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Abstract: To evaluate the effectiveness of intelligent sensory technologies in monitoring the dynamic changes in fruit
quality and flavor compounds of Pyrus ussuriensis 'Hongxiangsu' during storage, five sampling time points were set,
including cold storage for 0, 60 and 120 days, as well as 3 and 6 days of ambient shelf life following 120 days of cold
storage. The flavor difference and other quality indicators of Pyrus ussuriensis 'Hongxiangsu' under 1-methylcyclopropene

(1-MCP) treatment during storage were assessed using electronic nose (E-nose) and electronic tongue (E-tongue) analysis
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combined with physicochemical measurements and gas chromatography-mass spectrometry (GC-MS). The results showed

that 1-MCP treatment delayed the decline in the absorbance difference value (I,p,), sucrose content, total organic acids con-

tent, malic acid content, and most sensory attributes (except aroma), while suppressing increased in peel ¢” value, as well as

glucose and fructose contents in fruit flesh and sensory aroma intensity. No significant effects of 1-MCP were observed on

fruit firmness, soluble solids content (SSC), titratable acidity (TA), peel L* value, peel b value, fructose content, sorbitol

content and glucose content. A total of 51 volatile compounds were detected, among which 1-MCP treatment decreased the

relative abundance of ester but increased that of aldehydes, delaying the aroma changes during fruit ripening. Notably, the

E-nose sensor array effectively distinguished the aroma characteristics of 'Hongxiangsu' pear during storage, with the W5S

sensor closely correlated with sensory aroma. The sourness signal of the E-tongue showed positive correlations with texture,

acidity, astringency, as well as pulp firmness, total organic acids, and aldehydes level, but negative correlations with pulp

sweetness, L” value, a” value, b” value, esters content, and alkanes level. Overall, this study demonstrates that E-nose and E-

tongue technologies can partially reflect traditional sensory evaluation and link pear flavor components, thereby providing a

reliable theoretical basis for intelligent postharvest quality monitoring of fruit.
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Table 1  Soluble sugar standard curve and coefficient
of determination
B O B A A] (min) bRk LM (mgmL) R
g 8.403 Y=(3E-07)X+0.4272 0.1~8 0.9978
T 9.473 Y=(3E—07)X+0.3087 0.1~8 0.9991
Gkt 11.067 Y=(4E—07)X+0.2506 0.1~8 0.9959
il 18.755 Y=(3E—07)X+0.3256 0.1~8 0.9981
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RFESD 1.0 g TELLAE T, AR E 77K 5 mL, @A
$2HL 30 min & 10000xg Z5.0» 10 min, i 0.45 pum 3E

2 APURAIBRE N2 KRG R %
Table 2 Organic acids standard curves and coefficient
of determination

Frifdh PR B2 ] (min) PR 2k LM (mgmL) R

iR 6.4 Y=(2E+07)X~-75462  0.0050~0.4000 0.9993
AR 6.7 Y=(2E+06)X-10064  0.0100~0.8000 0.9997
&7 7 Y=563405X—204.23  0.0200~1.6000 1
SRR 8.2 Y=765839X-2301.9  0.0500~4.0000  0.9999
FERR 9.0 Y=(4E+07)X+139979  0.0005~0.4000  0.9996

LR 9.5 Y=332364X+459.5  0.0100~0.8000 1
FrigiR 12 Y=771498X+19929  0.1000~8.0000 1
LR 13.1 Y=331837X-652.7  0.0100~0.8000 1
A 14.1 Y=(1E+08)X—4849.8  (.0005~0.0400 1
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Table 4 Response characteristics of PEN3 electronic nose

sensor
T WS R il o7 R RSD(%)
1 WIC  Aromatic X5 & A G W U 0.7
2 W5S  Broadrange X EAAL S YRR 0.5
3 W3C  Aromatic @R A A YU 0.4
4 W6S  Hydrogen Mo S S 1.0
5 W5C Arom-aliph X BE AT B A A YUK 0.9
6 WIS Broad-methane Xof FR e Sk 1.5
7 WIW Sulphur-organic X b A AR AL U 0.4
8 W2S Broad-alcohol MMM FEFEMADIER 07
9 W2W Sulph-chlor A EHURIY SOFEHRMEWIBEE 0.4

10 W3S Methane-aliph X Bk U 0.8
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Fig.1
acidity, and absorbance difference value of 'Hongxiangsu'
pear during storage
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Fig.2 Color analysis of the peel of 'Hongxiangsu' pear
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Table 5 Changes in soluble sugar content and sweetness value of 'Hongxiangsu' pear during storage
g g gsu p g g
b7 CK 1-MCP
0d 60 d 120d 120+3 d 120+6 d 0d 60 d 120d 120+3 d 120+6 d
b (mg/g) 1.54+0.03°  1.67£0.03" 1.61+0.08" 1.69£0.04° 1.55+0.04*  1.54+0.03° 1.58+£0.12™° 1.51+0.03° 1.58+0.07"° 1.54+0.03°
%M (mg/g)  0.7120.01°  0.80+0.02°  0.86+0.04°  0.75£0.01°  0.81+0.03"  0.71£0.01°  0.8+0.05" 0.75£0.01°  0.74+0.03°  0.71+0.01°
1A (mg/g)  0.79+0.02°  0.80+£0.03¢  0.88+0.04™  0.824+0.02¢ 0.89+0.02"  0.79+0.02°  0.94+0.06" 0.84+0.01™ 0.83+0.04*  0.79+0.02°
FEBE (mg/g)  0.17+0.01°  0.09+0.01°  0.08+0.00*" 0.04+0.00¢  0.11£0.01°  0.17+0.01*  0.09+0.03%  0.06£0.01¢  0.06+0.01"  0.17+0.01°*
HEAE 3.69+0.07* 3.89+0.08" 3.86+0.19™ 3.86+0.08™ 3.77+0.10™  3.69+0.07* 3.84+0.30™  3.6+£0.07°  3.69+0.16™ 3.69+0.07"

e FAT AR RN 3R 25 573 .35 (P<0.05), 6., 7.
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539 3.98 mg/g TRESE 2.74. 3.1 mg/g, 1-MCP 41
ST BRBL I TR & S 3 S T CK 4H.(P<0.05) . 31
SRR E S 2R, S e s HA A 5
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Fig.3 Changes in relative content of volatile components
of 'Hongxiangsu' pear during storage
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Table 6 Changes in organic acid content of '"Hongxiangsu' pear during storage

) CcK 1-MCP
645 (mg/g)
0d 60 d 120d 120+3 d 120+6 d 0d 60 d 120d 12043 d 120+6 d

FR 0.21£0.01™  0.2+0.00°  0.23+0.00" 0.21£0.00%  0.17+0.01¢  0.21£0.01™ 0.21£0.00" 0.21£0.00%  0.22+0.00®  0.170.02¢
AR 0.08+0.00°  0.07+0.00¢  0.06+0.00°  0.06£0.00° 0.07+0.00  0.08+0.00" 0.06+0.00%  0.06+0.00° 0.07+0.01*  0.09+0.00°
4 TR 0.34+0.00°  0.30£0.00™  0.35+0.01°  0.3£0.00°  0.27+0.03¢  0.34+0.00° 0.36+0.01°  0.37+0.00"  0.28+0.00°  0.20£0.00°
SRR 1.89+0.03°  1.7740.01°  1.4£0.06°  123+0.02° 1.13£0.06°  1.89+0.03" 1.91+0.01°  1.8+0.01°  1.36+0.02¢ 1.15£0.01°
ZERIR 0.13+0.00°  0.13+0.00°  0.14£0.00®  0.11£0.00°  0.09+0.01¢  0.13£0.00"  0.15£0.00° 0.14+0.00® 0.11£0.00°  0.09+0.02
iz 0.17+0.01°  0.09+0.00°  0.04£0.00"  0.06+0.01°  0.06+0.00°  0.17+0.01°  0.11£0.00°  0.07+0.00°  0.08+0.01¢  0.06+0.01%
FriERR 0.25+0.01°  0.2£0.01*  0.16£0.00°  0.17+0.00°  0.17+0.02¢  0.25+0.01° 0.18£0.01°/  0.2£0.00°  0.2£0.00*  0.18+0.02%
BEHAMR 0.01£0.00°  0.02+0.00°  0.04£0.00°  0.030.00°  0.02£0.00°  0.01£0.00°  0.05+0.00°  0.03+0.00°  0.02+0.00°  0.02:0.00°
W iR 0.91+0.03°  0.77+£0.04°  0.8+0.04  0.87+0.01 0.76+0.01°  0.91+0.03" 0.78+0.01°  0.93+0.01®  0.93+£0.12°  1.14+0.02°
MANER  3.98£0.07°  3.53£0.04°  3.2+0.03°  3.04+0.01° 2.74+0.09°  3.98+£0.07°  3.82+£0.02°  3.82+0.00° 3.40+£0.10™ 3.10+0.03"
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Table 7 Changes in volatile compound composition and content of 'Hongxiangsu' pear during storage (ug/kg)
s e PRIRE « ey i
(min) 0d 60 d 120d 12043d  120+6d 0d 60 d 120d 12043d  120+6d P
Al 3.618 THRTPER 1.3440.118  2.12£0.06° 3.5£0.01° 3.8£0.01° 4.6630.06" 1.34=0.11¢ 2.04+0.05" 2.58+0.11° 2.96+0.01¢ 1.48+0312 WHFHFX
A2 4397 2-FIRETRRER  2.58+0.58¢ 3.91+0.12° 4.57+0.1° 4.02+£0.08" 4.97+0.21°  2.58+0.58% 4.05£0.14% 4.27+0.23" 0.05£0.00° 4.45+£0.04™ SERFS
RPN R - - - - - - - 0.02£0.01 - - B
TR '
A4 5956 MR TER 0.18£0.02° 0.37+0.027 2.12+0.02° 4.85+0.05° 5.93+0.45°  0.18+0.02° 0.32+0.01" 1.15:0.02° 2.01+0.03% 2.96+0.02° F'F
A5 ams  TOCIDRERT - - 0.05£0 - - - - - - - R
21
2-FRHE-2- IR R " | . " " " P,
ks A6 7.185 s - 0.02+0.00  0.07+0.00°  0.03£0.02° 0.01+0.00 - 0.02+0.01 - 0.02+0.00 0.01+0.00¢ YERFS
A7 8.5 iR Bt 1.3940.11¢  1.55+0.05% 1.74£0.12° 1.5£0.01° 1.45£0.03* 1.39£0.11¢ 1.63£0.01® 1.5320.09* 1.51£0.03* 1.45+0.03¢ 7
A8 16.143 ZMRCHR 1.5740.14°  1.37£0.06" 0.48+0.05° 1.55£0.51° 2.35+0.05° 1.57£0.14° 0.75£0.05° - - - BE
A9 20.147 TR i - - 0.17+0.05°  0.24+0.16" 2.01+0.31° - - - - 0.23+0.03° &K
Al0  22.872 LRI - - - - 0.06+0.00 - - - - - R
All  23.686 IR B 0.17+0.00°  0.28+0.06° 0.92+0.18° 0.22+0.05% 0.53+0.15°  0.17+0.00° 0.38+£0.02% 2.33+0.08" 0.38+0.25% 0.49+0.04% &
Al12 27128 LB RR O TR - - - 0.08+0.04° B - 0.02+0.00° - 0.02+0.00° -
Al3 29.662 IR - - - - 0.45+0.05 - - - - - AT
Al4 36225 ZER PR - - 0.150.00° - - - - 0.22+0.04° - - FRER
Bl 5.578 O 22.57+0.29° 20.29£0.69 18.81£0.36™ 15.91+2.00% 14.13+4.05° 22.57+0.29° 21.63+0.25" 20.89+0.74% 17.410.81% 16.9+0.70% & HA&EF
B2 7.124 2-CITE 0.89£0.15"  0.3£0.31°  0.02+£0.00° 0.05+0.01° 0.11£0.03"  0.89+0.15" 0.22+0.23° 0.02+0.02° 0.34+0.32° 0.15+£0.02° FHHEFR
B3 12.595 (E)-2-PEAfsme 0.22+0.02"  0.19+0.02* - 0.08+0.03¢  0.12+£0.03°  0.2240.02° - - 0.17£0.01°  0.19£0.01" FHHFS
B4 15.464 FE 1.15£0.12°  0.18£0.01  0.09£0.00¢ 0.14+0.03% 0.24+0.02°  1.15+0.12* 0.15£0.01¢ 0.15£0.01 0.13+0.02* 0.16+0.02¢" HHHEEFS
2 B5 22254 T 2.74£0.07" 0.8140.22 0.65+0.14° 0.58+0.05' 1.28+0.18"  2.74+£0.07" 1.23+0.16" 1.040.22" 0.61+0.17° 1.03+0.01* #EFAETF
B6  26.029 (E)-2-F-Hsis - 0.21£0.07 0.16+0.09° 0.32+0.15° 0.52+0.08" - 0.15£0.02¢  1.05+0.01" 0.26+£0.04% 0.5£0.07° 7
B7 26811 =R - - - - 0.11£0.00 - - - - - L
B8  29.259 B 0.58+0.03"  0.37+0.03° 0.24+0.07° 0.24£0.03° 0.46£0.07  0.58+0.03* 0.52+£0.12° 0.5£0.12° 0.23£0.05° 0.47+0.03® HHEHEF
B9 29524  24-"HUIHIEHIEE  0.49+036¢°  0.26:0.01° - - - 0.49+0.36°  1.01£0.08° 1.07+0.10°  0.99+0.04° - A
Cl 5362 PUS-2H-MHI-2- - - - - - - - 0.13+0.03 - - A
C2 7.182 33 - - 0.29+0.00° - - - 0.0320.00° - - - R
C3 8.135 1-CV 1.87+0.06" 1.8540.25" 1.14£0.40° 1.39+0.48" 1.23+0.96® 1.87+0.06' 1.75+0.36" 0.8£0.09° 1.08+0.14° 1.39+0.02 FHFHT
C4 8.25 4-2FE2E 0.39+0.01® 0.35+0.23® 0.11£0.02° 0.32£0.32° 0.76+0.51°  0.39£0.01° 0.39+£0.25® 0.17+0.03" 0.3£0.26™ 0.12+0.00° JHIEFIE
EE cs 8.716 2,4-T B2 REE 054005 0.6+0.03'  0.59+0.02° 0.55£0.02 0.56£0.02  0.5£0.05" 0.57+0.03" 0.61£0.04* 0.58+0.05° 0.58+0.03" WifiF<
Cc6 14129 1= 053 - - 0.080° - - - - 0.03+0.00° - 0.17+0.05"  BEZEES
Cc7  17.193 2- P HE- 1 0.66+0.13°  0.3+0.06%  0.93£0.18" 0.67+0.12° 0.21+0.08  0.66=0.13° 0.45£0.06* 0.32£0.03* 0.38+0.07* 0.51+0.03" FHHES
Cc8  21.885 3-TRE 0.16+0.01°  0.13£0.01® 0.13+0.03® 0.12+0.01®® 0.14£0.02®  0.16+0.01* 0.11£0.01° 0.13+0.02® 0.11£0.02° 0.12£0.03® ¥
c9  27.202 1 - 0.05:£0.00° - B - - B 0.040.00° - - HHES
D1 5.694 (E)-3-¢4 - - - - 0.05:£0.00 - - - - - i
D2 9.037 g - - - - 2.67+0.42° - - - 5.48+0.46" - Bk
D3 10.668 SR 0.14£0.05¢  0.22+0.01° 0.18£0.01™ 0.17+0.00° 0.16:0.02°  0.14£0.05%  0.18£0™  0.23+0.03" 0.28+0.03" 0.19+0.02" -
fik D4 11182 a-JRM 0.19+0.02¢  0.34+0.02% 0.3+0.08 0.28£0.06* 0.06+0.01°  0.19£0.02¢ 0.25£0.03% 0.51£0.08" 0.46£0.07" 0.35:0.05*  AF
(18)-2,2-H1 -3 " " . . X " . \ .
D5 12.048 FIE—3F2.2.1] !%'7: 0.15+0.01°  0.120.01  0.08£0.01*  0.1£0.02°  0.10.01°  0.15+0.01° 0.09£0.01 0.11£0.01° 0.15£0.03* 0.12+0.01°  FEhkFE
D6 12.723 1-ZHE-3-HIBEE 0.03+0.00°  0.06£0.00°  0.03+0.00° - - 0.03+0.00° - - 0.03+0.03" - il
D7 12.74 B-IRAR - - 0.55+0.75" - - - 0.05£0.01¢  0.1£0.03°  0.2+0.17°  0.08+0.01° WA
D8 15652 3-HEh - - 0.06:0.01° - - - - 0.04+0.00°  0.04+0.00° - MRS
D9 17.016 D-Frised 0.2440.05%  0.25£0.00°  0.8£0.01° 0.74£0.15® 0.24£0.03°  0.24£0.05° 0.25£0.02° 0.69£0.07* 0.68+0.02" 0.6+0.01° HHFFEX
DI0  18.325 EEES - - - 0.070.02° - - - 0.08+0.00° - - VN
DIl 31.931 3-TORUT R 0.87+£0.11°  1£0.05™  0.9+0.07* 1.17+0.07* 1.05+0.12®®  0.87+0.11° - - 0.27+0.04¢  0.99+0.07° &
D12 43334 o- e - 0.05+0.01°  0.26+0.04"  0.09£0.04°  0.26:0.00° - - 0.04+0.01°  0.29+0.10" 0.08+0.01° HHFHS
El 32 5-ZFE-4-WIL3-PE 1.11+0.13¢ - 2.52+0.08" 221+0.07° 2.11£0.12°  1.11£0.13° 2.17+0.11° 2.27+0.11% 2.35£0.03% 2.45+0.04" Wil
E2 14341 6-HIIL-S-PHE-2-H  0.64+0.09" 1.15+0.04*¢ 1.2120.12° 0.9420.11° 0.84+0.07"  0.64+0.09" 0.89+0.08"" 1.46+0.05* 1.14+0.03"¢ 1.36+0.38" FHHE
Fi2% B3 21383 2-T-fiil 0.14+0.03° - - 0.1£0° - 0.14£0.03°  0.09£0.01°  4.12+£0.25" 5.27+1.25" 3.8140.15" HHIFHFT
E4 28291 2-54i - 0.080.00° - - - - - - - 0.06+0.01°  HHEET
ES 34673 2-+— 0.07+0.01° - - - - 0.07+0.01* - - - - Liypiviiy
f— Fl 4.324 3- R 1.19£0.21°  1.47£0.11%  1.4+0.03® 1.41£0.06® 1.56£0.05" 1.19£0.21° 1.51£0.13® 1.35+0.07* 1.5£0.10" 1.38+0.01® FFH &S
T B 4.672 2- TIPSR 0.02+0.00° B - B - 0.02+0.00° B 0.08£0.01*  0.06+0.01° 0.09+0.00° T HFHS
it 43.8+1.74% 40.41£0.79° 50.07+0.71° 51.18+2.39™ 57.82+3.78" 43.8+1.74° 43.85+0.74° 53.71+1.14> 53.52+1.63" 50.77+0.68™
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