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Abstract: In order to investigate the differences of volatile compounds in sprouted garlic, an electronic nose and trap
headspace-gas chromatography-mass spectrometry (HS-Trap-GC-MS) combined with orthogonal partial least squares
discriminant analysis (OPLS-DA), aroma activity value, differential heat map, and correlation analysis were employed to
analyze the differences in volatile compounds of garlic sprouts at 0, 24, 48, 72 and 96 hours. A predictive model with a
prediction accuracy of 96.00% was established by combining the electronic nose with OPLS-DA. GC-MS analysis revealed
that sulfur compounds were the major common volatile compounds in garlic sprouts at different sprouting stages. The
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relative content of sulfur compounds showed a decreasing trend with the prolongation of sprouting time, while the variety

exhibited an increasing trend. Allyl disulfide was the compound that experienced the most significant decrease in content

during the sprouting process. Allyl tetrasulfide and allyl mercaptan were identified as common key compounds in the

samples. Differential heat map analysis demonstrated that in addition to differences in the content of common substances,

the absence of propyl sulfide, hexanal, di-tert-butyl dicarbonate, propenol, 6-methyl-2-heptyne, 5-methylthiadiazole, 2-ethy-

1,3-dithiane, 2-prop-2-ynylsulfonylpropane, 2,5-dimethylthiophene, 2,5-dimethylfuran, 1-hexen-3-ol, and 1,3-dithiane

further amplified the differences in odor between non-sprouted and sprouted garlic. The types of main common volatile

compounds in sprouted garlic showed an increasing trend with the extension of sprouting time. There was a significant

correlation between the major volatile compounds of garlic and most sensors of the electronic nose. The odor intensity of

garlic gradually decreased with the prolongation of sprouting time.

Key words: sprouted garlic; gas chromatography-mass spectrometry; electronic nose; orthogonal partial least squares

discriminant analysis; odor activity value; differential heat map; correlation analysis
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LI 10 °C/min FHEZ 250 °C, 48 1 min.

MS Z&4: E1 &5, B F3&difeidh 70 eV, &
TR EE 230 °C; A= BT E A Y Fl : 45~450
m/z; FFIEIR 66 s,

REME ST M A5 KPR A 04 s R LR 2R NIST
2011 {57, BEEIE S VLHELY R T 700, [FA) 5 SCHRE
PEAT EEXTRNGS A N T ST i R T

A 2% ST P e BRSNS IR, AER
3 IR L L ReASIN B 5T, AF A Rl R T
A I

RE AT W AU —fh ik, TR E
H.

1.2.4 CEEEFESIGYMET S XE 55 1y
AR IHPE(E (Odor activity value, OAV):

¢ A (D

OAV = T

. C—3EE R BT I AEXT 5 2 (%) ;s T—%FE
KPER RS R BME (ng/ke) o

2 REX) 8 B8 AU (IS 45 SR AL AE OAV BRI
T AL G W HAH X 500 1 {8 (Relative odor acti-
vity value, ROAV) Ky 100, HABIE L YRR ROAV
THEANT .

Ci Tmax

ROAV, ~ C XTX100

o C— 4 KW B AR 5 1 (%) 5 T—I%
YR R B SR BB (pg/kg) s T, OAV B KA
LA YIIRIE (pg/kg); C, . —OAV T KL GG
FEXTE (%) o

—JBEA T ROAV = 1 BUIL- G W AR i #E AR S
A EE T, SS9 0.1 <ROAV<I 1k H
Yy F AP B s ROAV<O0.1 BIALG ) X RE Wl 3 AR
JRBRTC TR, e RS
1.3 HEAIE

Lo R IR 22 AL AESCHESTHT . B
A —Ab b T R 1) K2R JH Origin 2021, SIMCA 14.1
HAFHATHL 52 OPLS-DA | 312 Tl A d o pE 4%
5 ( Variable importance in projection, VIP) . SPSS
25 ARG EE S bR 22 (X+s) o
2 FER57Hh
2.1 EAFRIERRKEMNTL

2 1 BIGRI AT G s AR K AR RgE R . Rrh
A AT H AR I 4 B Bl i 2 s 6] P S T o,
FL R ZE 48~72 h JZ IR A]BE, HHE AR 5.92%
BRAZ Ay 12.80%. M FFAHT 28 5 52 00 AR ME I 25k
T, TE [ ZE 0 () B Y 14 s B i < B AR AR AR
/e X UEBHAEAR IR S50 I A 2R BEAERL
22 HBFESHER

B 12 DL T SR RS Y E AR i Bk A
K AR A] LFR ARS8 3 4H: AL B; C; DL E. A Fil

=X (2

® 1 HEFRTE R

Table 1 Changes in garlic length before and after sprouted

Gy WIZERE] WA HORRE BRE R KRR
(h) (mm) (mm) (mm) (%)

A 0 25.32+0.00*  0.00+0.00°  25.32+0.00°  0.00+0.00°

B 24 25.32+0.00°  0.55+0.01¢ 25.87+0.01¢ 2.17+0.00°

C 48 25.32+0.00*° 1.50+0.03° 26.82+0.03° 5.92+0.00°

D 72 25.32+0.00° 3.2440.02° 28.56+0.02" 12.80:0.00

E 96 25.32+0.00*° 4.43+0.01*  29.75+0.01* 17.50+0.00"

TE: FISIARNG FRER 28 5 3% (P<0.05)
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Fig.1 Electronic nose radar chart

B BEEESR FARUEE 5, FLAE R B G s N A
BH 2 & F C. E Fll Do 5583 BH a1 S A% 28 i
RO A B, U6 AR R AR D A E RS TESR
R AEARLRE &, HAE R 2 HUL %ds iy R (EEE AL
B. C MFESHIK. X ULHHRE RS & ZEEH R RE G, HA R
HERTEIR -

Kl 2A J2AE A T BRI 45 G OPLS-DA 5L
TS BSOS R . A AT LUE Y, B S AL
B BRSO EE PR 4k AR R v R 2 AR
UL AL B AR AR, CHSVSTMTE ALB S
D. E BEfh 18], BEHAREZE 48 h fUFESH C 5 AL B Al
D. EFEAL 22 5. DL E RS AETE — . =R,
T 72 h F1 96 h BFUHESLTE SR EA 22550 5 DAL
Bk AL B 4, HAlh 3 AR IGARXT AN ST B9 53 A e 4k
Py — . =R, X 3] AL BAHUE S, C. D,
E 225 . RS 7E 4R 95041 BERE U6 AR &
ZIAIAAERURE , tRE U e S HEA BLIX 40k i LT
HYEAE. 5 AFES A AR EPIGTEEL R7X=0.999, K48
HEAEH RY=0.971; BRI TN FE XL 0°=0.960, H T
HEJIH 96.000%., — AN HAEEANHEAEEL 515
BT 0.5 BTS2,

%l 2B J2H) BRI 28 55k 200 YR (Fx K 999) B
Krgm s . B9, R? 2 0.991, #i#E "4 —0.003, O°
A1 0.985, #iHE A—0.358, X Ui ARS8 4, B
FIBOUEA L . — A M AREE /N T 0 B, ol Al
BRI, A RIE,



- 246 - B Tk B 2024 4 3 H
08t cSblc 2.3 GC-MS 4R
oot tf H A Y F0 HERR TR 2E KR A V) T 122
o2t E;E AR 5, SEEG XA R B ZERT [A] 1 KGR T GC-MS 7347,
& 0 e k9 S R A RN ZE L3 2, S22 3. AL B. C.
04t A B D. E 5 RS SI BRI 17, 41, 40, 39, 39 Flif%
08} P RV, 3 65 B, S SR AL G4 31 Al S
e T s o 5 10 JF 13 R BESE 8 R, Bl 13 A, B ZEAORE ALK
t[1] B S ARSI T 5 R S AR X 5 430
osl o 9 95.36%. 96.93%. 94.89%. 94.28%. 95.37%, LI
06| s R BAL AN . 5 ARERIAT IR 12 B (1L Fh 6
041 ! e ¢ AEA 1 RIS )« M5 T BRIREE . 75 P H S
2 oo ! Fik . PR AT BERRI . 3,4- I ey
S o2} E—E e P ZLIA TN LA | J75 PN 3 P 3k ik . 2,3-— FF kg
—04r a Wy, IR . AN R A . s T SR U AR
ol . (B)- T2k SKSCHRr MBI . Fh2s . 7
0 0 o 0 os 1o R HAT YRS, W20 R BT A B 2R RN 2R
- PER LRI 25 .
2 H 5 OPLS-DA 43T (A) . A U IEL:5(B) HiR 3 AT, BRIl S Y RICGERIN R R
Fig.2 Results of electronic nose OPLS-DA analysis (A) and P50, ARV 7 B 2 o] S R 52
model cross validation (B) A HRPIEII LI Y BT S B R
22 B IGHEERMEYB AT
Table 2  Analysis of volatile substances in sprouted garlic
N LH Sl 2 (o,
g R ET ey CAS - - T ECEW - -
Ffba
1 2216 FRAL 463-58-1 0.01+0.00
2 2.326 PP B 74-93-1 0.09+0.00
3 2333 Tk 6251-26-9 0.09+0.00 0.11+0.00
4 2.529 T EEE 75-18-3 0.41£0.01
5 3.142 s I B 870-23-5 0.08+0.00 0.17+0.00 2.55+0.04 1.10+0.00 1.01+0.03
6 3.163 BN 1072-43-1 1.5+0.01 0.61+0.02 0.57+0.02
7 4.085 05 T i P B ik 10152-76-8  2.58+0.04 5.48+0.06 2.86+0.05 7.27+0.41 9.4120.15
8 5.085 R T ik 624-92-0 2.93+0.06 0.27+0.00 0.54+0.01 1.00£0.01 1.29+0.05
9 8.368 (PR L) PN R 14109-72-9 0.05:£0.00
10 9.006 By ISR S 592-88-1 18.87+0.58 14.2+0.25 1558029  15.7120.48  15.24+0.82
11 9.535 3,4-ZHIFEwEmy 632-15-5 0.1120.00 0.040.00 0.050.00 0.04+0.00 0.03+0.00
12 9.69 PRI TN R A 33922-70-2  0.03£0.00 0.14£0.00 0.35+0.01 0.25+0.01 0.39+0.01
13 9.906 2,4-H LWy 638-00-6 0.06:0.00 0.22+0.01 0.08+0.00 0.100.00
14 10.382 WO wilk 286-28-2 0.150.00 0.43+0.00 0.35+0.00
15 10.549 2-TH-2- BRI R I P A 14272-25-4 0.41£0.01 1.020.02 0.43+0.00
16 11.007 1-TR -1 BERb T BE TR -1 -0 33922-80-4 0.25+0.00 0.620.01 0.64+0.01 0.74+0.01
17 11.09 3-FH A ey 17573-92-1 0.42+0.01 0.310.00
18 11.187 2,5-F Ly 638-02-8 0.850.01 1.97£0.06 0.84+0.02 0.76+0.03
19 11.883 s PR e P 6 — i 2179-58-0 3.38+0.08 4.7840.07 5.20+0.10 7.05+0.18 9.49+0.30
20 12.654 PP RE T I B i ik 5905-47-5 3.03+0.06 0.9120.01 1.72+0.05 1.23+0.08
21 12.751 FH LD B ik 2179-60-4 0.21=0.00 0.14+0.00
22 13.176 1,3- k% 505-23-7 1.33£0.02 2.33+0.05 3.98+0.03 3.98+0.16
23 14.077 5-FREgE — e 50406-54-7 0.88+0.01 5.05+0.07 1.76+0.03 1.81£0.06
24 14.532 2,3- T H BEEW) 632-16-6 0.07+£0.00 0.05+0.00 0.19+0.00 0.09:£0.00 0.09:£0.00
25 14.928 PR 3658-80-8 0.09:£0.00 0.07+0.00 0.26+0.00 0.59+0.01 0.44+0.02
26 22.863 Bt {7 S B St 73 2179-57-9  49.03+1.04  38.13£027 2028023  18.17+0.46  19.44+0.22
27 23.68 2-F 2. 58-1,3- ik 51102-62-6 4.44+0.08 5.06+0.10 5.79+0.08 4.51+0.18
28 24.227 TR D i ik 2444-49-7 13.6420.63 18.9+0.22 14.93£0.25  15.16£0.48  15.61£0.34
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k2
g RENTH ey CAS MR RC
(min) A B C D E
29 26.999 2T =FR(3.3.1.1(3,7)) 5%t 281-25-4 0.09+0.00 0.17+0.00 0.12+0.00 0.13+0.00
30 28.788 13 ’6’7);%'75]3[!],%'6%;%%@3 201 34000-18-1 0.070.00 0.16+0.00
31 29.78 3-Z M -4H-1,2- T HER 62488-53-3 0.190.00
B4
1 2.445 I 123-38-6 0.60:0.00
2 3.443 (B)-T -2 15798-64-8  0.23+0.00 0.100.00 0.2120.00 0.08+0.00 0.28+0.01
3 3.622 2-MAE TR 96-17-3 0.24+0.00 0.03+0.00 0.04+0.00 0.09+0.00
4 3.844 IE T 123-72-8 0.24+0.00
5 6.316 5-CUA T 764-59-0 0.15+0.00 0.12+0.00 0.07+0.00 0.08+0.00
6 6.695 U 66-25-1 1.36+0.00 3.05+0.06 3.23+0.13 2.06:+0.08
7 7.399 2-CFET IR 19780-25-7 0.07+0.00
8 8.301 2- K2 T W 20521-42-0 0.01:0.00
9 8.56 4- AT 62238-34-0 0.01::0.00 0.06+0.00 0.08+0.00
10 8.864 e -2-C I 6728-26-3 0.010.00 0.0120.00
11 16.486 1-FAREIR O -3-075-1- T 931-96-4 0.03+0.00
12 17.596 2-Z3-2-CIREE 645-62-5 0.120.00 0.55+0.01 0.33+0.01 0.44+0.01
13 21.377 -2~ — I 53448-07-0 0.020.00
(S
1 2425 1-FHREBR P 4ot HH 2746-14-7 0.20+0.01 0.52+0.01 0.32+0.01
2 2.621 1-J30075-3-1% 616-25-1 1.41+0.01 2.91+0.05
3 2.629 P 107-18-6 2.42+0.01
4 3.922 J-2- 1B 1576-96-1 0.010.00
5 3.947 1,3- P 16326-98-0 0.03+0.00
6 3.967 1,4- TR -3 922-65-6 0.03+0.00
7 8.543 4-PEe-2-1% 19781-81-8 0.09+0.00
8 11.703 2- 1 I HEFA O - 1 4065-80-9 0.02+0.00
FoAth
1 2312 H I 593-54-4 0.04+0.00
2 2.613 B R AT R 16466-61-8 2.86+0.10
3 3.021 3- Lk 930-27-8 0.45+0.01
4 4.247 2,5- " H Lk iR 625-86-5 1.19+0.03 4.47+0.04 1.87+0.06 1.18+0.05
5 4.406 2,4- " F L0 3710-43-8 0.28+0.00 0.55+0.02 0.47+0.00
6 5.924 5-CUJ-2- M 109-49-9 0.43+0.01 0.59+0.01 0.62+0.01 0.48+0.01
7 12.366 6-3-2-fili 35194-31-1 0.030.00 0.0320.00 0.05+0.00
8 16.702 2- 1E SR AL 3777-69-3 0.10£0.00
9 3.918 AALIR U 285-67-6 0.03+0.00
10 5.678 XUIR[3.2.0158-2,6- 4 2422-86-8 0.010.00
11 5.331 6- M Fk-2-Piki 51065-64-6 1.18+0.02
12 11.616 2-2,2- T HIHE-3-0 3123-93-1 0.01:£0.00 0.06:0.00
13 19.143 D-Frigeds 5989-27-5 0.01:£0.00
# 3 W RGRE R Y B2 R
Table 3 Types and relative content of volatile substances in sprouted garlic
o A B C D E
Rk MMEE(%) RS MIXEER(%) B MIEE(%) O RS MXEER(%)  BRE MIREE(%)
CYik i ate] 13 94.05 23 91.09 24 82.21 24 82.99 25 87.54
23 4 131 7 1.78 4 6 3.81 3.1
Jis s 0 0 2 1.61 3.53 3 0.37 2 245
HoAty 0 0 9 245 5.15 6 7.11 5 228
At 17 95.36 41 96.93 40 94.89 39 94.28 39 95.37

A2, HARXS 5 AP IS A [ 2 sl 8] 0 S T S ds
B A FESARAGIN B EEEY i, {HAE B, C. D,

E PR EEZE ) BT, HARXT & SRR AE a3
SR 25 ] A ZE R T A I O A8 (D FEAL IO 35 1R ER
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Fig.3 Decomposition and transformation of allicin
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Table 4 ROAYV analysis of garlic aroma components
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Fig.4 Heat map of the differences in the main volatile
substances of garlic at different germination stages
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