. For breast meat, only those from the Ross strain could be
separated according to the environment in the OPLS-DA plot. Ross breast meat from animal welfare farms showed
significantly higher acetate, anserine, creatine, and inosine monophosphate content than those from conventional farms
(P<0.05). In contrast, for thigh meat, the Cobb strain was differentiated using OPLS-DA. The contents of five metabolites,
such as glucose and lactate, were higher in thigh meat from animal welfare farms; however, nine metabolites, including seven
free amino acids, were lower compared to those from conventional farms (P<0.05). Pathway analysis was performed to
interpret the biological changes in chicken meat based on environmental factors. The results indicated that the animal welfare
environment led to significant changes in four metabolic pathways in Ross breast meat and in 20 metabolic pathways in Cobb
thigh meat (P<0.05). In conclusion, the animal welfare environment could influence the metabolomic properties of Ross breast

meat and Cobb thigh meat, which may affect the sensory quality of meat.
(Key words: rearing environment, broiler, strain, meat, metabolomics property)
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Table 1. The contents of metabolites (mg/100 g) in the breast meat of different broiler strain (Cobb and Ross 308) reared from

conventional (Con) and animal-welfare (Wel) farms

Item Farm Strain SEM!'
Ross 308
Amino acid
Alanine Con 27.52° 37.25° 1.478
Wel 3341 2.573
SEM 1.941 2.244
Anserine Con 321.29 358.78” 14.733
Wel 347.93° 408.15™ 12.622
SEM 16.512 10.185
Aspartic acid Con 12.61° 22.51* 0.900
Wel 10.84° 20.89* 1.201
SEM 0.644 1.355
Creatine Con 343.63 288.98" 7.263
Wel 343.42 315.97* 9.499
SEM 9.161 7.685
Glutamic acid Con 29.92 1.942
Wel 26.69 1.573
SEM 1.888 1.638
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Table 1. Continued

D EEEA AR F 5 £ Ve 2 velge daeE 54 nAle &

Strain

ftem Farm Cobb Ross 308 SEM
Glycine Con 37.97° 46.52° 2.832
Wel 36.24 42.04 2.577

SEM 2.119 3.189
Isoleucine Con 5.33™ 7.32° 0.484
Wel 3.71% 6.76" 0.462

SEM 0.391 0.544
Leucine Con 492 7.50° 0.423
Wel 3.89 717 0.342

SEM 0.360 0.407
Phenylalanine Con 5.74™ 7.67° 0.351
Wel 4.64™ 7.06" 0.362

SEM 0.302 0.404
Tyrosine Con 11.54° 15.75° 0.800
Wel 10.86° 15.49° 0.674

SEM 0.725 0.753
Valine Con 7.71% 9.80° 0.602
Wel 5.39" 9.11° 0.630

SEM 0.496 0.716
[B-Alanine Con 33.35 37.49 3.253
Wel 30.33 39.20 4.018

SEM 3.530 3.778

Nucleotide-related product

Hypoxanthine Con 5.34% 9.14* 0.430
Wel 778 8.61 0.615

SEM 0.421 0.621
IMP Con 160.88 161.51% 5.309
Wel 150.36 186.63* 6.983

SEM 6.454 5.941
Inosine Con 35.96° 52.01* 2.845
Wel 38.20 46.02° 2.185

SEM 2.684 2.380
NAD Con 14.09 13.03 0.614
Wel 13.41 13.34 0.896

SEM 0.487 0.970
UMP Con 3.49 3.13 0.155
Wel 3.34 2.94 0.154

SEM 0.183 0.119
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Table 1. Continued

Item Farm Srain SEM'
Cobb Ross 308

Uracil Con 0.53 0.71 0.074
Wel 0.56 0.59 0.081
SEM 0.063 0.090

Organic acid

Acetate Con 2.88" 3.12Y 0.079
Wel 3.36" 3.40° 0.110
SEM 0.098 0.094

Fumarate Con 0.08 0.05 0.013

Wel 0.06 0.06 0.013
SEM 0.014 0.012

Lactate Con 593.77 566.01 19.446
Wel 549.79 617.10° 18.220
SEM 19.352 18.320

Methylmalonate Con 5.50 5.83 0.221
Wel 5.11° 6.38" 0.192
SEM 0.196 0.217
Others

Ethanol Con 0.81 1.52 0.215
Wel 1.02 1.52 0.205
SEM 0.119 0.272

Glucose Con 11.38° 16.84° 0.957
Wel 9.11° 19.09° 1.519
SEM 0.899 1.553

Niacinamide Con 5.29° 7.25% 0.437

Wel 531° 7.86° 0.208
SEM 0.430 0.222

! Standard error of mean (n=20).

*® Different letters within the same row differ significantly (P<0.05).
*¥ Different letters within the same column differ significantly (P<0.05).

IMP, inosine monophosphate; NAD, nicotinamide adenine dinucleotide; UMP, uridine monophosphate.
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Fig. 1. Orthogonal partial least squares-discriminant analysis of metabolites in breast meat of Cobb. (a) from conventional (control)
and animal-welfare (welfare) farms and its variable importance in projection (VIP) scores (b). Orthogonal partial least
squares-discriminant analysis of metabolites in breast meat of Ross 308 (c) from conventional and animal-welfare farms and its VIP
scores (d). A variable with VIP score > 1 was considered as an important variable for the discrimination between two groups in

multivariable analysis.
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Table 2. List of metabolic pathways with statistically significant differences (P<0.05) between in Ross breast meat from conventional

and animal-welfare farms

Pathway

Match status Pathway impact

[-Alanine metabolism
Purine metabolism
Arginine and proline metabolism

Histidine metabolism

4/21 0.399
3/65 0.152
2/38 0.098
3/16 0.049

Match status indicates the actually matched number from the data per total number of compounds in the pathway. Pathway impact value
indicates the cumulative percentage of the importance of matched metabolites in each metabolic pathway.

Table 3. The contents of metabolites (mg/100 g) in the thigh meat of different broiler strain (Cobb and Ross 308) reared from

conventional (Con) and animal-welfare (Wel) farms

Strain
Item Farm SEM!
Ross
Amino acid
Alanine Con 40.79 37.61 1.828
Wel 37.61 36.98 2.361
SEM 1.315 2.681
Anserine Con 122.817 133.54 5.462
Wel 141.46 162.98 14.709
SEM 5.905 14.537
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Table 3. Continued
Strain

Ttem Farm SEM'

Cobb Ross
Aspartic acid Con 12.28™ 16.25° 0.704
Wel 9.58% 16.09° 0.858

SEM 0.478 1.002
Creatine Con 295.36™ 227.26% 7.735
Wel 32213 282,78 15.682

SEM 8.372 15.351
Glutamic acid Con 37.50* 33.03 1.555
Wel 31.55 35.46 2.575

SEM 1.122 2.791
Glycine Con 54.28" 50.07 2.510
Wel 47.74 50.05 3.285

SEM 1.871 3.687
Isoleucine Con 547 6.33 0.381
Wel 4,24 6.09° 0.518

SEM 0.288 0.575
Leucine Con 5.56" 6.36 0.416
Wel 4.44" 6.34° 0.561

SEM 0.303 0.629
Phenylalanine Con 5.22* 5.78 0.305
Wel 439" 5.89° 0.456

SEM 0.177 0.519
Taurine Con 84.09 82.42 5.390
Wel 73.41° 98.68" 6.211

SEM 4.582 6.829
Tyrosine Con 7.82° 9.32° 0.462
Wel 8.14 8.65 0.532

SEM 0.327 0.624
Valine Con 7.45* 8.09 0.466
Wel 5.78" 7.75° 0.626

SEM 0.376 0.684
-Alanine Con 21.97 17.11 1.899
Wel 27.67° 18.19° 2.122

SEM 2.073 1.953
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Table 3. Continued

Strain
Item Farm SEM!
Cobb Ross
Nucleotide-related product
Hypoxanthine Con 12.03 13.12 0.650
Wel 10.51° 13.79° 0.959
SEM 0.561 1.013
IMP Con 92.82 89.33" 4367
Wel 107.70 112.44 7.110
SEM 5.080 6.619
Inosine Con 35.97° 27.62° 2.041
Wel 34.41° 27.76" 2.150
SEM 2264 1.914
NAD Con 436" 3.00% 0.173
Wel 5.04* 448 0.405
SEM 0.200 0.393
UMP Con 1.58 1.59" 0.112
Wel L61° 2.40™ 0.235
SEM 0.134 0.224
Uracil Con 1.15* 1.39 0.081
Wel 0.91% 1.60° 0.110
SEM 0.075 0.114
Organic acid
Acetate Con 4.25° 3.72° 0.154
Wel 4.79 4.32 0.440
SEM 0.238 0.401
Fumarate Con 0.61™ 0.24 0.029
Wel 0.38% 0.26° 0.023
SEM 0.031 0.020
Lactate Con 275.76" 317.94 14.434
Wel 33421 354.75 21.791
SEM 13.922 22.121
Methylmalonate Con 3.37 3.81 0.167
Wel 3.60 434 0.275
SEM 0.136 0.292
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Table 3. Continued

L BBEA A0 T S FE 1S % vl B

&7 54 nlxE &

Strain
Item Farm SEM'
Cobb Ross
Others

Ethanol Con 1.72 1.78 0.238
Wel 1.71 2.66 0.408

SEM 0.222 0.417
Glucose Con 7.37% 11.15° 0.653
Wel 9.80* 11.31 1.043

SEM 0.522 1.114
Niacinamide Con 3.14 333 0.088
Wel 3.25° 4.18% 0.236

SEM 0.077 0.240

! Standard error of mean (n=20).

*® Different letters within the same row differ significantly (P<0.05).
*¥ Different letters within the same column differ significantly (P<0.05).
IMP, inosine monophosphate; NAD, nicotinamide adenine dinucleotide; UMP, uridine monophosphate.
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Fig. 2. Orthogonal partial least squares-discriminant analysis of metabolites in thigh meat of Cobb. (a) from conventional (control) and
animal-welfare (welfare) farms and its variable importance in projection (VIP) scores (b). Orthogonal partial least squares-discriminant
analysis of metabolites in thigh meat of Ross 308 (c) from conventional and animal-welfare farms and its VIP scores (d). A variable
with VIP score > 1 was considered as an important variable for the discrimination between two groups in multivariable analysis.

Table 4. List of metabolic pathways with statistically significant differences (P<0.05) between in Cobb thigh meat from conventional

and animal-welfare farms

Pathway Match status Pathway impact
Phenylalanine, tyrosine and tryptophan biosynthesis 2/4 1.000
D-Glutamine and D-glutamate metabolism 1/6 0.500
Nicotinate and nicotinamide metabolism 3/15 0.429
Alanine, aspartate and glutamate metabolism 4/28 0.423
[-Alanine metabolism 4/21 0.399
Phenylalanine metabolism 2/10 0.357
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Table 4. Continued

5 3 tel§e] diakeE] 46 nAe &t

Pathway

Match status Pathway impact

Glycine, serine and threonine metabolism
Tyrosine metabolism

Pyrimidine metabolism

Arginine biosynthesis

Glutathione metabolism

Glyoxylate and dicarboxylate metabolism
Arginine and proline metabolism
Pyruvate metabolism

Histidine metabolism

Citrate cycle

Glycolysis / gluconeogenesis

Valine, leucine and isoleucine degradation
Pantothenate and CoA biosynthesis

Primary bile acid biosynthesis

2/33 0.246
2/42 0.164
3/39 0.164
3/14 0.117
2/28 0.108
3/32 0.106
2/28 0.098
3/22 0.061
3/16 0.049
1/20 0.030
4/26 0.029
4/40 0.023
4/19 0.021
2/46 0.015

Match status indicates the actually matched number from the data per total number of compounds in the pathway. Pathway impact value
indicates the cumulative percentage of the importance of matched metabolites in each metabolic pathway.
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