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Abstract: Headspace solid-phase microextraction-gas chromatography-mass spectrometry (SPME-GC-MS) technology combined with
principal component analysis (PCA) was used to examine the changes of volatile flavor components in Ginkgo seed before and after the
enzymolysis-fermentation process. The results showed that the types and relative contents of volatile flavor components of ginkgo seed prepared
by different enzymolysis-fermentation processes were significantly different. A total of 212 kinds of volatile flavor components were identified
in G A, B, C, D, and E samples, with 77, 70, 45, 41, 79, and 80 types of flavor components, respectively, being found in these samples. The
ginkgo seed produced through the mixed fermentation by amylase along with Lactobacillus plantarum and Saccharomyces cerevisiae (E) had
the best flavor, significantly increased types and relative contents of alcohols and esters, and significantly decreased types and relative contents
of hydrocarbons and aldehydes. The relative contents of volatile flavor components including nonanal, hexanal, octanal, decanal, hexanal,
benzaldehyde, 2,2,4,6,6-pentamethylheptane, decane andxylene, which were the major contributors to the bad smell of ginkgo seed, decreased
significantly or were not detected. The pleasant flavor components were produced, such as phenethyl alcohol (25.79%), isoamyl alcohol
(15.56%), 2.,4,5-trichlorophenylcinnamate (13.29%), 2,3-butanediol (7.10%), 3-methylthiopropanol (3.67%) and lactic acid (3.00%), with their
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relative content being 68.41%. The six samples were divided into two categories by the principal component analysis, and the comprehensive

Modern Food Science and Technology 2021, Vol.37, No.6

score of the E sample was the highest, indicating that the E method was the most beneficial method for the formation of good flavor of ginkgo
seed. This study provides support for flavor control during the deep processing of ginkgo seed.

Key words: ginkgo seed; enzyme-bacteria synergistic fermentation; volatile flavor components; principal component analysis;

Lactobacillus plantarum

WERNIRER, B4, §7FEE, TAR
AU AR WAE. RENE. RAEREE
FE e, B 2R PRI, BiE k.
PO, B 11 2 5 T T A2 P,
TEDNRE & AR A BRI B 7T

R RAEH 60% L LTk 13% L L&
i, AR R R, BRSO SRR A R
MRy SRR T Bk, Cam Rt
M AR A SRR AT B AT SR I R M A AT T e A
OO0 DRIAR A SR Uk R 2, SR i B, &
BT FER AN [ XU SR N T SCBaRA ] f
H A3 ERARAT S RS 1 B SR SR g4 T
I TEAEARA A A e R AT R RN T A FE =5
HARK, RAEATA. WA, BRAELE
MR, BRI AR, mim AR M, AIR
FHA) I D5 ERA R XU BRORFE R AR, AR A
RN JE .

K BAR AP AR T A i it R A Dy Bk £ 2
B TME I AL, 2 BRI R AR AR AL
FEITW, WA Y R B A
IR RWRE SR AR, @it i
XN B USR5 S A= e A = A A DR XU AT
REL LT R A P £t P o F AR, BRI R
FF= S SR AR TR, — 3 2 (RS 5
e R, AT R P T 4 R R B -5 0
(SPME-GC-MS) HAR AN Rl Al 77 X Ay
S R AR R I 2 5, R 32 e i
(PCA) HHATELE T, B KR LR AR A SR
KRBT, DA ERA ARG AN T2 o XUz il 52
B S

1 MR5RE

L1 A#

AR CRER), TLHPZAREE; TR o
FiliE (4000 U/g). #ELLEE (100 U/mg), JbmZREE
BHEEIRAF: HEAAAE (Dy-1), ILHRFE
) TR S = 5, BREIERE GRTH, 11T
RN RIS 5y B U 3R MRS P55

252

(2D, AL BB AR A A
12 Q&5 %%

7890B/5977A SAHEIE—FEEAAL . HP-1701
B (30 mx0.325 mm, 025 um), FEEZFFEA
Al; 75 um CAR/PDMS Fah[EMMALRCK, EE
Supelco A5 1000A IEFRAFE AL, 7K e
TSRAMRAF; IM-L80 LI = AKEE, iR 2N
WAHIEE RA R, HH-6 BURAHE/KIBH, 1754
YE T4 E M SE I 28], Labconco FreeZone 6 L &
RIETFHL, E LABCONCO A#); Thermo 702 #HIE
TUKAR, S&EZEER K IH/REHE AF]; PRIMOR SidEA
VRO, S5 Thermo Fisher /A#]; DHG-9101-2S
HAVEIR ST EAE, L= REEER AR A
AL204 HTFRF, MR- RI 2 4R MaxQ 4000
TR TRREIR, ZEBR G RBH A A .

1.3 R¥F®E

13.1 SR TEBBLABEMMT LY

TEERERD (G SEERAT RTIE 1 h f5255%.
5, 8, 60 CTHE4h, 80 CTJ# 1h. 100 C
T 1 hy 120 CTH 0.5 h, ¥R/~ 200 HE
AT A .

FEHERE (AD: FE TR AR EERE F, B 100
g PRI R A 1:6 17K, FHRAEERTEE 3 min. BT
WA A EE 20 min, HUHAHIZE 60 C. NN
AT REE 0.3 g/100 g FIFELEGAT o ek Bl 52 Ak
A, £ 60 CFHHEEHAE 2h, 100 CFKEE 15 min,
BUARIZE 35 C, WIHETE.

HARRE RKIEFE (B): (E TSR AR R LR I,
B 100 g FEINBRE LN 1:6 BI7K, FBAARBEHES 3 min.
BB oA EE 20 min, BUHARIZE 35 C.
TN 3 /100 g fEYIFLFT B, 32 CHTEIRPEIR K 12
h, B A EERREIA Z AP, JerE-78 C il
%5 2h, ARG CENR AL AR T4

FURR R+ B BB RKIFEFE (C): FE TR TR
(RZEAE -, HX 100 g FEMIBIE LN 1:6 (7K, IR
FEREE 3 min. B T-WhKMHOINFASEHE 20 min, HUH
AEIE 35 Co 4RI 1.5 g/100 g AEAFUFF B AR



MR EmB Modern Food Science and Technology 2021, Vol.37, No.6

IR, 32 CHMEIRFEIR A 12 h, A URT 5.

R+ FLER A PRI AL BERE (DD, 7 B AR i LAl
b, BN 3 @100 g EIFATEE, 32 CHRIEREIRE
F% 12h, AFE TR

Rl f+ LR R+ B B PO RUR AR (BD, RSB
(RIFERE L, 3B 1.5 g/100 g AEAFUAT A BRI R
Bf, 32 CHEIRMEIR K 12h, AT,

132 ABL MRkt m

B2 g ARA JRFE ST 20 mL [E A BT 25 A
RV LIRS JGE 60 C P4 20 min, fHAC
ZALH SPME 20k (B0 4 A4: 250 'C, 2h), 60 C
T 30 min, SZRIEA GC-MS £, f#fT 3
min.

i rE: ARG, Bk HP-1701 &
YHERE (30 mx0.325 mm, 0.25 um); HERE DRI
WA, HRAE 230 C; # (He) ¥itE: 1.2 mL/min;
WFAIGEIR 3 min; FHEFERF: WIUHIEE 30 'C, FREF3
min, PL4 ‘C/min F+% 60 C, #RJ5LL2 C/min F+ 5
100 ‘C, fR#F8min, FELL3 C/min FF% 120 C, &
#F 10 min, H/5 LA 15 C/min FF& 250 °C, f54% 5 min.

JRESEAE: B IR EL BTRER 70 eV, B TR
TREE 230 °C, PUZFREE 150 °C, A4k 250 C,
IRECTEELTE 100 r/min, JEEFIFER: 35~550 m/z.

FERME RT3 AT KA H A S P s £
#5, F NIST 14.L % FErs RITHCE M, RAHERmAAIA
— L AR A B

L4 HEaAr

AR EENE 3 K, mAEIR A FIE iR
HEAmZE, KH SPSS 22.0 Siit- 34T B bT
i T N OE S A KT 25925

2 ZR5L
2.1 RAEREM KB EE KRR R0

AL

DR B it ) L B A SRR AIE, R P RE SR
FERNE KRR & AR AR R 2L S5
—UEE R KRG, PRSI, e
FPEIARAFE s S R A R I 7 24 R A
R R R R B 22 GC-MS Kl 4, Hofmik
PIZE R ILIE 1, JLir e 8 R NAR 1, R MR
SrRIE R SRS WA 2, KR EAN R BEAR K
BEIN 7 T RAS &R 225 WA 2.

G

1.5e+07
1.4e+07
1.3e+07
1.2e+07
1.1e+07
1.0e+07
9000000
8000000
7000000
6000000
5000000
4000000
3000000
2000000
1000000

7000000

4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000

500000

5000000
4500000
4000000
3500000
3000000
2500000
2000000
1500000
1000000

500000

e NI NNONONI~IC00ONONO

NONONONONONONONONSON

:

|r\nﬁl'( L .m|h||‘|.ll||l||‘.“||| vl 1
5 10 15 20 25 30 35 40 45 50 55 60 65

B (7]

bbbty metloihe 1 o
5 10 15 20 25 30 35 40 45 50 55 60 65

B (7]

5 10 15 20 25 30 35 40 45 50 55 60 65
B (7]

5 10 15 20 25 30 35 40 45 50 55 60 65
B[]

5 10 15 20 25 30 35 40 45 50 55 60 65
B (7]

253



MR BRI

Modern Food Science and Technology

2021, Vol.37, No.6

E 1.2e+07
1.1e+07
1.0e+07
9000000
8000000

£ 7000000

# 6000000
5000000
4000000

3000000
2000000
1000000 L l 1
1 ) TN N W V01 S TR oY | Lty

5 10 15 20 25 30 35 40 45 50 55 60 65
B (7]
E 1 A EESMELZEARERMELZMERNRR S BRETFR

Fig.1 Total ion current chromatograms of volatile flavor

compounds in ginkgo seed powder by different enzymolysis

and fermentation methods
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Fig.2 Relative content of volatile flavor compounds in ginkgo
seed powder by different enzymolysis and fermentation
methods
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Table 1 Identification and relative quantification of volatile flavor compounds in ginkgo seed powder by different enzymolysis and

fermentation methods

s Rekdh i PFK n ;W@@‘Vé e
1 995 FH CsHyg - - - - 0.64+0.05 -
2 1631 3-TH2-FH-13-T b CoHg - - - - 0.21£0.03 -
32637 4-T -3 CoHig - - - - 0.28+0.01 -
4 16.10 d-ArAE b CoHg - 0.83+0.05 - 2.2740.10 - -
5 2215 HHIREZ CyoHg - - - - - 0.01+0.01
6 17.86 22,5,5-19 P -3 T CioHyo - 0.45+0.03 - - - -
7 2798 5-THk-1-2H CuHy,  0.1240.02 - - - - -
8 2816 244-Z T H-1-T K CpHy 0224001 - - - - -
9 2358 4+ =t CpHa - 0.2120.02 - - - -
10 21.89 TR+t CpHyy - - - - 0.62+0.04 0.09+0.01
11 2897 6-+ =t C3Hyg - 1.050.07 - - 0.22+0.02 -
12 2580 5-THA4-TH CpiHy  0.17+0.01 0.51+0.04 - - - -
13 34.79 + vk CuHys  0.12+0.01 0.90+0.05 - - 0.350.03 -
14 5290 -8 BFE M CisHyy  0.35+0.03 - - - - -
15 58.08 o Lot CisHy  0.08+0.01 - - - - -
16 50.96 B8 b CisHy,  0.2840.02 - - - - -
17 58.54 a-EE CisHy  0.6120.07 - - - - -
18 39.40 oM CisHyy  0.75+0.08 - - - - -
19 4754 HE-AT(1)- b CisHyy  0.11£0.02 - - - - -
(fﬁ%) 20 3897 REH CisHpy  1.99+0.12 0.60+0.04 - - 0.23£0.02 0.04%0.01
21 39.40 ikt CysHy, - 0.36:0.02 - - - -
22 41.60 ¥t Hi CisHy,  0.18+0.02 - 0.58+0.05 0.710.04 - -
23 4291 TE M CsHyy - 0.54+0.05 - - - -
24 51.29 Gk CysHy, - 0.80+0.04 - - 0.19£0.02 0.08+0.01
25 43.62 1- & e F Kb CisHy  0.120.02 - - - 0.22+0.03 -
26 41.68 6'2‘_§i%§§§2§£§;g) CisHyy  1.40+0.08 - - - - .
27 31.79 9+ A CysHzg - 0.64:0.04 - - - -
28 43.87 1=+t Ca4Hyg - 0.45+0.05 - - 0.08+0.01 -
29 9.87 —FE CgHyp  1.55+0.09 - - - - -
30 17.17 KLz CgHyo - - - - - 0.04+0.01
31 16.96 -9 AUL-4-F AR CH,0 - - - - 0.12+0.01 -
32 3597 4-F F A RI K CHyg - - - - - 0.19£0.02
33 5930 2,255 v ¥ A R CiHs - - 0.15+0.01 0.13+0.01 - -
34 51.38 l;i:,fz% /gh;\ CisHyy 7494011 - - - - -
35 41.65 1’1@??\2{‘;“ CysHas - 0.84+0.05 - - - -
36 22.69 Y- %79,%" CHy, - - - - 0.30:£0.02 -
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37 19.89 3-WETK C7Hyg - - - 2.04+0.09 - -
38 2287 22-—WHAII-AmEIFRAKE  CHLO - - - - 0.20+0.02 -
39 2201 33-ZF RO CgHis  0.880.04 - 1.360.04 - - -
40 42.33 EiE-Y 35 CgH;s  0.18+0.01 0.22+0.02 - - - -
41 2727 1-T A-2-F AR A CgHis  0.20£0.02 0.64+0.03 - - - -
42 19.89 2,3,3-= ¥ - R CsHg - - 1.40+0.05 - - -
43 634 AR b o) C5H,608i, - - - - - 0.430.02
44 152 NP RIRZAEIRE CeH 50:Si; 2.92+0.05 1.91£0.06 7.96£0.09 4.23+0.09 9.71+0.16 2.02+0.08
45 15.13 N IR B R, CgH40,Si, 1.5120.07 3.2240.13 5.08+0.12 1.66+0.05 7.96+0.14 3.62+0.12
46 16.11 123-Z F IR CoHig - - - - - 0.04+0.01
47 1755 ZEAEKE CoHy  0.19£0.02 - 0.65£0.05 0.95£0.04 0.42:0.02 -
48 13.45 2,2,3,4-09 K% CoHy  0.13+0.01 - - - - -
49 19.89 2,6- =% &M%, CoHy  2.35+0.04 - - 0.3120.02 0.09+0.01 -
50 22.53 4-F A FI CoHyy 045002 0.27£0.01 0.22+0.02 - - -
51 25.80 113-= WA -2R 8% CoH g - - - - 0.18+0.01 -
52 1478 FIZ, CiHy,  0.09+0.01 1.42+0.05 0.50£0.02 0.36+0.03 0.76+0.04 -
53 17.66 BRI CiHp  0.57+0.06 1.41+0.06 0.24+0.02 1.27+0.07 0.76+0.07 0.10+0.01
54 17.50 ZWEFR CioHy  4.10£0.12 0.59+0.07 - - - -
55 27.18 3-F AR CyH,  0.44£0.04 1.69+£0.04 - 1.320.06 - 0.08+0.01
56 3223 2,2,3,5-9 ¥ A Bz C1Hyy - - - - 0.14+0.02 -
57 18.18 3,7-=F AT CyHy, - - - 1.21+0.06 - -
58 2042 +—k CHy - 13.05£0.15 4.35+0.07 6.2740.08 4.95+0.12 1.07+0.04
59 29.19 1-mAR Rk, CyHyl  0.24+0.02 - - - - -
60 1422 12-—THRALK CH»0, - - - - 2.43+0.09 -
61 24.29 + PRI R AR C1oH300sSis - 2.4120.05 1.880.07 1.55+0.05 2.37+0.08 0.63%0.04
62 59.71 1,1 3R S, CpH,, - - 0.43+0.02 - - -
63 21.78 5-FHhR+—k CipHy  2.29+0.06 0.59+0.04 0.36+0.02 1.43+0.09 0.49+0.04 -
64 21.87 3-F¥R+—% Cy,Hay - - - - - 0.04+0.01
65 23.38 4-THRI CpHy  0.29+0.02 0.28+0.03 - 0.20+0.02 - -
66 16.78 3,4,5,6-09 F A F 4 CpHy  0.500.06 - 0.93+0.09 - - -
67 21.36 S AR CpHy  6.32+0.15 0.48+0.04 3.00£0.13 8.25+0.09 0.90+0.05 -
68 1423 2,2,4,6,6- 5 F iz CpHys  15.59+0.22 1.91+0.12 3.70£0.08 3.52+0.11 - -
69 26.55 + = CpHy  1.2120.04 1.46£0.05 1.25£0.08 3.33+0.08 0.80+0.05 -
70 16.07 PR CpHy  6.03+0.21 0.66£0.06 3.03+0.08 - - -
71 1847  5-ZA-223-Z W REK CpHy  1.10£0.02 - - - - -
72 3642 + =R IR R AL CpH306Sig 0.31£0.03 0.81+0.06 0.42+0.04 - 0.63£0.04 0.25+0.02
73 2897 1- /% A-2- 2B R CpHy  0.22+0.02 - - - - -
74 18.19 3-F =k CpiHys  2.37+0.08 - - - - -
75 16.49 2,3,8-Z F A CiHy  2.69+0.06 - 0.42+0.04 - - -
76 21.89 Z¥ R+ Ci3Hyg - - - 1.47+0.05 - -
77 1893 5-Th+—8% Ci3Hyg - - - 0.60+0.03 - -
78 17.20 5-TALIR C3Hyg - 1.19+0.06 - - - -
79 4544 =3 %79, 39 CuHys  0.15+0.02 1.17+0.08 0.95+0.06 0.80+0.02 - 0.20+0.02
TR
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80 4232 + gz Ci4Hy - 1.70+0.05 0.96£0.07 1.41£0.05 - 0.090.01

81 2296  2,233,56,6-&FEER CyH;  0.41£0.03 - - - - -

82 18.82 4,6-—FH+ =)z CiHi  2.00+0.05 - - - - -

83 5093 + g IR LA AR CuHp0:Si; - 0.59+0.02 - - 0.13£0.02 0.11=0.01

84 28.96 R CysHy, - - - 0.37+0.01 0.24+0.02 0.0420.01

85 20.41 2,6,10-ZF 3+ )% CisHy,  1.49+0.03 - - - - -

86 58.92 F kR IR C¢Hx, - 0.32+0.01 0.25+0.02 - - 0.02+0.01

87 2021 Ray CiHy  1.61x0.07 - 0.23+0.02 0.27+0.02 0.48+0.04 0.03+0.01

88 57.68 55-ZTET =K Cy7Hz4 - 0.20+0.02 - - - -

89 1791 3-FAAR CiHys  1.06+0.05 - - - - -

90 22.02 +-kz Cy7Hz4 - - - - - 0.02+0.01

91 6142 AT ERREAR CisHss0081p - 0.09+0.01 - - 0.09:+0.01 0.04+0.01

92 19.89 2,6-=F h+-ix CiHy 2352011 - - - 0.09+0.01 -

93 18.18  2,6,10,14-09 F &+ Az CioHyo - 1.73+0.06 - - -

94 17.87  2,6,10,14-w F i+ CypHyp  0.12+0.02 - 0.69+0.04 - 0.94+0.07 -

95 31.69 et 5 5 CyHy  0.15+0.02 0.25+0.02 - - 0.13+0.02 0.02+0.01

96 3224 - A=+ CyHyCl 0.160.01 - - - - -

97 29.58 4L R THREAA R CyoH33F;0, - 0.24+0.02 - - - -

98 27.49 10-F A =+ CyHyy - 1.01£0.05 - - - -

99 27.82 55-Z TRtk CyHu - - - - - 0.06:0.01

100 27.18 55-Z B CyHyy - - - - 0.24+0.02 0.06£0.01

101 3538 == CyHyg - - - - - 0.04+0.01

102 20.19 —+k% CyHsg - - - 1.140.04 - -

it 78.21 4751 072 47.07 38.51 9.46

1 647 S CH,0  2.49+0.06 8.25+0.09 5.05+0.09 1.02+0.04 - -

21029 JEBE CHi,O  0.90+0.02 3.39+0.05 - 2.82+0.08 - -

31263 S CHO  0.85+0.05 1.88+0.05 0.76+0.05 0.90+0.06 - -

4 1537 2,4 Wk C/H,,0 - - - - 0.42+0.05 -

5 5862 24-—F KT E C7Hq0; - - - - 0.04+0.01 -
ok 6 1497 FiE CsH ;O 0.18£0.02 1.23£0.04 1.06+0.06 1.26£0.07 0.82+£0.05 0.12+0.01
(2 #) 7 2390 2-EHlE CoH,c0 - 0.86+0.05 0.78+0.04 0.20+0.02 0.74+0.06 -

8 2061 eSS CoHisO  3.27+0.08 9.61+0.12 10.71+0.1513.89+0.15 2.74+0.08 0.69+0.05

9 2686 B S CioHyO  0.64+0.06 2.05£0.07 1.62+0.06 1.81+0.08 0.62+0.06 0.17+0.02

10 3249 24K B CyoH,c0 - - - - 0.79+0.05 -

11 5161 345-= ¥ R AR FEE CoHp0s  0.30+0.02 - - - - -

12 59.99 Bty 5413 CyH,0  0.06£0.01 - - - - -

Avit 8.69 27.27 19.98 219 6.17 0.98

1 3001 W h% AR ER CH,0,S - - - - - 0.04+0.01

2 19.53 HiL C,H,0, - 0.68+0.04 - - 0.52+0.06 -
e 3 1251 FLER C;3H,05 - - - - 19.84+0.12 3.00+0.12
(21#) 4 583 2-F R AER C4H;0, - - 0.82+0.06 4.06+0.08 - -

5 901 2-FATH CsH 00, - 0.26+0.01 - 0.79+0.04 - 0.14+0.01

6 1820 2-%AK3-FATER CsH,,05 - - - - 0.50+0.05 0.76+0.06

TR
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7 18.86 2-#2 3 -3-F K ORER CeH 505 - - - - - 0.16£0.01
8 19.94 2-F 4T HORER CeH .04 - - - - - 0.07+0.01
9 21.03 2-THATHE CHp0,  0.62+0.04 - - - - -
10 23.93 3-F KRR CeH 50, - - - - - 0.33+0.02
11 2430 B CeH )50, - - - - - 0.99+0.05
12 2462 3 C7H 40, - - - - 1.98+0.08 0.10+0.01
13 3481 3-FATEF AL TER CH,605 - - - - - 0.63+0.04
14 58.88 34-—F I AR CsH;Os - - - - 0.10+0.01 -
15 26.14 FR CsH,60, - - - - 0.10£0.01 0.53+0.02
16 59.71 5- (2-Em ) KB CoH;,0,S  0.06+0.01 - - - - -
17 1246 FRLBEBR CoH,,NO;, - - - - 0.7120.09 -
18 1226  (-ARK-12K5842-8)28  CoH,NO;S - - - - - 0.84+0.09
19 26.89 BB C1oHy0, - - - - - 0.14+0.01
20 3538 28 AR T RLTER C7H;sNO; - - - - - 0.07+0.01
21 3153 by 97 220173 CyoH350, - - - - 0.09+0.01 0.03+0.01
it 0.68 0.94 0.82 485 23.84 7.83
1 874 2- R B C;H,S - - - - - 0.28+0.02
2 946 FREE C;H;0 - - - - - 0.660.05
3 350 W R B CHgO,Si  1.31+0.07 0.810.06 - - - -
4 183 23-T=B C4H,00, - - - - - 7.10£0.14
5 1134 (G-FARAKR-2-H)FE: C4H;0, - - - - - 3.11+0.09
6 1217 3-W L AR C,H,,08 - - - - - 3.67+0.12
7 1326 —HE C,H 005 - - - - - 0.150.01
8 563 1-/%B% CsH,,0 - - - - 0.28+0.02 -
9 8.66 2-wk v ¥ BE CsH(O, - - - - 0.120.02
10 479 F IR CsH,,0 - - - 15.54+0.21 - 15.56+0.12
11 6.60 78§79, %4 CsH;0, - - - - 0.48+0.05 -
12 916 -8 CeH,4,0 - - - - 2.75+0.09 -
ik 13 1031 4-F R 2- KB CeH,4,0 - - - - - 0.32+0.03
(26#) 14 1033 3-F R0 CH,c0 - - - - 5.65+0.15 -
15 1270 2R BE C-H,;s0 - - - - 4.76+0.13 -
16 2133 RTB CsH,00 - 1.85+0.07 2.33£0.09 3.13£0.08 1.78+0.08 25.79+0.16
17 1636 FFEE CsH,0 - 2.58+0.06 4.70£0.09 4.00+0.08 0.87+0.06 -
18 13.79 - 4-3-5% CsHiO  0.87£0.05 1.42+0.08 0.83+0.06 0.57+0.03 0.90+0.06 -
19 1851 2-F f-1-5% CsH,0 - 0.510.04 - - - -
20 58.73 754 CH 00, - - - - - 0.030.01
21 4358  AFHE1T-mAERM B CgHyO0sSi, - - - - 0.27£0.02 0.05%0.01
22 3223 4-Th-1-F B3B3 C1oH,50 - 0.52+0.05 - - - -
23 2215 2,7- =W k45 F B C1oHx0, - - - - - 0.08+0.01
24 2581 + =8 CpHy0 - 0.41+0.04 - - - -
25 21.15 2-T A+ =B CisHigO  0.17+0.02 - 0.75+0.07 - - -
26 59.45 34—H AR B CooHy04Si, 0.04£0.01 0.18+0.02 0.1520.02 - 0.13£0.01 0.0620.01
ANit 2.39 8.28 8.76 2324 17.99 56.86
TR
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1 1248 BRBR LR BS C;H,0; 0.35+0.03 - - - - -
2 874 TABS CH0, - - - - - 0.38+0.04
3995 FUBL ¥ B C,4H;0; - - 1.28+0.06 - - -
4 1633 FRER ST B CsHyO;  0.83+0.06 - - - - -
5 1083 ¥ 8 R —BE By CsHg0,4 - - - - - 0.34+0.05
6 13.66 A B TR CsH;00, - - - - - 1.83+0.08
7 1873 Z A CBRFES CH,F;0, - 1.10+0.08 - - - -
8 1398 1-FALA-1-THFAAEE  CHyNS, - - - - - 0.15£0.01
9 14.64 LB LB CgH 60, - - - - 0.22+0.02 -
10 14.64 TET B CsH,60, - - 0.310.02 - - -
11 14.65 FTEBRFTES CH,60, - - - 0.37+0.13 - -
121032 IR S B CgH 40, - - 1.83+0.09 - - -
13 18.94 ENE S CoH,,ClO, - - - - 0.66+0.05 -
14 1517 B —BR LB CoH,404 - - - - - 0.08
15 26.53 F8 LEg C1oHy00, - - - - - 2.56+0.09
16 2481 KA B Cy0H,,0, - - - - - 0.06+0.01
17 2239 BRE+ = b A B CpH» 05 0.68+0.08 - - - 0.11+0.01 -
sk 18 2749 TR B C,;H,405S - - - - 0.24+0.02 -
(B4HF) 19 42.09 BB OB CoH0, - - - - 0.1240.02 0.6620.06
20 36.92 T AR+ IS C3H5S0; - 0.40+0.04 - - - -
21 4355 B A BRAE C3HyFs50, - 0.51+0.05 - - - -
22 3248 = A TB kg C14Hy5F50, - 0.57+0.04 - - - 0.06+0.01
23 5757 P ALBR TBg C14Hy50, - - - - 0.10£0.01 0.0620.01
24 20.04 T FRER B KBS C4H:,S0; - - - - 0.26+0.02 -
25 21.38 2-LHATHF T A CisHy03  2.9940.08 0.68+0.06 - - 0.52+0.06 -
26 22.15 T AABRAR A 2- /R B CsHy05S  0.46+0.04 - - - - -
27 6.56 245-Z AR NAERES  CsHgClLO, - - - - - 13.29+0.14
28 61.75 ARKZ P EREY C16Hp,04 - - - - 0.02+0.01 -
29 27.26 BB 2- G T F R Cy7H3,0; - - - - 0.12+0.01 -
30 23.63 T8 2+ =88 C7H3,0, - - - - - 0.07+0.01
31 2239 RE NIR IR BS CioH30;  0.33+0.02 - - - - -
32 34.16 FRERA L Bg CaH3304 - - - - - 0.04:0.01
33 3248 TR AFBRF ZIAB CyHyF 50, 0.15+0.02 - - - - -
34 2139 “Zf;z;ﬁg;’l CyHsyO4 - 2.2240.09 - - . B
it 5.79 548 342 0.37 2.37 19.58
1 2588 &) CH;0 - - 0.29+0.02 0.37+0.02 - 0.35+0.02
Bk 2 3404 3-9 A -6-FA A KB CoH,40 - - - - 0.12+0.01 -
(4 #F) 3 4042 T T CoH,,0, - - - - - 0.05+0.01
4 50.60 2,6- AT Ht Ty Cy5Hp0 - 0.53+0.03 - - 0.26+0.02 0.15£0.01
it 0 0.53 0.29 0.37 0.38 0.55
TR
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1 395 AR (35 2 T BF)) C4HyO, - - 2011012 - 0.84+0.06 0.12+0.01
2 534 LA AR CsH;sN - - - - - 0.18+0.01
3478 2-LHIRTER CeH,0 - - 0.47+0.02 -
4 1871 2- TRt C¢H;NO - - - 0.91+0.06 -
5 1326 Z Rk CeH40 - - - - - 0.90+0.06
6 23.52 23‘?;%&3&;;?;”6 CeH;0,4 - - - 0.58+0.04 0.24+0.01
e -~
(134) 22.70 R CsH0 - 0.41+0.04 - - - -
30.10 4-TLHAIRTER CsHpO  0.51+£0.04 0.88+0.05 - - - -
9 1433 2- Rk CoH,4,0 - 0.59+0.04 - - - -
10 13.12 2-FiHh-4- SR CoH;NS,  0.39+0.04 1.06+0.08 0.62+0.04 - -
noson ¢ Z‘i‘:ﬁigfﬁ ; 2 a0 - 0161002 - ] ) )
12 2816  &RTAFARARALE CioH 50 - - - 0.14+0.01 -
13 4598 Aot kAR C;3HpO  0.130.01 - - - 0.04+0.01
it 1.03 3.55 20.73 0 3.02 148
E CORTAKE.

*® 2 TR LAEAHRERGIELMERIRE IS ESHA

Table 2 The groups and amounts of volatile flavor compounds in ginkgo seed powder by different enzymolysis and fermentation

methods
P G A B C D E
FEAATBE/% AR AT E %N RIS ES% R AXTEES RS EE% R AATEE%
BE 53 7821 41 47.51 27 72 26 47.07 36 3851 28 9.46
mE 8 8.69 7 27.27 6 19.98 7 21.90 7 6.17 3 0.98
BE 2 0.68 2 0.94 1 0.82 2 4.85 8 23.84 15 7.83
BEE 4 2.39 8 8.28 5 8.76 4 23.24 11 17.99 13 56.86
Bsk 7 5.79 6 5.48 3 3.42 1 0.37 10 237 13 19.58
BE 0 0 1 0.53 1 0.29 1 0.37 2 0.38 3 0.55
te 3 1.03 5 3.55 2 20.73 0 0 5 3.02 5 1.48
3t 77 96.79 70 93.56 45 9672 41 97.80 79 9228 80 96.74

22 ARAEREEM KB EAE KRR R A1

A

221 RBREMYF AT

TSI AT et AR A A,
RIRTTHREL /N, ANRIBGAR R T7 R AT Sk g2
IR AR AR 1 28 SR, AR SRR/
A G>A>C>B>D>E. G FEIHHA 53 Fl, #
X E AL 7821%, B IR R A 28 F, AN
FRIKE 9.46%, ULHIHRA R AR B K1 5 2]
BIGHIEIITURA T HeAk, FEARNERER. BeRSEE
SR ISR T AR 20 7 i KUK TR,
BRI AR, HAEAFRE S AT S =R/
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A G>A>D>C>B>E. G Ff i FIAE RIS &
TN 15.54%, H 1-5p N 2E-4,7-— HENSEZE AT
SEREN 749%, CREHIRHEER K, 1
HNERA o- UG a-BEVE NG 2R, o1 E
i S-E . DA S SRR I SR B ALY
W IR . G RS 2,2,4,6,6- L FEPEE . 28052,
T HOREE N R E A S sy & s, B
FE AR IR LR P ARAG Y, HGEE 2 8 56 AU
SOMAAN K, 5 BARAT SR TN I [ A A LA 74
B RHR A R, NIRRT R, 1 g
T A,
222 BERMF AT

P 24y Jog E BRI T R R TR D R 1 SR A AN
FR I Strecker BRI, BIMERIR, X XBEITT
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BRICK o AN TRIBGAR A7 S AR A S0k FR I - T
FRSFIARNS & 22 JIROK,  HARX & &= 1K/ INIUT
A>C>B>G>D>E. A FERYIGE 77, X &8
15 27.27%, E FEEEYIAE 3 M, MNSEKE
0.98%. JLFIFES /. CfE. PiliE. ZKFmE. F
fitt . ZEMERIARRT SR, HAERELE C R FRARXS
TN 13.89%, HIXN B FEAh 10.71%. A FE5
9.61%- G Ffili 3.27%- D il 2.74%- E £l 0.69%.
Tl FREFIZS RS IR A=), R I
PR, HAMER. HE, A R XA EH
HOREE, AL By C RESHBIARA L4 I 2B ff . BAp
VIFUAF IR FEYFUAT B AR I RER & R S
HERE, Ol Pl REMCERSER, HEE
AR R FUAT B R IR AR A SRy (D AT E D
R REPRERR H, TR RS, R
AR R R RN R IR AR A, A SR
AR, G B CRER PR S B R E S
S, A FER RIS A UE N BB 0 AR Sk 2R
TS, Dy E P RIVEN B U IR FUAT 1 K
(RS SN R R A, BT B A
BB FR R YA
223 BREMFE AT

BRI I ERIR TR FUAT iR ) R, o=
FIRIEE R FR M & AR A ), R Rl
fif R 7 SR Sk s RS T R AR R & &
ZERIR, HARXS & EAIR/ MUY N D>E>C>A>B>
G. D 1EZMIA 8 B, MIXTEERIL 23.84%, G
RS RA 2 M, MRS EIKE 0.68%. D Ffih
FRFLRRAIARXS & e N 19.84%, HUKE E BERA
3%, FIREZ AR YFUAT B8 A= A I LR T 5 R
W RER I AR IR A5 A R, PR T E LR
&, O E M IRra sy, BAEIMTT
B S S BRI T £ BT . SRR Ik
Sk BRI S RS Y, TR 2
224 BEERMFHAT

B ) 0 2 P 8 B 2 A B R IR I AR
e, TP B R ED, SRk A
HENEM . A FIREE A R A Sk BRI
(RS FIARNS & B 22 R AROR, AR & 1 K/ MUY
N E>C>D>B>A>G, E Al C ¥ i 4 BB R &
HERYR & BB E . B PEERYIRAE 13 F, Fx
H A 56.86%, G FEERYIT A A 4 Fh, FXTEEIC
2 2.39%, ULHERA A BRI R BRI I B R o
FKAEN S EEFZ, [FRRE T HESE. K
BE. SIREE. 23-T ZES2 E FRSRRREM

HAF &S B AN 25.79%. 15.56%. 7.10%. K
A RERIR TR B LR R R, BE
Tt B KRS B R — 2 A RIEM
POl Skl BA KRR WE, T B hERER
Bfrere, BAKREDY, Btdias B XU AR
fIER .
225 BERMF AT

BRI R B S R R AR R R A s Ak S (1)
PR, K Z B R S NI R . AR
fif R 7 SR Sk T BRI R AR N & &
ZERIR, AR &&= RK/NIF A E>G>A>B>D>
C. E EERYIBE 13 b, A& EmEIL 19.58%, C
RSP A 1 R, A RIRE 0.37%, UiBER
A REVERBEY FRE YU BRI R AR & KIS
FLRESR 5 A H R I B e 7= AR R S A LA
T R P A IR AE B AR A R IR, 2,4,5- =&
FHIENHERRIG . FIROEG. 28R B2 E FE AR
RS, HABRT B 850508 13.29% 2.56%- 0.66%
FROTEEAETEH. NENEE, BIROTEA W
BE, MTE. WED, REERRIE KR
HoAR JURPRE S PSR AR & ERG, REREN
SRR KRR, (B KA 55 AT VR A,
226 EERMF AT

W 2 AR iR, (HEAA— R hiEk
ik, — IR PR OR . 6 PR )
JR IR AR & A, (HER LA, XAk
AT B — 2 s . ASIRI AR R 7 SR ARAR T
W YRR B RS AR B2 SRR, AT
BN N E>ASD>C>B>G. E Ty YRE 3
B, MIXTE BN 0.55%, G RFEMZEYIR. E 5
BHM. THM. 2,6-—50 T E0Hl 3 B2, 2,6-
THRT RS R A UM, T &R E R R
G, AWM TRES, HBMERIED.
227 HeEMRoH

e RRII R SHASE 6 Rl BE2E 2 Fh, Ze3p4%
5 P, EESEY) IR —RCRIE T RN A AR AN S SRR P
R, R, S RRIITTERAN K. BR T B REM,
o S PR Sl i LB SR USRA T (1 Fe SR AR X 5 B
BMK, B FESH MBI G-RIETED A& Bk
E, N 20.11%. ZAREAEEH 2,3-T —HiF@EMN o-
LIRFLIRA AR E KDY, A&k, 2- k3
R EAE T, HRNEL), S5ERRE
BERAIARIENE, AAE AR S BB AR AL BERE S FR ARG I H
VLI ERA R R P R e 2Bk 2- IR RIRAS R X
I
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2.3 HEdR R KR AR E R A

231 FR MR 6 Z R AFAAEAT
FIF SPSS X E AT EN, BT R T
HAFFRE. %3N 6 FHRAHR A 7 845 R MR
1 FE BT RHEE KX TR, 3R 4 T 0 RFHE )
BT R 3 K 4 WL, SR 3 N ERR
S RTERAERRY>1, BT TTlRERIA 85.84%, KM
R, A RESR T E BRI E . B
N 49.86%, MEEFFNEISIIEATREL (0.93. 0.79) Jx
RLT HAE—E R ITTRR, BEREE —F R R
FAHK (0.97); FEZEWMTN 2091%, BEEEFEZE

I 2R H (0.90, 0.54) WL 1 HR 85 — i A5t

Bk, PEREEE T ERI ROHR (0.69); HERRN

T =F RS (15.07%) M5k (0.92). FERE

IR 57 FA) AT R U B AT SOk PP BRI RE MR, BTG
XK TTHR K -

*® 3 ERFHEEN TR

Table 3 Characteristic value and contribution rate of principal

components

ERS MEAHIEE FTTRRE%

1 3.49 49.86

2 1.46 20.91

3 1.06 15.07

R TTRE%
49.86
70.77
85.84

x4 ERDFHERE KRB RO

Table 4 Principal component eigenvector and load analysis

A

B3 R

%= 3 RoH

HiEe € AT

LEZhaok-a

AT AL F AT

037 -0.97
0.14 0.93
0.02 0.79
0.23 0.11
0.12 0.58
0.42 0.07
e (X)) 0.14 0.20

-0.10

0.50
0.02

-0.18
-0.36

0.31
0.30

0.17
0.18
-0.55
0.90
-0.69

-0.05 -0.10
-0.07 0.15

0.77 0.01

-0.08 -0.22
-0.45 -0.39
0.54 0.14 -0.34
-0.24 -0.23 0.92

232 ESARKMRERM T AR

FRAE E R SRHE R R [ RFRR, HEK 4 7L
23 3 AN FERERIE A

Y;=-0.37X,+0.14X,+0.02X5+0.23X,+0.12X5+0.4
2Xs1+0.14X,

Y=-0.10X,+0.50X,+0.02X5-0.18 X,-0.36.X510.31
Xs1+0.30X,

Y5=-0.05X;-0.07X,+0.77X3-0.08 X,-0.45X5+0.14
Xs-023X;

*5 FERMHEEEHRHK

Table 5 Comprehensive score and classification of ginkgo seed

powder
H o Y, Y, Y; Y 131
G -1.69 096 -057 -131 <0
A 031 0.97 -0.31 0.36 >0
B 0.06 1.02 -0.81 0.14 >0
C -0.07 0.47 0.32 0.13 >0
D -0.04  -0.14 1.89 0.27 >0
E 1.43 -1.36 -0.51 0.41 >0

R X~X; N AR S bR AR AR B J AR v AR
i, S RECNS ERP R RHIE R R, TR TS
H 6 MER S ER VRS, R 5 . LL Y.

262

Yo V3 =ANERO IS B EREES 3 N R
THOTHRER I LA A 2R, SRS AR PRI
RAI 2RI, B Y= (0.4986Y,+0.2091 Y+
0.1507Y3) /0.8584, ZiH AI#3REFERA M 145
HVr Y, IES.

GC-MS 25 R 2E & 1 o AT L 42 54y
RS AL S I RR AT VRS, IRURA R AR
il R I T 7 4R R TR o Yo A o XU P T
WP, i 5 AT, G 4541849<0, AL B. C. D.
E 261500 10>0, ULHIARTS RE AR BHR KB 7 Wik
PG HAE R MR R A T AREE . E R
MLEEVE i, G AR HE R . 2a AR
FHAERNE R AT IR R SAIXT S =0T, B AR
RS BRI E BRI A A & B,
R DTEREHR, T G B R R A PIAER & &= IR
AR LA EUE, X RRTTERE D, EARAEHE
i AEERT USRI 2 A G, FTEL, IR
BRI BT L b, ARAY SR E 77 2RISR VR g B
IR FLAT B BRI e BT B R B USRI il o
AT REAR DR e A T P A R I R AR KA TR
SRR, BRI RER R RIUREE TS R
I, PEARR) OIS IR T R AR, IR LR K=
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S0 FLIR A K BRI R, AR T AR A K

U8, Wl P R R W A R TR PSS At X
BRI P2 A
3 Zhip

3.1 SR FH IO [ A ok A - B B AR G R A TRl
SR R 4 R AR S 23 R R A HEAT T 5 40T o
GERR. A RAAFIRHR R 7 225 5 AR K
PERUR A IR R AR SR Z I E. G AL B
C. D+ E B3RS e HE Rt U 53 212 F, 43
N 77, 70, 45, 41, 79, 80 B, FEASEIEA, B
BB WAL WE2E. WKL EAREE. WA RAR
KBV FRE AT . BRBEARRREA KRS (BE) 1Y
RERAR, B, BB AR SRR & R R
B, B B GYIRIRR AR & R R R
XPERAT IR BOR SN R XU = R ) L U
T, SR, OB, R, 2,2,4,6,6- T AR PR
ZEpE. HORAEPE R RSy, G T P R R IR
XS EEE FRECk it 7E T AR Z
B (25.79%) SIREE (15.56%) 2,4,5-=F A Ak
FREE (13.29%)+ 2,3-T B (7.10%)+ 3-HARIEAEE
(3.67%)+ FLER (3.00%) %5EBRIABRS, FHXT
Tt 68.41%:; RFNBGEE P R AR I RT A R
Ak, AR TR BEIEEA N XU o 17
4,

3.2 R ERS TR AR A A A R B AR & 9%
I 6 FIFER RS, G 25613495<0, AL B.
C. D. E %850 14>0, EFEMMIZEA T i, i
AR AN RIBGAR A 7 AR AR T R AF KUk
IR, AR R E 5 300t R RUBR AT e
EH. AFEEF AR REAE KA R
SRS R USRS, SR G B B[R] A B T A= 47)
AR, JERA RGN IR o XUz il 52
BECRE, VAR AR AR A .
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