‘JPA, W 4 W 22 B ChinJ Pharm Anal 202545(3) c 417 -

WER LA KIFELER ST ZEUES KT

XNK#&E 2, TEHE ", 25H% "7, EA°
(1 THERL R b B IE T s, 41 % P 0500185 2. S dUARME KFFHAEFE , 4 F 050018 )

HE HE:RAAKEHLEBEREPERER> O AR TAR, Fik: RAAAER - FEFER
(GC-MS) 2 RE A KBl R 5 P LM R AT WS, HF B S TNFHATRIT 5.
@344 HP-5(30 m x 0.32 mm, 0.25 um ), #:% A 42 5 7% (#7152 60 °C, A 10 °C - min™' #9ik 2 AR £
250 °C, %4 33 min ), #AF 2R EH 280°C., BFRAB TR EFR (E), B-FRIBEH 230°C, &R RFE
Pk 57T AR EABELERS, AT 16 MRS EERTRELE, BHHE K A 12 RS EERKITHR
B, 11- R - —+wh s s xa Bzt s, AHR T a2 EIK, i AT LiERs £
AR E T E R, it —F ST L b A LER RRESF

KRR AR WAL AABERE BT ; A KB W ZH5T; it 4

FESES:RI17 XHERERIRAD: A NXEHS:0254-1793 (2025 ) 03-0417-09
doi: 10.16155/j.0254-1793.2024-0238

Variation trend and evaluation of volatile components
in hawthorn fruit at different growth stages
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Abstract Objective: To explore the growth trend of volatile components in hawthorn fruit at different growth
stages. Methods: The volatile components in hawthorn fruits at different growth stages were quantitatively and
qualitatively analyzed by gas chromatography—mass spectrometry (GC—MS), and their dynamic changes were
investigated and statistically analyzed. The chromatographic column used was HP-5 (30 m x 0.32 mm, 0.25 pm),
while the column temperature was programmed (initial temperature 60 °C , increased to 250 °C at a rate of 10 °C * min",
maintained for 33 min), and the inlet temperature was 280 °C . The ion source was an electron bombardment source
(ET), with an ion source temperature of 230 °C . Results: A total of 57 representative volatile components were detected,
of which 16 components disappeared in the later stage of growth, and 12 components were not present in the early

stage of growth. The content of 11-decyl—tetracosane was the highest and gradually increased, and the content

of hexadecyl acrylate gradually decreased. Conclusion: The investigation of the dynamic changes of volatile
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components in hawthorn fruit during the growth period provides a reference for further rational development and

utilization of hawthorn fruit.

Keywords: hawthorn fruit; volatile components; GC-MS; growth period; qualitative and quantitative analysis;

statistical analysis
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Fig. 1 GC-MS total ion chromatogram of volatile components in hawthorn fruit
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Tab.1 Volatile components in hawthorn fruit
, PRER I IH] . SN .
St ne WA H5
( retention . (' molecular
(types ) . . (‘volatile component ) ( number )
time ) /min formula )
HHLRR 5.035  4a, 7b-dihydroxy-3- ( hydroxymethyl ) -1, 1, 6, 8—tetramethyl-9a— ( ( 2-methylpropanoyl ) oxy ) = C31HaO9 S1
(organic acids ) S5-oxo-la, 1b,4,4a,5,7a,7b, 8,9, 9a—decahydro—1h—cyclopropal3, 4]benzo[ 1 , 2—eazulen-9—yl
2-methylbutanoate.ac derivative
5.822 il (oleic acid ) CisH340, S2
15.820 IR, 3—- ( T/\Je% 3L ) TR Coleic acid, 3— (octadecyloxy ) propyl ester ) Ca9H760;3 S3
26.455 acetic acid, 10, 13—-dimethyl-2—o0x0-2,3,4,7,8,9,10,11,12,13, 14,15, 16, 1 7-tetradecahydro—  C;H3,05 S4
1h-cyclopentala]phenanthren—17-yl ester
Iz 5322 2- WHMEHIA T H ( 2—propenylidene—cyclobutene ) C/Hs X1
(alkenes ) 11055 7 1 IUS ( T-tetradecene ) Craf X2
19.544 17— 1IEJ% _H% ( 17-pentatriacontene ) CssHro X3
3044 5-(1- 323 ) -1, 3- PR % ( 5- ( 1-methylethylidene ) —1, 3—cyclopentadiene ) CsHio X4
3217 1- CHkk -3— WEHTHE — FR%M (1-vinyl-3-methylidenecyclopentene ) CsHyo X5
3811 7,7- W3 -1, 3, 5- =4 (7, T-dimethyl-1, 3, 5—cycloheptatriene ) CoHyn X6
bekz 11.293 1, 1- = (P38 ) - 17588 (1, 1-bis ( dodecyloxy ) —hexadecane ) Cy40Hsg,0, Wi
(alkanes ) 12.570 + Juk% ( nonadecane ) CioHao w2
16.803  9- CLEETL 4% ( 9-hexyl-heptadecane ) Ca3Hag w3
18.649  /\JE (octadecane ) CogHss w4
20.574  3- 43 -5-(2- ZFTH) +/UsE ( 3-ethyl-5- ( 2—ethylbutyl ) —octadecane ) CasHoo W5
23350  11-(1- &HEEFHE ) - =1 —%E ( 11- ( 1-ethylpropyl ) ~heneicosane ) CaHss W6
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F1(4)
sy T RIS AER
(types ) (, relenno'n ('volatile component ) (molecular ( number )
time ) /min formula )
ke 25300  1E ——%¢ Chentriacontane ) C3iHe w7
(alkanes ) 11353 1,3- W (/K83 ) Pist Coctadecane, 1, 1'[1, 3=propanediylbis (oxy ) Jbis ) CoH0, W8
30.989 11— %85 — — |- PUbE ( 11-decyl-tetracosane ) C34H70 w9
fis 6405  3,3- W 4RI -4, 4— THIIE STk —17, 19— [ ( 3, 3—ethylenedioxy—4, 4—dimethyl—  Cy3Hzs0, Cl
(alcohols ) androstane—17, 19-diol )
10.112 2 HIHE —1- 7 HElE ( 2-methyl-1-hexadecanol ) C17H360 2
14896 2-(F/\FIE ) 4 (2- (octadecyloxy ) —ethanol ) CaoHa20, C3
28.692  2,2,4- = -3-(3,8,12, 16- U I 3,7, 11, 15- TPU@EEA-EbE ) - PO CaoHs520 C4
(2,2, 4—trimethyl-3-( 3, 8, 12, 16-tetramethyl-heptadeca—3, 7, 11, 15-tetraenyl ) —cyclohexanol )
23989 (Z)-2-(9- T\ ik ) L1 ((Z ) —2— (9-octadecenyloxy ) —ethanol ) CaoHig0: c5
32,605  2,6,10,15,19,23- ;XHHE -10, 11- =1 PUk -2, 6, 14, 18, 22— % 10, 11- C30Hs,0, C6
(tetracosa—2, 6, 14, 18, 22-pentaene-10, 11—diol, 2, 6, 10, 15, 19, 23-hexamethyl- )
32344 PIB S (Tupeol ) C3oHs500 c7
RS 9.021  SJHERZ ( ethyl iso—allocholate ) Ca6HasOs Z1
Cesters ) 12248 5-(7- 5¢NEE -10- FHBE -1, 5- ZBRARER [5.5] etk -2— ) - BRI ( 5— ( 7—isopropyl—  CaiHs0sSi, 72
10-methyl-1, 5—dithia—spiro[5.5Jundec—2-yl ) —pentanoic acid, methyl ester )
13.640  NHEER 75 (hexadecyl acrylate ) Ci9H3602 73
16.527  1,2- R T3¢0 (1, 2-benzenedicarboxylic acid, butyl octyl ester ) CaoH3004 74
16982 3,5- Z(1,1- PR HL ) -4 FEEORPIIRR T8 (3, 5-bis (1, 1-dimethylethyl ) ~4-hydroxy—, CisH3005 75
ethyl ester benzenepropanoic acid )
15589 1,2- T HIR, 2- ZHCIETHE (1, 2-benzenedicarboxylic acid, butyl 2—ethylhexyl ester ) CagHzOs 76
17.744  BRIR —TJ5e ik 205550 (eicosyl vinyl ester carbonic acid ) Ca3Hy05 77
3361 ESRIER TR ( n-butyl ricinoleate ) CarHy05 78
3402 (Z,7)-9- TSR (Z ) -9- +/\ikiiie (( Z, Z ) ~9-hexadecenoic acid , 9-octadecenyl ester ) C34HesO2 79
14209  1,2- NEE, 3- (F7bis st ) - —ZMmaME (1, 2—propyleneglycol 3— ( hexadecyloxy ) diacetate ) CaoH30s 710
[ES 11.557 2, 4- ZHUTHEM (2, 4-di-tert—butylphenol ) C1aH20 F1
(phenols ) 14.570 2K, 2,6-bis (1, 1- ZHIHL 3L ) —4- 23 — (phenol, 2, 6-bis ( 1, 1-dimethylethyl ) ~4-ethyl-) CisHz60 F2
20967  AKMR,2,2'- W AR [6- (1, 1- ZH A Z ) -4— F K (phenol, 2, 2'-methylenebis[6— (1, Ca3HxO, F3
1-dimethylethyl ) ~4—methyl- )
9.373  4— JEPIIAT (4- ( 2—propenyl ) —phenol ) CoH,00 F4
[E2S 11.647  naphtho[1, 2-b]furan-9—-carboxaldehyde , dodecahydro—4, 6-dihydroxy—5a—-methyl-3— CyH30sSi, Q1
(aldehyde ) methylene—2—oxo—, 2tms
20223 2-[4-methyl-6-( 2, 6, 6-trimethylcyclohex—1-enyl ) hexa—1, 3, 5—trienyl]eyclohex—1-en—-1- Co3Hz0 02
carboxaldehyde
10.024  (Z)-3- FIEPNERE ((Z) -3-phenylacrylaldehyde ) CoH30 Q3
[iHES 14.785  Z-5- W& ~6- 4% ~11- [l ( Z-5-methyl-6-heneicosen—11-one ) CarHynO Tl
(ketones ) 16137 7,9- “AUT 3 —1- SALIZIR - (4.5) %% —6,9- 45 —2, 8- i (7, 9-di-tert-butyl-1-oxaspiro Ci7HnuO; T2
(4,5)deca—6, 9-diene-2, 8—dione )
27.811  B- FAMEHEH ( B-amyrone ) C3oHagO T3
17.128  1-(5,6,7,8- VU%( -2, 8, 8- —HIHL —4H- FFBE [b] Wil -5- 2L ) - 2 Ci4H00, T4
(1-(5,6,7, 8—tetrahydro-2, 8, 8—trimethyl-4H-cyclohepta[b]furan-5—yl ) —ethanone )
Jekz 3472 2,4-FH(2, 4-octadiene ) CsHio QUE1
(‘alkynes )
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F1(4)
, 3elingle . 43 .
S o HERAERR S G
( retention . (' molecular
(types ) . . ('volatile component ) ( number )
time ) /min formula )
HoAth 14.098 1,7- SN HEZE(L, 7-di-iso—propylnaphthalene ) Ci6Hao QT1
(others ) 29.498 % (clerodin) CuHu0; QT2
16.409  10aH-2, 12a—methano-1H, 4H-cyclopropa[5, 6][1, 3]dioxolo[2', 3'|cyclopenta[1', 2":9, 10] CyHzs0s QT3

cyclodecall, 2-d][1, 3]dioxin—15-0l, 1a, 2, 7a, 13, 14, 14a-hexahydro-1,1,6,6,9,9, 11,
13-octamethyl—, [1aR- ( 1aa, 2a, 7aa, 7hs*, 10aa, 12aa, 130, 14aa, 15R* ) |-

19.154
21.812

N— 253 —1- Z5H ( N-phenyl-1-naphthalenamine )

CisHisN QT4

4a, Tb—dihydroxy-3~- ( hydroxymethyl ) -1, 1, 6, 8—tetramethyl-9a— ( ( 2—methylpropanoyl ) oxy ) = CagHa,05 QTS5

S5—oxo-la, 1b,4,4a,5,7a,7h, 8,9, 9a—decahydro—1h—cyclopropal3, 4]benzo[ 1, 2—eJazulen-9—yl

2—methylbutanoate

C30Hs002 QT6
Ca9Hus05 QT7

9- (acetyloxy ) —4a, 7b—dihydroxy—3— ( hydroxymethyl ) -1, 1, 6, 8—tetramethyl-5-oxo—1, CaoH4Os QT8

32.198  HMEANE (betulin )

28.923 AL M EE me T4 (ergosterol peroxide me derivative )

13.703
la, 1b,4,4a,5,7a,7b, 8, 9-decahydro—9ah—cyclopropal3, 4]benzo[ 1, 2—e]azulen—-9a—yl
2—methylbutanoate , acetate

17.192 55258 (isolinderenolide )

CuHy0s  QT9

3.2 [l AE R LA 4 2 1 B A3 AR X e

AT AT R = BRI, X LA SRSt v i %
PE R 4> FEAT AR S B E . B RL C1L Q3 N FR .
X3 F1 WO Ry 25 2248 bk, %I 2 5 vk ARG 2% 8 R
PEDL R R AT T 548 e bR I 6
W, IR 5 AN B 4y 04 T B RSD 7E 1.0%~3.2%, it
A5 s % AT A A TRE T 0.1.0. 2.0,
4.0.8.0 h 435I e, ik 5 4~ B4y 1 1 AL RSD 7E
2.7%~4.5% , VLA R e Pk R A A il 2% 5 4y ik
A VA TR AT I A, LR 5 A A 0 T ARG RSD 7R
2.3%~5.6% , Ut T A E A P R AT

1E 57 SRR A 29 S EAE K B
Be—EAHAE (VLT AR ) 5 A 16 AU EA KR
e JEIITHAR CLL 7 ARt ) s A1 12 S o AE A KT
ANAEAE, G I B L™ dR ), WL 3% 2. VIP A] i
— L W R AL A RS A BTRREE, VIP > 1.0 1Y
kB Py X S TR 1 TR B i TP 34 KO, RDRERE AR 4
KR HA G2 X, =R enEy 1 il
SIMCA 115, VIP > 1 By i 43— 36 27 A~ (UL _ 45
WL ULER 2), S gl R, 27 e AR Kad R
TREFER,
33 ARSI N E R G b

LA ST AR R B R DR S o5, AN (] SR 4k B
[/ [ A8 i, 38 2 1 28 i fe /s 3 40 1] 43 A (]

2-A ), AT DL SIS [] A= A4 A A 1L AR SR SR A X
IFe AWM AZEBAEE(R) }0.774,
HAE A PR B0 (R ) S 0.681, A5 B T #5450 ( Q)
90523, B2 Fl QF M3t 0.5 27 A6 4D 4 445 5L ] 4
22 WO o GRS 3 SR A7k A L AR SR S 40 A e Rl 1
TEPA, G8 I SRR 14 1L A SR S 43 A 7 A Al 1) £
il o A B HA SR ARk 1 LLARS 23 A1t A B DX 5], L fR]—
A IR SR 1 LA B 5 R A, D PR A ) A I ) L s
PERMEMAAE—E 2R, 4t 200 W E BSR4
& 2-B Fii7, R 6 Y SlifAEE/NT 0.4, Q° A4 5
A /N T O, UL B RURAE AR R LA, 1S A8
SO UEA K, A AR T T LA SR S A R
BT 3HT

XFVIP > 1 19 27 A BT ¥ B A R 0] - %
HPTLE (E 3). ME 3 BB A, KA LR
9 H o)k Bl JE I O R bila 2k 2
SRR IE B g, 9 A A& i A AN A IR
RAeThm Ja REAK, 7E 8 AR & s i s, R id et
Je B S R B TE s R G T S R %
P 2T AT A 7R 5 22 5 R0 i 2 RN g 28 e P A e
R, 9 Ah ey & i HABY) B & A A
RARAE, 40 QT1, QT3 QT6 . QT8 HAERTWIFEAE; QT7 .,
QT2 RAEJGWIAFAE; QT4 . QTS JefALE THE , QT9 Jk
PARCEC
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F2 WERIFELZERSIEE
Tab.2 Contents of volatile components in hawthorn fruit
%y B (content )/ (mg - kg ™)

( component ) Gl G2 G3 G4 G5 G6 G7 G8
S1” 0.19+0.06 026+0.03  032+0.13  0.170.1 0.58+0.39 —_— —_— —_—
2 032+0.06 026007  031+0.13  0210.13 0.54+0.23 —_— —_— —_—
S3” 051+032 054=0.07  028+0.06 0.2 =0.07 — —_— 0.36+0.17 0.61£0.22
sS4 1.57+0.98 239132  1.59%1.29 — — — S —
X1 0.37%0.2 0.63+0.31 0.29+0.18  0.07%0.01 — — —_— —_—
X2' 287+151 1742052  2.18+0.54 1.12 +0.44 3.72+2.28 1.32+0.71 0.54+0.14 0.61+0.31
X3 147+0.56  227+053  224+094  0.56+0.13 1.5+0.89 2.23+0.74 1.98 £0.45 451+0.85
X4 — — — — 12429+21.86 106.81 +34.63 129.21 £40.55  194.15 = 37.39
X5™ — — — — 27829+4921  243.1+88.88 286.31%94.77  449.19 £79.66
X6™ — —_— — — 22+0.74 2.41+0.97 1.82%0.56 2.58%1.15
wi' 053+028  0.69%0.16  0.68+0.11 0.5+0.21 1.12+0.73 0.7+0.35 0.37 +0.09 0.47%0.13
w2' 226+157 1.04+0.08  0.74+021 0.34 0.08 0.41+0.1 0.47 £0.12 0.51£0.09 0.7+0.1
w3’ 227+134 185022  122+033  0.460.08 0.62+0.25 0.88 +0.27 1.16 £0.67 1.41 £0.47
w4 2.14%0.6 33720.67  281%1.16 1.28 +0.51 1.6+0.72 2.44+0.65 1.67+0.17 4.12+0.86
w5 0.89+0.55  2.02%0.31 1.4%0.31 0.52+0.1 1.05+0.28 212+ 1.07 1.68 +0.76 5.13+2.69
w6' 037+0.14  0.64=0.16  0.72+028  0.23+0.04 0.7%0.23 1.86 0.83 1.45+091 3.74 %+ 1.66
w7 0.75+0.4 1.78+0.87  187+079  045+0.12 1.36 £0.49 3.04=0.75 52+1.26 9.13+2.45
NES 0.46+0.13  0.64%0.28 1.04+035  0.22%0.06 0.31+0.08 0.36 + 0.06 0.52+0.33 0.8+0.21
w9 2291+11.7  553+873 5873+18.58 23.46+6.59  50.79+12.41 92792226 196.49£89.87  197.22 +67.58
cr- 0.32+0.11  0.33+0.06 0.23+0.15 0.1+0.03 — — — —
2 0.58 +0.37 0.7+0.11  047%0.18  0.22%0.05 —_— 0.43+0.12 0.64 +0.22 1.44+0.52
c3 0.57+0.3 0.71+0.2 043+0.17  0.25+0.07 — 0.35+0.07 0.44 £0.15 0.7+0.19
4 0.52+0.08 08056 094044  0.52%0.15 0.68+0.18 1.08 + 0.46 1.7+0.77 1.29 +0.46
cs™ — — — — — 1.38+1.17 10.16 £ 7.09 11.83+5.88
c6" 031+023 0.680.12  0.77+0.15  0.58+0.16 1.02 £0.36 1.85+0.12 3.27%1.09 2.67 +0.74
c7™ — — — — — 3.28+0.22 5.61+232 9.77+4.52
Al 032+0.09  0.28%0.3 — — — e — —_—
72 0.53+027  0.32%0.06  033+0.04  0.17+0.06 — 0.5%0.17 0.52 +0.09 —
73 7.85+355  5.63%1.71 6.5%1.41 415+ 1.61 13.66 + 10.66 5.1%2.77 2.580.63 1.98 +0.85
74" 0.41%0.2 0.57+026  0.81+0.2 0.36 +0.09 0.3%0.04 0.47+0.12 0.49+0.18 0.98 +0.32
75" 0.7+023  0.85+0.32 13+034  0.94%05 228214 0.41%0.1 0.51£0.19 0.99 +0.31
76" — — 04+0.07  0.17+0.05 — — — —
77 226+ 1.5 22+0.35 1.54+0.59 0.5%0.17 0.69+0.15 1.21+0.26 1.45+0.62 2.6+0.74
78" — — — — 1.74+0.18 1.17 £ 0.44 1.36 £ 0.56 2.19+0.33
79" — — — — 1.04+0.3 0.96+0.41 0.89 +0.34 1.47+0.28
710" 0.59+0.86  0.39%0.2 0.31£0.12 0.1+0.04 — — — —
F1' 2.09%0.6 2.82£0.68  0.55+0.41 0.96+0.15 0.88 +0.07 1.45+0.3 1.51+0.19 2.28+0.38
F2" 023+0.15 0.16%0.03  0.13+£0.02  0.090.04 — — — —
F3' 0.67+0.49 144035  097+033  039%0.11 0.61+0.15 1.53+0.33 1.8%0.44 3.08%1.42

AL HREL
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F2(%)
Ay it (content )/ (mg - kg ™)

(‘component ) Gl G2 G3 G4 G5 G6 G7 G8
F4™ — — — — — — 0.73+0.16 1.31£0.33
Q1 1.83+2.05 0.15+£0.03  0.13+0.03  0.09%0.01 — — — —
Q2" 1.68+0.7 127+042 233034  1.52%03 — — — —
3" — — —_— — —_— 1.59+03 8.35%3.49 16.97 £ 6.69
T 0.72+0.23 1.01£0.19 073023  0.34£0.07 0.34+0.18 0.48 +0.17 0.6%0.1 1.08 +0.29
T’ 0.51+0.23 092+032  057+0.13  0.24+0.05 — 0.42+0.1 0.42+0.1 0.83+0.21
T3 0.49 +0.38 1.31+0.52 1.1+0.31 —_— 0.88 +0.22 1.16 £0.82 2.06+1.01 2.3%0.75
4" 0.5%0.31 042+0.15 045+0.09 035%0.17 0.53+0.33 — — —_—
QUEI1 — — — — 151.88£2831 13443 +66.46 152.68=49.98  224.64 +44.55
QT1"” 0.9%0.87 0.35+0.2 027+0.11  0.12£0.07 — — — —
QT2"” — —_— — 0.94+2 1.83+2 4056 521+3
QTr3” 0.73+0.19 0.42+0.06  037+0.15  0.23+0.08 — — — —
QT4 1.24+045 0.73 +0.22 09%0.16  0.63%0.13 0.5+0.12 0.7%0.1 0.79 +0.09 1.43+0.19
Q15" 212+ 1.15 224+087 212077  0.76+0.21 1.57%0.57 292+ 1.15 3.09 0.87 9.3 +3.69
Q16" 0.8%0.53 227+0.6 — — — — — —
Qr7™ — —_— — —_— 0.5%0.21 1.3%0.49 1.32+0.63
QT8™ 0.6£0.19 0.92+048  045+0.14  0.25+0.04 — — — —
Q19" 0.46+0.16 0.48+0.08  039+0.09  029+0.13 1.24 +1.07 0.43+0.15 0.3%0.15 —_—
B8y 70.41+£36.33 105.79£23.6 101.91£33.16 42.76=13.09 647.66 + 137.18 622.75+229.84 834.55+307.55 1179.45%271.85

T (note ): HURAX = S FR , “——" ARKM H ( Data are expressed asX + S, “——" is not detected )

T 061 o
10 @52 | ] 8431 04
—~ 5%7 W G5
- g "] 82 /b %4;‘ y = gg . "
S 0 phiRe s mes <=0
= § _ 339®7.1 8 —021
&2 > ~0.4
= E 104 ~0.6
-15 : : : . -0.8
=15 -10 -5 0 5 10 -02 0 02 04 06 08 1
A1 (0.284) HAR

(. component 1[0.284] )

&2

(degree of substitution retention )

AEAEKLEEZ R 5 H OPLS-DA (A ) fiERI % RIGIEER (B )

Fig. 2 OPLS-DA model of volatile components in hawthorn fruit at different growth stages (A) and the cross—validation results (B)
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Fig. 3 The contents changes of volatile components with VIP > 1
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