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PCA and TOPSIS analysis and determination of amino acids and nucleosides in
seeds of Annona squamosa from different producing areas by
QTRAP-UFLC-MS/MS

LI Yue, HU Peng, ZHANG Yuan-jiao, CHEN Ya-yun, CHEN Jian-wei, LI Xiang
Nanjing University of Chinese Medicine, Nanjing 210023, China

Abstract: Objective To establish a QTRAP-UFLC-MS/MS method for the determination of 15 kinds of amino acids and 10 kinds of
nucleosides in the seeds of Annona squamosa from different producing areas, toanalyze and investigate the difference of the 25
components in samples from five habitats, and provide scientific basis for its comprehensive utilization. Methods The analysis was
carried out on a Waters XBridge Amide column (100 mm x 2.1 mm, 3.5 pm) with elution by mobile phase of 0.2% formic acid in water
(A)-0.2% formic acid in acetonitrile (B) at a flow rate of 0.6 mL/min. The column temperature was maintained at 30 ‘C. The target
compounds were analyzed by the positive ion multiple reaction monitoring (MRM) mode. The comprehensive evaluation of the seeds from A4.
squamosa in five habitats was carried out by PCA and TOPSIS analysis. Results All 15 kinds of amino acids and 10 kinds of nucleosides
showed good linearity (+*> 0.994 7). The RSDs of the precision, repeatability, and stability tests were less than 3.87%. The average recovery
rates were in the range from 94.90% to 98.78%, RSDs were in the range from 0.84% to 3.01%. There are differences in the composition and
content of amino acids and nucleosides in the seeds of A. squamosa from different habitats, among which Hainan produced the highest
comprehensive quality. Conclusion The method is simple, accurate, and reliable, which can provide the reliable basis for quality evaluation
of the seeds from A. squamosa, and samples from different habitats can be optimized according to the target component.
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XIREIATLR G VAN, BRAMPIRERNL, &
BT 28 5 LAt VR NTIF 50 A0 P9 A8 B 3R A 4 T 28
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1 NEERG
1.1 &8

ABSciex QTRAP 5500 Jii i {X (3%[H ABSciex
AF]D; LC-20A POERARL (B DGU-20A3 7E4%
S HL. LC-20ADXR %%, SIL-20AXR H shitFEaE
J CTO-20AC #i4H, HZA Shimadzu 2 F]);
KH-500DB B! £ 4% A E e s (100 kHz, RILR
B FEA G BR A F]); SArtorius BT125D +/isr 2
—HTRY (EEFEZHEAFD; ME36S B H T
s —HT R (HEEFZEZ R AFD; TGL-16B
BELOHL (Rig2 s B2 s Milli-Q HialiK
4 (Millipore 4] ).
1.2 XA

15 PR LR R HERR (iS5 B21915).
WaEE (IS B21911). %% (b5 B21932).
gl (IS B21914). 4i&fE (Jit'S B21936).
HRERR IS B21933). &M (L5 B21925).
RERAR (L5 B21934). BEIE (L5 B21916).
AR (S B21922). HERAMR (L5 B21913).
HE R (5 B21938). ZKNAR (k5 B21910).
MR (iS5 B21920). BE&ER (L5 B21924);
10 FiAZ B2 R PRIBEBE (HiE5 00469-200401)
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B20211). I (b5 140631-200904). Bt (it
5 1001182663). JRE (L5 887-200202). 2'-Ji %,
5 (5 1000943454 ) . R H Ot 5
110879-200202) HLH (#L5 40669-201104), &
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e 76 BT AN R = R S 3 N SRR T = M
(S1). ¥#rE (S2). J7E (S3). i (S4). &K
(S5), FrfattmIAm P2 KR h 8% &
SE N F o KR 7 BB MW KL Annona
squamosa L. R IEGAF T
2 FAEEHR
2.1 SEH
2.1.1 B4 Waters XBridge Amide (100 mmX
2.1 mm, 3.5 um); VidhtH: 0.2%F K (A) -0.2%
R M (B, BEETEM (0~2.5 min, 15% A; 2.5~
5min, 15%~50% A; 5~7 min, 50% A; 7~8 min,
50%~15% A; 8~11min, 15% A); & 30 C,
AT E 0.6 mL/min, #EFEE 2 L.
2.1.2 JRIGFMA BT EST RETANZ
S (MRMD; WiZ K 5.5 kV; B FAGIEE
550 ‘C; <7< (Curtain Gas) 4 241.3 kPa (35 psi),
Gasl 4 379.2 kPa (55 psi), Gas2 A 379.2 kPa (55
psi)o 15 M B AN 10 Mt B LA I T 3% 26 1F 2 8
W 1.
22 EEREHIE
221 XHHRSERPIEIS REERREICH AR N
MR, %8R, MER. 94K, HER. ~2R.
REAHR . BER. BEK. FER. daiR.
RNERR - MR BEER . JREEE . JREg . Ik
TN IR | JF . JREF 2 DA R
WU S B fod &, 0 4l K EL ) A 2004+
1 868.4. 2465.0. 3006.0. 1006.0. 406.4. 494.0.
594.0. 405.6. 494.0. 99.6. 988.0. 497.0. 3 976.0.
200.4. 393.6. 19.6, 19.9. 147.6. 20.0. 304.8. 99.0.
197.2. 101.6+ 294.0 ug/mL FI%T R S il . B
MR A TROE R, IKER S 100 mL §il iR &
XTSI, B, 193] — RIIAE FTEIR
FE ) 15 FE B A 10 FiAZ HR A X IR, &
0.22 pm FALIERENE, 4T .
222 HEASIATRIGHIE RSB AR 2 e i
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Table 1 Main mass spectrometric parameters of 15 amino

acids and 10 kinds of nucleosides

ISP RE R R 1.0 g, BT 50 mL HIZEHETEIMN
RSB 20 mL i 4lK, =ik N A (100 kHz)
FEEL 60 min, WYEX_EIEWT 12 000 r/min #5338 T~ &

=y i B \) £ D \‘ £y S, N . N S Y A S, -
TCA) /min MRM B P4 () JRBIRVEIBINEY 0 10 min, BRI L5300 0.22 pom BFLIEBLAS -
H &R 3.34 76.04/30.00 73 6 ek s
WA 271 90.06/44.02 79 10 23 FEEER
“HE 416 106.05/59.99 67 8 231 RMEXRRFE FEHEWE “2.2.17 HUFAR
Eﬁﬁg’f 2.04 116-07;70-02 68 10 R FE 228 X6k L A T S TR o) B B i 8 W 2% 2 s
HRIR 1.89  118.09/72.06 54 10 « b . e i .
HER 3.56  120.07/74.00 93 20 2 “2.1.17 M “2.1.27 BUR E-Fs A& FIE, B
SRR 1.51  132.10/86.05 98 10 X HE S U AN (YY) XA IR (X #3H4T
KA . N v = % -
EN 370 MOS80 %90 g, @R MR, i
A 539  147.11/83.91 66 14 fEMELE (SIND) =3 FERMR (LOD), SN=10
iR 1.80  150.06/104.03 91 10 HEERER (LOQ). 4 IE 2 A 1,
HAR 531  156.08/110.03 95 16 s e BT e , .
B3R s FE SR — 2 IR I VR A S RE
EHEE 149 166.10/12005 56 ) 232 KEwPES R R R R A
Aty 535 175.12/70.02 88 18 SRR, FEMR 2117 A1 “2.1.27 TR k- 4
%jﬁ“ﬁ’% g-gf ﬁg-éjj;g%gg l‘l‘f g PEESIERE 6 U0, 5E 15 FEILRRAN 10 Rzt
NG . . .
BEIES 193 136.06/136.00 51 24 PR T A RSD AE 0.61%~3.34%.
SO 115 1370513705 s 24 233 EEMRE WERERHET S2 HE 6
B 2.06  152.00/135.00 51 25 N A AR *s
M “2.2.07 TR 7 vk A&t
Wt 068 243.10/127.07 61 13 i, B 1.0 g, 73RN “2.2.2”7 TR 7 il 2
FRAF 0.95  244.90/113.00 103 13 WA, %08 “2.1.17 A1 “2.1.27 TiF ik - 1
IV S, \ R P - N =,
2-ASER 143 268.10/152.10 61 15 SAEHERENIE, 15 FRESERRAT 10 FR%HF IR B4
JiREF 1.62  268.10/136.07 86 23 - R
IS 121 269.00/137.05 46 15 % RSD, 25 Pl iE 2] RSD 1E 1.08%~
93 1.77  284.30/152.00 62 15 3.87%, FTHPZ LN ES M B IT.
T2 15 MEEERF 10 FixEARERRZ. LOD 1 LOQ
Table 2 Calibration curves, LOD, and LQD of 15 amino acids and 10 kinds of nucleosides
WwEY P 2 2R PEVEE/(ng-mL ™) P LOD/(ng'mL™} LOQ/(ng'mL™Y
HER Y=138 X+4 880 20.04~2 004 0.999 1 4.01 10.02
WA Y=1 860 X+222 000 186.84~18 684 0.999 9 31.13 93.40
2T R Y=872 X+52 100 4.93~24 650 0.999 6 1.64 4.93
JH R Y=10 100 X—459 000 30.06~30 060 0.999 5 7.52 15.03
AR Y=10 100 X+ 136 000 10.06~10 060 0.999 2 0.13 0.40
AR Y=1 250 X+70 400 81.28~4 064 0.999 1 20.32 40.64
RER Y=27 700 X+403 000 4.94~4 940 0.997 9 0.66 1.98
RERIR Y=1 120 X+36 200 29.70~5 940 0.999 8 3.57 11.88
BER Y=4 740 X+99 900 20.28~4 056 1.000 0 0.81 4.06
R Y=3 040 X+43 100 24.70~4 940 0.999 6 247 4.94
I aE R Y=4 160 X+3 600 0.996~996 0.999 8 0.20 0.50
HER Y=12 400 X+91 600 19.76~9 880 1.000 0 3.95 9.88
KNAR Y=18 800 X-+102 000 4.97~4970 0.999 9 0.50 1.99
RN Y=5 690 X+430 000 19.88~39 760 0.999 8 0.32 1.08
FS R Y=9 780 X+ 179 000 2.04~2 004 0.999 8 0.20 0.63
PR IE Y=299 X+35 600 1.97~3 936 0.999 0 0.32 0.79
iR neEng Y=58 100 X+461 000 1.96~196 0.994 7 0.98 1.96
TR 3 MRy Y=2 470 X+59 300 1.99~199 0.999 3 0.39 0.99
s Y=3 780 X+98 000 14.76~1 476 0.999 2 2.36 5.90
i Y=2 940 X+3 200 2.00~200 0.999 4 0.50 1.00
JREF Y=1260 X+28 000 30.48~3 048 0.999 2 3.05 15.24
2 A S Y=13 000 X+ 143 000 0.49~990 0.999 7 0.15 0.59
Ji58=3 Y=25 400 X+ 944 000 19.72~1972 0.999 4 0.39 0.99
lilIRzR Y=16 900 X+ 127 000 10.16~1 016 0.999 4 2.03 5.08
5 Y=15 600 X346 000 14.70~2 940 0.999 9 0.29 0.74
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Fig.1 MRM of 15 amino acids (A) and 10 nucleosides (B)

234 FaEtiRE WEHHT S2 KRR
SVETR, Zr BIAE 0.2, 4.8.12. 24 h I 4% “2.1.1”7
A “2.01.27 TUF B RE- RS S A ERE b, DiE 15
Fhag B M 10 Fhix B g1 RSD, RSD f&
1.07%~3.73%, FRHIHLE A IEIAE 24 h W€ 1
R1f.
235 NFEREIERIRES RS EFRE A B
B S2 #ah 1.0 g, 7l E AL (80%). Hr
(100%). = (120%) 3 NMAKFRIX LG E, &4
K34y, FE 94y, FEER “2.2.27 TR ikl
FEE AR VAW, %R “2.1.17 T “2.1.27 TR
R FRG 2AFEREIN S, T 5 FLIARE (Bl A0 AA X
P2, 455 W 3. 25 Ry B S RE [
FAE 94.90%~98.78%, RSD 7f 0.84%~3.01%, #*
BAZ 7V IR [ A% R AT
24 HENE

FelR “2.2.27 TUR J7iEm#% 5 A= HkE S it
WIETR, %M “2.1.17 F1 “2.1.27 TN (i
SR TR W A L W TR AR, AR o L P v v it 2
THE HAERRE 15 R B IR AT 10 FPAZ 1 SR o)
MEs, @RILE 3.

#3 TEFHBF 15 MEEEF 10 EENEE (n=23)

Table 3 Contents of 15 kinds of amino acids and 10 kinds of nucleosides in seeds of A. squamosa (n = 3)
55 RED B (g0 )
R Wak 25k WER 45K AR RER R&ER AER BER TRER O A2R AWER HEAR
S1 0000 0000 119931 1202158 212158  0.00  0.000 0000 395574 438283 0000 315458 221.787 2598.243
$2 0000 239570 0000 1855624 456713  0.000  0.000 286.393 751.059 819533 167.615 523523 743596 1958524
S3 - 0.000 0.000 767.867 750.673  466.614  146.256 0.000 0.000 443.042 484993 125308 356.587  274.447  1452.373
S4 71478 0.000 411560 1219.980 264.634  91.616 233.191 754250 389.034 430.388  91.894 313845  229.234  1519.156
S5 61623 167.527 476,583 511.069  299.287 0.000 0.000 104071 304435 336309 93817 312.232 215404  1362.742
- RED B (g0 Y
MeRBe  ReEE TRy MR By T R 2 MERE O RE O N 9F  ZARNE B hE
S1 0000 106.288 0.000 0.000  102.751 5337 118333 4,100 202.409 0.000 248769 5503592 787.987
S2 1022 378194 0.000 3117 125767  10.088 156.587 9.246 232724 16.604 285949  7803.172 1218.276
S3 1616 134047 2561 0045 111746 1874 153730 0392 211858 15420 266.718  5269.776 907.391
S4 2382 76522 0.000 0.737 90.053 4582 102460 3246 175638 12639 216077 6022642 681.954
S5 0695 72174  0.000 0.664 42063 1463 72222 0.000 123276 8692 107.103 424579 421.657
25 #HRPEERMZESER PCA 15 Fha SRR 1T 4 > E M4 (PCL1. PC2. PC3,

[iF SPSS 22.0 Giih#At, 43l A 7 A 1
15 FPEIEERAN 10 FlAZH o 1 -5 o6t R 41
SRR I, AN [ 7 b 75 A il O s 45 Rt
1T FERS 5 HT . PCA BHRECE S AT 404, [RIES
N TR A AR &AL B, A AT O RE
1B S PR 7 3 A R R R T 7 22 i KA IE 2 e %

PC4) MIRFIEMES KT 1, BRI 5THRZIEF] 100%,
YLHAIX 4 AN FIEVEN A [F] 7= b 2 7 B 7 A 7E 5
B FRRELA T SIER, HAHEE. TTIREM R
HTTRRR LK 4. DAR. WER. 42K FN
AR AR HER. FREARE PCL LK
AT, ULH] PCL B TIX 7 PR LR 115
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Table 4 Eigenvalue of principal component and contribution rate of 15 kinds of amino acids

N I fie#e e
FRIEE T ETTHRER % KRBT ZETTRRAR % FHIEE T EEERER% KBUTZETTRRAR %
1 6.826 45.509 45.509 6.409 42.726 42.726
2 3.984 26.562 72.071 3.269 21.794 64.520
3 2.637 17.577 89.648 3.082 20.548 85.068
4 1.553 10.352 100.000 2.24 14.932 100.000

*®5 AE~MEZRFHEEREAS EFRBRESTN

Table S Principal component factors and quality evaluation for seeds of A. squamosa from different producing areas in amino

acids
G 5 T 1 o) 2 sy 3 oy 4 F gt
S1 2 833.013 8 —602.618 4 —2 885.066 9 —294.702 0 442270 4 5
S2 5226.725 1 —119.133 3 —2398.137 8 —742.675 1 1603.541 1 1
S3 24179311 —480.004 8 —837.667 2 308.847 7 802.466 3 3
S4 2 656.1912 732.816 5 —1507.966 3 37.016 5 990.264 7 2
S5 1901.862 1 —328.033 3 —927.981 1 —98.098 6 535.768 4 4

10 FAZE T 2 s (PCLL PC2) FIHHAE
EB KT 1, B TTHRZILF) 88.273%, BEfE &M
i S B AS [) 7= b 7 7 6T N AE R, FLARRAEAA
TR A R TT AR WK 6. M. 2B A ST
PRWERE . RTFE. SGREES . BFF JRIFAE PCL BH
BT, UH PC1 FE BB T IX 7 B RIS
B FHE, PC2 T RBLT IKFHIES . RIS 1)
HE.PC1 AT PC2 AL 1 10 FiAZH H 9 Fl sl 7 11
GE WA 10 M FON& 3o BT 15
o5 ETTRRR IR, T & R T
LB WK 7, nTLLE H S2 1300 e, S5 194y
5 E 38

2.6 TOPSIS $1f

I3 M CAZ B R A% 7 IR Ry LA S BT o
BN RS, KH TOPSIS 73 #r 75 5 AN
PR 7 BT IAT SR A T, R HET AR
2.6.1 AT K S ADAEFHER AT 1S
P LR 10 PPAZ A (1) & 2 50 46 B 2 kAT 13
—AAbE, FEESTAERAERE, THE o fH, H—fkt
P B LK 8o

10
a,=X,/1Y X;
i=1

Xy ZoRE | MR RIES [ MR EIIUE: 0y R i
AP RLE S j AMRRR LI — (LA TR E i UL

6 10 FhixE AR BYFFAE(E R STRR

Table 6 Eigenvalue of principal component and contribution rate of 10 kinds of nucleosides

N L] fie#e e
FRALME DRI % BT ZETTIRE % FRAEME D50 % BT ZETTIRE %
1 5.981 59.815 59.815 5.331 53314 53314
2 2.846 28.458 88.273 3.496 34.959 88.273
3 0.986 9.861 98.134
4 0.187 1.866 100.000
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Table 7 Principal component factors and quality evaluation

for seeds of A. squamosa from different producing areas in

FEMAERIRT (2D MR% (Z2) ERE.
(1) FIHFER: Z'= (0.757 4. 0.819 5.

nucleosides 0.767 7+ 0.691 5. 0.587 4+ 0.847 5 1.000 0+ 0.927 2+
W5 EROR1 ERGR2 F_ el 0.697 1. 0.693 3 0.678 4. 0.6272. 0.843 9. 0.632 8+
SL645.6172 = 355.5723  468.508 9 3 0.760 4); Z = (0.000 0~ 0.000 0. 0.000 0~ 0.190
82 10012647 4654786  696.5410 ! 4, 0.267 1. 0.000 0~ 0.000 0 0.000 0 0.282 6. 0.284
83 7226625 4218079 3327401 2 5. 0.000 0. 0.374 1. 0.244 5, 0.3313. 0.0000).
S4 550.199 2 314.8474 403.400 7 4 ) *%ﬁ?’éﬁkﬁ’ Z+: (0.883 2+ 1.000 0~ 0.940 4-
S5 3452708 1924104 2513424 5 0.569 7+ 0.805 4+ 0.561 1. 0.869 8, 0.539 5. 0.606 8-
*8 ARFEHEZSFHEERMZESER—LAIBERER

Table 8 Matrix after normalization for seeds of A. squamosa from different producing areas in amino acids and nucleosides

o

gfﬁ% Ly Ly 2y . 2y <y
HER NWAR 248 HEAR SR

AR THAR REAEAR  AER BER TREAR HER ENER
S1 0.0000 0.0000 0.1199 0.4480 0.2671 0.0000 0.0000 0.000 0 03671 03708 0.0000 0.3779 0.2517
S2 0.0000 0.8195 0.0000 0.6915 0.5750 0.0000 0.0000 0.3521 0.6971 0.6933 0.6784 0.6272 0.8439
S3 0.0000 0.0000 0.767 7 0.2797 0.5874 0.8475 0.000 0 0.000 0 0.4112 04103 0.5072 0.4272 03115
S4 0.7574 0.0000 0.4115 0.4546 0.3332 0.5309 1.0000 0.9272 0.3611 03641 03719 03760 0.2602
S5 0.6530 0.5731 04765 0.1904 03768 0.0000 0.0000 0.1279 02826 02845 03797 03741 0.2445
. a
s RER BAR JRUENE IR JOEne S HE  RE 2-BARSHE O RE UHE 5

S1 0.6328 0.0000 0.2482 0.0000 0.0000 0.4654 0.4261 0.4241 0.3857  0.4692 0.0000 0.476 2

S2 0.4770 0.3263 0.8832 0.0000 0.3241 0.5697 0.8054 0.5611 0.8698 0.5395 0.6068 0.547 3

S3 0.3537 0.5159 0.3130 1.0000 0.9404 0.5062 0.1496 0.5509 0.0369 0.4912 0.5635 0.5105

S4 0.3700 0.7604 0.178 7 0.0000 0.076 6 0.4079 0.3658 0.3672 0.3054  0.4072 0.4619 0.413 6

S5 0.3319 0.2219 0.168 5 0.0000 0.0690 0.1905 0.116 8 0.258 8 0.0000 02858 0.3176 0.2050

0.5473); Z = (0.168 5. 0.0000. 0.0000. 0.190 5.
0.116 8+ 0.258 8. 0.000 0. 0.285 8. 0.000 0. 0.205 0)
(3) BMKRGY: Z7= (0.757 4. 0.819 5. 0.767 7.
0.691 5. 0.587 4. 0.847 5. 1.000 0. 0.9272. 0.697 1.
0.693 3. 0.678 4. 0.627 2. 0.843 9. 0.632 8. 0.760 4.
0.883 2. 1.000 0. 0.940 4. 0.569 7. 0.805 4. 0.561 1.
0.869 8. 0.539 5. 0.606 8. 0.547 3); Z = (0.000 0.
0.000 0. 0.000 0~ 0.1904. 0.267 1. 0.000 0. 0.000 0
0.000 0. 0.282 6. 0.284 5. 0.000 0. 0.374 1. 0.244 5.
0.331 3. 0.000 0. 0.168 5. 0.000 0. 0.000 0~ 0.190 5.
0.116 8. 0.258 8. 0.000 0. 0.285 8. 0.000 0. 0.205 0)
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T 9 BEHIFrh 15 FEEEER 10 Fhi%E R TOPSIS S5 R

Table 9 TOPSIS evaluation results of 15 kinds of amino acids and 10 kinds of nucleosides in seeds from 4. squamosa

5Y5 i B Bt

e o ¢ f% b D ¢ % b D a4

S1 3.0236 0.8042 0.2101 5 24635 04312 0.1489 5 1.7532  0.6788 0.2791 4
S2 21920 22634 0.5080 1.8506 1.5784 0.4603 2 1.1747 1.6222 0.5800
3

[
—

S3 23206 2.1277 04783 3 19816 14077 04153 1.2077 1.5955 0.5692 2
S4 21638 2.0448 04859 2 1.3445 19208 0.5882 1 1.6954 0.7013 0.2926 3
S5 2.8359 1.1442 0.2875 4 2.0102 1.0971 03531 4 2.0003 0.3251 0.1398 5
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