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ABSTRACT: Objective To investigate the solvent effect differences in the extraction of substances from flower

discs of Helianthus annuus L. using non-targeted metabolomics technology, and to explore the impact of different
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solvent extraction methods on the metabolic composition of flower disc of Helianthus annuus L.. Methods Liquid
chromatography-mass spectrometer (LC-MS) combined with non-targeted metabolomics was utilized to preprocess
and statistically analyze the data. Results The study revealed that lipids and lipid-like molecules constituted the
largest proportion of metabolites (21.5%), followed by shikimate and phenylpropanoid metabolites (13.4%), and
organic heterocyclic compound metabolites (11.1%). Further identification led to the discovery of 8407 kinds of
up-regulated and 1054 kinds of down-regulated metabolites, highlighting significant differences in metabolite
composition resulting from various extraction methods. The main differential metabolites between the 2 kinds of solvent
extraction methods encompassed lipids, shikimate and phenylpropanoids, terpenoids, efc., involving 96 metabolic pathways,
with 20 pathways exhibiting significant differences. Based on fold change (FC), using criteria of logy(FC)>0.6 or
—0.2<log,(FC)<0, and P<0.05 to screen for significantly differential metabolites between alcohol and water extracts, only 11
substances had a log,(FC) value less than 1, indicating that alcohol extraction significantly increased the content of
bioactive components extracted from the flower disc of Helianthus annuus L.. Conclusion The research method is
simple and reliable, confirming the importance of non-targeted metabolomics analysis in studying solvent effect
differences in flower disc of Helianthus annuus L.. It provides a novel approach for the analysis of flower disc of
Helianthus annuus L. products and offers theoretical support for the subsequent development of health foods and
pharmaceuticals.
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Exploris 120 Ji A BEBS A TR (X calibur, RRAS: 4.4)F
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1.3.4 Kt o7

T R A b TS PR A A R HumanMetabolome
Database (HMDB), massbank (http://www.massbank.jp/).
mzclound (https://www.mzcloud.org)]. ZEARWEFEH, 1
A R A A Y 5 R Il S AR B ) L A
B REIRZEHAE<10 ppm) . T HHE ST B K il 1 BE S5 4
MES B TICHED, S R gt S et o TRl
SELE B MERYERI AT S, T S S5 IRl AR BN
TZRENSHA, A REINEESERIENT
Level 2 JZ DA b RIBRUEEESR
1.3.5 BWALEEFHH

BTG T AR Y2500, HHER

5% (fold change, FC)r . T30/ S 46 50 55 A ICS 1140
ik, JHBRINMIEF FC 40415 TR P, JF5T
FEA ST 2 SR . BT HRITS I, MiE. ft
BRI AR B0 T A A (3 R A A ) ik
TS, fiiEd P/NF 0.05 MR, @ kil
P UL B Qi 14 S 25 P FC

%2 64 1 L4 43 i (principal component analysis,
PCA): RRYAS B — 8 M W L R A& JR 7 B
FRRIEAR G, 3 3 R AR X 45 Bl AT 28, Bk
HEMZWE AR EEA, BB,
BB DREALESA E 1R RIVE L PCA TS5, it
FEARMIRAE | BRI, BV MR A R SR e R 2
I A R e 11

ZICG T IE 28 -fidee/ N — 3 #5343 BT (orthogonal- partial
least squares discriminant analysis, OPLS-DA): 7£Z& L1l
PCA J3#ritdii EXSAEASEA T4 E T F o0, B A B | A—
A BRI Y, X AR T A RO S T AU
o, TR A I v £ Sk 22 5

ZRYIPTE LS R SR RA TR 2
(kyoto encyclopedia of genes and genomes pathways, KEGG)
TP AL, FETREAER RILIR GRS 5 GhE i,
it Fisher MHfH 500 2538 s rp A i B ST 00 1A T I 2
AT, IR SRR P, T ZERM, PN, R
HH 2 3 B 22 R R . R S IR R BE 3R (false
discovery rate, FDR)# IE(BUETER 0~1), FDR {E#HZIT 0,
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Table 1 Analysis of significantly different metabolic compounds detected in both positive and negative ion modes

ik L7 &N miz CAS & 757l KEGG HMDB log,(FC)  W#FME s

7RISR 41522  174418-82-7  CpH3N,Os 3.78 2.09x10° 1
JEC BT 354.13 130-86-9 CyHoNOs C05189  HMDB0003920 3.55 1.44x10° 1
KITHH 314.20 303-33-3 C16H,7/NOs 3.54 9.42x10° 1
RN 122.10 64-04-0 CgH N 291 344x10° 1
ik BER 377.15 83-88-5 CiHxoN,O,  C00255 HMDB0000244 274 7.29x10% 1
" PRI ZE 50 213.10 442-51-3 CsHpNoO  C06538  HMDB0030311 222 842x10* 1
TN 123.06 98-92-0 CeHN>O C00153  HMDB0001406 132 1.78x102 1
LA 152.06 73-40-5 CsHsN;O C00242  HMDB0000132 121 6.58x10° 1
Mw 197.13 533-48-2 CioHigN,O;  C01909  HMDB0003581 -1.09 3.95x102
LI 107249 17406-45-0  CsHguNO, — C10827  HMDB0034103 ~12.58 241x10°
PAEBRNER  295.13 7432-24-8 C14H;sN, 05 HMDB0000594 4.64 6.55x10* 1
SEHEBRNERR 27917 56217-82-4 CisHuN, 05 HMDB0013243 3.47 7.16x10° 1
LRV 205.10 73-22-3 CyHpN,0,  C00078  HMDB0030396 325 1.74x10° 1
LRk IESEE R 13210 104809-14-5  CiHN;0sS  C01933  HMDB0251526 2.68 145x10° 1
SERIR 132.10 61-90-5 CeH;sNO, C00123  HMDB0062203 2.68 145x10* 1
RN R 166.09 63-91-2 CoH; NO, C00079  HMDB0000159 2.54 1.07x10° 1
i i 154.09 1196-92-5 CgH,NO, C16666  HMDB0012309 0.98 9.77x10° 1
AT IR 140.03 100-02-7 CeHsNO; C00870  HMDB0001232 -0.98 401x10° 1
AN 133.05 58-86-6 CsH,40s5 C00181  HMDB0060254 1478 221x10° 1
e DA(EES 133.05  10323-20-3 C5H 005 C11476  HMDB0000646 14.78 221x10° 1
Bk AY) M\iﬁ%‘ 505.18 597-12-6 CisH3046 6.15 321x10° 1
Gk 203.05 492-62-6 C¢H,06 C00267  HMDB0003345 —0.69 122x107
b 203.05  53188-23-1 CeH,,06 C02336  HMDB0000660 —0.69 122x107
SRR 203.05 87-81-0 CeH 1,06 C00795  HMDB0003418 —0.69 122x102 1
-SSR 171.14 705-86-2 CoH,50, HMDB0037116 3.01 2.55%x10° 1
REWiER Wik 87.04 431-03-8 CH0, C00741  HMDB0003407 2.77 253x10° 1
N-JiIE 2 BEfE(18:1)  326.30 111-58-0 CyoHxNO,  C20792  HMDB0002088 1.79 2.02x102 1
. (H-FRIER 37115  68296-27-5 C1Hy05 HMDB0038236 246 157107 1

N - -
AAIATEE 329.18  36531-08-5 CyoHy0,4 HMDB0034178 2.04 634x10° 1
B 187.11 111-14-8 CH,,0, C17714  HMDB0000666 5.29 590x10° 1
FREE 23517  19431-84-6 C15H0, C16942  HMDB0033960 3.70 146x10° 1
. ARAFIE MR 233.16 553-21-9 C,5Hy0, HMDB0036688 3.30 9.14x10* 1

eSS e Er— -
HARE 406.22 76-78-8 CHys06 HMDB0036587 3.26 647x10° 1
TR 219.17  87440-60-6 CisHxO HMDB0037068 2.83 5.63x10* 1
HIAEH 31520  119817-27-5 CaoHy605 HMDB0034712 1.29 278102 1
N3-S 26515 3918-92-1 CiaHaoN,0 HMDB0029134 359 2.83x10° 1

%)Wﬁ@? . 145120N2 U3 . .

SR 132.10 443-79-8 CeH1sNO, C16434  HMDB0033923 2.68 145x10* 1
R BZHATEY BB 118.09 107-43-7 CsH,;;NO, C00719  HMDB0000043 2.59 6.05x10° 1
VOIN T 144.10 4136-37-2 CH,CINO, C10172  HMDB0004827 233 1.80x10* 1
N-BEEECBEZ(16:0) - 300.29 544-31-0 CisH;NO,  Cl16512  HMDB0002100 1.65 134x107% 1
EZNwN 3 100.11 108-91-8 CeH N C00571  HMDBO0031404 357 9.10x10* 1
BB 71334 13473-51-3 C35H5,015 HMDB0034195 1.73 1.71x102 1
SHRAVEY JIE 104.11 62-49-7 CHNO+  C00114  HMDB0000097 138 6.24x10° 1
& 118.09 111-30-8 CsH;0, C12518  HMDB0029599 2.79 8.44x10° 1
1LIBA 203.05 87-79-6 C¢H,,04 00247  HMDB0246950 —0.69 122x107
S 2 #iewé.i 203.05  59-23-4(D) CeH 1,06 C00984  HMDB0000143 —0.69 1.22x1072 l
[EIpEes 203.05 6038-51-3 CeH 1,06 C01487  HMDBO0001151 -0.69 1.22x102 1
AU TR 306.15  198336-58-2  CyHoNO, HMDB0031930 15.03 430x107 1
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F1(8)
S YIS SCAFR mlz CAS & 7 KEGG HMDB log,(FC) @M Wk
JNAFSLEGER]  168.14  66835-10-7 CiH;;NO HMDB0030371 3.88 3.83x10% 1
6-Bi AL 13210 197449-09-5 CeH;sNO, HMDB0036382 3.70 241x10% 1
IRLE R LR 208.13 29342-05-0 C,H;;NO, HMDBO0015319 3.44 7.28x10* 1
ey 266.12 59-43-8 CppH;,CIN,OS  C00378  HMDB0000235 1.28 490x102 1
[l 312.16 583-34-6 C19HyNO; HMDB0034371 124 6.58x10° 1
F LR 24211 149998-56-1 Cy5H,;sNO, HMDB0040380 -3.07 295x102 1
S 2R SR H%fﬁi 31017 18696-26-9  Ci¢HyNOs+  C00933  HMDB0029379 3.67 5.03x10° 1
FrigimE 207.06 487-06-9 C1H 004 HMDB0032952 2.90 250x10° 1
SETORNR 207.14 15687-27-1 C3Hi30, C01588  HMDB0001925 257 540x10° 1
1-F SR 35515 65428-13-9 CyHy05 HMDB0029319 231 245x102 1
BhE#ER 31509  33803-42-8 C7H,406 HMDB0030544 228 1.49x107 1
7-H 4 HE-4- -
Rt 191.07 2555-28-4 CH,00; 2.15 3.76x10° 1
PR TN 301.07 2284-31-3 Ci6H,,06 C10520 HMDBO0030617 2.02 1.43x102 1
BET 341.09 531-58-8 C15H1600 09206 HMDB0030821 1.96 1.75x10° 1
TR H 25 R 375.11 56003-01-1 CioHi505 HMDB0033306 1.79 1.82x107 1
iz 2% 273.08 480-41-1 CysH,,05 C00509  HMDB0002670 1.77 9.01x10° 1
Kfk51 Frigs 347.08 489-33-8 C;H,405 HMDBO0029516 1.52 1.66x102 1
PR 133.06 104-55-2 CoH;O C00903  HMDB0003441 122 550x10° 1t
ZER 197.08 90-24-4 CioH,,0, C10726  HMDBO0029645 4.69 1.87x102 1t
3,5-HEILRE  155.07 500-99-2 CsH 005 HMDB0059966 3.19 1.57x10° 1
5-F oA 127.04 67-47-0 CeH03 C11101  HMDB0034355 0.91 432x102 1
FERERIRAS BTN 203.03 486-60-2 CyHO,4 C00758  HMDB0013679 3.02 248x10° 1
A 373.13 481-53-8 CaoHx0; 2.93 5.79x10° 1
AEABG 203.03 2009-24-7 C1HsO,4 C00841  HMDB0029457 2.80 5.04x10° 1
LT AN 207.10 93-28-7 CpH1,0; 2.76 7.61x10% 1
CALTIE 403.14 478-01-3 Cy1H505 C10112  HMDB0029540 248 1.13x107% 1
" P 373.13 2306-27-6 CayoH0; C10186  HMDB0036633 224 7.85x10° 1
SHURE 341.09 531-75-9 C15H,609 C09264  HMDB0030820 1.96 1.75x10° 1
T-HEEFER 17705 531-59-9 C10H;0; 09268  HMDB0029758 178 7.02x10° 1
AR 179.07 93-40-3 C1oH1,04 HMDB0000434 -0.98 439x102 1
Tk 137.13 3387-41-5 CioHis 1.19 251x102 1
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