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FURIT, X E5 RRAR AR & 10 B AT AR AR 16 P A T
FEO U —E IR, W R4 BT R L4 I S —
S 25 L ( Supercritical Carbon Dioxide Extraction
Process,SCDEP) | ¥ ## 7 $2 i ( Integrated Ultrasound
Extraction Process, IUEP) |} B 75 $2 JX ( Outside
Ultrasound Extraction Process, OUEP ) % 3 4% 75 71
(Deep Eutectic Solvent, DES) $£ B 45151 R [a] 45 B
7 AT BN 2 BORTE L T A AL 6 P A7 A
HEES . DRMIASH S BOR A Lo 25 7 E AR
TE Ry EERI 2 W N R A T X
orse T A AL TE P Ry 2 2R IR, X 55 A A B A
OYUI ZHE LR ST A B T2 4 24 £ [
T T, A gl A R 37 A B BRIk B Kk e, AR
7, F I B2 M A B o0 D) 580 R F 58 Ak Tk 2 B
B, IO G — O BRI S v 55 | M LS
BRI BB A&

BT, AT IR AU @3 - B (Gas
Chromatography-Mass Spectrometry , GC-MS ) ¢ F ¥,
ARG AR SO 2R SR A K fe
B4R W AR 2 W o3, 8 7 =38 Z 18] B Bl 22
S, AT R 2 2 B Ae T YRR ST T R M A B Zh AL, JF
PEATHURACTE P A, DU O 5 AR EHAE BT A A
PRIt R R RS
1 BPH S
1.1 EEMESEF

EERRL: RN, R AR A BN
BRI, AR LT S B AR ) A0 TR S 5 A
B RRAAEYIR BT T U5 7 B AL B R

o
TG 1,1 - 2R -2 - =R R (1, 1-

diphenyl-2-picrylhydrazyl , DPPH) , 35 i Sigma 2\ ) ;
2,2 —¥ER(3- LRI A k- 6 - iR ) —
B (2, 2-azino-bis- ( 3-ethylbenzothiazoline-6-sulfonic
acid ammonium salt, ABTS) , 122 su bRA LB A
PR i AL S (B 8 30% ) (BEIR — U40
MR 4 Tk S EAL R R KRR |
“FAER BRI R = A O R AR, 2 4 Ak 2E i
R BRAF, BTN b4k,

1.2 FEMNFE5ES

HI1850R # & =i 8 VR B0 B, WA O L
IXESA BRI 7] Agilent 5977B GC/MSD # GC-MS B
A, ZHEAE B () A PR 7] ; Thermo Fisher
Scientific F1 RIS #% , FE 8k CHE/RBHE 2 A K fE
DYF-500 /)N iy 3 o 245 453 B AL, YL B 25 Ak AL R
AR A BHEA 01 B Kl L HCES , 7t B
BAVAA R A GL224-1SCN 840 #1 K, b
TR L A A R G A BR A F) 5 Te B i 40 Y 5
Hh =] WA RE T, b8 Hr E A AR A R B AT
N HH-4S BB H R KRR, 7 A58 A
A PR
1.3 XWHE
1.3.1 DREMMERBUESRE 1) B 4.
1 T AT R 5 2RI KA IR m ( H AR AN ST
K/g) + V(ZEBK/mL) =1 : 4 B HOIHEATIR S K
BAWIHCA 75 CHERKB#RT 2 h, ZJF %8
RIS kSR 4 h, BRI E T -20 C
VKA TR R AT BRI B, FE R IRE A
B W BIRA TR AT YT 4 C kAR &

2) IR - K Eh AR B oK 5 78 AR K 4
D) W BIATIR S  KIRG W E T 75 CHHIREK
W R R 2 h, g, BRI OE TR R
10 000 r/min 54 T B 0> 10 min, ¥ 45 5, ¥ T
4 CKkFE &,

3) BRI 25 - F B R AA A ST B R 5 IR B4 L
N T0% 1) CEEE WAL m (D RIRMAET AR /g) = V
(LPE/mL)=1:20 WHAIHITIREG , KIRAYE
F 85 CHEMRARH I FRSE 2 h, i U8 gk &
T 10 000 r/min 5515 T 2.0 10 min, 47 )5,
BT 4 CUkF &
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1.3.2 SEMBREFRBUEKS ST 1.0 pL 5
RSN (FE A K BRI BRI ) fi A A
I B ) (218 K SR RS BN 70% 1Y £ T
W) SR, SRS A1) , I GC-MS 1B FHAY
WA AT 43T, GC 45t (A% H: A DB-5 MS
BB (30. 00 mx0. 32 mmx0. 25 um) ; S
s 4l He, 3t 3 0 30 mL/min; 3t BE O3 % R
250 C ;AL 270 °C 5 5 )18 50 kPa; iR
BN 1.0 pL, M e 2011 R R F THE, 60 °C
FAEE 1 min, LA S C/min AYERFHEZE 150 C, {1 5F
19 min, Pk 8 C/min 13 Tl 2 254 C, fR £
17 min, MS Z&AF R F & & & F IR (ED & ¥
JRIEREE S 230 °C, HLFRET N 70 eV, A& 2 ik B R
250 °C BB TR 1.2 kV, B H A E oy 35~
800 amu , i MEIFE M 0.5 s, K2~ NIST14.,
1.3.3 SREMMEHREURE B B EFEREE T N E
DPPH H HFEBRAE S . 1) 1 mL A [l i fat i
FE R B A 3 mL 0. 1 mmol/L Y DPPH-Z,
BEV, IR TR 2D G- E 30 min, 7E 517 nm i
KA EWICRE , iCAE A, 5 FHAF R BR A 28 1R K AU
IR (BRFR ML 70% (1) 2 B WA G I 42 Uk
U TEK SRR ) AR OB REICAE A5
AR TE K B DPPH - Z IR WL, A5 1Y)
WOGRETCHE A, , A SEHPAT 3 W, 45 SR B
DPPH H GRS =[1- (A - A,) /A, ]x100%

ABTS' [ 1 278 BRAE 1l et of R B
2.6 mmol/L i FRA 55 7. 4 mmol/I. ABTS #7171k
A, FIREDE 12~16 h, i I TE/K OBET 734 nm %
KALK HAR B E WO A 0. 70. 02, #l45 ABTS" T
YEWR . ) 2.5 mL A [A) 5 v B A9 42 SO P i A
11.25 mL ABTS" ‘AR W, R 5 5 % I T #EOL i &
8 min, MI5E 734 nm P AL WO EE B, A
PRFR ZE IR AR AR K S (BT SR AR B AR AR %
70% 11 B AR B AR Ml T SR R Tk B
P L) AT I OCEEICAE B, s FTSEARERN T
KPR ABTS T AW, A 1 W6 B e 1k B,
RIS PAT 3 R, G5 R BOFME, ABTS' [ Hi 2t
WS %E=[1- (B~ B,) /B,]x100%

- OH [ i EETEBRAE M E " 26 3 mL BRI

BV W (1 mmol/L) | 3 mL i & b & I W
(1 mmol/L) .6 mL /KPR L BEFH (3 mmol/L) I
3 mL AN A v B A B BURR A 35, BT 37
ZAFTHEE 10 min, MW5E 510 nm P KA E B,
AR C, 3 HIZE AR Y 28 1 A AR R /K B 9 ( B8 2 1A
PR PR B3 H 709 1 2 v TR0 AT A T 48 Y i ) 246
TRBURTEK O BEARE # l) |, 045 A WOk B DA
C, 5 FHAFIARTRIG TO/K R 4 R 5 42 IO 1 25 11 TR
B, NSO ERECAE €, , B 52 4T 3 IR, 45
RECEFHIE, - OH AlAER%E=[1- (C.- C,) /
C, 1x100%

BGE R ARE S E K 7.5 mL W R 22 vhR
(0.2 mol/L,pH {6} 6.6) 7.5 mL 2 F L4014 K
(0.01 g/mL) F1 3 mL AS[A] 5 & & B 19 4 BOBR &
Bi5), BT 50 CAHHEIEK B R 20 min, PR
HJF WA 7.5 mL =FLBRIFER (0.1 g¢/mlL) IR
J& F 3000 r/min 544 T #5010 min, B EVEW K
YOMA 3 mL J5i 43 50R 0. 1% 19 516 4 7 1R
7.5 mL ZZIHK, ZEHEFHE 10 min, 7E 700 nm KA
MEWEREE , LA 4 mL 26187k 02 LT TR, B 4100
AT 3 R B R BCEHIE
1.4 HIELBSHFIE

SR FH NIST14 33 122 %t B FE W B 1 B2 UL 1) T2
BT B SR RN Mg A i, T A
S3HT(PCA) F1 22 5 43 BT 07 E AN ) B R AR A 42
BOR P 35 P 23, MU Pub Chem B8 1% (hitps : //
pubchem. ncbi. nlm. nih. gov/) #F #% Simplified
Molecular Input Line Entryspecification ( SMILS ) #% =
123, 5 A Swiss ADME (hitp; /www. swissadme.
ch/) Fl Swiss Target Prediction ( http: // www.
swisstargetprediction. ch/ ) 7F £& V- 15 Tl ) #0 bs 437 55,
WA 16 B b 3 RS A STRING11. 0 ( https ; //string-
db. org/) i 47 ¥ £ & 11 H 1E ( Protein Protein
Interaction, PP1) I 2% 43 #1, B v .0 P ( Degree
Centrality ) RBP4 H (1) Hub 5K ] Metascape
B (http ; //metascape. org/) #£4F Gene Ontology
(GO) FEH T HE T B FIl Kyoto Encyclopedia of Genes
and Genomes( KEGG ) il % & £ /37
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2.1 AERERRAXGEEMMRFTEZR ST
AR

T GC-MS K I, Ih B A b Bt 45 & Tl 25 7
60 Fli ik &9 ; K $E VR 10 Fl BB 16 R, R 1 W
TN F2 A o5 BB TR 95, 13% , AL dE
525 (83. 69%) B2 (7. 14%) [T (2.20% ) 54k
Y, FER R G WA S,
a-VEH (21.90%) L-B-TEM (11.70%) 11— 114
(9.73%) %%, & 2 IR K $& W 38 o360 45 T 2%
(1. 11%) Z23 2 (0. 42%) ek 25 (0. 09%) 1k

G, Hp - (4-F R ) —2- K O ki-1,2-—
AR A A . 3 W R BRI T S T
T (0.52%) B2 (0. 44%) 2 (17. 62%) 55
&Y, Horp 3—fi 2k - 1- K FL N - 1-Ff (16. 71%)
2 - LA B SRR AR (2. 40% ) AR B B 850
25 LA U A Rl A 2 | K R VR I R VR
AP D 3 RO o AR
ACHE K B VORI BB Y v e B 5 14, 4300k
7-3-2,3- & -3-(4-N,N-_H 3 7 g B 1!
BL) -5-FH-1H-1,4-28TJF Z AR i -2-F A1 1=
B-4-HAAE-3- R, XRVEE A 27T
T B3 0 Z2 R 1 IR AR R A, S e AN T

1 LEMWAEL B IRy A LA TN EER
Table 1 Composition and their concentrations of Pinus massoniana needles volatile oil
el LA IR R4 B I e LA IR R4 B S
(C1) 10-Z&i 0.03 (C31) S-ZEWE ik 3.57
(C2) a—Hls 0.03 (C32)B-Hid I 3.65
(C3) S 0. 04 (C33) thirigls 4.19
(C4) a4k 0.04 | MG (C34) JRM 8. 64
(C5) B-LhF47 0.04 (C35) 1-ATiE 9.73
(C6) a—FHiEki 0.04 (C36) L-B-JEM: 11.70
(C7) Z2-3,7-Z“HH-1,3,6-+/\BE=4 0.08 (C37) a-TR K 21.90
(C8) (E,Z)-2,6-—WIk-2 4 6-=M  0.09 (C38) 2 vk A iz 0.03
(C9) KM 0.09 (C39) 2-P 0.04
(C10) Rihagy-3 5-—I% 0.10 (C40) (+)-Fyms 0.06
(CI11) 0.11 (C41) A-TEIamE 0. 08
(C12) £T-1,4-"J& 0.11 (C42) HPqapmE 0.15
(C13) y—fifid 0.11 (C43) AREEE 0.16
(C14) a-Ffks 0.18 L (C44) WRIEREAALY) 0.17
(C15) a-5@i 0.20 LES (C45) e 0.40
LLES (C16) 1=HI $—5—T7 ! 3-8 0.2 (C46) FHENE 0.41
(1-H3Z38) -1, 6- -+ M ’ (C47) Wl UK 0. 45
(C17) (+)-BKH-4(15) ,5-_4% 0.29 (C48) hip 0.46
(C18) B 0.30 (C49) i i 0.98
(C19) (+) - 0.31 (C50) (=) -7~ 2= 3w 1.74
(€20) (+)-B-HBTFHi¥s 0.46 (C51) a-HeRE i 2 01
(C21) y-BER M 0. 64 (C52) LIRS 0.07
(C22) y-TEL % 0.79 , (€53) ZmAn g 0.13
(€23) a4 2k 0. 84 [LEES (C54) 2B i 0.51
(C24) L3 0.92 (C55) ZoliE L Mkife 1.49
(C25) y—HAN G 1.21 - (C56) 3,5-fU T HAEW 0.21
(€26) RARFFHHAG D 215 | BX (C57) 43 0.22
(€27) v~ #60 224 " ek (C58) Rak-2-CLHis 0. 64
(€28) (+) —RARFFHHAG 2.65 ; (C59) (=) -L-a—/NgEZ 0.19
(€29) Wit 2.82 | AR (C60) 5—4— 1 0.71
(C30) A 3.18
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Table 2 Composition and their concentrations of Pinus massoniana needles aqueous extract solution

shd L&y B iRy Juxt | 4E2 Lt B s S
9 W%ifﬁ%ﬁ%—ﬁ} S o1 LB (C66) 2—HI AL+ DU 0.07
-N,N-— eI ) —5— : ™
AT 4K 2 ol 9[_3;”# I
LES C62) 235 T ¥ L (oS L 2,220 SRS g o3
%gu{t%m,z-@utﬁ%i,#@lﬂ 0.18 TR 1 1-X0 = 3E) 235 ]
(C69) 4-FEHLI|IE 0.10

(C63) 1-(4-HREILFIL) -

22— L HE—1,2-filil 0.81
(C64) 6,6-— 2K+ /%t 0.03

4é7l’<
kereR (C65) IF+puke 0. 06

(C70) 1-FE-4-FZE-3- KRR 0.26
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Table 3 Composition and their concentrations of Pinus massoniana needles alcohol extract solution

Hal AT R Ja | REP P S
(C61) 7-4{-2,3-"%(-3- - (C78) 3,6,9,12,15- T ek 0.37
T s () (-G X 0.8
2% CT1) TTH-25[ 1,2-D ] e (C80) e 2-[4-[ [ ( —REEH) ) o5
( ¥ [>3 ’4_d;-;e utt[ﬂﬁE—ﬁl 1 —]@IEJ . 0.81 i E;{j"i] 2A] 2“%25“%
l—ﬁi—?ﬁ— 7B JLAS (CSl) I‘—4—(2—(5— H ; 0.13
(C72) 3T A1 16,71 | 2O 2-UKIRE) L) - 2-nen:
(C73) 2-HA IR — g 0. 06 (C82) L-SwBiam 0.15
(C74) 2,3,6- =T R 0.08 (C70) 1-HHE-4-FURAE-3-M  0.18
e (C75) 452 0. 14 Paiw s (C83) KM 0.52
(C76) — WAL B (C8) (nR)-(H)714- 0. 44
(CT7) 2- LA SRR 2.40

VAR R B R X G 0 2 R D) R ik BE T 1 B
M, XA S 1 ERRIE 2 Y 5 T O 3R AR A T Y
U W IS
2.2 DEMRHEERSSRIAAHEXME
T

1A R BB T S RSB PCA 43T
Pl TR T BRI 5 K AR K B VB 43 1Y) 43 A 25
5, PCL A1 PC2 43 5Iff B T 83. 73% 1 16. 27% 4L
W7 25, BEARIREE e/ R 7 A Ay A AE ]
T, K& WA N, T 22 F 7, o i 8 3 B 4R AIE
Fedvo BT Sk A8 [ B A3, Sk BRI
TR Z AT = 52 A B R YR L 1-
AT L-B-TRM o= M WA 3 - -1
ARFEN L -1 -1 |2 - & S B S i SRR AR TR A 1 (4-
FAAEIAR L) —2- K O i1, 2- I ke, ix e
AT AARR S AR 2 i T TR, LA VIP

IKIEH
025+

N
NG 7
)
5

PC2(16.27%)
fe]

R M
0257 (o
- 1 @ﬂ%ﬁ 1 1
-2 0 02 04

PC1(83.73%)
A1 RERRF X T L R4 PCA 547 B
Fig. 1

needles by different extraction methods

PCA distribution of Pinus massoniana

FobR % EB A BT R 3 AT
HLVIP>1 25 R 5 6 Fh, 2030 AR (VP =
1.31) A-F M (VIP=1.47) L-B-TEMs (VIP =
1.80) .a—JRM (VIP=3.32) 3-fifk—1-FRIL P H—
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Fig. 2 Relative content of differential compounds of Pinus massoniana needles by different extraction methods
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Fig. 3 VIP and relative contents of compounds
in Pinus massoniana needles by different

extraction methods

1-Fid(VIP=7.86) \2- £ %6 3 5 FURR A T (VIP =
1.13) 5 I X 6 Fh s 2 B R AAFA ST A [R] 2
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2.3 SEMRRETHSIERB AT KEGC B
BEESW

XiF E RAARNEL 6 Tt 22 Sk LA HEA TR AR 43
e, e 2 78 MEFRE T, B EE RS 68 M
FEAEHIHE AL, F 3k 2EHE AR 5 A STRING11. 0 V- & 3

17 PPL £ B rft PEAB 404, 25 SR DL IR 4, K 4
AN H O PR O 1 AR 2 ST Y Hub SEP 4
FHBE R 2R 1 ESRT  FEFRIA )5l AR (ZHZ M
fitf CTSB %, 1X4b2 5 M A1 T 5 S8 A0 8O
F SV R A G I DGR T, 4N AR B HUAIL R S
Y L A0 (0 R P4S0 R (45 CYP19AT
CYP3A4 .CYP2B6 il CYP17A1) 5% H H 3 (ROS)
0 A AR B VAR O s S Ak B 95 30 DNA
P I, SRR IR W IR A% ME 2R G i PARPL 23
st

W HEARIL P 5 A Metascape 08 JE HEAT GO it
IDIRETE B AT KEGG 18 % & 4 70 A, 45 R UL AL 5,
HI1&El 5 A1, GO JE R e i, 76 BP b B AA A
FHIEpR LN £ 25 5 2 M RRE 0 5 il A% 3, 5 I o8
filf5 5 153 | BRAEUSON SF DI RE . 7E CC J7 T, iX L4
PR PR P Je A% o Wl e A% Wl 5 5 A | JBEA) 3 A%
YffL S, 7E MEF J5 I, BT EEERE SR LS
PE 22 IR K fifk T 35 VE | Tk 1R TR B0 K 3 Pk AR
KEGG 38 }% & o0t = W1, 5 AP A8 Ml o
T RERE 00 20 O T 2R T M AR A2 MR AR
FH JERAE S BEE I E 2 E YRR, 7R GO K
PRIl fe T e v, S R 72 Akl AE 20 it 6238 P450 i &R
R FENE T 22 SR 95 R SR I i S 7E p53
55 B R AE F S R R K Sk Tt 3o 7K A T e
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Fig. 4 Degree centrality of potential targets in Pinus massoniana needles
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Fig. 5 GO gene function annotation and KEGG pathways enrichment analysis of potential targets

of Pinus massoniana needles
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Fig. 6 DPPH radical scavenging activity of different Pinus massoniana needle extraction solution
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Fig. 7 ABTS radical scavenging activity of different Pinus massoniana needle extraction solution
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Fig. 9 Total reducing power of different Pinus massoniana needle extraction solution
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Analysis and antioxidant activity study of different extraction

liquid from Pinus massoniana needles

LIU Yaqun'?,CHEN Lianghui'*,ZHANG Zekun'? ,ZHENG Yuzhong'? ,ZHANG Zhenxia'’
1. School of Life Sciences and Food Technology ,Hanshan Normal University ,Chaozhou 521041, China;
2. Guangdong Key Laboratory of Functional Substances in Medicinal Edible Resources and Healthcare Products ,Chaozhou 521041, China

Abstract; To analyze the chemical composition and antioxidant activity of Pinus massoniana needles, the main
components of essential oils, aqueous extracts, and alcoholic extracts were studied using gas chromatography-mass
spectrometry ( GC-MS) coupling method. Additionally, network pharmacology was utilized to investigate the active
components, and free radical scavenging experiments were conducted to evaluate their antioxidant activities. The
results revealed that 60 compounds, accounting for 95. 13% of the total, were identified in the essential oils,
primarily consisting of terpenes. The aqueous and alcoholic extracts contained 10 and 16 compounds, respectively,
mainly consisting of ketones. Significant differences were observed in the composition distribution among different
extraction methods. VIP analysis identified six potential candidate differential compounds: pinene (VIP=1.31),
1-caryophyllene (VIP =1.47), L-B-pinene (VIP =1.80), a-pinene ( VIP =3.32), 3-nitro-1-phenylpropyl-1-
ketone (VIP="7.86), and 2-ethoxyphenyl isothiocyanate ( VIP=1.13). These compounds may exert effects on
oxidative stress and free radical scavenging pathways through interactions with proteins such as aldehyde reductase
(AR). In the evaluation of antioxidant activity, when the DPPH scavenging rate reached 80%, the mass
concentrations of alcoholic extract, aqueous extract, and essential oil were 0.2 mg/mlL, 0.9 mg/mL, and 80 mg/mlL,
respectively. When the ABTS® scavenging rate reached 80%, the concentrations of alcoholic extract, aqueous
extract, and essential oil were 0.07 mg/mlL, 0.2 mg/mL, and 10 mg/mL, respectively. When the hydroxyl
radical scavenging rate reached 80%, the concentration of alcoholic extract was 3.5 mg/mL, while the scavenging
abilities of aqueous extract and essential oil were relatively low and unstable. At the mass concentration of the
extract liquid was 1.00 mg/mL, the alcoholic extract exhibited the strongest total reducing power. Therefore , Pinus
massoniana needles possess significant antioxidant potential, with various components exhibiting antioxidant
activities obtainable through different extraction methods.

Key words : Pinus massoniana needle ; extraction method ; gas chromatography-mass spectrometry ( GC-MS) coupling

method ; network pharmacology ; antioxidant activity
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