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Determination of the key characteristic components in ginger
from different origins by internal extractive electrospray
ionization mass spectrometry
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Abstract: Ginger, the fresh rhizome of Zingiber officinale Rosc. from the Zingiberaceae family,
is highly valued worldwide for its unique aromatic profile and distinct pungent flavor. It is widely
utilized both as a culinary spice and a natural food additive. Globally, ginger comprises 53 known
genes and approximately 1 300 varieties, predominantly cultivated in tropical and subtropical regions.
Major producing countries include India, China, Indonesia, and Nigeria, with China ranking as the
second-largest producer. In many Asian countries, such as China, Korea, and Japan, ginger has

long been recognized not only for its culinary applications but also for its medicinal properties. It
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is traditionally employed to alleviate cold symptoms, promote body warmth, reduce nausea,
suppress coughs by clearing phlegm, and even neutralize toxins from seafood consumption. The
efficacy and safety of ginger as a medicinal herb are largely determined by the content and purity
of its active constituents, such as gingerols and shogaols. Thus, accurate quality assessment is
essential to ensure its therapeutic value. Moreover, the contents of these bioactive compounds can
vary considerably depending on the geographical origin. In China, high-quality medicinal ginger is
primarily cultivated in provinces such as Yunnan, Sichuan, Guizhou and Henan. Given the com-
plexity and diversity of ginger’s chemical composition, it is crucial to understand its characteristic
components and their variation with origin. This knowledge supports not only accurate quality
evaluation but also reliable traceability of ginger sources. Ultimately, it facilitates the selection of
ginger with superior medicinal properties for direct use in traditional medicine or as high-quality raw
material in pharmaceutical development. However, conventional analytical techniques for determining
origin and quality, such as high performance liquid chromatography (HPLC) and gas chromatography-
mass spectrometry (GC-MS), are often time-consuming, require extensive sample preparation, and
consume large volumes of solvents. To overcome these limitations, this study developed a high-
throughput method based on internal extractive electrospray ionization mass spectrometry (iEESI-
MS) for rapid compositional profiling and origin authentication of ginger. Samples were collected
from four major ginger-producing regions in China: Yunnan, Sichuan, Guizhou, and Henan. Each
sample was minimally processed into fragments, with only 5.0 mg used for analysis. The fragments
were placed on a filter membrane inside a custom-built iEESI-MS device. Key instrumental pa-
rameters such as the extraction solvent composition, ion transfer tube temperature, spray voltage,
and solvent flow rate were systematically optimized to enhance detection sensitivity and repro-
ducibility. Under optimal conditions, real-time extraction and ionization of chemical constituents
from ginger tissue were achieved, yielding representative mass spectral fingerprints for each
geographical origin. Multivariate statistical tools were applied to interpret the complex mass
spectrometry data. Principal component analysis (PCA) provided an overview of sample distribution
and revealed inherent clustering trends according to origin. Partial least squares discriminant analysis
(PLS-DA) further improved the classification accuracy by filtering out unrelated variations and
emphasizing the ions that contributed most to inter-regional differences. Through this approach, 27
compounds were consistently detected and identified, among which three key markers, such as
6-gingerol, 8-gingerol, and L-serine, were selected as characteristic of origin-related variation. A
quantitative method was developed for these three markers, demonstrating excellent linearity across
a broad content range (2.0-20 000.0 pg/g) with coefficients of determination (R?) no less than 0.996.
Sensitivity was assessed in terms of limits of detection and limits of quantification, which ranged
from 3.0 pg/g to 20.0 ng/g and 10.0 ng/g to 50.0 wg/g, respectively. Recoveries varied between 98.8%
and 100.9%, indicating high accuracy, while repeatability was excellent, with relative standard
deviations (RSDs) no more than 1.6%. When the established method was applied to ginger samples

from different regions, heatmap visualization clearly illustrated the correlation between geographic
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origin and the abundance of the three characteristic compounds. For instance, Yunnan samples

exhibited notably higher contents of certain gingerols, whereas those from Henan were richer in

L-serine. This chemical fingerprinting strategy offers a reliable and efficient means for rapid origin

verification and quality assessment. In conclusion, the iEESI-MS platform developed in this study

combines minimal sample preparation, rapid analysis, and high sensitivity, making it well-suited

for high-throughput applications. It holds significant potential not only for ginger authentication but

also for quality control of other medicinal plants, food traceability systems, and the protection of

geographically indicated products. Future studies may expand the database to include more regions

and varieties, further improving the robustness and general applicability of the model.

Keywords: ginger; internal extractive electrospray ionization mass spectrometry (iEESI-MS) ;

differential components; origins
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Table 1 Mass concentrations of the standard solutions of
three chemical components

Standard substance Mass concentrations/( pg/mL)

L-Serine 1.0, 10.0, 100.0, 1000.0, 2000.0, 5000.0
6-Gingerol 1.0, 10.0, 100.0, 500.0, 1000.0, 2000.0
8-Gingerol 0.5, 1.0, 10.0, 50.0, 100.0, 500.0
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Fig.1 Schematic diagram of the internal extractive electrospray ionization source

HV: high voltage; d: distance from ion source nozzle to mass spectrometer (MS).
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Fig. 2 Effects of different experimental conditions on the signal intensity (n=3)

a. volume fraction of methanol in methanol aqueous solution; b. flow rate of extraction agent; c. distance from ion source nozzle to

mass spectrometer; d. ionspray voltage; e. capillary temperature.
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Table 2 Chemical components identified in ginger

No. Compound Mlerirc\?jzr Ion form Pa:;?/;i)on Fragg;azt)ions Refs.
1 carveol (&7 HE) C,H,,0 [M+H]* 153 135, 93 [20], NIST
2 safrole (H{fE%)" C,H,,0, [M+H]" 163 147, 133, 131, 103 [21], NIST
3 sinapyl alcohol (J+F %) C,H,0, [M+H-H,0]" 193 161, 133, 105 [22], NIST
4 6-gingerol (6-Zf)" C,,H,,0, [M+Na]” 317 217 [23], standard
5 diacetoxy-6-gingerdiol C,H,,0, [M+Na]* 403 343, 163, 261, 137, [23]
(ZZRRAH-6- %) 321, 283
6 methyl diacetoxy-6-gingerdiol C,,H,,0, [M+Na]* 417 357, 177, 275, 151, [23]
(3= 2 S HE-6-22 —1F) 297, 335
7  8-gingerol (8-Z )" C,H,,0, [M+H]" 323 305, 291 [23], standard
8  methyl-8-gingerol ( Ff 3-8-22 1) C,H,,0, [M+H]" 337 319, 199 [23]
9  acetoxy-10-gingerol (Z BE4 3E-10-2 )" c,H,0, [M+H]" 391 331, 373 [23]
10 8-shogaol (8-Z /il ) C,,H,,0, [M+H]" 305 137 [23], NIST
11 12-shogaol (12-ZE/5 )" C,,H,,0, [M+H]* 361 137 [23]
12 1-dehydro-6-gingerdione ( 1-fiii & -6-32 il ) C,H,0, [M+H]" 291 273, 191, 177 [23]
13 1-dehydro-10-gingerdione C,H,,0, [M+H]" 347 329, 177, 137 [23]
(1B -10-22 86"
14 3,5-dihydroxy-1,7-bis(4-hydroxy-3,5-dime- C,,H,,0, [M+H]* 437 401, 419, 193 [24]
thoxyphenyl) [3,5- ¥ 3k-1,7- . (4-58 33,
5- ARSI ) |
15 L-histidinol (L-£ % )" CH N,0 [M+H]" 142 124, 60, 81, 95, 107 [25], NIST
16  L-serine (L-22%(f2)" C,H.NO, [M+H]" 106 88, 60 [25], standard
17 L-proline (L-fili 2/ )" C,H,NO, [M+H]* 116 98, 70 [25], NIST
18 L-aspartic acid (L-R4& %) C,H,NO, [M+Nal” 156 110, 139, 95, 83 [25], NIST
19  asparagine (R4 RERE)" C,H,N,0, [M+Na]* 155 138, 110, 66, 95 NIST
20 choline (J5H)" C,H,,NO M* 104 60, 45, 58 [26], NIST
21 trans-2,4-dimethoxycinnamic acid C,H,,0, [M+H]* 209 191, 167, 131 NIST
(52-2,4-— AR HE IR )
22 maltose (4 2FHi)" C,H,,0,, [M+Na]* 365 203, 185, 305, 347 NIST
23 3-hydroxydecanoic acid (3-F 35 )" C,H,0, [M+H-H,0]" 171 143, 153, 125, NIST
156, 154
24 3-indoleacrylic acid (3-[N i 2 )" C,HNO, [M+H-H,0]" 170 142, 124, 115, 95 NIST
25 3-ureidopropionic acid (3-BENK N2 )" C,HN,0, [M+H-H,0]" 115 70, 98, 72, 73, 87, NIST
61, 56, 44
26 B-cyano-L-alanine (8- 3E-L-N & i) C,HN,O0, [M+H]* 115 74, 69 NIST
27 uracil (JRIEBE)" CH,N,0, [M+H]* 113 95, 70 NIST

* Substances of variable importance in the projection (VIP) >1 of ginger from different origins. NIST: National Institute of Stan-

dards and Technology.
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Fig.3 MS/MS spectra of three chemical component samples and standards in positive ion mode
a. 6-gingerol sample; b. 6-gingerol standard; c. 8-gingerol sample; d. 8-gingerol standard; e. L-serine sample; f. L-serine standard.
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Fig. 4 Mass spectra of ginger from different origins
a. Yunnan Province; b. Guizhou Province; c. Sichuan Province; d. Henan Province.

NL: normalized intensity.
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DA) diagrams of ginger from different origins
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Fig. 6 Permutation test plot of PLS-DA of ginger from different origins
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Fig.7 Correlation heatmap between the main compo-

nents and the differential components of ginger
*p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001
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Fig. 8 Heatmap of ginger from different origins
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Table 3 Linear ranges, regression equations, coefficients of determination (R?), limits of detection (LODs) and limits of
quantification (LOQs) of the three chemical components in ginger

Sample Linear range /(pg/g) Regression equation R’ LOD/(pg/g) LOQ/(pg/g)

L-Serine 4.0-20000.0 y=345.752+202.59 0.997 20.0 50.0
6-Gingerol 4.0-4000.0 y=3661.7x+478.98 0.996 10.0 30.0
8-Gingerol 2.0-2000.0 y=46.977x+4.0563 0.999 3.0 10.0

y: signal intensity of characteristic MS/MS fragment ion; x: content, ng/g.
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Table 4 Spiked recoveries of the three chemical compo-

nents in ginger at three levels (n=3)

Com- Back- Added/  Found/ Recov-
ground/ RSD/%
pound (ng/) (ng/g)  (pg/g) ery/%

L-Serine 4245.6 800.0  5044.9 99.9 1.6
4000.0 8281.6 100.9 1.4
20000.0 24375.0 100.6 0.2
6-Gingerol 920.7 400.0 1315.9 98.8 1.2
1000.0 1917.7 99.7 0.5
2500.0 3434.1 100.5 0.5
8-Gingerol 239.9 100.0 340.0 100.1 1.0
200.0 441.2 100.7 0.4
400.0 640.8 100.2 1.0
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Table 5 Analytical results of samples from different ori-
gins (n=3)

L-Serine 6-Gingerol 8-Gingerol

Origin ~ Content/ RSD/ Content/ RSD/ Content/ RSD/
(ng/g) % (pg/g) % (ng/g) %

Yunnan 4336.2 0.8 945.2 1.0 176.9 4.8
Province

Sichuan 529.3 2.1 749.3 2.9 95.6 3.0
Province
Guizhou 2418.7 0.3 864.1 5.8 208.8 0.5
Province
Henan 2016.0 1.1 696.6 2.4 230.0 0.1
Province

*6 IMETRENEZHRUERSSWAZE

Table 6 Three methods for analyzing the chemical compo-
nents of ginger samples based on MS

Sample Volume of Sample Time
Method X i Ref.
pretreatment solvent/mL quality/mg /min

GC-MS  drying and / 100.0 ~11.5 [30]
grinding
LC-MS  grinding, ex- ~20.0 5000.0 ~30.0 [31]
traction, cen-
trifugation
and filtration
iEESI- / ~0.1 5.0 ~0.5  this
MS work

iEESI-MS: internal extractive electrospray ionization mass spec-
trometry.
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