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Combination of HS-SPME-GC-O-MS and E-nose revealed the
characteristic aroma differences of watermelon seeds under

various thermal processing treatments
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Abstract: Objective: This study aimed to explore the differences
in the aroma of watermelon seeds under different thermal
processes. Methods: The analysis technics such as Headspace-
Solid Phase Micro Extraction-Gas Chromatography-Olfactory-
Mass Spectrometry (HS-SPME-GC-O-MS) and Electronic Nose
(E-nose) were applied. Results: Thermal processing changed the

flavor of watermelon seeds from light fragrance to strong roasted
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flavor; A total of 18 categories including 115 volatile compounds
were detected with the help of HS-SPME-GC-O-MS, among
which pyrazines, alcohols and aldehydes accounted for 34.25% .
21. 07% and 10. 99% of the total volatile compounds,
respectively; In addition, 63 volatile compounds were discovered
in watermelon seeds after microwave treatment, and pyrazines
accounted for 53. 31% among all these volatile compounds.
Conclusion: Thermal processing treatment showed significant
influence on the aroma of watermelon seeds, and the aroma of
watermelon seeds after microwave treatment was more intense
than air-frying and baking treatment.

Keywords: watermelon seeds; volatile compounds; HS-SPME-

GC-O-MS; electronic nose; air frying; baking; microwave
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Table 1 Response types of sensors in PEN3.5
electronic nose
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Table 2 Effects of processing methods on volatile compounds content in watermelon seed samples
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3 S .
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9.10 ¥l 1138.89  86.23 3.19 18.64 4.25 WA AR Il KR A
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13.39 - H-2-T 1290.39 — 24.38 39.54 9.48  Fi . I
13.50 2-- i 1294.38 — 9.33 27.81 — JIE R V5
[{EES
13.90 1- P 4s-3- 1 308.79 — 6.22 — 431 &8
17.78 2,6-FRFEIK LM 2TMS i A4 1 451.83  606.22 — — — —
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30.63 2- N 1 5 2 051.80 — — 9.45 —
4.64  2-HIRTEE 936.56  — 13.71 19.77 — Ay A
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thermal processing treatments

15



16

HA# 3 FUNDAMENTAL RESEARCH

T
" % X o

O ——CK

——AO

< _aMV

——RT

RS
A3 FRA#ZMIALEZTHRFHRGELS>H £FH
Figure 3 The difference aroma distribution of watermelon

seed after difference thermo-processes

wVic

A4 RRAZLETHRNAFHRGTEHR
Figure 4 Radar diagram of watermelon seed under

different treatments

WIW mi 7 5 58, WIS 0 i 96k 55 . 3l #4m I 77 =X AH X
S RT 78 WIW W2W WSS £& I8R5 4 41 T 555 A% i) 7
{EL, PR A1 70 38 A K0 2o B b RTRR S 0% o o7 {8 48 755 1
AO FE 5 AL RS 6 i o (B B AIG . ok s g AR, R A 3
5N TR T TOR B B 2 AR AR B 25 R HLUOR R #4
T AZREEES,

X T AR B AT T PCA 047, 45 R E B, 45—
FrZEb I 50.20% . 58 O 22 i Lk 37.78%, BT E N
87.98% KT 85% , F W% PCA & nl LAAR 4 Hb it B K30
SHEUE . IS BTN ARV R BUE EEAAEL TR
ARG F] L 55 3 b b 30 T TORE A & B W 43 T, 1 B A
AR O T VYRR LS. AO 5 MV £
il RS G RS S T AR 5 2T P TR AR XU
AR LA Bk B W I SR AR G 3 5 OAV (H Y 2 #r 4
XFRE . RT Z40CHE 3 B2 A MR 3], 5 1Ay 3 4IAHIEE
I, 5 GC-MS 45 3| i 45 H AR X R . el e eT g, i
B PCA BEAS 3 i i 1E PG JTORE RE S L OF HLRE WS 7 25 b X
A3 AR RN 07 20T A TG JTORF A b 22 18] 7 XU 25 5
25 AMNEREEFEXGYSREREZENHEXME

kil

S i f% /N — 3 [a] 9 ( PLSR) ¥ 6 tA M\ 4 Ff kR 5 b

BEoss #2023 F 1 B | RSN

0.4r o RT3 4
Aol
MV3

_ 02r AQ e w2
3 cKkl ® AO
S 00F KU am . CK
& CT(Z. M * MV
%‘ _02) MVl RTIa . pp
Ay

—04} RT2

nCK3 ‘ ‘ |
-0.2 0.0 0.2 0.4
PCA1(50.20%)
B5 RAAMILAETEHRGHSESE TG
PCA % #1

Figure 5 PCA analysis of electronic nose of watermelon

seed samples under different treatments

YRR EE T FEY S ERE JE P Z A0 A M,
R 405 4 20 A om0 3 139 Ak W W TR L 4 ) BS i S
o U THT AR e R A5 0 O 2 0 R Tk L4y, 3 13 b
&Y 500 R D-Fr g IE OB R B 2,6- R SR
COT RS G L S L R L 1O L2, 5- T -k R |
ML (2- 2, Fk-5-F -k e | = F BE b 1 L 2- 2 L IR T,
aE 6 Brn ,PLSR MR B T 88% Ay X-J5 22 (11 Fh 32 5 35
FALEY) S 84 %1 Y-J7 22 (6 NMRE B . WA A1
B 43 50 R T B J7 220 50% 5 100% . BT A B 7 2241
BT A 1 [ L 2 B AT DUAR AT M B PLSR B TR
iR

&l 6, AR R M g 2
LEY BERUEW UK DATEREIEMECER,EE”
CRETROTBE SR OB LR R EHECR, R
T, 1F OB L K 1038 B 5 4 o7 Ja B o i A G M 3 55
X B RCE AL B GC-MS 23 # H X . 0 I IR
B MR8 M 32 B S R AL S W 0 SR B T
CREIRREEFR RS OB A R, 5 Lin
NN F ST AL
1.0F
0.8
0.6
0.4

0.2
0.0

|
j=4
[\S]

-0.4
-0.6
-0.8
-1.0

Factor 2 (23%, 28%)

L
-1.0 -0.5 0.0 0.5 1.0
Factor 1 (62%, 56%)

B6 ARAMIALETHRNFHERGRE BRE £ 2
F H b PLSR Loy & 45 oA
Figure 6

Sensory properties of four watermelon seed
samples and the load distribution of major

aromatic compounds on PLSR



&M | Vol.39, No.1

3 g5

I HRL S S R T 23S [ A A B AR g — R —
JO R AR Ko AN [ AN T A A P JTCORE 55 B 45 F N OG5
FTAWHAT T o0 0r. 5 R WA, 4 V50 15 & Mk
EVANRAN, HERS5I 5B FREMEE . AR
FERE S e S R S 5 05 A LT T B D A B L
23 S KE AL ) X PR TR XU BR 2 T R B &, e
2,5- b i | R 3 bt R A = F R b R 5 ik R SIS 4 R
B W B R T RoTwk, RRAZE S T A
[l A T Jy 20 PG IR 4% & PR 0 9 728 fb B RR AR PR B R
B 52 i o 2 B BRI T 0 =% VG TR R AIF 75 2058 T i 3, X
X B TP TR = S A AR . #om Ty g%
& 15 PG JTORE RUBR 9 53 14 T8 B, DG T I 2 1 208 Ll ok 2k
25 XU B 5 AR 1 3 A5 RN 5 e L SIS A R R — 2B AT

&%

[ITHE J H, WU X H, YU Z L. Microwave pretreatment of camellia
(Camellia oleifera Abel.) seeds: Effect on oil flavor [J]. Food
Chem, 2021, 364: 130388.

[2] DE CARVALHO J M, DE FIGUEIREDO R W, DE SOUSA P H M,
et al. Cashew nut oil: Effect of kernel grade and a microwave
preheating extraction step on chemical composition, oxidative
stability and bioactivity[J]. International Journal of Food Science &
Technology, 2018, 53(4): 930-937.

[3] BI S, WANG A, LAO F, et al. Effects of frying, roasting and boiling
on aroma profiles of adzuki beans (Vigna angularis) and potential
of adzuki bean and millet flours to improve flavor and sensory
characteristics of biscuits[J]. Food Chem, 2021, 339: 127878.

[4] HUA Y, CHEN S X, LI H P, et al. A novel thermal pretreatment
method called air frying improves the enzymatic saccharification
effect of straw[J]. Sci Total Environ, 2021, 790: 148191.

[5] LIU S, JIANG L Z, L1 Y. Research of aqueous enzymatic extraction
of watermelon seed Oil of ultrasonic pretreatment assisted [J].
Procedia Engineering, 2011, 15: 4 949-4 955.

[6] QIND Y, WANG Y L, WU Y T, et al. Optimization of protein
extraction from watermelon seeds by liquid-phase pulsed discharge
based on energy input for scale-up application [J]. LWT-Food
Science and Technology, 2021, 152: 112355.

[71 WANG B, ZHANG Q, ZHANG N, et al. Insights into formation,
detection and removal of the beany flavor in soybean protein[J].
Trends in Food Science & Technology, 2021, 112: 336-347.

[8] CHEN X A, CHEN H Q, XIAO J, et al. Variations of volatile
flavour compounds in finger citron ( Citrus medica L. var.
sarcodactylis) pickling process revealed by E-nose, HS-SPME-GC-
MS and HS-GC-IMS[J]. Food Res Int, 2020, 138(Pt A): 109717.

[9] RUIZ DEL CASTILLO M L, RODRIGUEZ-VALENCIANO M,
FLORES G, et al. New method based on Solid Phase
Microextraction and Multidimensional gas chromatography-mass
spectrometry to determine pesticides in strawberry jam[J]. LWT-

Food Science and Technology, 2019, 99: 283-290.

A% B F HS-SPME-GC-O-MS # E-nose I ARAAMI AR TARFHELHESESR

[10] APARICIO R, ROCHA S M, DELGADILLO I, et al. Detection of
rancid defect in virgin olive oil by the electronic nose[J]. Journal
of Agricultural and Food Chemistry, 2000, 48(3): 853-860.

[I1]DOU T X, SHI J F, LI Y, et al. Influence of harvest season on
volatile aroma constituents of two banana cultivars by electronic
nose and HS-SPME coupled with GC-MS [ ]
Horticulturae, 2020, 265: 109214.

[12] ZHANG K, CHENG J H, HONG Q D, et al. Identification of

Scientia

changes in the volatile compounds of robusta coffee beans during
drying based on HS-SPME/GC-MS and E-nose analyses with the aid of
chemometrics [J]. LWT-Food Science and Technology, 2022, 161:
113317.

[13] LEMARCQ V, MONTERDE V, TUENTER E, et al. Flavor
diversification of dark chocolate produced through microwave
roasting of cocoa beans[J]. LWT-Food Science and Technology,
2022, 159: 113198.

[14] HONG X Z, WANG J. Detection of adulteration in cherry tomato
juices based on electronic nose and tongue: Comparison of
different data fusion approaches[J]. Journal of Food Engineering,
2014, 126: 89-97.

[15] ZHU J C, NIU Y, XIAO Z B. Characterization of the key aroma
compounds in Laoshan green teas by application of odour activity
value ( OAV ), gas chromatography-mass spectrometry-
olfactometry ( GC-MS-O) and comprehensive two-dimensional
gas chromatography mass spectrometry (GC X GC-qMS) [J]. Food
Chem, 2021, 339: 128136.

[16] WANG Z, WANG Y, ZHU T T, et al. Characterization of the key
odorants and their content variation in Niulanshan Baijiu with
different storage years using flavor sensory omics analysis[J]. Food
Chem, 2022, 376: 131851.

[17] FU M, SHEN X, PENG H, et al. Identification of rancidity markers
in roasted sunflower seeds produced from raw materials stored for
different periods of time[J]. LWT-Food Science and Technology,
2020, 118: 108721.

[IS]CHENG Y J, LI G J, WU H J, et al. Flavor deterioration of
Mandarin juice during storage by MDGC-MS/O and GC-MS/
PFPD[J]. LWT-Food Science and Technology, 2022, 159: 113132.

[19] SCALONE G L L, LAMICHHANE P, CUCU T, et al. Influence of
free amino acids, oligopeptides and polypeptides on the formation
of pyrazines in Maillard model systems[J]. Abstr Pap Am Chem
Soc, 2015, 63: 5 364-5 372.

[20] LI C C, HOU L X. Review on volatile flavor components of
roasted oilseeds and their products[J]. Grain & Oil Science and
Technology, 2019, 1(4): 151-156.

[21] BURDACK-FREITAG A, SCHIEBERLE P. Characterization of the
key odorants in raw Italian hazelnuts ( Corylus avellana L. var.
Tonda Romana) and roasted hazelnut paste by means of molecular
sensory science[J]. J Agric Food Chem, 2012, 60(20): 5 057-5 064.

[22] LIN S Y, YANG R W, CHENG S, et al. Moisture absorption and
dynamic flavor changes in hydrolysed and freeze-dried pine nut
(Pinus koraiensis) by-products during storage[J]. Food Res Int,
2018, 103: 243-252.

17



