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Abstract

Green tea and ginger have been consumed both separately and together for thousands of
years and are considered to have numerous health benefits. Consuming these two together
has long been acknowledged to have many improved health benefits, but it is unclear
whether this is due to the synergistic effects of the components in each separate substance or
the formation of novel compounds (or both). In this study, to investigate if there were any
new compounds formed, we compared the chemical compositions of green tea, ginger, and a
mixture of green tea with ginger using ion trap liquid chromatography-mass spectrometry
(LC-MS). Using this technique, we identified one novel compound of molecular weight
301. While the characteristics, potential positive effects on health, and mechanism of action
of this compound require further research, our findings suggest that adding ginger to tea
may lead to the formation of novel compounds with potential health benefits. Future studies
will aim to isolate and/or synthesize this compound and test for its biological activity.
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Introduction

Tea is a widely consumed plant products that
have been shown to have a wide range of
health benefits (1-4). Tea is rich
polyphenols (5-6), which have antioxidant
and anti-inflammatory properties (7-8) and
have been associated with a reduced risk of
cancers, cardiovascular diseases, diabetes,
osteoporosis and neurodegenerative diseases
(9-10). Ginger, a plant that has been used for
over 2000 years as a spice, tea, and
medicine, is a popular addition to
commercial ~ foods,  beverages, and
supplements due to its high concentration of
pungent constituents, particularly gingerol-
related compounds (11-12). On the other
hand, ginger contains bioactive compounds

in

such as gingerols and shogaols, which have
anti-inflammatory, antiplatelet activator,
antioxidative and anti-cancer properties (13-
20). Various forms of ginger such as dried
ginger and ginger charcoal, has unique
properties that can help alleviate respiratory
and digestive symptoms by affecting
different meridians, and are often prescribed
by clinicians for related conditions (21).
While each has unique health benefits, it’s
not clear whether the enhanced health effects
from consuming them together is attributed
to the synergistic effects of the exclusive
chemical components from each substance or
the formation of new compounds in the
combination (or both). There are a large
number of studies focused on identifying the
chemical components of natural products
including green tea and ginger using modern
techniques such as liquid chromatography-
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mass spectrometry (LC-MS) and many
others (22-34). In order to investigate the
hypothesis of the formation of novel
components, we herein analysed green tea,
ginger and ginger tea using LC-MS.

Materials and Methods

All the chemicals and the solvent were
reagent grade and were used without further
purification. Green tea packets and ginger
were obtained from a local market in Riyadh,
Saudi Arabia. Milli-Q connected to Elix
Millipore ~ water  purification  system
(Millipore, USA) was used to obtain HPLC
grade water. Acetonitrile (ACN) was HPLC
grade. Electrospray ionization (ESI) mass
spectrometry  (MS)  experiments
conducted using an Agilent 1200 series
HPLC connected with an Agilent 6320 ion
trap mass spectrometer equipped with an
electrospray ionization (ESI) ion source
(Agilent Technologies, Palo Alto, CA, USA)
with direct injection as well as using column.
Eclipse plus C18 (4.6 mm X 150 mm, 3.5
micron) column was used (Agilent
Technologies, Palo Alto, CA, USA)). The
mobile phase was a gradient prepared from 5
mM ammonium formate and 0.1% formic
acid in water (A) and acetonitrile (B). The
gradient program for the HPLC was as
follows: 0—5 min, 5-20% B; and 5—60 min,
20-95% B, the flow rate was 0.3 mL min .
The injection volume was 10 pL, and the

WCEre

column temperature was maintained at 25°C.
Run time was set to 60 min. Mass spectra in
the m/z range 50—1000 were obtained by an
electrospray

1onization with a
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positive/negative-ion mode. The
spectrometric conditions were optimized as
follows: the voltage was maintained at
4.5kV, the capillary temperature at 350°C,
and the drying gas flow rate at 10.0 L min™";
the nebulizer gas pressure was set to 60 psi.
Mass fragmentation was accomplished by a
triple quadrupole detector (TQD) mass
spectrometer (Waters Corporation, Milford,

MA USA).

mass

Sample preparation procedure

The sample preparation procedure followed
the following simple method. Three green
tea bags (Ahmad Tea London; each bag =
2g) were added to boiling water (500 mL)
and kept boiling for 5 minutes to allow the
tea to dissolve in the water. The same
procedure was then repeated for ginger
(fresh raw ginger, 20 g) and ginger tea (fresh
raw ginger, 20g + 3 tea bags). After cooling
to room temperature followed by filtration,
the filtrate was extracted with ethyl acetate
(3 times, 50 mL each), dried over anhydrous
Na,SO,, filtered to remove the drying agent,
and evaporated with a reduced pressure
rotatory evaporator at 100 rpm and 60°C till
dryness. The resulting extracts
reconstituted in an acetonitrile and water
mixture (1:1) and analysed using LC-MS.

WwWeEre

Results and Discussion

To investigate whether new chemical species
formed in the ginger tea, we separately
boiled green tea bags and ginger slices, as
well as the mixture of the two. We then
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extracted the three mixtures using ethyl
acetate as an organic solvent, and the
extracted samples were subjected to analysis
by ion trap liquid chromatography-Mass
spectrometry (LC-MS). All three samples
were scanned in LC-MS using C18 column
in both positive and negative modes. The
spectra are shown in figures (Figure 1 and 2)
and the data are summarized in Tables 1-3.

In brief, analysis of the ethyl acetate extract
of the tea sample revealed 11 distinguishable
peaks in positive mode (Figure 1A, 4-52
min) and 24 peaks in negative mode (Figure
2A, 3.5-58 min). From the spectra, 21
previously reported components were
detected. 12 of them originated from the
positive mode: caffeine and/or pectin (m/z =
195 [M+H]', 4.7 min), (-)-gallocatechin
and/or (-)-epigallocatechin and/or
gallocatechol (m/z = 307 [M+H]", 5.1 min),
vitamin E (m/z = 432 [M+H]", 5.3 min), (+)-
catechin and/or (-)- epicatechin (m/z = 291
[M+H]", 5.7 min), (-)-gallocatechin gallate
and/or (-)-epigallocatechin gallate (m/z = 459
[M+H]", 6.2 min), (-)-epicatechin gallate
and/or (-)-catechin gallate (m/z = 443 [M+H]
", 7.2 min), cellulose (162 per glucose unit,
m/z = 163 [M+H]", 25.3 min) , and quinine
acid (m/z =204 [M+H]", 48.1 min); the other
9 originated from the negative mode: (-)-
gallocatechin and/or (-)-epigallocatechin
and/or gallocatechol (m/z = 305 [M-H]J, 4.8
min), (-)-gallocatechin  gallate  and/or
epigallocatechin gallate (m/z = 457 [M-HJ,
5.4 min), delphinidin (m/z = 302 [M-H], 7.7
min), ellagic acid and/or quercetin (m/z =
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301 [M-HJ, 29.6 min), gallic acid (m/z =213 10-shogaol (m/z = 331 [M-H], 37.7 min)
[M-H], 36.9 min), kaempferol and/or (Table 1).
vitamin A (m/z =285 [M-H]J, 37.3 min), and
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Figure 1. Total Ion Chromatogram (TIC) in positive mode: Green tea (A); Ginger (B); Ginger tea (C).
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Table 1. Analysis of green tea samples in positive and negative mode

Green tea sample

Positive lon mode Negative lon mode
m/z Compounds m/z
Prf . (gﬁ?nrl)i(::li(llssolrjzﬁ; (Il;;) MW Prfj | Name (Chemica (Iﬁ) MW
o [M+H]" ) Formula) [M-HT
Caffeine
47 | 194 | 195 1 Gaélogtegh"l 48 | 306 | 305
(C8H10N402) ( 1sthid 7)
4.8 239
1 Epigallocatechin 457
4.9 283 2 gallate 5.4 458
(CHis0n)
49 300 383
5.0 344 442
3 5.7 458
. 5.1 306 307
(-)-Gallocatechin 71
2 . .
(-)-epigallocatechin
5.3 432 4 5.8 441
(CisH1407)
5.6 187 427
(+)-Catechin > 6.3 539
(-)- epicatechin 5.7 250 291 555
(Ci5H140e) 25
6 6.7
3 5.9 289 455
(-)-gallocatechin 62 133 7 71 451
gallate
(-)-epigallocatechin 8 7.4 481
gallate (CxHisOun) | 6.2 | 458 | 459 Delphinidin | 30
(CisHiO7)
6.8 289 ? 71 209
4
6.8 473 516
123 10 8.3 471
(-)-epicatechin gallate
273 24.9 585
5 (-)-catechin gallate 7.2 11
25.3 435
(C22Hi15010) 442 443
12 Ellagic acid 29.6 302 301
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331
6 7.6 (C14sH4Os) /
191 Quercetin 415
(CisH1007)
7 15.6 187
Cellulose 162 163 449
8 (C12H20010)n 25.3 13 33.2
162 g/mol per glucose 197 583
unit
9 37.1 359 14 34 483
Quininic acid 113
10 48.1 203 204
(CuHsNO:s) Gallic acid 170 169
(C;-H,05) 6.9
340 15 329
11 51.9 10-Gingerol
438 (C21H2404) 350 349
Kaempferol 286 285
16 373
(CISHIOO()) 464
17 37.7 331
18 38.1 467
10-Gingerol 249
19 CorHaO 42.6
(CaH0.) 350 | 349
20 44 517
21 49.5 358
22 52.2 255
23 55.5 256
24 56.4 499
Analysis of the ginger extract sample yielded bisabolene,  o-farnesene,  and/or  B-

19 peaks in positive mode (Figure 1B, 3.8-60
min) and 25 peaks in negative mode (Figure
2B, 3.8-60 min). From the spectra, 17
previously reported components were
detected. 9 of them originated from the
positive mode: zingerone (m/z = 195 [M+H]
*, 4.7 min), gingerenone-A (m/z = 357
[M+H]", 424 min), zingiberene, [-

sesquiphellandrene (m/z = 205 [M+H]", 47.5
min), chlorogenic acid (m/z = 339 [M+H]",
56.2 min), and 6-shogaol (m/z = 277 [M+H]
*, 59.5 min); the other 8 originated from the
negative mode: 10-gingerol (m/z = 349 [M-
HJ, 4.0 min), 6-gingerol (m/z = 293 [M-H],
47.1 min), 4-gingerol (m/z = 265 [M-H],
50.1 min), and 8-gingerol (m/z =321 [M-H],
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58.5 min), 1-dehydro-6-gingerdione (m/z = min), 3- or 5-Acetoxy-[6]-gingerdiol (m/z =

317

[M_H]_o

4.0 min),

I-dehydro-12- 338 [M-H], 45.0 min) and methyl

gingerdione (m/z = 373 [M-H], 32.4 min), diacetoxy-[10]-gingerdiol (m/z =449 [M-H],
acetoxy-[10]-gingerol (m/z =391 [M-H], 7.2 7.5 min) (Table- 2).
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] 21
|, kY 1516 "
1.0 / 20 X
] 9 J
057 10
0,0: ] : :
0 20 30 40

Intens.
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Figure 2. Total Ion Chromatogram (TIC) in negative mode: Green tea (A); Ginger (B); Ginger tea (C).

Journal of High School Science, 7(3), 2023



Original article

Table 2. Analysis of ginger samples in positive and negative mode

Ginger sample

Positive lon mode Negative lon mode
Compounds
Peak Name RT m/z Peak Compound§ Name RT m/z
(Chemical (mi MW (Chemical (min) MW
no. emica min) [M+H]* no. Formula) min [M-H]
Formula)
1 3.9 187 175
4.6 151 1-Dehydro-6- 213
1 gingerdione 3.8
i 187 (C17Hx»0,) 290 289
o [T194 | 195 305
239 1-Dehydro-8- 249
4.8 gingerdione
256 5 (C1oH204) 40 318 317
. 283 10-Gingerol 350 | 349
) Zingerone 4.9 (C21H3404)
(CiH1405)
300 3 5.4 457
327 441
4 5.8
5.0 344 555
388 5 6.0 405
Acetoxy-[10]-
5.2 432 6 gingerol 7.2 390 389
(C2H3:04)
3 5.7 230 309
4 6.0 195 361
5 15.5 187 Methyl diacetoxy- 450 | 449
7 [10]-gingerdiol 7.5
Cellulose (C26H420¢6)
(C12H20010)n
6 162 g/mol per 232 162 163 475
glucose unit
7 27.6 274 8 7.8 389
8 34.2 373 9 21.5 213
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9 34.8 343 359
10 37.8 341 473
387 10 26.7 375
11 40.9
422 11 30.9 403
: 343
Gingerenone-
12 A (C21H2405) 424 | 356 357 12 314
491
13 43.0 249 1-Dehydro-12-
13 gingerdione 324 | 374 373
3-or 5- 338 339 (C33H3404)
Acetoxy-[6]-
4 gingerdiol | #%0 N 14 344 433
(C19H3005) 431
37.3
15 545
Zingiberene 37.8 401
[-Bisabolene 342
15 475 | 204 205 42.9
a-Farnesene f- 16 475
Sesquiphelland
rene (C15H24) 43.8 445
296
17 44.8
262 341
16 53.6 :
6-Gingerol
300 18 47.1 | 294 293
(C17H26O4)
4-Gingerol
339 19 50.1 | 266 265
(C15H2204)
Chlorogenic 341 " . 456
17 acid 56.2 :
354 355 556
(Ci6His0y)
454 4-Gingerol 266 265
21 54.2
494 (CisH204) 531
278 22 54.7 279
18 58.2
296 23 57.5 279
19 59.5 177 24 8-Gingerol 58.5 | 322 321
(CioH3004)
6-Shogaol 276 277

Journal of High School Science, 7(3), 2023




Original article

(Ci7H2405)

25 59.0 279

In addition, analysis of the targeted ginger
tea extract observed 14 detectable peaks in
positive mode (Figure 1C) and 34 peaks in
negative mode (Figure 2C). All the detected
components which were seen in ginger tea

were observed in the green tea and ginger tea
except for a new compound at RT=45.5 and
37.8 min. in positive and negative mode,
respectively (Table 3).

Table 3. Analysis of ginger tea samples in positive and negative mode

Ginger tea sample

Positive lon Mode Negative Ion Mode
Compounds Name m/z Compounds Name m/z
Prfsk (Chemical ( Iﬁ;) MW P;jk (Chemical ( Iﬁ;) MW
) Formula) [M+H]" : Formula) [M-HJ
43 187 1-Dehydro-8- 249
1 13 GlélgIe{rdg)ne
45 1 (CisH04) 40 | 318 | 317
151 10-Gingerol
4.8 239 (C2iH3:04) 350 | 349
2 283 Gallocatechol 305
4.9 2 4.8 306
300 (CisHuOy) 383
(-)-
Eni 11(-)- o Epigallocatechin
igallocatechin .
P1g 289 3 (-)-GallOCﬂteChln 52 306 305
3 (-)-Gallocatechin 5.0 Gallocatechol
Gallocatechol (CisH1O7)
Epigallocatechin
CisHi,0 p1g
(CisH1407) 306 307 4 gallate (CoH 01 55 | 458 | 457
(+)-Catechin 5 5.8 471
(-)- epicatechin 5.7 290 291 6 6.0 441
(CisH1405) 7 6.9 455
4 59 289 3 7.0 425
(-)-gallocatechin 9 7.5 451
gallate 62 | 458 | 459 10 7.8 481
(-)- .
epigallocatechin 1 Quercetin (Ci4H¢Os 8.3 302 301
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/ CisH1007) 409
gallate (C»His011)
289 113
5 6.9
473 213
Gallic acid
273 170 169
12 (C7HqO5) 22.7
6 (-)-Epicatechin 7.4 471
gallate / (-)-
Catechin gallate 442 443 10-Gingerol 350 349
(C12H15010) (C21H3404)
13 253 389
Caffeine
(C3H10N402) / 359
7 13.4 194 195 14 26.4
Zingerone 473
(C1|H1403)
15 27.2 585
8 15.5 187 16 28.2 435
Cellulose 163 1 304 375
9 (010l 23.1 | 162 187 ' 389
162 g/mol per
glucose unit 197 Ellagic acid
18 (C1aH0s) / 315 | 302 | 301
Cellulose 162 | 163 Quercetin
(CisH1007)
10 (CIZHZOOIO)n 256
162 g/mol per ' 19 33.3 483
glucose unit 187
Diacetoxy-[10]- 436 435
20 gingerdiol 347
(C25H4006) 491
Gingerenone-A
11 (C21H2405) 42.6 | 356 357 1-Dehydro-12-
° 21 gingerdione 353 | 374 | 373
(C23H3404)
12 New 455 | 301 302 22 35.9 483
Zingiberene 23 New 378 256
f-Bisabolene 301 300
Kaempferol
-Farnesene
13 a 47.4 204 205 24 (CysH,006) 39.0 286 285
B-
Sesquiphellandren 25 39.9 467
¢ 26 40.5 431
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(CisHos)
6-Shogaol 177 27 41.0 401
14 59.5 | 276
(C17H2405) 277 28 46.3 475
29 473 445
6-Gingerol
30 50.7 | 294 293
(Ci7H2604)
31 51.6 358
32 524 329
33 54.5 501
4-Gingerol
34 583 | 266 265
(CisH204)

As expected, by stacking all three TIC scans
of the corresponding extracts in both positive
and negative modes, a new peak appeared at
45.5 min with m/z of 302 Da in positive
mode (Figure 3A) and at 37.8 min with m/z

of 300 Da in negative mode (Figure 3B), for
the ginger tea extract (red spectra), indicating
the possible existence of a newly formed
compound.

Intens

x108
1.254
A New peak at RT = 45.5 min, m/z =

% 302

0.754

0.504

0.254

00075 : T T % % % % P & Tmeminl
'Iﬁl?nse.

x10 b B

204 New peak at RT = 37.8 min, m/z =

o] 300

1.04

0.54

A P — i | -
00-g 5 10 15 20 25 30 35 40 45 Time [min]

Figure 3. Stacked spectra: In positive mode: ginger (in blue), green tea (in black) and ginger tea (in red) (A); in
negative mode: ginger (in blue), green tea (in black) and ginger tea (in red) (B)
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The extracted ion chromatogram (EIC) interest. It was found that the obtained peak
spectrum of the ginger tea in positive mode extracted at 302 Da in the ginger tea was not
at 302 (Figure 4A) was compared with EIC observed in either the green tea (Figure 4B)
spectra of green tea (Figure 4B) and ginger or in the ginger sample (Figure 4C).

(Figure 4C) samples at the same ion of

Intens.]

X105 Intens.’ +MS, 45.5min #7305 Tea+Ginger.D: EIC 302.0000 +All MS

[%]] 301.9799 A
80+
60

20+

0 gt T
100 300 700 m/z

0 10 20 30 4 50 60 70 Time [min]
Intens, Tea.D: EIC 302.0000 +All MS

0 A “‘“‘“‘%—‘n]‘. L]

0 10 20 30 40 50 Time [min]
Intens. Ginger.D: EIC 302.0000 +All MS
x104 C
5]
4]
3]
2]
1]
o L . 3 - ; it b ||
0 10 20 30 40 50 Time [min]

Figure 4. Extracted Ion Chromatogram (EIC) in positive mode: Ginger tea (A); Green tea (B); Ginger (C).

For further confirmation, the EIC spectrum peak was compared with the corresponding
of ginger tea in negative mode was also EIC spectra of green tea (Figure 5B) and
studied. Extraction at 300 (Figure 5A) ginger (Figure 5C) samples. As with the
generated a prominent peak as well. This positive mode, the obtained peak was, once
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again, not observed in either the green tea or the ginger sample.

TG-.D: EIC 300.0000 -All MS
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o—— el e .‘.‘.”. 1 L b
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Figure 5. Extracted Ion Chromatogram (EIC) in negative mode: Ginger tea (A); Green tea (B); and Ginger (C).

From the above analysis, it appears possible
that a compound with molecular mass of 301
was formed in-situ in the ginger tea. In order
to further confirm our assumption, a mass
spectral  fragmentation was
performed. Direct injection of the ginger tea

experiment

sample was scanned and a peak at 302.09
was observed (Figure 6A), fragmentation of
that peak yielded several daughter ions at m/z
=185, 167, 159, 144, 140, 139, 113, and 112
Da (Figure 6B), respectively.
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9.38e4
100+ 480.91 2.09€6
A
4806343135
15896
496.74
497.30
4
112.91 13894
184.96
39—
[166.88
112.28 184.32 256.04 302| 05 459 02
100 | 120 140 160 ' 180 200 = 220 240 260 280 300
138.81 302.09
MS?2
138.52
139.06 e 3015530246 458.68
1
139.31 43334
1 12282 25514 31342 32937 44332
19517 2% 54073 3132 38749 44846
170.71
- : m/z
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

Figure 6. Mass spectra of ginger tea: MS scan (A); MS? spectra (B)

Based on the fragmentation pattern, we
concluded that the identified compound
could be the natural product peonidin
(Scheme 1). The new compound may have
formed during the heating of green tea with
ginger, or it could potentially be a metabolite
of cyanidin (MW = 286) when methylated,
or resinidin (MW = 315) when demethylated.
It is also known that methyl transferases are
present in plants (35). Additionally, the pH
changes (ginger tea pH ~ 7-7.5) that occur
when green tea (~ 7-10) is heated with raw
ginger (pH ~ 3-5) could have contributed to
the formation of this compound via the

methylation of cyanidin. While a peonidin
standard would unequivocally identify the
unknown peak being attributable to peonidin,
time and resource constraints do not permit
us to perform this experiment in the near
future. Hence, we cannot definitively assign
the peak to peonidin at the present time.
However, further research is needed to
investigate the mechanism behind the
formation of new compounds, which will be
explored in due course. It should be noted
that, no significant trace of similar mass was
present in the ginger or green tea alone.
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OH > OH @b OH
9 O
HO O O 3\@ HO 03 ~ $ o) ON ~
“ OH & S ¢ g 7 X 0
§ < _— Q _—
OH OH OH
OH OH OH
Exact Mass: 287.0550 Exact Mass: 301.0707 Exact Mass: 315.0863
2-(3,4-dihydroxyphenyl)-3,5,7- 3,4',5,7-Tetrahydroxy-3'- 3,4',5-Trihydroxy-3',7-
trihydroxychromenylium methoxyflavylium dimethoxyflavylium
Cyanidin Peonidin Rosinidin

Scheme 1. Possible structure of identified natural component.

We attempted to analyse the obtained All the fragments matched our predicted
fragmentation patterns based on Figure 6B. fragmentation pattern (Scheme 2).

.
G o . OH | |Ho OH,
« or HO O/
OH
OH OH OH
m/z = 185 ) or
.
R
HO . OH OH HO O HO OH;
or or or Z |
" -
X O NN
OH /~OH oy m/z = 167 OH OH
m/z =159
+eo +e + +e
HO _0 HO _0 i OHz -0
N = §)/\/
OH OH OH OH
m/z = 144 m/z = 140 m/z =139 m/z =113 m/z = 112

Scheme 2. Possible fragmentation pattern of identified natural component peonidin.

In addition to identifying a new compound, extracts, which we have summarized in
we also observed the disappearance of Tables 1-3. This was confirmed by using
several peaks from the green tea and ginger extracted ion chromatograms for all
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individual peaks and comparing them with
the peaks identified in green tea and ginger,
as well as those in ginger tea. Further
research is needed to investigate the possible
chemical changes or modifications that occur
during the preparation of ginger tea.

Conclusion

In conclusion, our findings suggest that
consuming a tea and ginger mixture may
lead to the formation of novel compounds
with potential health benefits that warrant
further investigation. The individual health
benefits of tea and ginger, as well as the
potential synergistic effects of consuming
them together, make a tea and ginger mixture
a promising area of research. Based on our
analysis, the potential formation of the novel
compound, with a molecular weight of 301

References
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Da, was tentatively identified as peonidin.
Future research is required to determine the
characteristics,  health  benefits, and
mechanism of action in the body of this
novel compound, and it is hoped that it may
be isolated and/or synthesized for use in
therapeutic purposes. In addition, further
studies using peonidin standard are needed to
confirm the proposed structure.

Acknowledgements

The authors would like to extend their
sincere gratitude to Mrs. Yin Wencui for her
invaluable support during this research. The
authors extend their appreciation to the
Deputyship for Research & Innovation,
“Ministry of Education” in Saudi Arabia for
funding this research (IFKSUOR3-527-2).

1. Y1, M.; Wu, X.; Zhuang, W.; Xia, L.; Chen, Y.; Zhao, R.; Wan, Q.; Du, L.; Zhou, Y.,
Tea Consumption and Health Outcomes: Umbrella Review of Meta-Analyses of
Observational Studies in Humans. Molecular Nutrition & Food Research 2019, 63 (16),

1900389. https://doi.org/10.1002/mnfr.201900389
2. Khan, N.; Mukhtar, H., Tea Polyphenols in Promotion of Human Health. Nutrients 2019,

11 (1), 39. https://doi.org/10.3390/nu11010039

3. Pan, M.-H.; Lai, C.-S.; Wang, H.; Lo, C.-Y.; Ho, C.-T,; Li, S., Black tea in chemo-
prevention of cancer and other human diseases. Food Science and Human Wellness 2013, 2

(1), 12-21. https://doi.org/10.1016/j.fshw.2013.03.004

4. Ho, C.-T.; Zheng, X.; Li, S., Tea aroma formation. Food Science and Human Wellness
2015, 4 (1), 9-27. https://doi.org/10.1016/].fshw.2015.04.001

5. Tang, G.-Y.; Meng, X.; Gan, R.-Y.; Zhao, C.-N.; Liu, Q.; Feng, Y.-B.; Li, S.; Wei, X.-
L.; Atanasov, A. G.; Corke, H.; Li, H.-B., Health Functions and Related Molecular

Journal of High School Science, 7(3), 2023


https://doi.org/10.1016/j.fshw.2015.04.001
https://doi.org/10.1016/j.fshw.2013.03.004
https://doi.org/10.3390/nu11010039
https://doi.org/10.1002/mnfr.201900389

Original article

Mechanisms of Tea Components: An Update Review. International Journal of Molecular
Sciences 2019, 20 (24), 6196. https://doi.org/10.3390/ijms20246196

6. Xiao, W.; Zhang, Y.; Fan, C.; Han, L., A method for producing superfine black tea
powder with enhanced infusion and dispersion property. Food Chemistry 2017, 214, 242-
247. https://doi.org/10.1016/j.foodchem.2016.07.096

7. Zhang, H.; Tsao, R., Dietary polyphenols, oxidative stress and antioxidant and anti-
inflammatory effects. Current Opinion in Food Science 2016, 8, 33-42.
https://doi.org/10.1016/j.cofs.2016.02.002

8. Namal Senanayake, S. P. J., Green tea extract: Chemistry, antioxidant properties and food
applications — A review. Journal of Functional Foods 2013, 5 (4), 1529-1541.
https://doi.org/10.1016/}.j{£.2013.08.011

9. Pandey, K. B.; Rizvi, S. I, Plant Polyphenols as Dietary Antioxidants in Human Health
and Disease. Oxidative Medicine and Cellular Longevity 2009, 2, 897484.
https://doi.org/10.4161/0xim.2.5.9498

10. Afzal, M.; Safer, A. M.; Menon, M., Green tea polyphenols and their potential role in
health and disease. Inflammopharmacology 2015, 23 (4), 151-61.
https://doi.org/10.1007/s10787-015-0236-1

11. Bartley, J. P.; Jacobs, A. L., Effects of drying on flavour compounds in Australian-grown
ginger (Zingiber officinale). Journal of the Science of Food and Agriculture 2000, 80 (2),
209-215. https://doi.org/10.1002/(SIC1)1097-0010(20000115)80:2

12. Pawar, N.; Pai, S.; Nimbalkar, M.; Dixit, G., RP-HPLC analysis of phenolic antioxidant
compound 6-gingerol from different ginger cultivars. Food Chemistry 2011, 126 (3), 1330-
1336. https://doi.org/10.1016/j.foodchem.2010.11.090

13. Mao, Q.-Q.; Xu, X.-Y.; Cao, S.-Y.; Gan, R.-Y.; Corke, H.; Beta, T.; Li, H.-B.,
Bioactive Compounds and Bioactivities of Ginger (Zingiber officinale Roscoe). Foods
2019, 8 (6), 185. https://doi.org/10.3390/foods8060185

14. Katiyar, S. K.; Agarwal, R.; Mukhtar, H., Inhibition of tumor promotion in SENCAR
mouse skin by ethanol extract of Zingiber officinale rhizome. Cancer Res 1996, 56 (5),

1023-30. https://pubmed.ncbi.nlm.nih.gov/8640756/
15. Kim, S. O.; Chun, K. S.; Kundu, J. K.; Surh, Y. J., Inhibitory effects of [6]-gingerol on

PMA-induced COX-2 expression and activation of NF-kappaB and p38 MAPK in mouse
skin. Biofactors 2004, 21 (1-4), 27-31.

https://iubmb.onlinelibrary.wiley.com/doi/10.1002/biof.552210107

Journal of High School Science, 7(3), 2023


https://iubmb.onlinelibrary.wiley.com/doi/10.1002/biof.552210107
https://pubmed.ncbi.nlm.nih.gov/8640756/
https://doi.org/10.3390/foods8060185
https://doi.org/10.1016/j.foodchem.2010.11.090
https://doi.org/10.1002/(SICI)1097-0010(20000115)80:2
https://doi.org/10.1007/s10787-015-0236-1
https://doi.org/10.4161/oxim.2.5.9498
https://doi.org/10.1016/j.jff.2013.08.011
https://doi.org/10.1016/j.cofs.2016.02.002
https://doi.org/10.1016/j.foodchem.2016.07.096
https://doi.org/10.3390/ijms20246196

Original article

16. Manju, V.; Nalini, N., Chemopreventive efficacy of ginger, a naturally occurring
anticarcinogen during the initiation, post-initiation stages of 1,2 dimethylhydrazine-induced
colon cancer. Clin Chim Acta 2005, 358 (1-2), 60-7.
https://doi.org/10.1016/j.cccn.2005.02.018

17. Hsu, Y. L.; Chen, C.Y.; Lin, I. P.; Tsai, E. M.; Kuo, P. L.; Hou, M. F., 4-Shogaol, an
active constituent of dietary ginger, inhibits metastasis of MDA-MB-231 human breast

adenocarcinoma cells by decreasing the repression of NF-«xB/Snail on RKIP. J Agric Food
Chem 2012, 60 (3), 852-61. https://doi.org/10.1021/j£2052515

18. Young, H. Y.; Luo, Y. L.; Cheng, H. Y.; Hsieh, W. C.; Liao, J. C.; Peng, W. H.,
Analgesic and anti-inflammatory activities of [6]-gingerol. J Ethnopharmacol 2005, 96 (1-
2), 207-10. https://doi.org/10.1016/1.jep.2004.09.009

19. Kota, N.; Panpatil, V. V.; Kaleb, R.; Varanasi, B.; Polasa, K., Dose-dependent effect in
the inhibition of oxidative stress and anticlastogenic potential of ginger in STZ induced
diabetic rats. Food Chem 2012, 135 (4), 2954-9.
https://doi.org/10.1016/j.foodchem.2012.06.116

20. Lantz, R. C.; Chen, G. J.; Sarihan, M.; Solyom, A. M.; Jolad, S. D.; Timmermann, B.
N., The effect of extracts from ginger rhizome on inflammatory mediator production.
Phytomedicine 2007, 14 (2-3), 123-8. https://doi.org/10.1016/j.phymed.2006.03.003

21. Yan, H.; Zou, D.; Zhou, G.; Yu, H.; Li, P.; Wang, T.; Bao, B.; Guo, S.; Duan, J.,
Metabolomics of ginger based on ultra-performance liquid chromatography coupled with
quadrupole time-of-flight mass spectrometry technology. Food Quality and Safety 2021, 5.
https://doi.org/10.1093/fgsafe/fyaa036

22. Jiang, H.; Sélyom, A. M.; Timmermann, B. N.; Gang, D. R., Characterization of
gingerol-related compounds in ginger rhizome (Zingiber officinale Rosc.) by high-
performance liquid chromatography/electrospray ionization mass spectrometry. Rapid
Commun Mass Spectrom 2005, 19 (20), 2957-64. https://doi.org/10.1002/rcm.2140

23. Li, J.; Ma, J.; Zhang, Y.; Zheng, L., Determination of 19 polyphenolic compounds in
tea by ultra-high performance liquid chromatography combined with quadrupole-time of
flight mass spectrometry. Food Science and Human Wellness 2022, 11 (3), 719-726.
https://doi.org/10.1016/j.fshw.2021.12.029

24. Oliveira, C. T.; Ramos, A. L. C. C.; Mendonca, H. d. O. P.; Consenza, G. P.; Silva, M.
R.; Fernandes, C.; Augusti, R.; Melo, J. O. F.; Ferreira, A. V. M.; Araujo, R. L. B. d.,
Quantification of 6-gingerol, metabolomic analysis by paper spray mass spectrometry and

determination of antioxidant activity of ginger rhizomes (Zingiber officinale). Research,
Society and Development 2020, 9 (8), e366984822. https://doi.org/10.33448/rsd-v918.4822

Journal of High School Science, 7(3), 2023


https://doi.org/10.33448/rsd-v9i8.4822
https://doi.org/10.1016/j.fshw.2021.12.029
https://doi.org/10.1002/rcm.2140
https://doi.org/10.1093/fqsafe/fyaa036
https://doi.org/10.1016/j.phymed.2006.03.003
https://doi.org/10.1016/j.foodchem.2012.06.116
https://doi.org/10.1016/j.jep.2004.09.009
https://doi.org/10.1021/jf2052515
https://doi.org/10.1016/j.cccn.2005.02.018

Original article

25. Park, J. S.; Jung, M. Y., Development of High-Performance Liquid Chromatography—
Time-of-Flight Mass Spectrometry for the Simultaneous Characterization and Quantitative
Analysis of Gingerol-Related Compounds in Ginger Products. Journal of Agricultural and
Food Chemistry 2012, 60 (40), 10015-10026. https://doi.org/10.1021/;302944p

26. Qian, B.-J.; Liu, J.-H.; Zhao, S.-J.; Cai, J.-X.; Jing, P., The effects of
gallic/ferulic/caffeic acids on colour intensification and anthocyanin stability. Food
Chemistry 2017, 228, 526-532. https://doi.org/10.1016/j.foodchem.2017.01.120

27.Tao, Y.; Li, W.; Liang, W.; Van Breemen, R. B., Identification and quantification of
gingerols and related compounds in ginger dietary supplements using high-performance
liquid chromatography-tandem mass spectrometry. J Agric Food Chem 2009, 57 (21),
10014-21. https://doi.org/10.1021/19020224

28. Schwertner, H. A.; Rios, D. C., High-performance liquid chromatographic analysis of 6-
gingerol, 8-gingerol, 10-gingerol, and 6-shogaol in ginger-containing dietary supplements,
spices, teas, and beverages. J Chromatogr B Analyt Technol Biomed Life Sci 2007, 856 (1-
2), 41-7. https://doi.org/10.1016/j.jchromb.2007.05.011

29. Nakazawa, T.; Ohsawa, K., Metabolism of [6]-gingerol in rats. Life Sci 2002, 70 (18),
2165-75. https://doi.org/10.1016/S0024-3205(01)01551-X

30. He, X.-g.; Bernart, M. W.; Lian, L.-z.; Lin, L.-z., High-performance liquid
chromatography—electrospray mass spectrometric analysis of pungent constituents of ginger.
Journal of Chromatography A 1998, 796 (2), 327-334. https://doi.org/10.1016/S0021-
9673(97)01013-3

31. Cheng, X.-L.; Liu, Q.; Peng, Y.-B.; Qi, L.-W.; Li, P., Steamed ginger (Zingiber
officinale): Changed chemical profile and increased anticancer potential. Food Chemistry
2011, 129 (4), 1785-1792. https://doi.org/10.1016/j.foodchem.2011.06.026

32. Li, X.; Lou, Z.; Zhang, H.; Zhao, L.; Wu, H.; Zhang, G.; Wu, Y.; Chai, Y., Rapid
LC-TOFMS Separation and Identification of Diarylheptanoids and Gingerol-Related
Compounds in Dried Ginger. Chromatographia 2009, 69 (5), 531-536.
https://doi.org/10.1365/s10337-008-0934-6

33. Harvey, D. J., Gas chromatographic and mass spectrometric studies of ginger
constituents: Identification of gingerdiones and new hexahydrocurcumin analogues. Journal
of Chromatography A 1981, 212 (1), 75-84. https://doi.org/10.1016/S0021-9673(00)80548-8

34. Chen, C.-C.; Rosen, R. T.; Ho, C.-T., Chromatographic analyses of isomeric shogaol
compounds derived from isolated gingerol compounds of ginger (zingiber officinale roscoe).
Journal of Chromatography A 1986, 360, 175-184. https://doi.org/10.1016/S0021-
9673(00)91660-1

Journal of High School Science, 7(3), 2023


https://doi.org/10.1016/S0021-9673(00)91660-1
https://doi.org/10.1016/S0021-9673(00)91660-1
https://doi.org/10.1016/S0021-9673(00)80548-8
https://doi.org/10.1365/s10337-008-0934-6
https://doi.org/10.1016/j.foodchem.2011.06.026
https://doi.org/10.1016/S0021-9673(97)01013-3
https://doi.org/10.1016/S0021-9673(97)01013-3
https://doi.org/10.1016/S0024-3205(01)01551-X
https://doi.org/10.1016/j.jchromb.2007.05.011
https://doi.org/10.1021/jf9020224
https://doi.org/10.1016/j.foodchem.2017.01.120
https://doi.org/10.1021/jf302944p

Original article

35.Du, H.; Wu, J.; Ji, K.-X.; Zeng, Q.-Y.; Bhuiya, M.-W.; Su, S.; Shu, Q.-Y.; Ren, H.-
X.; Liu, Z.-A.; Wang, L.-S., Methylation mediated by an anthocyanin, O-methyltransferase,

is involved in purple flower coloration in Paeonia. Journal of Experimental Botany 2015, 66
(21), 6563-6577. https://doi.org/10.1093/jxb/erv365

Journal of High School Science, 7(3), 2023


https://doi.org/10.1093/jxb/erv365

