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Analysis of the Effect of Different Drying Processes on the Volatile
Components in Saffron by HS-GC-IMS

WANG Jia-xi', WU Feng-yun', ZHANG Chi', LUO Zi-yi', HONG Dan-yao', GAO Shuang',
LUAN Jie’, BA Jian-bo®, LU Ying-jie'", HAN Ting'"
(1. School of Pharmacy, Naval Medical University, Shanghai 200433, China;
2. Naval Medicine Center of PLA, Shanghai 200433, China)

Abstract: In this study, headspace gas chromatography—ion mobility spectrometry (HS-GC-IMS)
was employed to qualitatively and quantitatively analyze 75 volatile compounds in fresh saffron sam-
ples and those subjected to various drying methods (shade-drying, hot plate-drying, oven-drying,
vacuum-drying, and freeze-drying) , and a fingerprint profile of volatile components in saffron was
established. By focusing on the dynamic changes of volatile components during different drying pro-
cesses, principal component analysis (PCA) , partial least squares—discriminant analysis (PLS—
DA), and clustered heatmap analysis were applied to discriminate and analyze differences among
samples. Twenty-seven key differential compounds were screened to elucidate the effects of different
drying techniques on the volatile components of saffron. The results revealed that different drying
methods affect the volatile components through varying degrees of physical (high-temperature volatil-
ization) , chemical (photothermal decomposition), and biochemical reactions, thereby influencing
the diversity in the quality of saffron: shade-dried samples contained the richest variety of volatile
components; hot plate-dried samples had the highest content of safranal (2. 91 mg/g) ; oven-dried
and vacuum-dried samples showed the highest abundance of esters and ketones; freeze-dried samples

exhibited the highest compositional stability. This study provides theoretical guidance for selecting ap-
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propriate drying methods based on practical application scenarios.

Key words: saffron; drying process; volatile components; HS-GC-IMS; safranal
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Fig. 2 Two-dimensional HS-GC~IMS spectra of different samples
A fresh sample(Xian); B: hot plate-dried(JRB); C: vacuum-dried(ZK); D: oven-dried(HX); E: freeze-dried(DG); F:

shade-dried(YG)
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Table 1  Qualitative analysis of volatile components in saffron samples

No. Category Volatile compound CAS# Molecular - Re‘tentlon Refentlon Drift time/a. u.
formula index time/s
1 i Butanal (T #) 123-72-8 CHO  72.1 857.6 113.6 1.110
2 Heptanal (BE/#) 111-71-7 CH, 1142  897.4 152.2 1.334
3 Butanal, 3-methyl-(3-FF 36 T1%) 590-86-3 CH,0  86.1 916.8 178.3 1.396
4 Benzaldehyde (A1) 100-52-7 C,HO  106.1  958.4 266. 4 1.083
5 Benzaldehyde—d (& HE — 2Rk ) 100-52-7 CHO  106.1  964.6 263. 1 1.252
6 (E)-Hept-2-enal((E)-2-BEi) 18829-55-5 CH,0 11222 982.1 303.3 1.263
7 Pentanal (J%1# ) 110-62-3 CH, 0  86.1 931.9 201.5 1.414
8 Benzene acetaldehyde (4% Z, %) 122-78-1 CH,0 120.2  1050.5 554.3 1.254
9 Safranal-d (ERZLAERE —24K) 116-26-7 CoH,0 150.2 1134.9 1184.6 1. 896
10 Safranal (JZLAERE ) 116-26-7 C,H,0 150.2 1135.4 1190.5 1.297
11 (E, E)-2, 4-Octadienal 30361-28-5 CH,0 1242  1107.9 929. 1 1.267
((E, E)-2, 4 J5MH)
12 (E, E)-2, 4-Octadienal-d((£, E)-2,  30361-28-5 CH,0 1242  1107.9 929. 1 1.782
47 TR TR
13 Nonanal (F-) 124-19-6 CH,O 1422 11055 909. 3 1. 480
14 3-Heptanone (3-Bfid ) 106-35-4 CH,0 1142  880.5 134.0 1.222
15 1—(Acetyloxy)—Q—propanone 592-20-1 C,H0, 116. 1 873.5 127. 4 1. 191
(1-& Bt FE-2- N )
16 2-Butanone (2- 1 i) 78-93-3 CHO  72.1 890.5 144. 1 1.242
17 3-Hepten-2-one (3-Béls-2-fid ) 1119-44-4 CH,0 112.2  938.3 212.3 1.229
18 1-Octen-3-one ( 1-¥-445-3-l ) 4312-99-6 CH,0 126.2  979.9 297.9 1.371
19 3-Methyl-2(5H)-furanone(y-LL L NME)  22122-36-7 CHO0, 98.1 989. 2 321.5 1.472
20 1-Penten-3-one ( 1-/J-3-f ) 1629-58-9 CHO 841 10355 484.5 1.082
21 Methylcyclopentenolone 80-71-7 CH0, 112.1 1035.5 484.5 1.152
(FH BRI A )
22 4-Nonanone (4- i) 4485-09-0 CH O 142.2  1033.7 476. 5 1.354
23 Tsophorone-d (S 2B — 2R 4) 78-59-1 CH, 1382 1084.6 753.6 1.776
24 Isophorone ( 5 fffi /K il ) 78-59-1 CH,0 138.2 10845 752.6 1.315
25 4-Ketoisophorone—d 1125-21-9 CH, 0, 298.4 1116.4 1003.5 1. 838
(4-FRE 5 Oh /R R — 2R 40
26 4-Ketoisophorone (4~ 5 5 i /i< i ) 1125-21-9 CH,0, 152.2 1116.6 1 005.0 1.327
27 Homofuraneol ( # i ) 27538-09-6 C,H,,0, 142.2 1129.4 1127.8 1.339
28 [ Sotolone~d (i 1 i — 2 A) 28664-35-9 CHO, 1281 1100.7 870.7 1. 600
29 Sotolone (F [ N ) 28664-35-9 CHO, 1281 1100.9 872.3 1.217
30 Ethyl acetate (Z /2 Z.Tig) 141-78-6 CHO, 88.1 898. 4 153.4 1. 092
31 Butyl propanoate (R T i) 590-01-2 CH,0, 130.2  894.2 148.3 1.285
32 (Z)-3-Hexen-1-ol-formate((Z)-3- 33467-73-1 CH,0, 128.2  903.9 160. 4 1.170
- 11 YR TR )
33 Amyl acetate ( Z 2 /%) 628-63-7 CH,0, 130.2  916.6 177.9 1.272
34 Ethyl isobutanoate (5 T 2 Z iR ) 97-62-1 CH,0, 116.2  931.7 201.3 1.192
35 Propyl acetate ( ZRTNTR) 109-60-4 CH,0, 102.1 1004.6 366.9 1.177
36 Butyl formate (FI 2 T ) 592-84-7 CH,0, 102.1 1003.2 362.2 1.511
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(8:1)

. Molecular Retention Retention o
No. Category Volatile compound CAS# M, . . Drift time/a. u.
formula index time/s
37 i Propanedioic acid, diethyl ester 105-53-3 C,H,0, 160.2 1030.6 463. 4 1.242
(N L)
38 Butanoic acid, 3-methylbutyl ester 109-19-3 C,H 0, 158.2 1034.5 480. 2 1.383
(3-HEET IR T HR)

39 Methyl benzoate (< H1 2 F i) 93-58-3 CHO0, 136.1 1091.0 798.2 1. 187
40 Diethyl succinate( T 2 - Z.Tig) 123-25-1 CH,0, 1742 1170.4 1631.3 1.307
41 Butyl isobutanoate (5 T iz T Ti§) 97-87-0 CH,0, 144.2  929.0 196. 8 1.319
42 Pentyl butanoate ( T FR/Y 1R ) 540-18-1 CH,0, 158.2 1070.8 665. 5 1. 407
43 B Benzyl alcohol (7 FF i) 100-51-6 C,HO  108.1  999.2 349.5 1.205
44 Ethanol (£ /) 64-17-5 CHO  46.1 957.3 247.8 1. 476
45 Heptanol (BEf#) 53535-33-4 CH,O0 116.2  957.0 247.3 1. 405
46 2-Butanol(2- T ) 78-92-2 CH,O 741 1050.9 556. 6 1. 146
47 5-Octen-1-ol, (Z)-((Z)-5-¥:M-1-[%)  64275-73-6 CH,0 1282 1072.7 677. 1 1. 670
48 Linalool (51 18) 78-70-6 CHO 1543 1112.6 901. 4 1.206
49 Linalool~d (J5 i/ — 2 {4) 78-70-6 C,H,0 1543 11045 901.2 1.703
50 Isopulegol (57 i) 89-79-2 CoH O 1543 11250 1083.6 1.378
51 Tsopulegol—d (ST #IAE 3R {A) 89-79-2 C,HO 1543 11248 1082.3 1. 852
52 (R)-Alpha-pinene( (R)-a-JE/) 7785-70-8 CoH, 1362 929.1 197.0 1.232
53 Alpha-phellandrene (a-7K 1% ) 99-83-2 CoH, 1362  963.1 259.8 1. 062
54 i Camphene (H47) 79-92-5 CoH, 136.2  945.9 225.9 1.205
55 Limonene (F*J ) 138-86-3 CoH, 136.2 1028.6 455.5 1.298
56 Alpha-terpinolene (c-FAHI ¥ ) 586-62-9 CoH, 136.2  1090.2 792.7 1.232
57 k& 2, 4-Dimethylheptane 2213-23-2 CH,  128.3 8211 87.2 1. 062

(2, 4-ZHALBEGE)
58 1, 2-Dimethylbenzene(1, 2-—-HI%) 95-47-6 CH, 106.2  892.0 145.7 1.055
59 Isopropylbenzene (H#i ) 98-82-8 CH,  120.2  918.8 181.2 1.172
60 p-Cymene—d (= fEHE 1K) 99-87-6 CoH,, 1342 10255 442.8 1. 695
61 p-Cymene (X4 1E4) 99-87-6 C H, 1342 1026.1 445. 1 1.336
62 IR Pentanoic acid (J%i2) 109-52—4 CH,0, 102.1  913.1 172.9 1. 187
63 Phenol (%) 108-95-2 CHO 941 940. 5 216.2 1. 118
64 2-Methylpentanoic acid (2-FF 5E/% ) 97-61-0 CH,0, 116.2 1030.2 461.7 1.268
65 I 2-n-Butyl furan(2-1E T FETKIH ) 4466-24-4 CH,0 1242 8853 138.7 1.172
66 Furan, 2, 5-dimethyl- 625-86-5 CHO  96.1 937.7 211.3 1.365

(2, 5-Z TP B )
67 2-Acetyl-3-methylpyrazine 23787-80-6  C,HN,0 136.2  1063.7 624. 6 1. 176

(2-2.7-3-HU LR 2% )
68 Tetramethylpyrazine (1| 515 1124-11-4 CH,N,  136.2  1100.9 872.3 1. 691
69 Unknown=7(CRAMLEH7) - - - 867.5 122.0 0. 957
70 Unknown-6 CRAIMEEHI6) - - - 879.4 133.0 1.279
71 Unknown—1CRAMEEH 1) - - - 844.4 103.2 1.045
72 Unknown-2CRAMEAH2) - - - 926.3 192.7 0.938
73 Unknown-3(RAMLAY 3) - - - 978.3 294. 1 1.557
74 Unknown-4(CRAMLEH4) - - - 897.4 152.3 0.939
75 Unknown=5 CRAMELEHIS) - - - 1039.4 501.9 1. 054

2.4 ARFHRAEOLAEFBAIHS-GC-IMS 5L E &

BT HS-GC-IMS IR 5 LA AN SARFAE , #4381 B VG LT AL RIS 6] 05 5 VG LA E A S 1)
HS-GC-IMS 4820 & i (&l 4), R A RS PRSI A AR FEL S8, DGR AS ] R S e ] — 4k i
3ANEE, REAMCEY AR, BeR RS ERE ., S TS A E] TR RV LA S
FHEAL A T8R4, ol LASCEimI b 325

HH HS-GC-IMSF8LC i nl UL, AS[E] T 7 1R VO LA 4% P 4 O A 2R & B 38 P2 A T 4RI
I, FEVGOAEERRE R EESEIERE . LR, BEE . T IR0, R R, &R
FHREITIRAAEE, XIUM R TE S A TR IS 2 EE TR, FE, RETE RS
enFERVER S 2 . BT RRESI PR T i e, 674, Hoh & AT
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