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Abstract: [Objective] This study aims to analyze the important chemical components of different ginger
germplasm resources from Fujian and evaluate their comprehensive quality and free radical scavenging activities.
[Method] Gas chromatography-mass spectrometry (GC-MS) and liquid chromatography-quadrupole-time of
flight-mass spectrometry (LC-QTOF-MS) were employed to determine the importance chemical components in

13 ginger germplasm resources. Differences in the chemical compounds were analyzed by the cluster analysis and
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principal component analysis (PCA). The free radical scavenging activities of the ginger germplasm resources
against ABTS" were further evaluated. [Result] A total of 65 chemical compounds were identified from the 13
ginger germplasm resources, including 44 volatile compounds and 21 non-volatile compounds. Among them, one
gingerol and 2 dihydrocurcumin derivatives were the newly detected compounds in ginger. The highest total peak
areas of volatile compounds and non-volatile compounds were detected in ginger germplasm resources J9 and
J10, respectively. According to the results of cluster analysis, the 13 ginger germplasm resources were clustered
into 3 groups: Group I including J9 and J8, Group II including J2, J5, J4, J1, J7, and J3, and Group III including
the remaining 5 resources. PCA identified 29 differential representative components including eucalyptol, neral,
citral, zingiberene, a-curcumene, f-bisabolene, f-sesquiphellandrene, and 1-dehydro-6-gingerdione. Regarding
the comprehensive score of ginger quality, the top 2 ginger germplasm resources were J9 and J8. The ginger
germplasm resources exhibited the ABTS" free radical scavenging activities with the ICs, values in the range of
69.00~172.33 pg/mL, and the ginger germplasm resource J3 displayed the strongest ABTS" free radical
scavenging activity. The correlation analysis showed that gingerols made greater contributions to the ABTS" free
radical scavenging activity than diarylheptanoids. [Conclusion] This study can screen out the elite ginger
germplasm resources suitable for different processing products of ginger and provide data support for the deep
processing industry of ginger.

Keywords: ginger germplasm resources; chemical component; principal component analysis; cluster analysis;

free radical scavenging activity
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Table 1 Information of ginger germplasm resources from Fujian
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Table 2 Peak areas of various volatile components from

different ginger germplasm resources
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Table 3 GC-MS results of volatile components from different ginger germplasm resources
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Fig. 1 Main aroma components of different ginger germplasm resources
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Table 4 Yields and peak areas of non-volatile components

from different ginger germplasm resources

HENAL S 14 A0 15 2908 R EHRATED
AR MR 5 AE 2B =22 T R B R R AR X L
R 6o GRBW], A LAARIE RN T E AR

RALE WA — 2RI Pebe AL S AL B, P & KA

FE i 13 5/% e T AR
11 9.56+0.44° 8.39x10°
12 8.11=1.19¢ 8.13x10°
13 4.95+0.99° 3.53x10°
J4 5.61£0.43¢ 3.89x10°
15 7.92+1.03¢ 8.01x10°
J6 10.99+0.57° 10.14x10°
17 13.43+1.00° 11.74x10°
J8 7.70+0.08¢ 8.00x10°
19 10.25+0.84" 8.46x10°
J10 12.71£0.57° 15.83x10°
J11 7.71£0.86" 7.20%10°
112 10.27£0.26" 8.24x10°
J13 9.59+0.05° 9.38x10°

B N 41.13%~59.37% F1 41.47%~60.78%.
AN T A 22 7 5 B U 22 B AL B A R B e
KUAEDEHRBILE 2, KEJOMEH R LIS
WA 2R Jk B e S Ak A W Ve T AR B B e, /N 22 3 A
K2 I8 R FL P e KA G Wi A s T 2R
BAAEW,I6.I7 091112 F1 J13 (£ 3R (L&
YT T IR R R E Y, o A 2 2
FRAEDETHAA Y. ZHEBMED T 6-£W
A1 10-22 1) 51 5 73 BB, 73 i O 22.31~40.13 mg/g
F12.92~18.80 mg/g. FH J6 AT J10 [ 6-22 My U [ 7
B, J12 1) 6-22 Moy 0 T AR B AIK  J7 AT 10 1) 10-22 W

T« [ AUAS [ 7 R R 72 5 1 3 (P<0.05) .

WG T AR 8 v 5 T3 1) 10-32 Moy U T AR B 11 o
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Table 5 Non-volatile components of ginger germplasm resources

et 5 THET

5e i R BT mlz AL/ EA S

1 395.10  349.10.363.16.179.01.119.01 5-FR - 1-(4-F2 HE -3 F U R R 08 ) - 14- (R WA ) 1 1Y Joe -3- B
2 377.18  331.10.281.23.165.07 12- )

3 375.15  347.07.209.03.195.02.165.02.151.00 12-3% —fi

4 389.16  361.08.195.02.179.02.165.02.151.00 5-%HE-1-(3,4- — F K5 41 3 IR 3 ) -7-(4-F2 3L -3 B A 6 R ) - 3-8
5 373.16  329.06.193.04.179.03.165.02.149.02 5-$83E-1,7-X(4-¥5 5 -3- F S 3 25 56 ) Pi-3- i

6 433.19  373.06.358.06.219.05.177.01.151.00 3-Z k4 36 -5-F2 2 -1-(4- 32 JE-3-F S BE DK ) -7-(3, 4- 3 3 -5- 1 AR R SO B e
7 431.17  371.06.311.05.189.05.163.04 3,5- AR, T-W (3, 4- R IR Pi g

8 47520  445.08.415.08.355.07.177.01.151.00 3,5- = Z Bt A I -7-(4-F2 HE A I ) -1-(3, 4- LRI P
9 293.18  293.11.193.04.177.01.151.00.135.01 6-%[

10 293.17  193.04.135.01 6-51 2 1)

11 321.20  298.15.193.04.178.02.149.03.127.08 8-}

12 289.15  274.06.191.10.174.99.149.03 1-ft A -6-22

13 349.24  298.15.193.04.178.02.155.11 10-Z 1

14 413.15  369.17.298.15.219.13.155.11 CEAEEEMED

15 423.16  413.15.397.25.369.17.219.13.177.02 A LW RGTEM

16 34521  298.15.195.09.163.07.149.03.134.00 1-Jji ZA-10-3% —

17 277.22  195.02.174.99.149.03.134.00 - & -5-22 1

18 303.16  398.18.298.15.195.02 8-Z2 i T

19 279.23  223.12.175.00.149.03.134.00 5-% M

20 25523 175.00.149.03.134.00 6-(4-FoH-3- A JL R L) 2 be-1,2,4- = BF

21 281.25  255.18.175.00.149.03.134.00 5-3% T

23 AEEEMREFRULFRS PCALER

DL SE IR 4% R Ve Jo R0 JE 5 kI ) B D E
Wr¥a 45, K F SPSS BAFXF 13 iy Az 22 0 i 9% s idk 47
PCA. ZREIRFER>1 K ERTAH 114, R
5 Z TTER R IA 98.48% . MR HE & Ao 1 R AR (E
A7 22 DTRREE  TH R I A R GRS S, I
F7. HoI9MLR G435 fem , N34T IR I8,
HN1.99:J10 MR G197 ik, N-1.92. HEEHEK
PEY) R 25 R R L TE 1340 A8 2 P00 SR b, ¥ R
W 5 HE 48 T2 AL B 4 R J9 A8, ik g Rk
B, 09 1 I8 1 A T AR 220K il (0 42 B, G 9 1) B
R AN W

AT %8 TE W AR £ 2 R b e B o A A R
R S 0 3 R4 BT Rk R (AR >0.70 50<-0.70) 1)
VIR A 29 B, B 45 6 Fh /BS540 & W0 .5 Rl g 2K 4k
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Table 6 Relative content of non-volatile components from different ginger germplasm resources
AR 5 /%
ey % -
J1 J2 13 J4 J5 Jo J7 18 J9 J10 J11 J12 J13
1 0.57 0.52 1.90 0.83 0.63 0.74 0.93 0.47 1.00 0.71 0.60 0.83 1.09
2 1.64 2.23 4.08 2.28 1.24 3.15 2.26 1.95 3.89 1.36 2.51 3.40 2.52
3 0.97 0.88 0.82 0.56 0.74 0.92 0.79 0.57 0.82 0.84 0.94 0.72 0.85
9 1246 1437 12.89 15.03 1342 17.31 14.01 9.81 13.06 1229 1372 10.08 13.25
10 2.17 1.94 1.46 0.47 0.00 1.81 0.44 1.57 1.90 1.45 2.61 2.89 2.13
11 5.37 4.53 2.81 4.80 5.36 7.01 6.86 5.04 6.40 6.54 6.13 6.66 6.11
. 12 6.01 5.57 2.53 5.13 6.56 3.79 5.41 4.56 3.89 5.22 4.19 5.73 3.65
LR GY
13 15.35 11.49 6.24 11.29 13.33 12,50 16.81 12.28 13.13 1193 1329 16.17 1295
16 2.28 1.70 0.51 1.75 2.62 091 1.72 1.53 1.19 1.73 1.13 2.44 1.54
17 0.53 0.99 1.03 1.05 1.07 0.96 0.79 1.39 1.48 1.10 1.27 1.55 1.48
18 0.73 1.15 0.57 0.87 0.78 0.61 0.47 0.31 0.51 0.59 0.62 0.53 0.62
19 2.09 3.85 3.77 3.81 3.64 3.27 2.72 4.56 4.61 4.21 4.41 5.79 5.17
20 0.99 1.19 1.72 1.39 1.15 1.29 091 1.28 1.28 1.09 1.48 1.84 1.55
21 0.33 0.55 0.80 0.79 0.63 0.63 0.37 0.55 0.71 0.53 0.57 0.74 1.07
4 5.13 4.78 6.11 5.17 4.41 4.93 4.18 4.08 4.76 4.68 5.49 3.69 4.12
5 6.11 7.06 9.46 8.42 6.99 9.07 6.24 4.36 7.14 6.45 8.11 4.70 7.29
6 3.45 3.69 6.31 5.22 3.64 4.07 3.09 2.40 3.83 3.45 4.38 2.15 3.65
ZIRAE PR AL A 7 1425 10.64 825 878 1546 10.70 1683 730 1233 1551 1240 1540 13.13
8 11.14  11.70 19.92 15.77 1249 11.87 10.53 6.89 12.10 13.06 11.66 8.51 12.24
14 5.11 7.19 7.22 4.75 3.16 3.54 097 21.32 2.14 1.26 2.49 1.03 2.82
15 3.33 3.97 1.61 1.83 2.69 0.93 3.67 7.78 3.82 6.00 1.98 5.16 2.77
R PR A - 6-2 1)
mm EHEENEY - 10-2 )
3107 8x10°
6x10° -
2x107
= = 4x10° |
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2x10°
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Fig.2 Peak areas of gingerols and diarylheptanoids from different ginger germplasm resources
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Table 7 Principal component scores and comprehensive flavor scores of different ginger germplasm resources

B o RIS Gam BathE
PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PCl11
J1 0.13 -2.64 -1.05 2.69 -3.26 0.39 0.43 -0.22 -2.85 -2.10 0.31 -0.55 8
J2 2.98 -2.86 -2.96 -1.85 -1.63 0.62 3.00 0.47 2.17 -0.10 -1.34 0.07 6
J3 0.53 5.05 -4.34 -2.64 2.10 -1.30 -0.43 1.97 -1.06 -1.02 0.00 0.09 5
J4 2.42 -0.41 -4.42 -0.35 -1.63 1.24 -2.41 -0.98 -0.76 2.79 -0.33 -0.04 7
J5 -0.66 -4.03 -1.18 -1.41 1.65 0.43 0.10 0.71 0.79 -0.12 3.03 -0.82 9
J6 -0.90 4.11 0.15 5.72 -1.46 0.30 0.23 1.93 1.70 0.36 0.41 0.97 4
17 2.99 -3.55 1.35 3.02 4.77 1.30 -1.02 0.68 -0.28 -0.20 -1.43 1.33 3
J8 6.48 -0.22 4.18 -2.47 -2.05 -2.03 -2.46 0.48 0.97 -1.17 -0.33 1.99 2
J9 7.56 3.23 3.26 0.06 0.96 0.17 2.38 -1.83 -1.02 1.16 0.92 3.47 1
J10 -5.27 -1.22 0.46 1.41 0.00 -3.50 -0.88 -1.59 1.03 0.67 0.31 -1.92 13
J11 -4.52 0.43 -0.88 -0.17 1.32 -2.68 1.30 -1.70 -0.45 -0.36 -0.97 -1.66 11
J12 -6.97 -0.65 4.52 -2.54 -0.91 0.90 0.72 2.25 -1.34 1.62 -0.48 -1.90 12
J13 -4.78 2.75 0.93 -1.48 0.13 4.17 -0.96 -2.17 1.10 -1.52 -0.09 -1.05 10
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Table 8 Characteristic chemical components of ginger germplasm resources

5 FEAEA) )5 AR
75 AR BEENE R 2 EH S
Rz ot g L e R
. B FAAR A

B/ R A ) .
[ I &
-4 LR ULk
LR UK G A 7
7-H B -3 301 F 365 O g E
S AL g

[EE AL S b L &5
e 1L e P&
¥ b A g A
SIS H R A A
a-M AN FA A7
S-Mi &I [
a- 7 K7 1 I w27
KHIRA I D &
y-ME I fig 1 7

[ E AL p-id e s i 1% &
& B I i
o-FE W I AT
e FE
B LI A RE HH
B 21K A *
ARV &P KEMEHREHE
12-2 Bl

LEHERAEY 1-f 5 -6-32 F Bl
- -10-22 F Bk

) S-PRFE-1, 7-X(4-F5FE-3-F AR FE 2R 5E) BE-3- 1 3 Bk
ZoR A PR R A A&

3,5- LA HE-T-(4-FR I ORI 1-(3,4- LRI I P F Bk




Vol. 45 No. 1

Yudthavorasit Z"5% ] HPLC-DAD X} 7 [H | Bl JiF |
TSR PG IV 2% [ R R 5 A B R0 AR 2R AT oy
T, K B 8- My A1 25k -6- 22 Wy 2 B FE A 2 [ A 22
MY ARFAIE 53 5 FR R 0 TR AR R -8- 22 I L 10-2
W 7 T AR L 8- 35 e b [ A 35 A A R
7% s Abdo &1 45 & UV AT HPLC Rt AN [6] Hb [X 3k Y5
B4 Z AT %0, R 6-32 Wy 8-y . 10-32 ) A
622 I Moy Joit 5= VR B W AR Dy AR 22 T S 1 o =T
Mra s AR IR I, 12-Z2 1) 1- B & -6-22 i
1-JB&-10-22 X 3 F £ B R KU G WM 5-72
Fe-1,7- X (4-F2 K -3-F A B R 0 ) Pe-3-1 .3, 5-—
LRI -7-(4-F2 FE IR ) -1-(3,4- R HL R 3
Pt IX 2 Fh ORI BRI AL A W, AT AR AR g A 2
JT AN R SRR AE 458 A
24 TEEEMRAFENER S

DL AT %5 58 10 32 B M AR 2 CHFE R 4 Jo A Al
FE R AW T N FE B, K B SPSS B AR X 13 4y A2 32
PO B UR AT R, B 3. 13 AR E T E
NIRFKRBIE S RKZ IS, RBIE & KL
J2O/NF IS NFEJANE T R FETTRI/NE T3, 2K
Bma S sz, PR, A&
A AN A K /NAFAE 22 7, A K U5 M AH [R] B8R
A I 1) A 22 Ak 2% 2H TR D AR ARL, i J10C =B T K
FEOHENICZWH/AE) REEMTRE) 5 I5(=
I AN ZD B BRI — R k. X — 4R R, RIE
M6 AR 2240 5 B B S R AR R T B B AR
BAKAN
25 AREEZMREFENABTS BHREFBRE

LEHBRBNEMM KRB EMEAER
PrAAL IR AW 1 . Chen 2520 78 R B
A 6-Z My 8-F My 55 L R R G W H A BRI
DPPH H H & B g 71 f1 ABTS [ H 2535 Fr ge
Tao %577 F Peng S IF 7 R B, — 2R B B b Kb &
W) B A B0 )R8 4 91 B 7% B B 71 A DPPH H H
FiERRAE S, AWFRLLABTS H I ERAE N
Tabs , VRO 13 4 A2 22 B 57 9% U5 P I 4 P 1) 9 4R
thae Ty, SR BN IRIYE ABTS H &5k %R
B A o B Ak B 1) v T 1 e, S BB R A R K
w4,

13 4 A= 22 B B % Y5 ABTS H B 2R TE R R 1
ICs) % 9. S RE IR, 1I3MAEZEMF RIS ,I3
MII5 [ ABTS H H L5 B Z e vk, 12 5 55 . KW

FiBES: BETRAEZMRBREZUFRIMNBBRBERENERTAR

0 5 10 15 20 25
J10: ' : : -
I &
J12
I3 |
J6
2

s R
J4
il
17 i
13

I8
P
B3 R AR £ RIS AR EDH

Fig.3 Cluster analysis of main active components in different
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Fig.4 ABTS free radical scavenging activities of different

ginger germplasm resources
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Table 9 1C5, of ABTS free radical scavenging activities of

different ginger germplasm resources

FE 1C5/Cug/mL) FE 1C5,/Cug/mL)
11 111.67+6.11 18 136.67+7.37
12 172.33+18.72 J9 150.0013.00
13 69.00+14.53 J10 100.67+11.68
14 117.67+7.23 i1 166.00+13.75
15 83.00+5.00 J12 111.00£11.53
16 146.33+22.90 J13 131.67+4.93
17 117.00+14.73 vC 19.67+2.08

A J3M TS BAT BRI BUAR AL BE T, AT AE N 2
P 22 IR TR A R 5T B

k2 7 A 2R R bR IR 0 ABTS B 2k i
B 5 O 0 1K) 22 R SR AL 5 W RN — W 2 P e 2K
& YT AR AH OGP o 45 R BN AN TR AR 2
JRBE IR ABTS™ H 237 B 5 5 22 B SR & W ik
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