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Volatile Composition and Antioxidant Activity of Torreya
grandis Hydrosols

SUN Junyan', SUN Min', SONG Shiqing', WANG Huatian', FENG Tao', YAO Lingyun"", YU Wenhua®

(1.School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418, China;
2 Ningbo Huamulai Biological Technology Co., Ltd., Ningbo 315131, China)

Abstract: The purpose of this experiment was to study the stability and antioxidant activity of Torreya grandis hydrosols in
vivo and in vitro. The work aims to study the stability, volatile composition and antioxidant activity of Torreya grandis
hydrosols. The stability of untreated and filter-treated hydrosols was evaluated by LUMi Sizer stability analyzer, and the
volatile components of hydrosols were analyzed by gas chromatography-mass spectrometry (GC-MS). In addition, the
antioxidant activity in vitro and in vivo was evaluated by free radical scavenging experiments and C.elegans tests
respectively. The results showed that the filter-treated hydrosols revealed better stability as compared to untreated
hydrosols, with the instability coefficient close to 0 (0.007+0.003). GC-MS demonstrated that a total of 49 volatile
components were identified for the hydrosols, including 21 alcohols (41.82%), 7 terpenoids (5.27%), 5 phenols, 5
hydrocarbons, 3 aldehydes and some other types of volatile compounds. DPPH and ABTS free radical scavenging
experiments demonstrated that 7. grandis hydrosols revealed good antioxidant activity with radical scavenging rate of
67.3%+1.2% and 84.2%=3.7%, respectively. Furthermore, the hydrosols revealed significant antioxidant performance in
C.elegans and prolong the life span of C.elegans (P<0.05). These results may help in developing new antioxidant and anti-
aging ingredients for food and cosmetic products use.
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FAE( Torreya grandis) =41 G AZFHER @ AEY),
IR EREAT LT AR . AR S (A7) A R 24
B A IR AR TR L EA AR A R FH DT R 1R S
S EEA — 2 0 R AR BN e, 249 5 B E Y 50%~
60%, KB S VEFAHE TN TSP A 15 28A %
T, RIS EARBE i AN gl 2, Ir4k, s X
FAEABAD B A2 oy R A I RS R, HITF &
MR TR AN DITIAUL, WS 2R B, AR D B B &
T L B R A PR R R AR T, R AR B
b IR PO EE . Ik S SR I AE A P nE v, TR
ST I AN 2 FH IS PRI PR B TSR 4

H /T T A HRABAD Bz AR AR TR 53 M A= i
PEOAT — Lol . BRI 2 o-UR M . o-FhAn
15 . D-FPiE I S HE R AT, BAPUAELL . IR 2R RS
INHISEREPES T, sl g PR B T R A b = A= 1)
Bl =1, — R TERE T 28R AR B AR D, e ok
PR — PP R 1 2R AR I, G b B A A A KA I P
4y, RO BE G T 2 7, FE B L Akt il iy Bl
JHBAE R 7R FHE 10 A il B B G A2 AR [R]
2= KR M e, (0 FAESlEE 15 & B 2
R A= PERITIE H T 4 AR DLAHRGE o

A 3@ i LUMI Sizer £ E M4 AT AN 6] T
AP HE AL ER AR PRI TR 2R, M A AR -
JERE 53T (GC-MS) £ AR X 2 72 i A 27 1% 43 EA 743
B, It — S m RS ML AR A A TS I B LR i R AL
R ORIGARST T SR (T E AN, S E AT IR
AN T AN AES LR -5 B R AER2AR Y
1 MRS5S E*®
1.1 MRS

WY A= A (N2) 75 0l B2 AT 28 ) ( Caenorhabditis
g LA PR R A A BRAA F
1,1- 83 2- = 32K (DPPH) | 2,2-BKA-—.(3-4
FL IRk -6-if iR ) —86Eh (ABTS)  HEZy4EHIfk
28R PR A SR . 5-98UI SR (5-fluoro-2'-
deoxy-g-uridine)  Sigma 2\ &l ; JH [& 05 . $T IR 1M B2
(Vo). S bsh . Sbss . whle — U810, Bl & — M.
W BESFR srbral, 2542 k24l A B2
s BRAr AR T AR TR A RS A5 2R
FAR . SRR R . BEREHE ) 951 OXOID 23 F] .

UV2350 #UEA AT Wit Ligi)Jest
XZRA PR F]; SPME #HSk (100 pm CAR-PDMS-
DVB) £ Supelco 2 FE]; GC-MS(7890A-5975C)

LHEEFHE (P ED A R F; LUMI Sizer F2E P
ST BT ) AR AT B Al IR RS 3546
VR BT A A A BN 5 PR TR K VR
I AFULES s FA1604 BIHL TR Bk a5
Bl A RN ] ; DHG-9140 75 H, FACE 1R85 XU T4

o _Dig—ERHE A

elegans)

1.2 LWHE

1.2.1 FHELLFE R HEHL B AR Pl B2 7E 2020
A 10 FRAE THWTLSSFE I —4i7, 4 °C R IR
FHo FREL 50 kg FHEFP B B F 500 L RNEEHZEE
B, A 350 L K&K 2808, 78RR 90 °C, %
BEIRE 0 °C, ZEIRE] 2.5 h, ZEMWNCAE iYS BEGE
JF B0 (1500 r/min x 10 min) 5 #HF itk 508, B2
REHEKETN, T2 N EHHEAEEE R W FMEAlE2 JF R

2% 0.25 pm P UEANFRARAG I NEFAT Ll , P FPaliss
FESHICPETHERS S5 Y8 T UKAR (4+2) °C LI FR .

1.2.2 FARLIEZFEHEMIIE  LUMI Sizer U
SISO Al B AR SR A T B E PEPAY . AR

FESTE B O ERILT A ME R I T IINEL, e R AL
FEFRIBE IR B A] A R 2R kR U 12 B ARE
2l B8 B S TE B PC A AR LIS HE, I B B e

25 °C, .09 4 4000 r/min, 175 51 3 AR IE 2R 4
60 s ict3R 1 K, Hit 1000 YKo @I AN R [E] AR
BRI B B (FE S ED FIA TR R B R A,

T PPl A A Sl R 10 K R e

1.2.3 SARGIE - (GC-MS) /0 dT AR 4%

4. GC-MS( 7890A-5975C) F+ i T2 7« W) 4 1d B

50 °C, 3% 2 min, LA 4 °C/min 7+ & 120 °C, 1%
3 min, F-4 8 °C/min FHEZE 280 °C, f£3%F S min, #
FEIEREE 250 °C, 28N N, HiiE~ 1 mL/min, 539k
bb 1501, i sR A 8 1R 280°C, T2 (ED)

IR, FLFRER 70 eV, A BT EEH 33.00~55.00 amu,
A5G A8 HL . 1000 V, 3 FIHEIR A [E] 3 min. £
A AL ER: S SPME T 4k A% B Sk A AR U4 T
AbHE 30 min 174k, IEE N 250 °C; B 5.0 mL
MEALE: B F Wiz, Il 2-2E8E 10 nL(400 ppm),
RETE BT 45 °C 185 20 min, 2RI Z ALy A<
Bk B A TES R _EHRZS, T 55 °C e 30 min,
SRJE B A Bk O I B A2 R i BT 1

fX(GC-MS) . FIF NIST11 F1 NIST11s bruE T
XPRAEH ) BT A TR 2R, SR A ki m A —1k
Yo

1.2.4 AMUAEACSIES

1.2.4.1 DPPH HHIEIERILE =% Pavlic 517
M) S5 7 IR IFFEVE A 2 . X B M : B mL 1Y
2x10* mol/L DPPH % W N AK A fx £ F1 >k 4 mL,
R N #EG 30 min J5, 76 517 nm AMEIOGAE, 2
R Ay BRSBTS B 1 mL 1 DPPH #5355 1 mL
AN [FE e ) A HELEER (20, 40, 60, 80, 100 mg/mL)

TRA, MK ZAAFR T 4 mL, I A 6] e B8 A ARE Al
BRSCRE, i Ao SEESDIARRREMRER Ve 1E
M BHPEXT B, AR IR 3 ¥k, DPPH H 3275k
(% )=(A,;—A)/A*100.
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1.2.4.2 ABTS H HILIEFRILEK S8 Bai F" 19
T3 I AE s ek, B F AR BL(50 mL) 7 mmol/L i
ABTS 5 2.6 mmol/L i RFF I IR G, Z IR T ik
)t 12~16 h, 132 ABTS i85, (4 FH AT FHIC/K £ s
i RE, AR 734 nm PR B9 SGEE S 0.70+0.02,
B9 ABTS' TAEW . XTHREW: BL—3% 10 mL iU,
A ABTS" TAER 1.0 mL FIJG/K 2% 3.0 mL T
B EZYAF 4.0 mL, #%& 30 min, /£ 734 nm
AL SCRE, iR Ay FESRIETR: BB 10 mL iR
SE5IMA 1 mL AS [R] ik B3 1 F fliE 4l 5 (20, 40, 60,
80. 100 mg/mL) ¥, N AJC/K £ 5 2.0 mL, FHi
A ABTS' TAERAF e ZARFN 4.0 mL, #GHHE R
B 30 min, £ 734 nm PG, idh A, 52

5 3 I, ABTS F HFEEERF (%)= (A—A)/A(>*100.
1.2.5 FHONFRATL R SEs  ARSCE b TR A2
i F A B A AU (N2) 55 TN B2 AT 28 X ( Caenorhabditis
elegans), ¥4 AT FH W RE SR R ERAT E. coli
OP50 MLk ARUERT FEIE(NGM), 7E 20 °C FHFFE,
FEXTRREE R 40% -

1.2.5.1 ZRAE[FEIHILALEE  —Z57=BHZk s 1 h nf L
FEEN 8 NAEAT o AR EN I A 2R e, BREGHE A
77 IR P LR U T SR AE — A, R AR CE T
20 °C THIRFETIFE, BFE 2 2 h )5, K- b2 dabk
H, SR H A SRR S B AL T []— & R0 ik
R d, FEA TR R 2 Rt Tl
1.2.52 HEH4AeJE CroMiEis =% Yuen 517 Jy
RIEATIE M o, BRI Z )5 IR AR K E L4 1B
(24 3 &) I F5 10 BTk R4l B, BEAL 432 (25 % IR
H . AESREE . Ve MR BT 3 om BYEEFRIL, B2 3%
FRILH 200 2541 8L, B5FE 48 h, 435I A 1.7 mL )
SEaBi I, 0.2 mL AW I FMELLRER, 0.1 mL
i OP50(0.1 g/mL), 25 X BEZH A G kAR 4l 2
FESh, BEPEXTRRLL 0.05 mg/mL B9 Ve ISR 2%
e, 55 3R 58 S . FH RS VRIS A 2 A O T A 3]
EP &+, FHH M9 Sy k3] EP &, vhik 3 3,
22100 . RIBAT B OP50 AT &AL T LS,
2L ST TCAE 96 FLARIFL Y, Xk BRLH K Slisdg i o b P
LR 555 3 AFL, FEDFLAS AT 30 S8, BEFLn
A 8 uL iy K,Cr,0,(10 mmol/L) Fl 152 pL 1 M9 &%
MR LR R AR OO, B 4 hoidsE— IR R
A5 PR AR, 25 847 A BT 28 Ha S A N 30
S o

1.2.5.3 Rl amides  FF SR i PR S AR
SEAEEFRILNY 96 FLAI RS FLD, SRR
il 2 mg/mL (¥ ) OPS50 F11 400 umol/L (1% 5-3 24
PRAT o B0 A 25 4 . FESREE T Ve XTRBZH, 258
A B ZH 52 AN TR A v BE G B (ARSI 10 i F B
W 50 fEFRRE . 100 f5FRRE . 500 15HG B ,
d igSRAET HARIIECE S, LITCR/KA IR 4l @8 i

AR AE R A IR REZH, L 0.05 mg/mL B Ve I RE N
BEPAXT B, SET AR FH 4 22 il 2 e, an RS
BRI RFET S, RRH S TS IR,
1.3 #IEAIE

BAER ] SPSS 18.0 #4347 Iy AT EAE SE It
2EOVHT, TR UEEH, SIS EE N 3 IRATEEE Y
SEEE, IR A R P I EAARMEZE L (j+s) 08, IF
BEAT ¢ A Bl B n) Jr 225304, P<0.05 B AT 32
5o TEMAN LA LR s b, B 45 8008 A
Origin 9.0 fll GraphPad Prism 8 {42 H 4~ K 2
EOFTIPAEEII IS
2 FERS5H
2.1 FEAEREMER

if 3k LUMI Sizer £2 28 P43 BT 0N 2 N2 E &
B AFE RBUME T RS I B A 3
O, HABAAENT 1, )7 553 2™ 5, Bz 0, &
ANl T8 =S e 0 N R N = bred 3 ' S St VNS I T |
L, PARPRE S AR RBAYHET 0, AR IER
R, AR i 8 A A 4l 58 1 AN e e R 450(0.192+
0.009) K FidEFAELLERFE (0.007+£0.003 ), i yELEEE)
AFaxE RECE AR T 0, YLBHZLER el i e e e R
TR UELlEE . BN 2 SR ZE RIS , 18
HH I A MR 7k I AR AR O AR 2l 27 UK AR PR
A, AT AR 8 T AR PR ] B - AR A R T e A
AR IRR e TE

0.25

kit usalisy Skl

(CS IS ORI A5 | S0/ £ NN Ve = e
Fig.1 Instability coefficient of filter-treated and untreated 7.
grandis hydrosols

AR T ZEFAELEEAE 38 & LUMI Sizer f2E
TSI BHTAAE 25 °C 254 I 30 s o )a 1915
SRR AR S EIHE DLIEL 2, P A AR SRR A I L
(mm), Zevm e FaRE A A B 0, Arvmts R s il
JIGHR, DR BR RSB CREE (%) o LT ERFEVILREY
SEIIELR, SRS A R 20 3B YRI5 4%
TS LR T A SR B DT LR BN 2s AR i AR T P
SN 2 150, aduk stz (K 2B) S5k agaiez (51 2A)
FH L, WIURIBE I CHRELR 5 45 10T 28 R L A
—2, SR EA EL R e M. iR gG h, PiFhaliER

o i 24 5 F T (105~109 mm) i35 Y6 R T, JEES
(128~130 mm) FECFRREAIL, HA LRI UTRET R
T UEFAELLEE (] 2B) 7EAE SRS 109~128 mm 37,
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VR, 4 FAHRAiER AR A e BT R AR T 43 -

WIS RG-S 45 AU 2 D3RG LR S BN
BRI ELLR, SR IR 2lER (K] 2A) A1 HE A By 1034
— etk AR LUMI Sizer e M or#r 302,
(1, & 2), AT g AL PR i B2l 8 HoAT 5
bR E

105 110 115 120 125 130
1 & (mm)

105 110 115 120 125 130
{7 'E (mm)
K2 LUMi Sizer faE PE AT G AE L 38 (A) 5id 3 (B) 7
R S PR R P2
Fig.2 Physical stability of untreated (A) and filter-treated (B)
T. grandis hydrosols evaluated by LUMi Sizer

2.2 BEAEELMERSTH GC-MS o

S IE i HS-SPME 454 GC-MS J7 15 X% FHE
SRR PERST AT T R840, 48 GC-MS B
{OITBCE 1 NIST-MS 5 T/2R, ST 45405
SRS, T T AR — AR S 25 B A3 AR X BT A
Sy E . TERMESiEE b, A Y 49 g R M)
BT, EE ST AFREEE . BE2E . W2 EES | kRS TR
e, MR 1A, el 21 MR G
(41.82%), Zolifg T EZ W L HEY R, A 3-F
FE-3-TH-1-1 . 3-C - 1-B | 32 13207531
2-Z FECVEE . DFAEEE . FRCUEE . B 4-05 S B-FA
THEE, 2-FAC-1-0E . S Iea . AATHEE. 2-2K0%. B-&
SETE, FEARRE . XTI ORI . DR e, S5 05 s, X
SNSRI L o-BERiNEE . o, B EE(5.5%) .
FATHEE (16.45%) F 4=l 5 B (11.14%) FHXT & 3%
Ko B-FHBEA AN BORS S, BAMT 45 a4
2 BAGFERFRATE N, T2 B PR 4>, g
THEELAAE T ZFE T T, a0AA T . FSAETREE, A UG
MRS T, ST . 22BN, 4-0% Sl
SRR I FEERGT, B RIrmdtEfbiE =,

2SI GH0(5.27%) I 7 Fh, AL4E LG o- i i
IS« ATEG A L S . BN o- AR I . a- TR
s, BREAME S G Y, AT FHASE IS4 A9 AnARE I o

F£ 1 FHEAE N H GC-MS s

Table 1 GC-MS analysis of volatile compounds in 7. grandis
hydrosols
I3k R Rt (min)  43F0  MHXEE (%)
o I 12.76 CoHy6 0.78
AES 13.32 CioHyg 1.77
[ il 14.7 CoHy6 0.94
5 i 14.75 CoHyg 0.16
TR 2233  C,H,O 0.24
o- VR M 34.62 CysHy, 1
a-AK MG 27.2 CsHy, 0.38
3-HBE-3- T J- 185 1458  C4H,0 0.02
W 3-C M- 11 183 CeH,,0 0.03
3 18.44  CgH0 0.08
-3 4-3-1 1996  CgH,O 0.32
2-Z 50 21.01 CgH, ;0 0.16
It 2249  CH;40 0.8
RO 23.51 CH,,0 0.03
fai 2371  C,H;40 0.15
A-if 2426  CyH,;40 11.14
BRI 2483  CyH,;40 0.07
- - 1-BE 25.76 CeH,,0 0.08
Ly A 2584  C,H,;50 0.65
/T 2638  CyH,;40 16.45
2- KB 2655  CjoH,{0 2.79
P-EFE 2759  C,oH,0 55
P AT 2832  CyH,;s0 2.11
Xof BB OR S D e 29.19  Cy,H,,0 0.12
KB 3046  CgH,,0 0.15
E PN 31.89  C,H,0 0.66
a-EERG i 345 C,sH,0 0.44
Xof S5 PR B P 3326  C,H,,0 0.07
[ TR 1875  CgH,40 0.02
3RILIE 30.91 C.HO, 0.16
B 25.18  C,H,0 0.04
e HEE T 1 3196 C;H,,0, 0.04
2-H & F-4- TR LK 3122 CgH,0, 0.35
4-2,F5-2- WA SR 3232 C,H,,0, 0.3
2,6- BT FRE 3568  C,Hy0 0.29
IR 2963  C;H{O, 0.6
[[72S iR 2029  C,H,0, 0.35
[iFES AP T TR 40.12  C¢H,,0, 1.51
Jak 1,3-FhC 14.85 CeHg 0.25
RVAYS 24.06 CyHay 0.03
24-ZHER 20.04 CoH,, 1.09
2,2-4'%?%3%2%414\ 2973 CyHyg 0.03
[i) S5 PR PR 4 32.13 CioHy 0.09
iz BZNwA L] 24.63 CH,,0 0.17
4-FR B 2-HEOR 2R 3421  CoH,0, 1.19
HoAlh MHAE 12.96 C;HN 0.15
3-F S g 2383  C¢H,NO 0.12
TR L 36.61 C;gH;NO 7.84
TRk 41.14 CHyNO 3.18

-5 it s AT RHEAR RS A A, WAV Rk, il &
NIEFFREHIEARTAG T o A7 BEmSE I 951 44 2 D-Frise
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i, A RIERE S, B RAFREENZ . 12558 L IPATE
FH, O Z R TR ok HAb. B2l
i ks AT LR SOD . GSH-Px #il CAT £ Akl
FITEE, G —E B Rt S AL S5 | R M iR
15, EEWTEAAE R B EaA A AR
AL AR, 7T H T 250 H AL F RS EL 7 b i Sl
S« oA I L a-IRIE FYER R IR, o-9R
IETE—EAE K N XM AT M H A W a4 i1
FHo RN EAT 40T . 1R BRI SR XVEETNRL .

2RI 5 5 PR, AHXT S &N 1.58%, AFE AT
B | 2-F S E-4-H B8y . WL T &y 4-2 5k
2-FABOR Y | 2,6-—RUT J2R My Horh @GR A
TR, EZHVER B, TSR ES 245 954
2-FR A -4 2R v FH Tl L R T S A, A
FIYEEC T A . SRR IS SR B A AR A
LT &l 2 TECHMR S | R E8 R 55T F
UGG

bR T IS WSS BRI B PILISN, T 2tk
B 5 F(1.49%), B35 1,3-FR2 . 2,4- " H 3k
. TN BE AN 2,2- 7 B L 33 B O3k 3R
[2.2.1] BEke . MR EE 2K, b 506 3 Fh, H
FEXT 5 EE AR (0.24%) , AL FE 3-FR FLOR H I | T8 .
AT ; Horp TP 5L B0 . A A<, A R
YRR, )2 FH T C N 3 B v A B PR R A,
b A= ] FAVE RS . 252 A5 I 0 A R B R R
HEaEFN, 25 2 Fh, AFEER R (0.17%) Fil
4-F2 K2 F LR 2 (1.19%) ; BEZS1b-&9 1 Fb, 41
R TR, AT E RSN 1.51%, FEAENIG A
FIAIH Tl & Fkbim) . i m s . BRIk o,
ARSI LR, T HE 2RI 35 & Ak -G Y anntk
BE . 3-HH S BENERE | TR TR FNae PR THE A5

TE/KZE R ZE R PR U A v ik AR b, $82  PE
Sy ZVEEIT Ay R/ AR, RIS AN 4lieg, wh 2%
SRAEY) ol FE T LIEESS | By SR 43 200
FMELEER 1 AR EAR S AE L, DRI R 225056
XA HELLER A TE TR T IR 2R .
23 IMAEIRIREER
2.3.1 DPPH H &35 KR 5044 DPPH-& fk 1%
58, YN ADTEALYI TR, DPPHeY = A 2, 25
o S2AR O, ST T A AELLER I R DPPH
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