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Supporting information

LC-MS analysis for amino acids

The separation was performed using a Waters UPLC system, equipped with a Waters 

ACQUITY UPLC BEH C18 column (2.1 × 100 mm, 1.7 μm, Waters, USA) at the 

flow rate of 0.3 mL/min and a column temperature of 40 °C. The mobile phases 

consisted of A (10% acetonitrile, and 0.1% formic acid) and B (50% methanol, and 

0.1% formic acid): 0−6.5 min, 10-30% B; 6.5−7 min, 30−100% B; 7−8 min, 100% B; 

8−8.5 min, 100−10% B; and 8.5−12.5 min, 10% B. 

A triple quadrupole mass spectrometer was used to analyze targeted metabolites 

in positive mode. The ESI source conditions were as follows: ion source gas 1 as 6 psi, 

curtain gas as 30 psi, atomizing gas as 50 psi, auxiliary gas as 50 psi and a source 

temperature of 500 °C. The multiple reaction monitoring parameters for each of the 

targeted analytes were optimized using flow injection analysis. Concentrations of 

metabolites were determined by the ratio between the metabolite peak area or internal 

standard peak area and the calibration curve. 

GC-MS analysis for fatty acids

Quantification of target fatty acids was performed using a Trace 1310 GC instrument 

coupled to an ISQ single-quadrupole mass spectrometer (Thermo Fisher Scientific, 

Austin, TX) operated using helium as the reagent gas. The separation of fatty acids 

was performed using a Thermo TG-FAME (50 m × 0.25 mm ID × 0.20 μm). Helium 

was used as carrier gas at constant flow (0.63 mL/min) with methane as moderating 

(or reagent) gas. One μL whey sample was injected in solvent vent mode (injector 

temperature at 250 °C, Ion source temperature at 230 °C, transmission line 

temperature at 250 °C, MS quadrupole temperature at 150 °C). The GC temperature 

program started at 80 °C for 1 min, ramped linearly at 20 °C/min to 160 °C, which 

was kept for 1.5 min, ramped linearly at 3 °C/min to 196 °C, which was kept for 8.5 

min, and then ramped linearly at 20 °C/min to 250 °C, which was kept for 3 min. 

Electron ionization EI is used for GC-MS applications. A selected ion monitoring 

(SIM) mode was used as ion scan, and electron energy was set as 70 eV. 
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Table S1 Nutrient content of feed samples (g/kg absolute dry matter intake).

Whole-plant corn silage Concentrate feeding Corn protein powder

EE 16.82 45.32 12.76
Crude ash 64.89 233.28 39.91
CP 85.91 439.85 733.04
Ca 3.41 36.02 1.96
P 2.27 11.82 5.89
ADF 400.57 169.46 97.82
ADICP 3.98 44.44 126.06
NDF 627.95 225.83 226.17
NDICP 2.73 67.65 65.21
ADL 56.25 47.51 35.99
NFC 343.64 218.06 143.84
tdNFC 336.70 213.68 141.00
tdNDF 351.93 34.48 52.78
tdCP 81.25 389.60 596.40
tdFA 5.45 34.37 1.85
DE1x(Mcal/kg DM) 2.69 2.94 3.52
DE3x(Mcal/kg DM) 2.62 2.92 3.36
ME3x(Mcal/kg DM) 2.19 2.55 2.94
NELP(Mcal/kg DM) 1.35 1.60 1.88

EE: ether extract, CP: crude protein, Ca: calcium, P: phosphorus, ADF: acid Detergent Fiber, , ADICP: 

acid detergent insoluble crude protein, NDF: neutral Detergent Fiber, NDICP: neutral detergent 

insoluble crude protein, ADL: acid detergent lignin, NFC: non-fiber carbohydrate, tdNDF: truly 

digestible neutral detergent fiber, tdNFC: truly digestible non-fiber carbohydrate, tdCP: truly digestible 

crude protein, tdFA: truly digestible fatty acids; DE1x: digestible energy at one times maintenance 

level; DE3x: digestible energy at three times maintenance level; ME3x: metabolizable energy at three 

times maintenance level; NELP: net energy for lactation at three times maintenance level.
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Table S2 Milk yield and composition of dairy buffaloes raised at different altitudes.

LA MA HA

Milk yield, kg/d 4.80 ± 0.23b 5.29 ± 0.28ab 5.79 ± 0.28 a

4% FCM, kg/d 8.00 ± 0.44b 5.60 ± 0.41c 9.61 ± 0.67a

Fat, % 8.44 ± 0.39a 4.45 ± 0.43b 8.40 ± 0.57a

Protein, % 4.89 ± 0.14 5.08 ± 0.14 4.77 ± 0.11
Lactose, % 5.20 ± 0.05 5.33 ± 0.13 5.15 ± 0.10
Total solid, % 22.15 ± 0.75a 15.36 ± 0.47b 22.44 ± 0.75a

Solid non-fat, % 11.81 ± 0.18a 11.24 ± 0.15b 11.90 ± 0.12a

Fat, kg/d 0.41 ± 0.03a 0.23 ± 0.02b  0.49 ± 0.04a 
Protein, kg/d 0.23 ± 0.01a 0.27 ± 0.02a 0.27 ± 0.01a  
Lactose, kg/d 0.25 ± 0.01b 0.28 ± 0.02ab  0.30 ± 0.02a 
Total solid, kg/d 1.07 ± 0.07b  0.81 ± 0.04c  1.30 ± 0.07a 
Solid non-fat, kg/d 0.57 ± 0.03b 0.59 ± 0.03b 0.69 ± 0.03a 

Milk yield was presented as 4% FCM (kg/d), and milk composition are corrected from 4% FCM (kg/d). 

Milk yield of 4% FCM (kg/d) was calculated as [0.4 + 15.0 × fat (%)] × milk yield. LA, whey at low 

altitude; MA, whey at medium altitude; HA, whey at high altitude. Row values with different 

lowercase superscripts are significantly different at p < 0.05.
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Supplementary Figure captions

Fig. S1
SDS-PAGE of the buffalo whey in LA-, MA-, and HA-buffaloes. M, protein marker 
(10–250 kD); LA, whey at low altitude; MA, whey at medium altitude; HA, whey at 
high altitude. 

Fig. S2 
Validation plots of the orthogonal partial least-squares discriminant analysis (OPLS-
DA) models for the corresponding LC-MS data of the milk whey metabolome in both 
positive and negative ionization mode. 
LA, whey at low altitude; MA, whey at medium altitude; HA, whey at high altitude. 

Fig. S3 
Volcano plot of distinct metabolites buffalo milk whey at different altitudes. Each 
point represents one metabolite. 
LA, whey at low altitude; MA, whey at medium altitude; HA, whey at high altitude. 

Fig. S4
Heat map of Pearson correlations values of milk whey metabolites in three pairwise 
comparisons (LA vs. MA, MA vs. HA, and HA vs. LA). The blue and red colour 
represent positive and negative direction of correlations, respectively. Blank 
represents that there was no correlation between two variables (P-value > 0.05). 
LA, whey at low altitude; MA, whey at medium altitude; HA, whey at high altitude. 
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Fig. S1 
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Fig. S2 
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Fig. S3
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Fig. S4


