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Study on the changes of volatile components during the enzymatic
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ABSTRACT: Objective To study the changes of volatile components in the preparation of Panax quinquefolium
beard solid beverage, and analyze the flavor quality of Panax quinquefolium beard solid beverage. Method The
volatile components of Panax quinquefolium in different enzymatic hydrolysis processing stages were detected by
headspace solid phase microextraction-gas chromatography-mass spectrometry, and the characteristics of volatile
components in different processing stages were analyzed by principal component analysis. Results A total of 97 kinds
of volatile substances were detected from different enzymolysis products of Panax quinquefolium, mainly terpenes,
alcohols, aldehydes and ketones, alkanes, esters, phenolic acids, aromatics and heterocyclic compounds. Enzymatic

treatment reduced the content of most volatile substances, and the volatile components with relatively high content were
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linalool, limonene, caproic acid, sabinene, (IS, 8a)-decahydro-1,4a f-dimethyl-7 fisopropenyl-1-naphthol, fcaryophyllene,

f-red myrrhene, tetradecane, heptanic acid, nerolidol could be clearly distinguished from different enzymolysis samples

by principal component analysis. Conclusion There are significant differences in the volatile substances of samples

treated with different enzymes, which provides support for flavor and quality control of Panax quinquefolium.

KEY WORDS: headspace solid phase microextraction; gas chromatography-mass spectrometry; Panax

quinquefolium beard; enzymolysis

0 3| =

W2 (Panax quinguefolium L.), XFRIEIES, NI
IR AZ R, BAT A0 BT O L RZ A 78

VES B T EEMINE REHIX, 20 142 80 445 A HE,

WEEMHEARERIL, £, PSR, THTESEE
ZHREF YR, WRIF . ZH. BAEED, Bahih
T YOS . R G SR 2 R ED L ARk, B AT
PR ARG N, USRI T 5 0 T 5 5 Rk
B, VIS ARSI TS, WE A EER
ZWEEDROE sy, (HEFX FRHES A RN, &
T IR IR T

POESHAGUEST R, [FREH, PEVESaid 5 I
AL, ANRERGFIN T RhTE 55 UOR), DURT e 5 A S Ak
FRBEEHERE . Mu0, ARSI RE 2, H
LR A2 LAV TG 5 2K SR B sl B AR U S DA 4
FEIAFAE S R TRECH R, SEOTER M, (R
RERNERS, Ak, W AR ORI 4 T2 R 455
THEZWN A, AR SEIE SR REY R A PR EE, 1B
RESM BRI S A RR, EAES PRS2 TR B
B AA ST U S AYCRHE #5345, R 79 7 2 B
YoRHaR s D, B —E s

O WFITUESE, M nT (i 1 1 S R0 A 268 S5 9 e PE
J A A3 R AR, SRR R A KUK, A TR AR Y
7R e T AR SURRAE, AT B T RRAE RUBR (1T B
FEAR FE O E B AR R, A R T 2 B A R
B, e [ AH i A B (headspace-solid phase microextraction,
HS-SPME) ;A A& —Fl H i K . e 3 5 25 A A b 93 Ak
5k, B ATAIER . Za st mag
3k, HS-SPME-< A 4% - i 1% 5 (gas chromatography-mass
spectrometry, GC-MS). ) {Z i F F & S A 24 i 4% &
PR B A3 A

ARG LAV RS AR JERL, 8 1 =25 WAk (AR 4
R ARG . VR BN Z SR . KUK 2R ) in L
o g5 ort, FIH HS-SPME-GC-MS H AR 5 4% %4

43, I8 FREITN 32 853 34 (principal component analysis,

PCA)RZR i 3 i vh 45 R P 1003 B 28 AR LT, AIDE DA i
TIPGPES [ A ORI T K 2 (BB R Al

1 ARSI

1.1 SEIRFI S S
111 ##5

PUESAL TN . b)),

LFAEZTEH(100000 Ulg)., AR AE(100000 U/g)(T° 3 o0
TRBE A RAT), a-TEMEF(480 KNU/g). 7 2B
(6400 MANU/g) . KUK ZE [ (500 LAPU/g) (i A5 42 0847
BRONHD); BRBRFRES . B =85 (ahak, Wil A
B S krih ol A g e 4 FIAT B A W)

1.12 REBEpLE

FS-30C #A 00 AL (BF T I ML IR 45 A R 28 7));
HI-A6 JE IR B 77 3 FHE A 58 O N R AL 88 A BR 2 w));
GYB40-10SX = R B AR ML ); TE-0486 A
ETEFRIEEE AL . Agilent 19091U-433 SAHE S H:(EH
LA/ F]); DVB/CAR/PDMS 4T (35 E Supelco 24 #));
Agilent 19091U-433 SAHEANEHE(30 mx0.25 mm, 0.25 pm,
%[H Agilent A )); BSA224S-CW JT 432 — k5 B o TR
(FEEFELZFIR2AERE R A ).

1.2 LT E
1.2.1  BFA BRI 5) &

PATEVES 008 kL, Sl GO i (R 6 )IFid
120 B, RGEMBAK, Iridwrhich M. DOBRE
1:4 (g:mL, T [R)PEHE LR 1T BEAR, MRl 20N
34 (DB 4.5%W 41 24 KB SR I, 7€ 60°CT 4bHE
2.25 h DABGARET 4 Z AR, B R an i REl ), 223y
JVR TS IS YIEHC N E; (2)UNIN 5.5% 1Y a-FEH BRI 2F
Wi, 16 65°C FALRE 2.25 h DIBHR ML), 285 %T )5
FriciS¥kic A By Q)USIN 1%E9 KR E I8, 78 55°CF
B 1 h BRI ERIKT), 2 R TR s Ry
Eso 3 SHHHZ )T, MKIREENE LA 1:60, # HREK SN
A 0.5%EXFIH . 0.1%7FE R (B R A , B IR —45) . 0.1%E
£h, 7E 30 MPa T/t 2 min, Bf/S7E 60 MPa 45 2 min,
RGBS BHT I, ISRTEESEERYR . BE T 2R
RWE 1R
1.2.2  BE MRS AR

(LyFE Sh i AL 2

A FRBU R B 20 1.0 g, BT 20 mL [#EAA{K



oM

AR, GF: VYRS AR AR 1 1) 6 Sl A P 4 S I ) A AT 179

UL 2 i, A DVB/CAR/PDMS ZE I FE 60°CTH
ZEHEL 40 min, BUBAEEGK, i A @GR O T
PRHT, TE 260°CHEHT 20 s,

| LT, Tehi |

R Il

[ . Boesl. frdh

B PESEARGOR & T2

Fig.1 Preparation process flow of Panax quinquefolium solid beverage
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Table 1 HS-SPME-GC-MS analysis results of volatile components in different samples

MK RS min e BT HAT et

M E, E, E;

4.234 a-MAH CisHyy - 0.46+0.01 - -
5.795 Tt CioHs 2.1540.02 5.99+0.25 4.84+0.00 1.20+0.02
6.393 H e CioHis 0.65+0.01 1.60+0.01 3.59+0.12 0.42+0.01
7.609 FreE s CioH6 5.76+0.06 13.63£0.84  24.370.55 3.46+0.10

8.911 o-% Wyl CioHys - 0.37+0.01 0.78+0.02 -

10.246 il i A CioH6 - 0.3120.02 0.40+0.02 -
23.91 TS A0 S A CisHay 0.25+0.01 - 0.07+0.02 0.13+0.01
24.16 (-)-o-BE AR M A C5Hyy - - - 0.58+0.00
25.639 (-)-0-JR M CioHi6 0.12+0.01 0.05+0.01 0.110.01 0.28+0.02
26.099 A8 7 AR A CisHas - - - 0.58+0.01
27.723 B CisHyy 0.08+0.01 - - 0.2340.01
28.644 BAK LI CsHyy 0.41£0.00 0.06+0.01 0.15+0.02 0.3440.01

[AR S .

29.039 & CisHay - - - 0.86+0.04
29.222 BT CisHyy 2.41+0.09 0.41+0.03 0.92+0.06 1.84+0.04
29.374 B-REVE i CisHay 0.2240.02 0.05+0.01 0.13+0.02 0.30+0.01

29.788 -SRI C5Hyy 0.04+0.01 - - -
30.367 (-)-a-# T/ =AW C5Hyy 0.10+0.01 0.05+0.00 0.08+0.01 0.75+0.01
31.07 B-1T B CisHay 0.14+0.01 - 0.10£0.01 0.150.01
31.465 oL CisHas 0.90+0.04 0.150.01 0.350.00 0.93+0.05
31.721 (2)-B-4 6 XK I CisHyy 1.01+0.04 0.63+0.03 1.31+0.00 10.07+0.29
33.273 i fi-D CysHys 1.62+0.08 0.22+0.01 0.55+0.02 1.010.06
33.503 BT B CisHayy 0.070.00 - - 0.09+0.01
33.832 (2)-a-21 B 2595 CisHay - - - 0.29:0.02

34.009 (-)-y-BE A i CisHay 0.18+0.02 - - -
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34.008 iEAR &3 CisHyy 0.1140.01 0.05+0.01 0.18+0.01 1.65+0.05
34.312 P-4 24 CisHyy 0.28+0.02 - - 0.36+0.03
ek 34.976 BTN C5Hyy 0.1140.01 0.05+0.01 0.12+0.00 0.74+0.01
37.264 S A WIEAH ALY CisH,0 - - - 0.23+0.01
38.763 B-AANA CisHyy - - 0.060.01 0.40+0.03
39.283 15 BOR IS B 4 CisH»,0 - - - 0.20+0.01
11.311 2-Z KO CsH, 50 0.2140.01 0.100.01 0.510.02 0.200.00

12.567 st I'Eﬁ%_“_(l_?gyﬁ CoH 50 0.1240.00 0.20+0.01 - -

)

14.855 5 i CioH;50 65.63£0.73  61.23+127  31.71£0.18  35.46£1.05
15.125 R H C;HzO 0.26+0.01 0.21+0.01 0.45+0.02 0.30+0.01

16.552 1,5-C —4-3-H% CeH,00 0.27+0.01 0.16+0.01 0.39+0.01 -
17.637 s CioH,40 0.250.02 0.12+0.01 0.33+0.02 0.200.01
18.314 N C;H;50; 0.63+0.00 1.25£0.06 1.90+0.05 0.66+0.03
19.465 1-2F475-3-% CsH,60 0.16+0.00 0.13£0.01 0.17+0.00 0.85+0.02
21.326 Bh & W I CioH60 - - - 0.43+0.01
ik 36.363 BE V0 B CisHzs0 - - - 0.32+0.02
37.047 i CisHy0 - - - 0.16%0.01
37.343 P& AL A Ci5Hy60 0.06+0.01 0.03+0.01 0.07+0.02 1.14+0.05
37.882 (-)- Wi Fe e Ci5sHy0 - - - 0.79+0.03
37.922 K s CisH»,0 0.11+0.01 0.02+0.01 0.050.01 0.88+0.03
38.303 Epi-y-#% M- i CisHy0 - - - 0.11£0.01
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38.862 (-)-BE T C5H,60 - - - 0.19+0.01
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44.905 NS P Ci7H2,0, - - - 0.16+0.02
9.03 il CgH O 0.80:0.02 0.77+0.01 1.43+0.08 2.68+0.02
14.178 T CoH, 50 1.02+0.03 0.73+0.04 1.37+0.04 0.79+0.04
15.421 (=)-o= M AH B CioH;60 0.40+0.01 0.5120.02 0.28+0.01 0.17+0.01
16.611 6-FL-3, 5-FF Jd-2-fi CsH,,0 - - - 0.28+0.02
17.177 T CoH;s0 0.19+0.00 0.14+0.01 0.09+0.01 0.07+0.01
20.017 L CoH0 0.53+0.03 0.58+0.04 1.05£0.03 0.28+0.01

20.622 F A CioH1,0 0.220.02 0.17+0.02 - -
—— 23.528 ER SR CioH1.0 - - 0.1140.00 0.100.00
24.876 (E)-2-28Jd CoH;s0 0.1740.02 0.11+0.01 0.25+0.02 0.04+0.01
28.44 i - PR A CoHO 0.24+0.01 0.16+0.01 0.23+0.01 0.06+0.01
29.985 B C1Hy0, - - - 0.3440.01
34.871 B 3 N C3H0 0.05+0.00 0.05+0.00 0.07+0.02 0.18+0.01
35.982 1, 13-4 P4 —Jd5-3-F C14H2,0 - - 0.0440.00 0.06+0.01
36.271 2- T 25032 R - 0.07+0.01 0.06+0.01 0.1120.01 0.13+0.02

S2-F PR R

36.738 HFER C8H803 0.28+0.01 0.21+0.01 0.48+0.01 0.26+0.01
19.136 2,4,6-— W B8 ¢ C3Hog - - 0.16+0.01 0.05+0.01
20.563 + =k C3Hos 0.14+0.01 0.09+0.01 0.48+0.01 0.44+0.01
24.666 3-H = Ci4H;0 0.20+0.01 0.18+0.01 0.42+0.00 0.19+0.01
26.474 Tk C14Hso 0.8440.03 0.40+0.03 1.08+0.06 1.15+0.04

X 29.525 TR C1,H,,0, - 0.03+0.00 0.08+0.02 -

e

32.306 +HkE CysHa, 0.47+0.02 0.06+0.01 0.17+0.01 0.27+0.02
35272 3-H ke CieHzs 0.1440.00 0.10+0.01 0.21+0.01 0.38+0.01
36.074 ET7she CisHzq 0.2040.01 0.0940.01 0.19+0.00 0.30+0.00

42.643 ki Cy Hayy 0.07+0.01 - - -

43.399 B Y ¢ CpHye 0.04+0.00 - - -
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19.754 Wil — LT CeH,504P 0.05+0.00 - - 0.28+0.02
20.313 PYIRIR F-F C11Hx0, 0.17+0.00 0.12+0.01 0.41+0.03 0.54+0.01
22.036 VN 5zl C1,Hy0, 1.36+0.07 0.65+0.02 0.43+0.01 1.01+0.03
2,2,4-= HI 31, 3% 2
38.001 R Ci6H300, 0.04:£0.00 0.02:0.01 0.04:0.01 -
— — 5 T RN
41.781 AR 2 e C7H3,0, 0.11£0.01 0.08+0.01 0.09+0.00 0.27+0.01
42.367 RV ¥ Ci5H360, 0.05+0.01 0.02+0.01 - 0.03+0.00
43.353 SV R HY B CioH340, 0.07+0.02 0.04+0.01 0.07+0.01 0.22+0.01
43.767 TR B C,H350, 0.05+0.01 0.02+0.01 _ -
43.800 IR 2 g C1H340, 0.03+0.00 0.01+0.00 P 0.0340.00
13.724 LR CeH,,0, 3.24+0.16 1.77+0.08 5.80£0.28 3.63+0.03
18.715 BER C;H1402 0.81+0.05 1.1240.57 3.61%0.11 1.390.02
20.267 AR CeH;0, - 0.46+0.02 0.59+0.01 -
24.436 IR C,H.404 0.38+0.02 0.57+0.01 1.06+0.02 0.95+0.01
iy ER 30.130 T8 CoH 50, 0.130.01 0.33+0.02 0.79+0.05 0.18+0.01
32.162 T CioH,,0, 0.15+0.01 0.09+0.01 0.16£0.00 0.360.02
37.862 2, 4-TRUT IR C4H,,0 0.07+0.00 0.06:0.01 0.15+0.02 -
38.421 (1S, 8aa)-+=-1.4af-— T4k Ci5Ha0 0.05+0.00 0.04+0.01 0.08+0.01 1.86+0.10
18-S NI HE-1-2E
25.297 1-HIREZE CnHyo 0.07+0.01 0.05+0.01 0.12+0.01 0.14+0.02
. e _
;ij; 34.868 1’2’3’_51’_6(’18?; gg{%m% CisHas 0.37£0.00 0.11£0.01 0.20+0.01 0.82+0.01
35.910 2,6- U T Hk-4-F BT Ci5H,,0 0.11+0.02 0.05+0.01 0.05+0.00 0.05+0.01
Rk 6.860 2-1F I3 FE 1k Rg CoH,,0 - - - 0.25+0.01
15.921 2-F &0 -3-fif Tk e CoH14N,0 - - - 0.19+0.01
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RIS Es R HE R MRS
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Fig.2 Relative content of eight kinds of volatile components
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Fig.3 Heat map of volatile components
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