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Coffee beans from five geographic regions (Africa, Indonesia, and Central, 
South and North America) were selected for analysis. Five beans from each 
region were individually extracted with acetonitrile for twelve hours. The re-
sulting extracts were diluted 1:4 with deionized water prior to analysis by 
UPLC/MS(TOF).  

 A UPLC/MS(TOF) based metabonomic analysis of non- mam
 malian samples was successfully illustrated by the analysis of         
        extracts of whole, roasted coffee beans from different areas  
        of the world.   
 
 This approach has shown high levels of caffeine and sterol  

        derivatives, the identity of which has been confirmed by exact 
 mass. 

ACQUITY UPLC™ Conditions 
Column   (2.1 x 100)mm 1.7 µm ACQUITY UPLC™ C18 

Flow Rate   600 µL/min  
Injection Volume  10 µL 
Gradient   Linear, 50-95%B over 30 minutes   
Mobile Phase  A = 0.1% Formic Acid in Water; B= 0.1% Formic  
    Acid in Acetonitrile 
 
LCT Premier™ Conditions 
Lock Mass   25 fmol/µL Leucine Enkephalin in 50:50 H2O:ACN 

   (0.1% Formic Acid) at 30 µL/min 
Capillary   3200 V 
Cone Voltage  60 V 
Desolvation Temp. 250 oC 
Source Temp.  120 oC 
Acquisition Range 100—950 m/z 
Scan Time   0.3 s 
Dwell    0.05 s 

A representative total ion current chromatogram (TIC) from Sumatran coffee 
bean extract is shown in Figure 1.  All of the collected UPLC/MS data was 
analysed using MarkerLynx™ Application Manager for MassLynx™ 4.0 soft-
ware to discern ions of interest for further analysis by MS/MS with exact mass.  
MarkerLynx integrates the detected peaks from each sample to construct a 
comprehensive list of all components in the analyzed samples in an interactive 
browser format.  The processed data list is then analyzed by Principal  
Components Analysis (PCA) within the MarkerLynx program. An example of 
the MarkerLynx browser for Brazilian and Panamanian coffee extracts is  
presented in Figure 2.  In the scores plot, one observes clustering for both  
Brazilian and Panamanian coffee.  The loadings plot reveals that m/z = 
537.43, a probable plant sterol derivative,  is one of the more dominant ions 
contributing to the observed clustering. 

Figure 1. A typical total ion current chromatogram from the analysis of acetonitrile extracts 
of coffee beans from Sumatra. 

Figure 2. MarkerLynx browser display for the comparison of Brazilian and Panamanian 
coffee bean extracts. 
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The science of metabonomics has evolved into a useful strategy to facilitate 
the differentiation of small molecule profiles in complicated biological matrices 
such as plasma and urine. This methodolgy consists of four basic steps: 1) an 
information-rich analysis, such as LC/MS(TOF), 2) data reduction and align-
ment to convert acquired spectra into a “statistics-friendly” format, 3) multivari-
ate statistical analysis (e.g. principal components analysis (PCA) or partial 
least squares (PLS)), and 4) user review and interpretation of chemometric re-
sults.  However, the utility of this approach is not limited to the biological 
arena.  In fact, the pattern recognition algorithms that are at the heart of me-
tabonomics can be applied to several areas including industrial batch synthe-
ses, cosmetics and food sciences.  In this paper, we will implement a UPLC/
MS(TOF) directed metabonomics strategy to probe the regional differences of 
roasted coffee beans. 
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In order to ascertain differences amongst the entire sample set, a supervised 
chemometric approach, sugh as partial least squares (PLS) is used. The re-
sulting scores and loadings plots from PLS are presented in Figures 3 and 4. 
Distinct clustering by geographical region is observed in the scores plot. 
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19.8_639.495

2.0_323.303
1.2_325.2957.6_640.3787.6_641.3799.7_643.4251.1_328.3212.0_329.3181.4_644.49211.9_646.40811.0_330.2242.1_331.28215.3_647.9133.0_648.45112.5_649.429.7_335.2913.6_336.32712.5_649.93115.9_650.942.5_338.1495.4_340.350.6_342.2114.9_653.3704.9_654.473.3_343.1804.8_345.71513.5_655.4914.4_657.515.5_347.1472.1_349.2313.1_350.3434.4_660.50213.9_663.0003.3_351.3392.2_353.3172.1_665.4723.0_667.44610.7_668.5271.7_356.3541.7_357.3573.2_671.5293.0_674.506.5_358.3677.7_359.7324.6_676.45412.5_678.3949.2_679.4571.0_363.3211.7_366.3013.0_682.3552.3_683.5421.2_367.231.6_370.190.5_372.2092.1_687.44414.9_693.3753.5_373.2942.1_376.19415.2_694.32315.8_696.3922.9_377.3162.8_379.3692.1_381.1973.0_702.4405.0_705.5164.9_382.29914.6_383.36719.8_708.4922.1_715.4666.3_717.4875.1_389.320.5_392.1833.2_719.5061.1_722.5023.0_395.19015.2_396.36819.7_725.4771.6_732.5454.8_743.54917.1_399.1973.0_400.220.9_752.4974.0_764.4174.0_402.2242.1_405.26513.8_407.7761.4_777.5782.9_794.5423.0_409.2661.7_411.36018.6_799.6114.8_805.6081.4_412.4164.4_415.3342.1_417.22213.1_854.70615.2_859.0932.1_419.2233.1_420.24315.8_860.6244.9_863.6724.9_884.6563.0_424.2423.0_425.24415.5_888.82316.0_893.65614.5_427.3976.8_429.37412.4_896.6182.9_906.69819.8_912.76313.1_432.35615.8_434.2473.0_917.7283.0_937.6613.3_434.3268.1_436.33017.0_437.4494.9_945.74513.7_949.71316.4_438.4091.4_440.3372.9_442.355.6_445.3342.9_447.3593.0_451.3105.0_453.2753.0_454.28711.3_454.34015.4_455.415.6_457.3072.9_458.344.6_460.2713.2_461.268.6_462.2663.2_463.2733.9_464.3355.0_466.2682.1_467.3643.0_469.3352.3_470.3762.1_471.3615.3_471.396

4.9_472.398

5.1_473.3964.9_474.4025.1_475.39110.6_476.8652.1_478.236.9_480.2675.1_481.2833.0_483.3581.3_484.390.7_485.3352.9_485.3942.9_486.3991.1_487.3886.2_487.4113.8_488.3931.3_489.3731.2_490.2626.1_490.4081.1_491.3854.9_492.3403.0_493.36110.9_494.3633.0_495.2691.0_496.34210.5_497.38519.3_498.452

7.7_499.414

8.5_499.4298.5_500.4313.1_501.369.9_502.3727.7_502.4355.0_503.3918.1_504.4238.5_504.4287.7_505.4293.1_507.3403.0_508.3724.9_509.3533.0_510.3363.3_510.4243.1_511.4083.0_512.4173.0_513.3338.1_513.4093.0_513.4417.7_514.4109.4_514.446

1.6_515.420

9.5_515.4463.1_516.4311.1_517.3727.7_517.4475.0_518.4305.0_519.34714.7_520.146.5_521.3358.1_521.4101.6_522.4321.3_523.392
11.9_524.458

6.5_525.4453.0_527.1399.4_527.4229.4_528.4287.6_529.4024.9_529.4471.3_530.4066.1_530.467.7_531.4137.8_531.4686.1_532.45710.8_533.3963.8_533.4413.7_534.4124.9_535.40615.2_535.6393.0_536.368

15.2_536.418

15.3_537.34315.2_537.42214.8_538.16515.0_538.4311.6_539.4109.6_540.41510.7_541.39111.3_541.43813.4_541.47210.2_542.4422.7_543.42619.3_543.5084.9_545.4817.6_546.4757.7_547.4241.6_548.412
11.4_549.439
9.7_550.63211.4_551.44716.0_552.49016.0_553.4903.0_555.33912.8_555.45311.8_556.5163.1_557.4329.2_558.4047.8_558.48111.4_559.4107.6_559.46412.0_559.66011.8_560.4203.7_561.38215.1_561.4302.1_561.47912.6_562.43315.6_562.43510.2_563.419

19.4_563.445

1.6_564.40912.5_564.4412.1_565.33115.7_565.45515.9_566.4594.8_568.438
6.5_569.418

15.2_569.421.3_105.111.3_111.06515.5_569.42314.8_569.474.3_118.071.4_125.083.4_132.0957.0_570.45815.7_571.437.6_135.09315.7_572.4567.9_572.5171.6_573.469.3_146.118.7_150.09611.4_574.50313.9_575.499
.4_151.090

.6_155.11913.1_575.50413.1_576.5064.9_578.353.3_162.038.3_164.07112.5_578.4356.1_579.436.6_165.125.4_168.081.3_170.9818.0_581.46811.8_583.492.3_172.130.5_175.095
4.0_585.41311.3_585.508.6_177.099.4_183.0944.0_587.42311.3_587.505.5_189.106

.5_192.110
2.7_588.43719.7_589.4645.1_591.402.9_195.08914.1_591.47514.3_592.474.3_198.112.5_201.1044.6_593.41814.2_593.43415.6_593.494.6_207.066.3_208.1281.0_594.3721.0_594.441.5_210.124.5_213.109.6_215.12014.7_595.43611.9_595.441.3_217.108

.5_221.100
6.7_596.37012.5_596.457.5_222.157.5_225.110.7_227.12217.1_597.48810.8_598.457.5_230.0893.0_598.4765.1_599.43819.8_599.507.9_237.117.5_239.11911.9_600.41711.4_600.550.5_242.115.5_245.12214.4_601.5223.1_602.4887.2_604.459.5_249.122.9_252.13811.9_607.4054.8_609.443.6_254.121.5_256.115.6_257.17015.0_610.54019.3_611.184.6_259.131
.5_262.135

4.2_611.43315.4_611.545.5_263.097.5_264.086.3_266.0604.9_613.35119.5_614.182.5_268.1201.2_269.2605.1_614.47719.4_615.1841.6_615.4832.9_273.212.5_275.12913.4_615.4963.6_616.396.5_277.136.7_279.16815.3_616.45615.2_617.43819.8_618.5161.4_280.26415.7_281.1923.0_619.48715.3_621.395.5_282.1231.0_283.1993.3_284.2991.5_622.4757.0_623.448.5_287.091.6_290.1389.2_624.3989.7_625.416.5_293.140.6_296.1351.0_297.1872.8_626.4412.1_626.5131.0_298.1911.0_299.20212.4_627.4261.3_628.4197.4_629.458.5_303.138.7_308.1314.0_630.4721.3_631.461.5_308.210.5_310.14217.5_631.5763.3_633.4603.0_635.470.5_314.1394.7_636.46314.2_636.5561.0_315.197.5_318.1562.1_322.2754.5_638.4773.0_639.495.5_324.1412.0_325.3157.1_640.4937.7_641.3803.2_326.327.6_328.3231.1_329.33011.9_645.41119.9_646.480.5_330.2282.3_331.28612.5_647.9272.5_648.4963.0_649.4551.6_335.3064.2_336.3273.6_650.44019.5_650.942

5.4_338.342

8.5_340.3597.1_651.5172.1_653.4371.7_655.339.5_344.156.3_345.91913.7_655.4919.2_658.431.5_347.1841.2_349.277.5_351.1433.1_661.42312.5_663.463.5_352.1605.4_353.35415.9_665.4853.0_667.4681.7_355.286.6_356.354.6_357.3582.8_672.4243.1_675.468.5_359.1627.6_359.7334.4_676.4758.9_678.4431.1_679.480.6_364.1491.2_366.3041.7_682.36917.5_684.2013.4_367.2843.0_684.5052.1_687.4839.5_693.3901.7_373.3195.0_376.30615.2_694.3772.1_696.45013.9_377.775
5.4_379.369
1.5_381.3243.0_703.44110.3_706.4758.5_382.3896.0_383.36811.3_709.4381.7_715.56414.5_385.37319.4_391.237.5_394.16715.4_720.3885.0_722.5366.6_395.2286.3_396.37114.0_726.5191.7_733.5373.5_744.368.9_399.2461.6_400.3383.0_753.3871.6_764.48111.9_402.339.9_406.1651.1_767.52811.3_782.521.9_796.53712.6_409.41714.5_411.36415.1_801.5511.7_809.4861.3_413.41513.1_415.35612.5_417.22513.1_855.67115.2_859.5933.1_419.2392.1_421.21615.7_861.11819.3_869.761.5_423.2423.0_424.2723.0_425.2543.0_889.70919.3_893.78311.9_428.36515.4_430.34012.5_896.6183.0_907.6993.0_913.6399.7_432.3563.0_434.24819.3_917.78414.7_939.5892.1_435.2343.3_436.3434.8_942.7404.9_945.7784.8_949.7843.0_439.1982.1_440.44016.1_442.4142.9_445.3632.1_448.2403.0_452.2485.3_453.3883.3_454.29415.4_454.4061.6_456.214.9_457.3401.2_458.3473.1_460.2661.3_461.3155.0_462.2805.0_463.2833.0_464.3363.0_466.3493.0_467.3643.9_469.3353.3_470.3831.1_471.3624.9_471.5321.7_472.4054.9_473.40213.1_474.412
4.9_475.391

10.0_477.36310.5_478.8655.1_480.2863.0_481.3231.9_483.379
2.9_484.390
4.0_485.3606.1_485.4111.9_486.4121.4_487.3891.2_488.2384.9_488.4083.0_489.4138.0_490.30914.1_490.8891.3_491.3862.9_492.3436.5_493.3749.7_494.3634.9_495.2708.1_496.4268.1_497.42919.1_498.45419.3_499.4558.9_500.4311.3_501.4021.2_502.3748.2_502.4798.1_503.420.9_504.3823.1_505.3403.0_506.3315.0_507.3584.0_508.3553.0_509.3664.9_510.35814.1_510.8951.6_511.3895.3_512.4234.0_513.3901.6_513.4099.4_513.4421.6_514.4112.3_515.2707.8_515.4213.0_516.36013.2_516.4303.7_517.4064.9_517.4559.4_518.4401.1_519.380.5_520.3263.0_521.3441.6_521.4285.1_523.3217.7_523.41612.0_524.45812.0_525.4612.1_527.3333.1_527.4306.1_528.4427.7_529.40311.4_529.4637.7_530.42211.8_530.4847.2_531.4156.1_531.4701.1_532.4475.2_533.39811.3_533.4571.1_534.444

15.2_535.406

15.2_535.6581.1_536.38014.9_536.4197.7_537.385
15.7_537.423

4.9_538.390
15.7_538.433

9.6_539.4106.3_540.4158.5_540.4524.0_541.39111.8_541.44111.8_541.4767.6_542.4617.7_543.4628.5_544.4254.9_544.483
7.8_545.4867.7_546.476
.9_547.4306.1_548.416.9_550.3599.2_550.6309.4_551.6321.6_553.3772.4_554.1803.0_555.3589.4_555.47316.0_556.5172.3_557.4323.1_558.4409.4_558.4935.3_559.41410.2_559.4641.7_559.8811.6_560.43611.8_561.4219.4_561.4306.1_561.48112.5_562.4338.1_562.4367.7_563.43715.7_563.4464.3_564.41319.7_564.44511.4_565.41619.4_565.45519.7_566.46417.5_568.4375.4_569.41814.5_569.421.4_106.06413.7_113.93614.1_569.429

11.4_569.486
.3_119.062.4_126.053.4_133.0774.9_570.49415.1_571.438.4_136.076.6_138.06715.6_572.45010.9_573.381.6_143.058.4_147.093.3_150.1031.0_575.35913.3_575.499.3_151.549.4_155.11911.3_575.520

13.8_576.506
1.3_578.389
.5_162.094
.5_164.10015.4_578.43515.4_579.441.4_166.089.3_168.99312.5_580.4457.0_582.4262.9_584.318.3_173.031.4_175.0983.7_585.4142.1_585.525

.5_178.103

.7_180.109.4_184.0942.7_587.4307.7_587.515.6_189.105.6_192.11217.5_588.45916.3_589.459.3_194.0541.1_195.091.6_196.09314.3_591.47514.1_592.476.4_199.030.4_201.1103.6_593.4191.0_593.43916.0_593.494
.5_207.069

.3_209.0184.6_594.42315.6_594.497.3_211.005.6_213.1272.1_595.32612.4_595.43615.6_595.447.6_221.1267.6_596.37611.1_597.397.5_223.128.7_225.113.5_228.11013.1_598.3469.2_598.457.6_230.123.7_233.1251.3_598.5069.5_599.450.6_235.120.6_240.10815.1_600.46412.5_601.424.3_243.021.6_245.12613.9_601.5233.5_603.4259.2_605.386.5_249.153.5_252.16617.5_608.5014.8_609.4621.3_254.248.6_256.1174.3_610.42314.0_610.54119.8_611.186.4_259.157.6_262.1474.3_611.47015.5_611.545
.5_263.128

.5_264.148.4_266.1345.0_613.40019.3_614.182.6_268.132.6_270.1233.9_614.4781.6_615.347.5_271.1221.0_273.227.6_275.13113.8_615.4969.2_616.412.6_277.14414.5_279.1726.6_616.491.8_617.4391.0_619.451.6_281.13312.5_281.1923.0_619.5082.1_621.404.5_282.1531.4_283.27515.2_621.9127.7_622.4997.0_623.452.5_287.136.5_290.15111.4_624.40515.9_625.424.4_294.150.5_296.139.6_297.2474.0_626.44116.5_626.5331.9_298.2961.9_299.2952.5_627.4282.5_628.4321.6_300.2911.2_303.219.7_308.1966.5_630.4724.0_631.4692.4_308.2964.0_310.3122.1_632.4021.2_634.4534.9_635.4821.0_313.181.5_314.1793.0_636.50815.5_636.557.5_316.155.5_319.14215.9_637.93115.5_638.5743.0_639.5081.2_324.2903.3_325.3233.0_640.4939.9_641.476.5_327.146
.5_329.172.5_330.1404.0_645.4403.0_647.4121.3_330.303.5_332.1414.0_648.42311.1_648.518.7_333.2052.8_335.316.6_337.11619.5_650.44019.4_650.954.5_339.147.5_341.14813.7_651.5375.3_653.4652.1_655.4241.2_344.261.4_346.1651.6_656.3812.1_658.4361.6_347.3245.1_349.2912.1_659.4623.9_661.52113.7_663.9981.6_352.320.5_354.1633.5_666.4352.1_667.4985.4_355.363.5_357.159.5_358.1572.8_673.4274.4_675.469.5_359.228.5_360.17611.9_677.3531.2_678.4792.1_361.3021.0_364.3268.5_366.3731.1_683.43616.3_684.2054.3_367.3681.6_370.3342.3_684.5301.4_688.52313.7_693.4372.1_375.192.7_376.3162.1_694.45015.6_697.390.7_378.138.5_380.1572.1_699.4436.7_703.461.9_707.283.5_383.1548.5_383.3933.0_709.4722.1_716.449.9_385.39016.0_391.2466.5_394.22815.3_720.4041.1_723.5071.8_395.35415.1_396.3737.2_727.37310.3_737.4642.1_398.270.6_399.246.5_401.22914.6_758.5677.8_765.5174.0_402.7252.1_406.23310.3_768.48011.3_782.56915.1_796.59311.9_409.7362.1_412.24315.1_802.5591.1_810.5531.2_414.32210.0_415.35613.1_837.72715.2_856.59315.7_859.62013.0_419.2728.3_421.38215.8_861.11915.3_870.1131.6_423.2701.6_424.2739.0_426.3403.0_890.72411.9_894.0961.8_429.31015.2_430.38112.5_897.1167.6_911.68210.3_431.354.6_433.2349.3_434.27913.8_918.23511.4_939.7133.0_435.25214.2_436.377

4.8_942.777

4.8_945.81413.7_950.7183.0_439.2361.2_441.3251.3_443.3331.9_445.3422.9_448.3623.0_452.26014.3_454.2405.0_454.3281.6_455.2113.0_456.2352.9_457.342.6_459.296.8_460.362.8_461.3701.4_462.3181.2_463.3041.4_465.1313.9_466.3543.0_468.3663.1_469.3793.1_470.3833.1_471.3804.8_471.624.6_473.334.9_474.3082.1_475.30713.1_475.420.9_477.368.9_479.2618.1_480.307.8_481.344

11.9_483.432

3.1_484.4238.1_485.37411.8_485.4406.1_486.4151.3_487.3892.1_488.3332.9_488.4193.7_489.3968.1_490.310.5_491.2343.0_491.415.8_492.353
4.9_493.377

5.0_494.3803.1_495.35610.5_496.88110.5_497.8793.0_499.3558.9_499.4247.7_499.6528.1_500.4392.9_501.4154.9_502.3838.2_503.3668.5_503.4213.3_504.3883.0_505.361.9_506.3684.9_507.36210.9_508.3891.3_509.3713.7_510.3713.0_511.1577.1_511.4175.1_512.4233.7_513.4152.1_513.4108.5_513.4427.6_514.4133.0_515.3476.1_515.4211.0_516.3887.8_516.4394.8_517.4083.1_518.3644.9_518.4405.1_519.3883.0_520.35111.8_521.38611.8_522.3913.0_523.3247.6_523.4161.1_525.34711.9_525.4621.2_527.3866.1_527.44011.4_528.460
1.3_529.40111.9_529.4926.8_530.4324.0_531.342

5.4_531.416
7.6_531.47211.4_532.4566.1_533.3981.1_533.4501.1_535.37514.9_535.41114.5_535.8312.1_536.39115.5_536.4203.0_537.3937.6_538.3906.3_539.4115.2_540.4188.9_540.45310.9_541.3918.1_541.45714.8_542.115

7.7_542.461
9.4_543.4442.7_544.4338.1_544.483

7.7_545.486

13.9_547.38311.8_547.4447.7_548.4213.8_550.40013.7_551.3575.1_552.4135.4_553.3939.2_554.40813.1_555.41815.4_555.48514.8_557.09811.4_557.4334.9_558.45911.3_558.51912.5_559.4147.7_559.4646.8_560.460

12.5_561.423

8.1_561.4321.6_561.482
15.4_562.434

6.1_562.45612.6_563.437
15.9_563.445

10.2_564.42315.7_564.45010.2_565.42419.8_565.46119.8_566.46514.2_568.438
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Figure 3. Scores plot from partial least squares analysis of coffee bean extracts. 

Figure 4. Loadings plot from partial least squares analysis of coffee bean extracts. 

One of the key ions contributing to the observed clustering is that of caffeine, 
m/z = 195.08.  The abundances of this ion in each of the coffee bean extracts 
can be visualized from the trends plot for caffeine in Figure 5.  From this trend 
line, it can be noted that coffee beans from Sumatra and Kenya appear to 
have the highest caffeine content.  The mass spectrum of caffeine from a Ken-
yan coffee bean extract is given in Figure 6. Both the calculated and observed 
exact mass value for caffeine (MH+ C8H11N4O2, m/z = 195.0882) are identical 
resulting in a mass error of zero. 
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Figure 5. Trend line for m/z = 195.0882 (Caffeine) across all samples. Coffee from Suma-
tra has the highest caffeine content. 

Figure 6. Exact mass spectrum for caffeine, m/z = 195.0882, from a representative sum-
matran coffee bean extract. 
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Figure 7. Trend line 
for m/z = 535.4152 
across all samples. 
Coffee from Sumatra 
has the highest con-
tent of this ion.  

Although caffeine is one of the more dominant compounds, it is but a small 
fraction of the other classes of compounds found in coffee bean extracts.  
Using this metabonomic approach we have been able detect many other 
markers of geographic origin including plant sterols, an example of which is 
m/z = 535.4151. The trend line for this marker (Figure 7) indicates that, like 
caffeine, it is present at higher levels in Sumatran coffee.  

A viable candidate for m/z = 535 is Cholest-5-ene-3-β,7-β-diyl 3-benzoate- 7-
ethyl ether, shown in Figure 8. The exact identity of this sterol will be con-
firmed by MS/MS 

Figure 8. Chemical structure for Cholest-5-ene-3-β,7-β-diyl 3-benzoate- 7-ethyl ether, a 
possible identity for m/z = 535.4152. (C35H54O3, 0.1 ppm mass error) 
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