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Abstract: To investigate differences in flavor quality among dried banana chips processed using hot air drying (HAD), vacuum
freeze drying (VFD), and heat pump drying (HPD), and to establish predictive discrimination models for drying methods based
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on flavor quality indicators, this study analyzed flavor characteristics using an electronic nose (E-nose) and gas chromatography-
mass spectrometry (GC-MS). Relative odor activity values (ROAVs) were used to identify key aroma-active compounds. Principal
component analysis (PCA) and linear discriminant analysis (LDA) were applied for dimensionality reduction and feature extraction,
and a backpropagation neural network (BPNN) model was constructed for drying method discrimination and prediction. The
results demonstrated that E-nose analysis revealed a distinctive response of HAD samples at the W3C sensor compared with the
other drying methods. Seventeen key aroma compounds, including 11 esters, were identified based on ROAV analysis. Cluster
heatmap analysis indicated higher flavor similarity between the VFD and HPD samples. Among the established models, the LDA-
BPNN model achieved the highest discrimination performance (R°=0.844 4), outperforming the PCA-BPNN (R’=0.766 9) and the
standalone BPNN model (R*=0.703 6), and completely distinguishing HAD samples from the other groups. The flavor profiles of
dried banana chips produced using different drying methods were systematically characterized, and an LDA-BPNN model based
on flavor quality indicators demonstrated strong predictive performance for drying method discrimination. These findings provide a
technical reference for optimizing drying processes and improving the quality of dried banana chip products.

Key words: dried banana chips; electronic nose; gas chromatography-mass spectrometry; relative odor activity value; machine

2026, Vol.42, No.5

learning; backpropagation neural network; predictive model

FHE (Musa spp.) s& B8R} (Musaccac) ZEHIJ&
(Musa L) W) ZFETRANMY), |ERE A B8
T ENEEREE — R, HREFEEEE T,
I CZEANH] 10%, 0 TR P AR FE g AR T & Atk oK
SRR GIKRY, FHE R A A AR, RIS
BT G0 R S EOR AT, B AR
THEERTFREARZ RS IRE fEm R R
P EEt. FERTLEFEFEML ™. AT,
HERT M FEFRAE T NEFER T BT
B BTRURT IR RBIRTRE . i FER T
WA R e T R s R P AR
Jo 155 77 5 AR S S N ) 0 D 2Ot KU
JBT (R 5 B 3 R I T 5 0 /0 W, e e B ) A
mn BRI 07 S 7 R P o 3 A R B T SOM il -
Ji ik B A (Gas Chromatography-Mass Spectrometry,
GC-MS) 5 i B H ARAE KRB TR 2 B A, 5K
IAEEE 6 AN SR A o BE S B REAS I 2 36 FhiE & M
VIR, e R e SR DTHR A 5T . GC-MS 55
AL — M58 43 M4 (Gas Chromatography Olfactometry,
GC-O) BXH, #M T 43 0 i 45 7 B 2 A5 AR i 45
BB 43 PP 26 Fl S M LAY IEAT T 8 B IR
TSN, S AR R TS o s
Angela VM G B A2 5] 00 R AR 56 T A B HAL AR bR
WU TE HEAT P2 B2 B B TN AR L 28 2 ST A

BLAS 5 2] o — Flobkok Bl B FH B 7 TR, 1H5AL
L 1 3 25 A4S Y I R 5 A P FRAIS, AT A A5 ]
FIN T8 R v A2 2% 1) A oA AT BB T4k, HLae
5 ) DRI AR AR T N A AR B T2 N, il
T EE B HLARFIR (Random Forest, RF) 7345 11

IR T4 7= 5 B G400 A 43 262, 143 B 1R
REAE LA M JFURMEEAT 43 2510 K BME R 2R EEN, D
FAR P R b s Y

AW TR T8, GC-MS AR T A&
FERT I RR R TR bR, BRAAE TR LG ERT
() AR 22 57, T HL - S A S A% e N2 5 ROAV 43
{1 95 6 D5 TR UK P I, 3 S I FH S R R ALE o 4 7
BN B R L i o S e o Gy e Wi W2 31 N
W, DN FER TR T 2088, =277 8 i i
S e BRI AR S %

RS

1.1 #8533

1 HUG B AR H TR L AR A 3 5 5] RS 4 I R 1
FERE. 10 NHFEEERIN T RE) MHH
AR R TS, TEAE B LR 1.

iR 7, HPLC S (%5 40064966), bt 5Tkl
YRR A F; HPLC e (185 H1823082), L
TR T AR AR AR . HARKIRREE (37
5 P1126864), g Ze B A R4 7] ; BSTFA
(1% TMCS, 75 65339), 3£ [H Regis Technologies ;
HPLC W % ( £% 5 184268), 3% [ Fisher Chemical ;
HPLC Zfi§ (155 184866), Z[H Fisher Chemical ; %
PEEE (775 P1069993), i ZRIHBH A PR A A,
1E M B ke TR bR (C10-C25, 18 5 1069335HE), 7% [H

Laboratory of the Government Chemist.
12 M#EHHEA
DHG-2050B HLAG X T4, FBIN Ao s A IR

323




MR @i

Modern Food Science and Technology

2026, Vol.42, No.5

A 3 SCIENTZ-10N/B J i BV R 1L, TR 2
EVIR A G BRAF] 5 L3.5 R THEML, T &
B H PR AR ; PEN3 T8 RS0/ SR, 1l
Air Sense A #] ; Wonbio-96¢ WAL, FigH
AR A R A A 5 5977B M il - i itk Bk
1%, 3% H Agilent 8890B ; 122-5532G DB-5MS i}
(40 m»0.25 mmx0.25 pum), FE[H Agilent A,
®110MBERRES

Table 1 Sample information of banana varieties
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Table 2 Specific detection of target components
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K PCA 5 LDA XA T4 77 A E R T 1%
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)27 52 AF RS, H AR R T %
TR AN 3 o, Hob PCA BT 11 AN FER Bty

ZETTRRIAE] 90% LL E (90.20%), K 3% A [T Ji
%3 FAEFRARBERTFLETHRNKY R R EFEREREE RS

Table 3 Principal components of dimensionality reduction of key contributing flavor substances and electronic-nose data of dried banana

77 30A B T KU R 48R0 015 2. s 1T LDA X 2
NERA R EZTTRE CIAE] 100.%, TEELEE T
FirA R i 5 A5 B, W i T 11 4 (PC1-PC1D)
524 (LD1-LD2) F sy #4773 41 5 5 4 TRl 45 2
.

chips by different drying methods

IR T PCA. - . LDA‘ .
FETEREN S RiFFETREY%N FETREYS RitF Z2TRE%
1 33.00 33.00 94.55 94.55
2 14.00 45.00 5.45 100.00
3 9.70 54.80 — —
4 6.80 61.60 — —
5 6.20 67.80 — —
6 5.20 73.00 — —
7 4.50 77.50 — —
8 3.90 81.40 — —
9 3.60 84.90 — —
10 3.10 88.00 — —
11 2.20 90.20 — —
12 1.80 92.00 — —
13 1.50 93.50 — —
14 1.40 94.90 — —
15 1.20 96.10 — —
16 0.93 96.98 — —
17 0.71 97.69 — —
18 0.50 98.20 — —
19 0.48 98.68 — —
20 0.40 99.10 — —
21 0.31 99.39 — —
22 0.27 99.65 — —
23 0.15 99.81 — —
24 0.10 99.91 — —
25 0.09 99.99 — —
26 0.00 99.99 — —
27 0.00 100.00 — —

x4 TR B EBPNNREY M REIRIE

Table 4 Performance verification of BPNN model constructed by different dimensionality reduction processing

i 22 7 PIE: %3 MK
B pasm AT
_z R’ RMSE MAE MBE R’ RMSE MAE MBE
& BPNN 10 0.796 2 0.3750 0.291 0 0.136 3 0.703 6 0.407 4 0.368 0 0.194 7
PCA BPNN 10 0.8220 0.348 1 0.138 8 0.022 8 0.766 9 0.3812 0.267 0 0.1358
LDA BPNN 10 0.913 8 0.248 6 0.1199 0.009 3 0.844 4 0.296 6 0.1792 0.024 0
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Fig.7 Prediction results of each model
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