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Abstract: Four drying methods were used to dehydrate white onions to explore the effects of different drying processes on their quality
and flavor, including heat pump 55 °C-hot air 60 ‘C (HPD 55 ‘C-HAD 60 “C), heat pump 60 “C- hot air 60 ‘C (HPD 60 ‘C-HAD 60 C), heat
pump 60 C (HPD), and vacuum freeze drying (FD). The drying characteristics, physicochemical traits and volatile aroma components were
systematically investigated. It was demonstrated that drying time was reduced by 25% for HPD60 ‘C-HADG60 “C in comparison with HPD. FD
onions presented the optimal color as well as the maximum retention of total phenols and total flavonoids, while HPD 60 ‘C-HAD 60 C
samples ranked next to FD in comprehensive quality. Drying remarkably increased umami, saltiness and sourness and decreased astringency of
the samples according to electronic tongue analysis; Onions processed by HPD 60 ‘C-HAD 60 °C presented a milder overall flavor. 128 volatile
flavor compounds were identified via gas chromatography-ion mobility spectrometry (GC-IMS), classified into 10 categories. The content of

volatile substances in dehydrated onions was approximately 2~3 times that in fresh onions. Among them, FD-dried onions had the highest
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content (97.45 pg-g™) and the highest level of sulfur-containing compounds, whereas the other three dehydrated onion samples were rich in
alcohols, aldehydes, and ketones. Diallyl disulfide, (Z)-1-propenyl propyl disulfide, and isopropyl disulfide were the major flavor-contributing
compounds of onions via odor activity value (OAV) analysis. Principal component analysis (PCA) demonstrated significant flavor differences
between fresh onions and FD-dried onions, as well as between FD-dried onions and the other three dried onion samples. While the similar flavor
profiles were observed between HPD 60 ‘C-HAD 60 C and HPD 55 ‘C-HAD 60 ‘C onions. Considering comprehensive efficiency, product
quality and flavor characteristics, the combined drying process of HPD at 60 ‘C coupled with HAD at 60 ‘C exhibits promising potential for
industrialized application. Combined with electronic tongue, OAV and PCA analyses, GC-IMS was proven to effectively distinguish flavor
differences accross the samples subjected to four drying processes. These findings provide a theoretical basis for quality evaluation and flavor
regulation of dehydrated onions.

Key words: white onion; drying process; quality; electronic tongue; GC-IMS

PR (Allium Cepa L) FREGRZUR, N _FAEFEAREY), R EMB IR §&EM. 7
DRSS RISy, HAPURLL. PRk RS S B . v B BRI R K e A 2, 7
AT HAE 22%, PodhS R TR P JER T A AR, PR LR SR B BN [ B
Forh 21 A B pe A DU R Ao, TR BB F IR DX ™ 1) 1 R BT B s e, /KTl
IR .

H TR BT E, ST RER . A, (EAEAE TR K, 4™ 5 2 o ).
HIETHE (Heat Pump Drying, HPD) middCTife, (HJEWIBKRBERIR, MELAERRIIRILE SRR, A THRT#EA 2
PRI S, ik a], ST, FEIRRERE, ARE-AIRE TR OAELE . SREHEE G mREK
FERINT PSRRI, 72 AR A T — TR, AR R A IR RS . AR R R, AR
fiAte I LA Y Rl 5 RS 28 R B A R 121

PR PFAAE 2B K A A% o i SR bR . SRR S H s R BRI AL S-edt CAdk) -L- Pt IR T INK %
PR, RPEARFERIRYIET, AR, Sl TR R R o T A O A P R
fit; SUHENE-E IR (GC-IMS) BAT R R BAEEREEILY, Oy 2 N TR A R )
EPEE B, PR BB, AORERRIIKR, TSRS . DT K TARR 2
J BRSS9, R o (P2 A RUB A TSR 1 2R 40 b 5 AR EAE T8 /D . Maftoonazad 5 7t 1
- RHRIR G BEE TR T ZE (MW-HAD, R 20T, Sse- P WU & T T 4e e 90% LA TR,
AEERI 48Tt 3.0~16.0 5. Rupnar SR — 2 KRS & TR BN THUKEEZ, 540K
RET Bt AT XS L, R BH UHBh AU BE RS A E TIHMRIRE, e TR I, R AT K B 25 e k.
YIRS S], NP RedTt e AR FUERTI TAEREAE b, SRR ST IR, E
HPAT S RO SR RIRAR Y, Tk, U AT T2, KRR A L 5 KR R 4
(/D

1 MR5RE

11 # 5 0LE

Skl AV, PeHUEEE R, BT T AR AR E ARSI R A

GZX-924MBE HL#GE N TEAE, FHFRSOARA R L3SAB MR TN, IEMHTRER R &R AR A
F]; SCIENTZ-10N AR TN, THHT S AR AR AR UV-6100 K4 WAEERETE, B
IR ; NREOCP A2 224, T R — RBEHEA TR A F]; INSENT SA402B HL-F- 5k /00T 2248, HAX INSENT
ONTE] A - TR (Flavour Spec®) , 12 E G.AS./A T ; CTC-PAL 3 Hi&TH2%S it FE3E & , CTC Analytics
AG AF] Giiit:, Zwingen) ; MXT-WAX B4 154430 m>0.53 mm, 1.0 um), 3£ Restek A#].

12 k%
121 FRA-Fs 2

2



MR ERmEE Modern Food Science and Technology 2027, \ol.43, No.7

KRR LA B, REREIFH R, BehT, VIR 2 cms3 em K/, BRI 51—
B RN JERL . IR SRR TR, LR AT SIR A bR A PER-HX S TR M AT, J15 60 C
IR SRR AT R EE

HPD 55 C-HAD 60 C: 55 ‘C#JRF/4 150 min+60 ‘C#XF/4 240 min; HPD 60 ‘C-HAD 60 C: 60 CHE+
J 300 min+60 “C#X T4 60 min; HPD: 60 ‘CIAZE % 480 min; FD: f£-25 CTil%k 6 h, SRR T
fEH A 300 Pa. 45 C AT 60 h; BHES/KEMT 8%, Hrittye 2 AT BECCE, 2N MR LIGEE
IRffrath, fE-18 CTIRAFEH: /KGR A &kt 80 HiffS, 7£4 C NEHIRAT .
122 FHRAKEL TR %

PERT IR PR EKE (M 1% (D A5

y ==l (1
d }Vd

BN

W4 tBF 2|69 BRE, o
We—H# 2R THREE, .

F4E#Z%E (DR, g.gtmin® #% (2) ARIFE:

DR — Mt+dt_Mt
dt (2

K#:

M ——H tBF 2] 698KE, % (RENE) ;

Mug ——3 tHdt BF 2 698K %, % (REaHK) .

123 &&F

e B A S KA B, ok L a*. b*E, SMEREENE 3 IKBCFIE.
124 BIARASME

BT 2 B 5 SR FH AR AR bE €0k, bRUE 2Ry y=0.080 2x-0.032 (R?=0.992); i #fiH & &l & %
NaNO,-Al(NO;);-NaOH a9, frvfih 2k A y=12.763x+0.0009 (R’=0.999) .

1.25 "REHHT

B HREUREG 4009, I 100 mL 7K, £E 60 ‘C/K¥ R4 20 min, 4000 rmin™ £5.0» 20 min, H{_-3#%3 70 mL
FAWRSE T GEAT b KA 6 PR iEes vatl, FEHIERTE AGEATIE M, B 3 AT, IR ETE
JFIEATRI o
1.2.6 GC-IMS »#7

FEamAREE: 73 AIFREL 1.00 g FEALT 20 mL TsHi, hnas&d /58 T 80 ‘CHF A 20 min.

GC %M. BEORER: MXT-WAX (30 m>0.53 mm, 1.0 um); aiSFHRAEE 60 'C; #/ <. maiE/<: 7
FHE: 2.0 mL min £££F 2 min, 7F 8 min NZEMIEZE 10.0 mL min™, 7E 10 min PNZEEIEZE 100.0 mL mint, {75
40 min; fEiEia T A 60 ming AR N 80 C.

IMS 2ft: BLBSUENARUE CHD; TR K 53 mm;  HLIZSRE 500 V em™; 3ERASIRSE 45 'C; =N
AU (415>99.999%); YN 75.0 mL min™; IEE TR
127 ArREEALN T 0k

FHARIEEE (OAV) SN SAL A YIRTRE S SR KR TTERY, A RA:

OAV = (3)

g

AF:
C— A i, uggh
T—— A i 95 BB, pgg.



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.7
1.3 HAEHHT

KH SPSS23.0 73 Mt & %, KA Origin 2021 fEE, KAB) A = G403 E, LL P<0.05 RRTES
i AR R E R 58 VOCal BAF P B NIST 2020 AR (il (i B Fa 805 5 B8 TR 12 R I R B8 e 8 B
VER MG ZRITE, #4790 eV, 454 Reporter. Gallery Plot. Dynamic PCA 4&iff, L& 4lRESTE K YD
R = 4EES . YRS RRERR SRR K s T

2 R

2.1 R T SO i AR A R BT R

211 FHRAKREFTFREE

ANFITFETT R TR B 1 s, T TRe A, 1 R B sh TR TRy, itk
AW R 7341 HPD 60 “C-HAD 60 “C. HPD 55 ‘C-HAD 60 ‘C. HPD =Fhfli /K PEZ 1k . W& 1A s, A
) 7 2 2T 7 A8 A AN, HPD 60 “C-HAD 60 °C . HPD 55 “C-HAD 60 ‘C il HPD st -4 7] 43 %1y 360
390 #1480 min, F:H HPD 60 ‘C-HAD 60 “Ctt HPD 55 “C-HAD 60 “C il HPD -J8i} 6] /3 5l46 565 T 7.69%F1 25%,
T IR T8 R TR A SO S R B TS VDRI K, (B8 5 B  45 & 7K Mt B HME FEROR,
AL B — #REE THRAE TR A T R A PR B 1B Wt nT DUE H, HPD AT AR T R g,
il HPD 55 “C-HAD 60 ‘C7E 90 min 4 T3 % 1K HPD 60 ‘C-HAD 60 ‘C, 7£ 90~270 min P T5#E % 5T HPD
60 ‘C-HAD 60 °C, i BRI S AT SRR AR T 3 K HEE . HPD 60 ‘C-HAD 60 ‘C#: HPD -4 (] 4i
¥ 25%, TIRSERERT.

A 154 B 020+
- —e— HPDbb C-HADEO C
ua —s— HPDS55 °C-HADGO °C - N .

5 124 ‘= 015+ —=— HPD60 “C-HAD60 °C
= —=— HPD60 “C-HADGO °C g
= = —— HPD

5 9 —— HPD a0

g $  0.104

2 o
= g

z Z  0.05-
z a

0 — . 0.00 T T T T T 1 1 1
0 60 120 180 240 300 360 420 180 0 60 120 180 240 300 360 420 480

Drying time/min

B 1 NEFEARFBR TR s
Fig.1 Drying characteristic curves of onion under different drying methods
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HPD 60 “C-HAD 60 C 77.4341.65° 2.70+1.85° 12.0941.12°
HPD 63.8522.20° 4.3640.79° 18.2441 67%
FD 89.4342.34° -0.7340.13° 9.10-+4.261

i RRINBFEATEFSSE (P<0.05) .

HPD55C-HAD6B0C HPD60°C-HAD60C HPD FD

E 2 FARFEANEBHRRE
Fig.2 Photo of onion under different drying methods

213 THARS

PRI, AR AR R EZMIMITNFEE, B 3 RANRITR 5 2O 2L M f e s i o =
(RIFEN o 5 28 b Sy SR 5 A LG, B FD Ah, HAt =Fh4507 20 5 AR g o (P<0.05), H
t FD TR AT &80 5108 5.2, 0.234 7 mg g™ DW, {RB 35y 98.8%, X E RN TAEARIE AN EL 25 44 1
TRHT, BRSSP, ARG TR NIRRT LUK PR R B A S IR SOETER Y : HAR=
P47 Ty R S T 2 B4 A HPD 60 °C-HAD 60 ‘C>HPD>HPD 55 ‘C-HAD 60 ‘CEAL. VEZHK Tt 72
h, S E A R B TR R TR TR, (E R T B AR TR 1), ANTTOUR D 2 i e B R
TR AL FL A By AN SR ) B s, A R R RS T R PR RS R AL, AN >R, 2 R B LU
FE N,

Content (mg-g' DW)

o PEA HPDS5 °C-HADG60 °C HPD60 °C-HADG0 °C HPD FD

Drying methods

3 AREIFEA A FR R R AR S SRR
Fig.3 Effects of different drying methods on total phenols and flavonoids in onions
Z: AR BFEATERLFE (P<0.05).

22 AR T B AR T E R e

R IO AR 2L 4 R AT s IR SE M SR AL P 4, 5 2R il AR S M R B R BSURAALL, (L S A A
—REZESE, HAAAWIR MR, ok, SR 20, B 2R Rk SRR B 50T, ITiRRREZD s HPD
55 ‘C-HAD 60 ‘CHJIEWRMBRMAELE, HPD HRIRELE, 2 ) U105 20N A2 R 5 BEA EIR-A DA
K HPD 60 ‘C-HAD 60 “CHX 5 T3 A M A BB KRR AN . 325 FEA TR BRI [V, S REERLE 1)
TR [BIR-A ACRIRR IR, RALRHIA AL . TR R BER, AR E T AR,
T BRI . AVAYET I ORI E SR, DRI B R L RIR . RRIRI MIAE A8 8 22 v T 2
4b, Bk HPD b, HoR =175 AN iR et R . SERE RN, ek 2 00 R SOR TE e i
WRIGIN; HPD TR TR SRR TR, SRR & Ak Rl R



MR BRI

Modern Food Science and Technology

2027, Vol.43, No.7

Sourness (FUk)

Saltiness (JiMk)

Unami (E§0%)

Richness (&)

TS

—o— BREH
—o—HPDS55'C-HAD60C
—o— HPD60 'C-HAD60°C
—a— HPD

~FD.

Astringency (ifl0k)

Aftertaste-A ([a]bk-A)

4 FBBFEDNELE
Fig.4 Radar image of onion electronic tongue analysis

2.3 AR T 7 AL TR By i AR AT R A A

K 5 AfEEA. HPD 55 “C-HAD 60 ‘C. HPD 60 ‘C-HAD 60 ‘C. HPD. FD BEAFI =4 (A). —4 (B) Kig

UElE (C)s
A

REFE ()

Peak intensity (Y)

Drift time (ms)

_—
K
9]
E
2=}
=
S
=
=
2
7]
-4

(! i

' '
dive e w
Sk e
. b S
i :A - il. : :i - :

i< ir-=

J—— . T S

e s - P

20 10 5 20 10 5 20 10 15 20
Drift time(ms)




MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.7

5 HIFEFETRT GC-IMS 74T
Fig.5 GC-IMS analysis of five kinds of onion sample
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