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Abstract: This study investigated the effects of three pretreatment methods-hot water blanching (HWB), high-voltage
electric field (HEF), and atmospheric pressure plasma jet (APPJ)-on the heat pump drying characteristics, moisture
distribution, microstructure, and physicochemical properties of Saimaiti apricot slices, with fresh slices serving as the
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control (CK). The results demonstrated that HEF pretreatment showed no significant differences in drying rate and quality
characteristics compared to CK. APPJ treatment achieved the shortest drying time (22 h), representing reductions of
35.29%, 17.65%, and 35.29% compared to CK, HWB, and HEF treatments, respectively. The Wang and Singh model best
fit the drying curves of CK and HEF samples, while the Page model was most suitable for HWB and APPJ samples.
Microscopic analysis revealed that both HWB and APPJ pretreatments disrupted cell wall and middle lamella structures,
with APPJ treatment particularly enhancing cell wall porosity and reducing moisture migration resistance. Pectin
component analysis confirmed that APPJ pretreatment significantly altered cell wall mechanical strength and porosity by
increasing water-soluble pectin (WSP) content while decreasing chelate-soluble (CSP) and alkali-soluble (NSP) pectin
fractions. Regarding antioxidant properties, both HWB and APPJ pretreatments significantly improved DPPH radical
scavenging activity and FRAP values, with APPJ showing superior performance in retaining total phenolics (176.40+
8.19 mg/kg) and carotenoids (32.64+0.83 mg/kg). Furthermore, APPJ treatment effectively inhibited enzymatic browning
by reducing hardness, polyphenol oxidase (PPO), and peroxidase (POD) activities while maintaining brighter color. These
findings demonstrate that APPJ pretreatment enhances drying efficiency and product quality through cell structure
modification, pectin component alteration, enzymatic browning inhibition, and antioxidant preservation, representing an
efficient and eco-friendly pretreatment method with significant potential for industrial applications.

Key words: pretreatment; heat pump drying; Saimaiti apricot; low-temperature plasma; drying kinetics; antioxidant activity
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Table 1 Mathematical model of drying dynamics
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3 Wang and Singh MR=aexp(—kt)+c
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Fig.1 Effects of different pretreatment methods on the drying
characteristics of apricot slices

TE: ARVNE P HFRIR2E 57 .35 (P<0.05) .
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4 Fpwy FH ISR EE = T A58 (Page . Henderson and
Pabis. Wang and Singh FlI Logarithmic) 9 Z% (2.
R*> FN RSS)HARE T fcils THRECERY,

PG4 32 2 FE 2 %, Page #EBI AR
WA HWB 1 APPJ TiALEE R A9+481 70, H R?
BIRKF 0.99, 2 F1 RSS 433124 0.001., 0.002(HWB)
F1 0.001. 0.003(APPJ), FH] Page F A 53X P Fh il
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IR A3 AB AL #AF: . 53— 7 TH, Wang and Singh
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Table 2  Fitting of drying kinetic models for apricot slices with
different pretreatment methods

Y . b P53
R FR S5
CK HWB HEF APPJ
k 0.003 0.015 0.003 0.004
1.939 1.683 1.928 1.959
Page R 0.990 0.998 0.989 0.998

RSS 0.018 0.002 0.022 0.003

7 4.933 0.001 2.057 0.001

k 0.052 0.092 0.052 0.071

1.131 1.102 1.129 1.134

Herderson and Pabis ~ R* 0.913 0.949 0.912 0.924
RSS 0.156 0.064 0.157 0.125
0.010 0.006 0.010 0.010
a —0.023 —0.055 —0.023 —0.037
c —1.825 4313 —2.061 2.012
1.341 0.025 1.370 0.010

R? 0.998 0.993 0.998 0.982
RSS 0.003 0.008 0.003 0.029
1.725 8.493 1.596 0.002

a 226.277 2422 221.324 4.409

Wang and Singh

b 225231 -1.392 -220.080 —3.363
Logarithmic R * 0.994 * 0.985
RSS * 0.009 * 0.024

Ve * 8.073 * 0.002

T IR AR M S
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AN B S WRAE S X R A AR P ) =
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Fig.2 Wang and Singh model fitting curves (a) and (c) for the
control group and high-voltage electrostatic field and Page
model fitting curves (b) and (d) for hot water blanching
and low-temperature plasma
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Fig.3 Effects of different pretreatment methods on the moisture
distribution state of apricot slices
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Fig.4 Effects of different pretreatment methods on the cell
and cell wall structure of apricot slices
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Table 3  Effects of different processing methods on the
hardness and pectin content of apricot slices

M WSP(mg/L)  CSP(mg/L) NSP(mg/L) — FHEE(N)
CK 89.53£0.71°  78.46+1.62"  82.19+0.84°  12.40+1.58"
HWB 100.97+0.39"  76.4+0.87"  89.46+0.88"  6.44+0.48°
HEF 87.85£0.41¢  74.41£0.96™  80.3£0.85°  8.48+0.79"
APPJ 105.50.1°  72.27+0.89°  80.11£0.09°  4.02+0.69"

TE: RSN R NG R RR 28 57 .35 (P<0.05)

SEE AR WoR, A RS 5 WSP. CSP fil NSP
FAARRNE . 3XRE] WSP B9 hnAn CSP A NSP 1
Ul /D)2 S EUR IR BE A RRAR . APPY WAL B (1Y)
WSP & & 5, 5% 105.50 mg/L, i CSP 1 NSP
B IS, 43BN 72.27 mg/L 1 80.11 mg/L. X5
Deng 4¢P 1 Ella 459" (B FE 45 R AH — 3K, i —20
YESE T SRS LH 53 AR A 3 SRS B () s 35 52 . (RIS,
WSP & &I 2 SN EEPAEL, FLERZRIE K, B
JNHE 22K 43T R8I ; 1 CSP 5 NSP &8 1si/b4:
1 555 0 JHE B Py B LA e R FORG &35 1, AR R M e 4 2,
{345 7K 53 0 S 3 2 B 18] 25 BB F% . APPJ FiAb #HIE
b AN 20 g R o RS S b i, 8500 T 24 R L B
BE, BEART KSR I RH T, DA Sb 4 i T Tt
32, 1M HEF AN TR A 25 2 AR 4 e 2544,
ST TR IR THE A R . DRtk SRS BEfdAS
ALREAR T 7K 53R HRH T, I 3B L% T R EfE Ak, MIf]
AEJE T TR AR S T TR

Stk — 25 P B SR e 5 TR AR R Z M S R, SR
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Fig.5 Effect of different pretreatment treatments on the
nanostructure of pectin in apricot fruit
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Table 4 Changes in the color of apricot slice peel and flesh after different pretreatments combined with heat pump drying

N CK HWB HEF APPJ
S . . . .
P A P A P P P A
L 45.75+0.89* 45.39+0.48" 31.83+0.66° 37.31+0.27¢ 40.97+0.58" 43.11+0.47° 31.22+0.73¢ 31.15+0.99°
a* 11.87+0.42¢ 17.46+1.31* 13.18+0.83% 16.75+1.01* 14.9+1.17% 18.2+1.334 15.56+0.45% 17.34+0.24*
37.13+0.55° 40.69+1.79* 17.24+1.05° 33.89+0.89"% 34.24+2.18* 38.16+0.54* 19.58+1.17° 26.2+0.85¢
AE - - 20.08+3.69* 10.65+0.95° 6.99+1.17° 4.42+1.41° 23.14+0.95° 20.41+1.794

T FFF ARV NG _EbRT R 2R SR BRI 22 53 3% (P<0.05); RIS _EART-RERR R A RUIE 22 5 135 (P<0.05); “—" R 4.
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Fig.6  Effects of different pretreatment methods on the activity

of key enzymes involved in enzymatic browning of apricot slices
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Fig.7 Effects of different pretreatment methods on antioxidant
substances and antioxidant capacity of apricot slices
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