
Department of Biochemical Science and Technology 

College of Life Science 

National Taiwan University 

Master Thesis 

Vegetable signatures derived from human urinary 

metabolomic data and change of biomarkers  

in a controlled feeding study 

Fong-Ling Chen 

Advisor: Wen-Harn Pan, Ph.D. 

101 7

July 2012



 



 

i 
 

10

1

5

200g

2



 



 

ii 
 

Abstract 

Background and objective: Many studies have been pointed out that the intake of 

plant foods such as vegetables, fruits, whole grains and soy products can reduce the 

incidence of chronic diseases. However, the mechanism of its effect on human 

metabolic pattern is still not clear, and need more research to understand. Metabolomics 

is a systematic study which focuses on all or specific small molecule metabolites in a 

biological system, by exploring these metabolite changes can help us to understand the 

variations in human metabolism when the system is affected. This study selected five 

vegetables that have been reported with physiological activity and designed a suitable 

short-term feeding study to observe the changes in biomarkers. Moreover, we used 

metabolomic analysis to explore the specific metabolic changes in different vegetables.

Method: A feeding study of 10 subjects was admitted to a clinical research center. The 

observation period was 1 day, to assess the blood pressure, biochemical values and 

metabolite changes at fasting, before lunch, and the time-point after lunch. There’s a 

washout period with 5 days between each test, to ensure no interaction of each test. The 

study included 6 groups: 5 experimental groups that provided 200 g vegetable at each 

time, and a control group without vegetable. The test vegetables were spinach, celery, 

wild bitter gourd, beetroot and onion. 
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Results: Comparing experimental groups with control group, we founded a significant 

difference in blood pressure, blood glucose and blood lipid changes. All fasting 

metabolic patterns were similar, and the pattern at before lunch and 2 hours after lunch 

can be clustered, the rest of the postprandial time points as time go on and gradually 

near to the fasting point. Overall, we can see the change in metabolite is time cycle in 

urine with PCA analysis results. Also, using ANOVA analysis and multiple comparisons, 

we can select specific metabolites in each vegetable treatment. 

Conclusions: In this established process, we indeed can pick out the specific metabolite 

as an intake marker of these vegetables. But these substances still need to be classified 

for identification and to find the physiological activity related metabolic pathways. 

Key words : metabolomics, urine, vegetable, phytochemicals
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5

3 2 3~5

2~4 2005~2008

( )

(phytochemicals) [1-3]

2003 Liu [1]

(metabolomics) [4, 5]

(metabolic 

profile)

(metabolic fingerprint)

(1)

(2)
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[6] American Institute for Cancer 

Research, AICR (World Cancer Research Fund , WCRF)

400 20% [7]

Wageningen Pieter van’t Veer 250

(meta-analysis)

19% 16% [8]

(polyphenol) [9]

(Alzheimer's disease) (Parkinson's 

disease) C (carotenoids)

(flavonoids) (Se) (Zn) (sulfur-containing compounds)

[10]

[11] Ascherio [12] (K) (Mg)

(folic 

acid) B6 B12 (homocysteine)

(hyperhomocysteinemia)

[10]

(diverticulosis)[13]

(type II diabetes)[14] (chronic obstructive pulmonary disease,

COPD)[15] (arthritis)[16] (cataract)[17]
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(phytochemicals)

[11]

10,000 [18]

[19, 20] [21] [22, 23]

(phytosterols)

[24]

(phenolics) (terpenoids) (alkaloids)

(others) ( 1-1)

(flavonoids) (non-flavonoids)

(-OH)

(reactive oxygen species, ROS)

[25]

(isopentadiene)

[26] [27]

[28] AMPK(AMP-activated 

protein kinase)

[29, 30]

lysine piperidine 
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alkaloids quinolizidine alkaloids

[31]

:

(alliin) (glucosinolates) cysteine

[32] [33]

[34]

(Spinach)

Spinacia oleracea L. (Amaranthaceae) (Spinacia)

Cao [18] ORAC Oxgen Radical Absorbance Capacity

22 (garlic)

(kale) [35] A C

(Wild bitter gourd)

Momordica charantia L. var. abbreviate Ser. (Cucurbitaceae)

(Momordica)

[36]

polypeptide-P[37] cucurbitane-type triterpenoids[38-41]
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(Beetroot)

Beta Vulgaris L. ssp. Vulgaris (Amaranthaceae) (Beta)

betalains cyclo-dopa-glucoside, 

hydroxycinnamic acids [42-44] (nitrate)

(nitrite)

(NO)

- (ischemia-reperfusion)

[45]

(Onion)

Allium cepa L. (Alliaceae) (Allium) Diallyl sulfide

allyl methyl trisulfide

(detoxifation)

DNA [46] 3-mercapto- 2-methylpentan- 1-ol (3-MP)

(peroxynitrite radical )[47]

(Celery)

Apium graveolens L. (Apiaceae) (Apium)

terpenoids flavonoids [10, 48]

(apigenin)

[49] 3-n-butyl phthalide

[50]
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1-1 [51] 

S
U
L
F
U
R
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(metabolome)

1998 [52, 53]

(endogenous metabolome) (microbial metabolome)

(xenometabolome) [54, 55]

(metabolomics/metabonomics)

Ullrich Pinder ”urine charts”

[56] Jeremy Nicholson 1999

(metabo“n”omics)

[57] Metabo“n”omic [58,

59] (NMR)

[60] (metabo“l”omics)

[61]

: (non-targeted analysis)

(targeted analysis)

[62] (biomarker) Heinzmann

[63] proline betaine (citrus)

[64]
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(nuclear

magnetic resonance, NMR) mass spectrometer, MS NMR

[65] MS (gas 

chromatography, GC) ( liquid chromatography, LC)

(induced biological 

variation )

(quality control)

(processing)

(normalization) [66, 67]

(principal component analysis, PCA)

(partial least-squares discriminate analysis, PLS-DA)

[68-71]
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(feeding study)

1 5 (washout 

period) 2011/07/02

2011/08/06 (control group)

(7/2) (7/9) (7/16) (7/23)

(7/30) (8/6)

(standardized diet, STD diet)

10

( ) 200 (Tf) (T0)

(T1-T7)

( )

10



 

10 
 

( )

1. 18-60

2. (body mass index, BMI) 18.5-30 (kg/m2)

3.

( )

1.

2.

3.

4.

(standardized diet, STD diet)

( )

[65]

53%

17% 30%

( )

1700 2400 4
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2100 (2100

1)

( )

-18

( ) (2100 )

1. 200 mL 120 g

2. ( 100g 300g 15g 20g)

3. ( 120g 300g 15g 20g)

( )

( )

( )
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( )

4

100

5g 1

( )

( )

7:30

(Tf) 9:00

11:30 (T0)

30

7 (T7)

(Hewlett Packard, M1204A)

9 4 2
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2 3

10mmHg 2 3 4

UPLC/QTOF-MS

-80 12,000 rpm 4 30

Creatinine Assay kit (Cayman Chemical Company, Ann Arbor, MI, USA)

creatinine

(pooling sample) pooling sample creatinine 100μg/mL

syringe filter (PVDF, 0.22μm, Millpore-SLGV013NL)

(Ultra performance liquid chromatography)

( ) Waters ACQUITY UPLCTM System

( ) BEHC18, 1.7μm, 2.1*100 mm_0162382671

( ) 45

( ) A H2O + 2 mM ammonium formate; B acetonitrile (AcN)

( ) 6
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2-1 UPLC
(Total Ion Chromatogram, TIC)

( ) blank samle (H2O)
QC sample

(Quatropde-time of flight mass spectrometer) 

( ) Waters Synapt G1 HDMS System

( )  Ion mode:ESI+ ESI-

( ) Scan time:0.1(sec)

( ) 20-990 (m/z)

( ) sulfadimethoxine Lock Mass: 311.0814(ESI+) 309.0658(ESI-)

10 0.5

( ) Repeated measurement (technical replicates)

6

( 3-2 3-3)

( ) Split sample measurement (biological replicates)

2 ( 3-2)
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Positive/Negative mode

Repeated
measurement

Split sample 
measurement

Pooling sample

N1

N2

6 times of repeat 
UPLC-QTOF-MS analysis

6 times of repeat 
UPLC-QTOF-MS analysis

I. II.

2-2

Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50

%

0

100
20111031_G7U5N1_6 1: TOF MS ES+ 

TIC
1.30e5

3.63
3.55

3.462.540.43 1.220.60

3.74

4.76

20111031_G7U5N1_5 1: TOF MS ES+ 
TIC

1.11e4
0.43 1.230.460.60

0.91
0.77 0.95

4.76

2.061.26
1.701.48 1.87

3.542.35 3.503.352.45 2.58 2.74 3.06
3.64 3.81

20111031_G7U5N1_4 1: TOF MS ES+ 
TIC

1.13e4
4.750.43 0.60 1.22

0.91
0.78 0.94 2.05

1.701.33 1.48 1.87
2.35

2.14
3.543.513.352.45 2.57 2.73 3.06

3.64 3.80

20111031_G7U5N1_3 1: TOF MS ES+ 
TIC

1.12e4
0.43 4.751.220.59

0.91
0.77 1.07

2.06
1.701.32

1.42 1.87
3.542.34 3.352.44 2.57 2.74 3.06

3.80

20111031_G7U5N1_2 1: TOF MS ES+ 
TIC

1.16e4
4.750.43 1.220.59

0.910.78 1.08
3.783.35

2.06
1.701.33 1.48 1.87

2.34
2.15 2.44 2.57 3.062.73

3.39

20111031_G7U5N1_1 1: TOF MS ES+ 
TIC

1.11e4
0.43 4.751.220.59

0.91
0.77 1.08 2.05

1.701.33 1.48 1.87
2.35 3.35

2.572.64 3.052.74
3.54 3.62 3.78

2-3
1~6 6
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(Data processing )

Masslynx™ 4.1 MarkerLynx™ 3-1

0.34~3.24 (min)

(mass-to-charge ratio, m/z) (retention 

time, RT) (intensity) 

(peak alignment) Retention time 

window 0.1 (s) Mass window 0.03 (Da) Noise elimination level 6

Intensity threshold 50 (counts)

creatinine (ESI+: m/z=114.0664, RT=0.5941; ESI-: m/z=112.0500, RT=0.5923)

(intensity normalization)

2-4

Masslynx ™

(TIC chromatogram)

(peak alignment)

alignment

creatinine

(Normalized)
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8:00

(Tf) (T0)

(

)

(median)

(range) (nonparametric one-way analysis of 

variance) Kruskal-Wallis test

Wilcoxon rank sum test SAS®9.3

NPAR1WAY p<0.05

(box-plot)

75 25

(T0)

1

(Tf) Median (Range)

Wilcoxon rank sum test p<0.05
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Partek Genomic Suit 6.6

log2 Quantile normalization

(scale)

( ) (principle component analysis, PCA)

(Principle component 

analysis, PCA)

( ) (incremental area under the curve, AUC)

(Net incremental area under the curve, net AUC) 7

(T0)

( ) (two-way ANOVA)

two-way ANOVA technical 

replicates

two-way ANOVA

(false discovery rate, FDR) 6

Scheffe’s methods

p<0.05

Two-way ANOVA model net AUC = group + rep + e
   (1) group: control, spinach, wild bitter gourd, celery, beetroot and onion 
   (2) rep : the sequence of 6 technical replicates 
  (3) e: residual 
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split sample measurement (biological replicates)

m/z

KEGG(http://www.genome.jp/kegg/) [72], HMDB (www.hmdb.ca) [73], Knapsack 

(http://kanaya.naist.jp/KNApSAcK/) [74] , Metacyc (http://metacyc.org/)

m/z 30ppm
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10 6 5

80% (10 ) (9 ) (8

) (8 ) (7 ) (6 ) 50~62.5%

19~56 BMI 20.9~27.1 18.5~24.0

3-1~ 3-4

/ /

3-1(a) 3-1(b)

2 5 7 3

3-3

5

7

2

3-1(c) 3-1(d)

4-5

2 4 7 3-4 (a) 4
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7

3-4(b) 2

3-1(e) 3-1(h)

3

3

3-5 3 5 7

5 7

5

3-1(i) 3-6

2 4

2 4

3-2(a) 3-2(e) Na/Cr

Cl/Cr K/Cr Mg/Cr Ca/Cr 3-7

K/Cr 4-7 Mg/Cr

Ca/Cr 0-2 2-4

Ca/Cr Mg/Cr 0-2 2-4
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ESI Masslynx peak

(alignment) ESI+ 586 (split sample measure: 

643 metabolites) ; ESI- 360 (split sample measurement 393

metabolites) 3-8 3-9 3 PC score 3D

ESI+ 36.8% (split sample measure: 35.7%) ESI-

41.9% (split sample measure: 43.5%)

2

“time cycle”

3-10

3-11 3-13 ESI+ ESI-

ESI+

17 3 63 13

6 ESI-

3 6 72 10 6

3-12 3-14 ESI+ ESI-

(10 ) 3-15 10

2-4
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10 ( 3-5)

melatonine kynutamine [M+NH4]+

terpenoids [M+H]+;

cis-1,2-dihydroxy-1,2-dihydrodibenzothiophene

Gluconic acid/ Gulonic acid/ Mannonate/Galactonate/Altronate

m/z:219.0473 coniferyl alcohol[M+K]+

Betablamic acid positive mode

negative mode

positive mode L-pyroglutamic acid

(R)-(+)-2-pyrrolidone-5-carboxylic acid 2-aminoacrylate; Negative 

mode alliin/isoalliin

carvone geranic acid
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3-1

Characteristic
Control    

(n=10)

Spinach    

(n=9)

Wild bitter 

gourd     

(n=8)

Celery    

(n=7)

Beetroot    

(n=8)

Onion     

(n=6)

Age

(y)

26

(19~56)

26

(19~56)

28

(19~56)

30

(19~56)

28

(19~56)

26

(21~31)

Female

(%)
60 55.6 62.5 57.1 50 66.7

BMI

(kg/m2)

25.4

(20.9~27.1)

25.5

(20.9~27.1)

25.4

(24.1~27.1)

25.3

(24.1~27.1)

25.2

(20.9~27.1)

25.2

(20.9~27.1)

SBP

(mmHg)

101.3

(91.0~114.0)

103.5

(96.5~117.0)

103.0

(97.5~114.0)

105.0 

(91.0~113.0)

96.8

(94.5~109.0)

101.3

(98.5~108.0)

DBP

(mmHg)

56.5

(51.0~73.5)

62.0

(52.5~74.5)

58.8

(50.5~69.5)

61.5

(51.0~69.0)

57.3

(51.0~64.5)

56.3

(50.0~65.5)

Glucose

(mg/dL)

86.0

(80.0~105.0)

87.0

(80.0~108.0)

88.5

(82.0~103.0)

84.0

(79.0~97.0)

87.5

(75.0~101.0)

83.5

(74.0~92.0)

Insulin

(μU/mL)

5.20

(2.70~11.50)

5.90

(2.10~17.50)

5.30

(0.80~12.90)

6.70

(1.90~17.70)

6.50

(4.00~10.90)

4.40

(1.80~14.90)

T-Cholesterol 

(mg/dL)

180.5

(135.0~226.0)

177.0

(120.0~203.0)

185.0

(133.0~216.0)

174.0 

(123.0~207.0)

182.0 

(108.0~219.0)

173.5

(140.0~202.0)

TG

(mg/dL)

88.0

(62.0~172.0)

91.0

(49.0~202.0)

90.0

(43.0~236.0)

81.0

(64.0~160.0)

80.5

(56.0~157.0)

81.0

(59.0~190.0)

HDL-C

(mg/dL)

53.0

(34.0~64.0)

48.0

(36.0~73.0)

50.0

(38.0~66.0)

56.0

(34.0~59.0)

55.5

(35.0~65.0)

58.0

(41.0~61.0)

LDL-C

(mg/dL)

101.5

(61.0~142.0)

103.0

(64.0~136.0)

104.5 

(75.0~132.0)

103.0 

(70.0~131.0)

103.5 

(62.0~141.0)

91.5

(62.0~124.0)

Uric Acid 

(mg/dL)

4.80

(3.30~7.90)

5.80

(3.40~7.80)

5.30

(3.80~7.40)

5.00

(3.00~8.00)

5.40

(3.00~7.60)

5.30

(3.40~7.10)

1.  All values are medians except female percentage; ranges in parentheses

2.  No significant differences across different experiment groups were found, P >0.05 (Kruskal-Wallis test)

3.  No significant differences from control group were found, P >0.05 (Wilcoxon rank sum test)
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3-2

Characteristic
Control     

(n=10)

Spinach     

(n=9)

Wild bitter 

gourd     

(n=8)

Celery      

(n=7)

Beetroot     

(n=8)

Onion     

(n=6)

Age

(y)

26

(19~56)

26

(19~56)

28

(19~56)

30

(19~56)

28

(19~56)

26

(21~31)

Female

(%)
60 55.6 62.5 57.1 50 66.7

BMI

(kg/m2)

25.4

(20.9~27.1)

25.5

(20.9~27.1)

25.4

(24.1~27.1)

25.3

(24.1~27.1)

25.2

(20.9~27.1)

25.2

(20.9~27.1)

Systolic BP

(mmHg)

97.5

(91.5~119.5)

109.0

(95.0~117.0)

102.5

(93.5~114.0)

95.5

(88.5~106.5)

100.8

(92.5~106.5)

102.8

(97.5~107.5)

Diastolic BP

(mmHg)

54.8

(40.0~70.5)

52.5

(49.5~70.5)

54.8

(50.5~64.5)

56.0

(44.0~63.0)

49.0

(46.0~60.5)

58.0

(54.5~66.5)

Glucose

(mg/dL)

110.0

(75.0~142.0)

112.0

(75.0~154.0)

99.5

(69.0~121.0)

111.0

(92.0~140.0)

113.5

(97.0~156.0)

108.5

(98~130)

Insulin

(μU/mL)

46.50

(9.80~107.50)

60.60

(8.20~104.10)

28.30

(5.90~71.60)

56.80

(16.70~165.50)

47.30

(4.00~129.70)

31.20

(11.00~73.00)

T-Cholesterol

(mg/dL)

167.0

(131.0~219.0)

167.0

(125.0~210.0)

192.5

(134.0~256.0)

174.0

(116.0~222.0)

180.0

(107.0~226.0)

183.0

(127.0~206.0)

TG

(mg/dL)

89.0

(48.0~167.0)

80.0

(39.0~226.0)

105.0

(44.0~247.0)

124.0

(58.0~153.0)

88.0

(39.0~217.0)

94.5

(62.0~224.0)

HDL-C

(mg/dL)

51.5

(35.0~61.0)

49.0

(33.0~68.0)

49.5

(30.0~63.0)

54.0

(32.0~57.0)

52.0

(34.0~62.0)

55.0

(36.0~57.0)

LDL-C

(mg/dL)

101.0

(61.0~140.0)

101.0

(61.0~137.0)

99.0

(73.0~133.0)

102.0

(69.0~130.0)

102.0

(59.0~143.0)

90.0

(57.0~124.0)

Uric Acid

(mg/dL)

4.70

(3.00~7.40)

5.30

(3.00~7.30)

5.00

(3.40~6.80)

4.90

(2.80~7.70)

5.20

(2.90~7.50)

4.90

(3.00~6.60)

1.  All values are medians except female percentage; ranges in parentheses

2.  No significant differences across different experiment groups were found, P >0.05 (Kruskal-Wallis test)

3.  No significant differences from control group were found, P >0.05 (Wilcoxon rank sum test)
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3-3 ( )

3-4 ( )

Urinary electrolyte 

excretion

Control    

(n=10)

Spinach    

(n=9)

Wild bitter 

gourd     

(n=8)

Celery     

(n=7)

Beetroot     

(n=8)

Onion     

(n=6)

Na/Cr

(mmol/mg)

0.056

(0.047~0.071)

0.066

(0.030~0.120)

0.068

(0.017~0.102)

0.080*

(0.040~0.084)

0.070

(0.048~0.127)

0.048

(0.043~0.069)

Cl/Cr

(mmol/mg)

0.047

(0.034~0.072)

0.053

(0.032~0.110)

0.055

(0.027~0.083)

0.063

(0.035~0.076)

0.075*

(0.043~0.120)

0.043

(0.030~0.079)

K/Cr

(mmol/mg)

0.016

(0.011~0.036)

0.019

(0.010~0.029)

0.018

(0.007~0.042)

0.027

(0.008~0.036)

0.018

(0.012~0.034)

0.018

(0.009~0.028)

Mg/Cr

(mg/mg)

0.051

(0.029~0.115)

0.047

(0.033~0.099)

0.044

(0.025~0.070)

0.053

(0.025~0.067)

0.039

(0.025~0.117)

0.047

(0.033~0.091)

Ca/Cr

(mg/mg)

0.070

(0.022~0.140)

0.090

(0.029~0.228)

0.080

(0.013~0.105)

0.062

(0.025~0.137)

0.054

(0.028~0.180)

0.070

(0.054~0.094)

1.  All values are medians and adjusted by creatnine; ranges in parentheses

2.  No significant differences across different experiment groups were found, P >0.05 (Kruskal-Wallis test)

3. Significant differences from control group , * P <0.05 (Wilcoxon rank sum test)

Urinary 

electrolyte 

excretion

Control    

(n=10)

Spinach    

(n=9)

Wild bitter 

gourd     

(n=8)

Celery     

(n=7)

Beetroot     

(n=8)

Onion     

(n=6)

Na/Cr

(mmol/mg)

0.090

(0.051~0.197)

0.122

(0.043~0.180)

0.091

(0.051~0.210)

0.091

(0.063~0.115)

0.073

(0.055~0.122)

0.063

(0.046~0.098)

K/Cr

(mmol/mg)

0.021

(0.008~0.038)

0.014

(0.010~0.032)

0.023

(0.012~0.058)

0.025

(0.007~0.033)

0.016

(0.005~0.031)

0.012

(0.011~0.028)

Cl/Cr

(mmol/mg)

0.094

(0.065~0.201)

0.105

(0.058~0.202)

0.107

(0.065~0.196)

0.102

(0.067~0.117)

0.086

(0.063~0.125)

0.072

(0.051~0.112)

Ca/Cr

(mg/mg)

0.300

(0.093~0.506)

0.356

(0.103~0.456)

0.265

(0.185~0.397)

0.230

(0.102~0.371)

0.193

(0.117~0.312)

0.275

(0.153~0.431)

Mg/Cr

(mg/mg)

0.118

(0.082~0.261)

0.116

(0.092~0.153)

0.109

(0.075~0.171)

0.100

(0.072~0.193)

0.100

(0.066~0.164)

0.107

(0.084~0.200)

1.  All values are medians and adjusted by creatinine; ranges in parentheses

2.  No significant differences across different experiment groups were found, P >0.05 (Kruskal-Wallis test)

3. No significant differences from control group , P >0.05 (Wilcoxon rank sum test)
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(a) 

(b) 

(c) 

3-1
(Tf: T0: T1-T7: 1-7 )
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(d) 

(e) 

(f)

( 3-1)
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(g) 

(h) 

(i)

( 3-1)
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(a) /

(b) /

(c) /

3-2
(Tf: T0: T2: 0-2 T4: 2-4 T7: 4-7 )
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(d) /

(e) /

( 3-2)
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(a) 

(b) 

3-3 2 5 7
( Wilcoxon rank sum test
*p<0.05)
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(a) 

(b) 

3-4 2 4 7
 ( Wilcoxon rank sum test
*p<0.05)
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(a) 

(b) 

3-5 3 5 7
 ( Wilcoxon rank sum test
*p<0.05 **P<0.01)



 

35 
 

(c) 

(d) 

( 3-5) 3 5 7
( Wilcoxon rank sum test
*p<0.05 **P<0.01)
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3-6 2 4 7
 ( Wilcoxon rank sum test
*p<0.05)
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(a) /

(b) /

 (c) /

3-7
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(d) /

(e) /

( 3-7)
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(a) 

(b) vs.

  
3-8 PCA score plot ESI+



 

40 
 

(c) vs.

  
(d) vs.

( 3-8) PCA score plot ESI+



 

41 
 

(e) vs.

(f) vs.

( 3-8) PCA score plot ESI+
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(a) 

(b) vs.

3-9 PCA score plot ESI-



 

43 
 

(c) vs.

(d) vs.

( 3-9) PCA score plot ESI-



 

44 
 

(e) vs.

(f) vs.

( 3-9) PCA score plot ESI-
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(a) ESI+

(b) ESI-

3-10 (split sample)PCA
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(a) 

(b) 

(c) 

3-11 ESI+
(

net AUC p p
-log 10 20

)

1 

2 

3 

4 

5 

6 



 

47 
 

(d) 

(e) 

( 3-11) ESI+
(

net AUC p p
-log 10 20

)

7 

8 

9 
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(a) 

(b) 

(c) 

3-12 ESI+
( net AUC

)

1 

2

3 
4 

5 6 
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(d) 

(e) 

( 3-12) ESI+
( net AUC

)

7 

8 

9 



 

50 
 

(a) 

(b) 

(c) 

3-13 ESI-
(

net AUC p p
-log 10 20

)
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 (d) 

(e) 

( 3-13) ESI-
(

net AUC p p
-log 10 20 )

10 
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(a) 

(b) 

(c) 

3-14 ESI-
( net AUC

)



 

53 
 

(d) 

(e) 

( 3-14) ESI-
( net AUC

)

10 
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(a) 

(b) 2-4

3-15 PCA (10 ) ESI+
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3-5

No.
RT

(min)

Detected

Mass
Metabolite putative identification

Ionization 

product
Database

Spinach

1 2.0971 182.1287
fenuron

kynuramine

[M+NH4]+

[M+NH4]+

KEGG

HMDB

2 1.1565 167.1068 perillic acid/ myrtenic acid/ rotundifolone [M+H]+
HMDB/

KEGG

Wild bitter gound

3 0.4237 219.0473

cis-1,2-dihydroxy-1,2-dihydrodibenzothiophene

coniferyl alcohol

gluconic acid/ gulonic acid/ 

mannonate/galactonate/altronate

[M+H]+

[M+K]+

[M+Na]+

KEGG

KEGG

KEGG

4 0.4333 241.0299

cis-1,2-dihydroxy-1,2-dihydrodibenzothiophene

gluconic acid/ gulonic acid/ 

mannonate/galactonate/altronate

[M+Na]+

[M+2Na-H]+

KEGG

KEGG

Celery

5 1.68 173.0971 carvone [M+Na]+ KEGG

6 1.5521 191.1069 geranic acid [ M+Na]+ KEGG

Beetroot

7
0.931 234.0428 betalamic acid [M+Na]+ KEGG

0.9331 232.027 betalamic acid [M+Na-2H]- KEGG

Onion

8 0.7861 130.0495
L-pyroglutamic acid

(R)-(+)-2-pyrrolidone-5-carboxylic acid

[M+H]+

[M+H]+

HMDB

HMDB

9 0.7862 88.0391 2-aminoacrylate [M+H]+ HMDB

10 0.4988 176.0386 alliin/ isoalliin [M-H]- KEGG
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[75-77]

[65, 78, 79]

(pooling sample)

2

2-4 4-7

Favé [80]

(1) 3 (2) 1.5

(3) 2

PCA

”time window” PCA

7 2-4

(Area under curve, AUC)

(index) Glycemic index (GI)
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GI [81]

AUC trapezoidal rule

[82, 83] Cardoso[84]

AUC ( 5-1)

positive AUC net AUC

total AUC positive AUC

total AUC positive AUC net AUC

AUC

( 5-2)

net AUC posAUC

4-1

Total AUC=A+B
Positive incremental AUC = A
Net incremental AUC = A+(-C)

GI = * 100% 
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4-2 3 ( ES+ )
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100g ( )

499.85 mg

Kapil [85]

250 mL 5.4 ± 1.5 mm Hg

nitrous oxide systems 

(NOS) [86] (quercetin)

; Edwards [87] 730mg

7 mmHg 5 mmHg

3-1

1

LDL HDL-C

2-3

[88] [51, 89]
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(purine)

7.0 mg/dL

[90]

3 [91, 92]

/ (K/Cr)

100g ( ) 499.85mg

1.5~2.7 ( 4-1)

(oxalic acid)

[93, 94]

4-1 ( 100g )

(mg) 499.85 205.12 313.73 293.65 180.00

(mg) 58.96 14.06 11.5 13.8 9.8

(mg) 82.71 19.4 83.2 14.4 21.1
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( ) m/z 182.1287

C9H12N2O Fenuron

(phenylurea herbicide) kynuramine melatonin

Melatonin( )

[95] melatonin[96]

(brassica hirta) (brassica nigra) 189

129 (ng/g) (<0.6 ng/g))

[97] [98]

( ) m/z 167.1068

perillic acid myrtenic acid rotundifolone

C10H14O2 terpenoids perillic acid

(Perilla frutescens) [99]

limonene [100] Perillic acid myrtenic acid limonene 

and pinene degradation ( 4-3) myrtenic acid pinene

Rotundifolone [101]

(MS/MS)

Coniferyl alcohol lignin tannin stilbene coumarin

[102, 103] (coptis chinensis)

[104] C (

4-4) C 11.01(mg/100g )
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6.59(mg/100g ) 3.4(mg/100g ) 5.59(mg/100g

) 45.3(mg/100g ) 4~15

C

( ) m/z: 173.0971

carvone terpenoids

(Apiaceae) (caraway)[105] (dill)

[106] (mentha spicata)[107] [108]

[109]

( ) m/z:191.10

geranic acid carvone terpenoids

(lemongrass) [110]

Betalains (betanin)

(vulgaxanthin) betalamic acid

betanin [111] betalains Betalains

[112] [113, 114]

[115] Frank [116]

6 500mL ( 362.7mg Betalains)

(pharmacokinetics) betalains

3 (Range : 2.5-8 )
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(thiosulfinates) alliin (S-allyl cysteine sulphoxide)

alliins DNA [117] alliin

[118] 2-aminoacrylate alliin

alliin lyase alliin positive mode

alliin peak negative mode peak peak

alliin isoalliin
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(pooling sample)

MS

LC-MS

non-targeted

LC 6
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200g

(non-targeted analysis) 

UPLC/QTOF-MS
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Subject Initials:   

Subject Number: 

Investigator Name: ________________
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ELIGIBILITY SCREENING FORM

Before entering subject into trial, all of the following items must be marked. 

INCLUSION CRITERIA  

The subject may be included in the study if they:      

1. Age: 18 to 60 years of age Yes □ No □

2. Body mass index:18.5 to 30  (kg/m2) Yes □ No □

3. Non-smoking (no tobacco or nicotine-containing products 
within 3 months of study entry)

Yes □ No □

4. Written informed consent given Yes □ No □

Note that if any box is marked ”NO”, the subject is NOT eligible for enrollment.

Exclusion criteria 

The subject is to be excluded from the study if they: 

1. History of immune, hepatic and metabolic disease or other 
unsuitable disorders e.g. cancer.

Yes □ No □

2. History of urinary tract infection or antibiotic use within the 
previous 3 month

Yes □ No □

3. With regular drug intake e.g. anti-hypertensive or 
anti-diabetes drug.

Yes □ No □

4. With regular food supplement e.g. vitamins, herbs Yes □ No □

Note that if any box is marked ”YES”, the subject is NOT eligible for enrollment.
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SCREENING DATA
SOCIODEMOGRAPHIC INFORMATION

Birth Date:  Age: years 
Month        Day       Year 

Sex:  Male    □
  Female   □

Height:  cm                      Weight: 
 

Kg

Body Mass Index: 
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STUDY CONDUCT
BLOOD PRESSURE MEASUREMENT

GROUP 1 

Day Interval
(Post Lunch)

Values Comments

Day1

M       D     
Y

Overnight 
fasting Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
Pre-Lunch
Within 15 
minutes prior 
to Lunch        

Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
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STUDY CONDUCT
BLOOD PRESSURE MEASUREMENT

GROUP 1 

Day Interval
(Post Lunch)

Values Comments

Day1

M       D     
Y

1 hour
Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
2 hour           

Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
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STUDY CONDUCT
BLOOD PRESSURE MEASUREMENT

GROUP 1 

Day Interval
(Post Lunch)

Values Comments

Day1

M       D     
Y

3 hour
Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
4 hour           

Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
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STUDY CONDUCT
BLOOD PRESSURE MEASUREMENT

GROUP 1 

Day Interval
(Post Lunch)

Values Comments

Day1

M       D     
Y

5 hour
Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
6 hour           

Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
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STUDY CONDUCT
BLOOD PRESSURE MEASUREMENT

GROUP 1 

Day Interval
(Post Lunch)

Values Comments

Day1

M       D     
Y

7 hour
Temperature: 0 C

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute

Blood pressure: 

mmHg 

Pulse rate beats/minute
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STUDY CONDUCT 
BLOOD SAMPLE COLLECTION

GROUP 1 

Day Collection Date Sample 
Intervals

Scheduled Times Actual Time Comments

1

      mm           dd          
yy

Overnight
fasting      hh            

mm
     hh            
mm

Pre-Lunch
(Hours)      hh            

mm
     hh          
mm

1
     hh            
mm

     hh            
mm

2
     hh            
mm

     hh            
mm

3
     hh            
mm

     hh            
mm

4
     hh            
mm

     hh            
mm

5
     hh            
mm

     hh            
mm

6
     hh            
mm

     hh            
mm

7
     hh            
mm

     hh            
mm
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STUDY CONDUCT 
URINE SAMPLE COLLECTION

GROUP 1 

Day Collection Date Sample 
Intervals

Scheduled Times Actual Time Comments

1

      mm           dd          
yy

Overnight
fasting      hh            

mm
     hh            
mm

Pre-Lunch
(Hours)      hh            

mm
     hh            
mm

0-2
     hh            
mm

     hh            
mm

2-4
     hh            
mm

     hh            
mm

4-7
     hh            
mm

     hh            
mm
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STUDY COMPLETION

Date of Last Study Activity  

        mm        dd          yy 

Did the subject complete the study per protocol? 

Yes □:
No □ Specify below (mark one only) 

Adverse Event/intercurrent Illness □

Death           □

Failure to return           □

Violation of Protocol            □

Specify__________________ 

Did not cooperate/withdrew consent □

Administrative/other             □

Specify__________________ 

If No, date of last contact with subject    

                         mm        dd         yy 

All data in this case report form have been entered under my responsibility and to the 
best of my knowledge are accurate and complete.

Signature: _____________________________________________ 

Date:    

  mm            dd         yy 


