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Analysis of composition variation in ginseng with different fruit
colors using desorption electrospray ionization mass spectrometry

imaging technology

HAN Lusheng WANG Yudan LI Genyue YANG Kaili WANG Enpeng
(Jilin Ginseng Academy, Changchun University of Chinese Medicine, Changchun, Jilin 130117, China)

Abstract: [Objective] To investigate the differences between red-fruit and yellow-fruit ginseng from the perspective of compositional
tissue distribution using mass spectrometry imaging technology. [ Methods] Desorption electrospray ionization mass spectrometry imaging
(DESI-MSI) is employed to visually characterize saponin components in fresh ginseng tissues with two distinct fruit colors. Additionally, the
total saponin, total flavonoid, and total polysaccharide content in the samples are quantitatively determined. [ Results] Under the condition
of mass spectral errors below 15 mg/kg, a total of 14 saponin components, including malonylated ginsenosides such as mRbl, are identified.
Significant spatial distribution differences in saponins are observed across tissues within the same fruit color. Specifically, the cambium
predominantly contains Ginsenoside Rh4, the cortex is dominated by mRb2/mRc, the phloem primarily contains mRbl, and the xylem is
characterized by Ginsenoside Ro. Comparative analysis reveals that red-fruit ginseng exhibits higher content of mRbl, mRb2/mRc, and
mRgl/mRf, whereas yellow-fruit ginseng shows greater abundance in mRe and Ginsenoside Ro. Furthermore, the total polysaccharide and
flavonoid content are significantly elevated in red-fruit ginseng, while yellow-fruit ginseng demonstrates higher total saponin content.
[Conclusion] This study systematically elucidates the distinct differences in the content of saponins and other chemical components
between red-fruit and yellow-fruit ginseng.
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Slices of red-fruit ginseng and yellow-fruit ginseng

Figure 1

122 BUEEM ARG BRIERERENFREAS
DITH 09 B 3% (5 2 o 0B TR BRI m/z 100~
1500, 8 TP E 150 °C, B4 HLIE 4.0 kV, 155 7% 7 /T
Pt —K (Vg : Vg=1:1) , W25 &5 (A <) K JJ 0.45 MPa, i
4 pL/min, W5 55 2% A S A 559, o gE £ 100, 25 (8] 43 9k R
80 pm, F i M 4 400 pm/s. KWL 0.2 mg/L 58 &R
fii MEBK (L-leucine , LE ) H P %5 W Bifi 47 2 1 Jo 5 5

1.2.3  GVEFR S EEE RS FRE S mg T ARUE S B
F 25 mL B, 70% HYEEGE 2, b v R
BB T AR F A 0,1.0,2.0,3.0,4.0,5.0 mL 4351
BT 25 mL AR AN 5% RS BN AW | mL, %5,
JCE 6 min, fil 10% fif BR R HE WK | mL, 4% 2) , i & 6 min,
i 5% S AA AL BIA 10 mL, K2 2 3850, UE 15 min,
FH 2 A0 AL W3 566 BE T 510 nm Ak I 52 H G EE LA
JEEEAE A Ry YA bR, T 0 R B C(mg/mL) O A AR A
AR v 2R BT . RS % AT HR A SR IR 1 mL, 4%
LRI AT 3R E R MR A AN S P R
i A

124 BZpi&aile WalelkiE}0,0.1,0.2,04,
0.8, 1.6 mg/mL (1% 75 %) $¥ FR ME VW . 40 B 1 mL A o
BT E T R I A 1 mL 5% K B 7 WM S mL
W B , Wk /K & 20 min )5 , & T2 5 min, W 7E 490 nm
bW B I 2 A v 4 o R R IRAT BN S R IR

19



20

E Al 33 FUNDAMENTAL RESEARCH

Y1 mL, 4% R v A8 EAT 3R E R IS AL
N LIRS p
125 BRE&EENE RSSO E R AS BT
Re b3 i i 76 K s B L 45 1 mg/mL B Be A5 o i, 1L
I g B Y 6453 0, 0.02,0.04,0.06, 0.08 mg/mL 146 i
JOT R ARV o A3 R R e TR AR A R R A T
1 mL, & T HIERKE P K\ T ORE R ERE T
90 °C) . MKUKIMA 1 mL 1Y 10% 7 F 8% 2 BRI . 10 mL
TR R E T, KB TR K 10 min, ¥ H1JG H AEBR UAE 542 nm F
R S e 2t 1 AN N3 = 78 1 M s>
PRVE, AT 3IRE R AR B WG AR YEACA R
M R XE, MASREEF TR,
1.3 #HiEaE

DESI-MSI %1 #i& & JI] HDI imaging % 4 4b 31, #£ 47 i
I ECRCE M — A b B o b B 9 #HE 5 A SIMCA-
P15.0 B4 4T M2 43 B (PCA) J 1F 52 fi fe /s — 3 1 531
255§ (OPLS-DA) . 38 i v #% [ 4098 A . SOk 2 I 2%
B )55 (Saponins Mass Spectrometry Database, https://
www.massbank.jp/) [t X} 3R 15343 5C i 73 fb 2 4 K o+ X

101

0.8
0.61

0.4F

Xt
Absolute abundance( x 10%)

0.2F

0.0 uuu (WY h T WY
300 600 900 1200
R e

mlz

(a) LIS AS

1500

B 2044 | 2026 F 4 B | BR&BS5M

iz F Mass Lynx V4. 2( 32 [E Waters 23 ] ) 1158 4 % 5T 2 &
JB T FIT A 0 T R AR B A AR B A R
Z AT Y E o f# ) SPSS 26.0 B Ak HEAT G A, R ¢
R 56 X5 PR AL B AT A B, 2 P<70.05 FeoR A1 IR] 25 5 HLAT
B %P, >R Graphpad Prism 9.0 UL % Origin 2021b i#£ 47
2 #RS50br
21 ARASHERASHS ST

iH it Mass Lynx v4.1 P REELDER A S 09 B B 5
B, R H HDI imaging 4% {4 3K 15 Wi 20 R AS £ 8 A0 1)
B E L 2 iR . B 2 nPAEL RS E RS
P B A B B2 5 R A S B R s T 2, R
AL 22 s B Z ek . R A S B EEE N B oR
A AR e ) 2 e SR LR S Al S 0 A i

& 3 B, K SIMCA-P15.0 44 %) 4 5 47 8 74
T A8 dE 24T PCA 1 OPLS-DA #5573 #7 . 7E PCA
T LT 24> 32 800 6 A% 1) A B 3R T 3K 96.85% , Horf,
B — 32 o % AR AR B R R R A 93.5% , 5 Ry
14r
12F
1.0r

0.8F

HN IS S

Absolute abundance( x 10%)

0.61

0.4

0.2

LJM[ Ll b ce- K
300 600 900
k% Lt

mlz

(b) ERAZSUH

0.0

1200 1500

B2 ZRALEHRALMA G R#ERE

Figure 2 Mass spectra of red-fruit ginseng and yellow-fruit ginseng
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Figure 4 Schematic diagram of cross-section of ginseng

rhizome tissue
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Table 1 Identification and spatial distribution of chemical constituents of ginsenosides in red-fruit ginseng and yellow-fruit
ginseng
HA FHE LB H . BT 2/ %% .
5 I o - Y] - BT
R (mlz) (mlz) Bz (mgkg ) SCHR
Fz#B 1163.590 1 1163.5855 Cy4HyyO, [M—H] ™ 5 mRb2/mRc [16] 1119595 7,1 077.585 1,1 059.574 5,
945.542.8,915.5323,783.4900,753.479 5,
621.4372,459.384 4,375.290 5
1119.606 0 1119.595 7 Cs5Hy,0,, [M—H]™ 10 Ginsenoside Rs1/Rs2  [17] 1 077.585 1, 945.542 8, 915.532 3,
783.4900,753.4795,621.4372,459.384 4,
375.290 5
1077.6010 1077.585 1 C3HgO, [M—H]™ 15 Ginsenoside Rb2 /Rc [19—20] 945.5428,915.532 3,783.49,76500.479 5
621.437 2,459.384 4,375.290 5
1031.549 1 1031.543 2 C5Hg,0, [M—H]™ 7  mRe [16] 987.5534,945.5428,783.4900,621.4372,
459.384 4,375.290 5
945.5520 945.5428 C,Hg,0, [M—H]™ 11 Ginsenoside Re/Rd ~ [21] 799.4849,783.4900,765.4795,637.4321,
475379 3,391.285 4
TIHR 1193.608 1193.596 1 CyH,y,0,, [M—H] 11 mRbl [16] 1 149.606 2, 1 107.595 7, 945.542 8,
915.5323,783.4900,753.479 5,621.437 2,
459.384 4,375.290 5
1107.5989 1107.5957 Cy,Hy,0, [M—H]™ 3 Ginsenoside Rb1 [18] 945.5428,783.4900,621.4372,459.3844
375.290 5
885.4912 885.4853 C,H,0,, [M—H]" 8  mRgl/mRf [16] 8414955,799.4849,781.474 4,637.432 1,
475.379 3,391.285 4
841.501 6 841.4955 C,H,0, [M—H]" 8  AcO-ginsenoside Rgl ~ [21] 799.4849,653.42700,491.3742,415.3218
679.4475 679.4427 CyHg, 0,0 [M—H]™ 6  6-O-acetyl (20S) - [21] 637.4321,4753793,179.056 1,161.045 5,
ginsenoside Rh1 149.045 5,143.035 0,131.0350,125.024 4,
119.0350,113.024 4,101.024 4
ERE 6714376 671.4376 C,H,0, [M—H] 1 Vinaginsenoside R12  [21] 509384 8,179.056 1, 161.045 5,149.045 5,
143.0350,131.035,125.024 4,119.035 0,
113.024 4,101.024 4
619.4203 619.4215 C,HyOy [M—H]™ 0  Ginsenoside Rh4 [21] 457.3687,161.0455,143.03 5,131.0350,
125.0244,119.0350,113.024 4,101.024 4
603.426 6 603.426 6 C;H,,0, [M—H]"~ 2 Ginsenoside Rh3 [21] 441373 8,179.056 1,161.0455,149.045 5,
143.0350,131.0350,125.024 4,119.035 0,
113.024 4,101.024 4
AKJREE  955.4997 9554908 C,H,0,, [M—H] 10 Ginsenoside Ro [21] 7934380,731.437 6,659.416 5,613.374 6,
587.3953,569.384 8,551.374 2,523.379 3,
497.363 6,455.353 1
BEFE 1193.6080 1193.596 1 C5Hy,0,6 [M—H]™ 6  mRbl [16] 1 149.606 2, 1 107.595 7, 945.542 8,
915.5323,783.4900,753.479 5,621.437 2,
459.3844,375.290 5
1031.549 1 1031.543 2 C5,H,,0,, [M—H] ™ 7  mRe [16] 987.5534,945.5428,783.4900,621.437 2,

459.384 4,375.290 5
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Figure 5 DESI-MSI plots of 14 glycoside components of red-fruit ginseng and yellow-fruit ginseng
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Figure 8 Determination of total polysaccharides, total saponins and total flavonoids in red-fruit ginseng and yellow-fruit ginseng
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