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Abstract: This study aimed to investigate the feasibility of using sugar alcohols (xylitol, sorbitol, and maltitol) as osmotic
agents to replace traditional sucrose in the osmotic dehydration of lemon. Lemon preserves were subsequently obtained by

drying at 45, 50, and 55 °C. The effects of osmotic agent type and drying temperature on product quality were systemati-
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cally evaluated in terms of osmotic efficiency, moisture content, textural properties, color, electronic nose responses, total
phenolic and total flavonoid contents, antioxidant activity, soluble sugar content, and organic acid composition. Based on a
comprehensive assessment integrating physicochemical indices and sensory evaluation, the optimal osmotic agent and
drying temperature were determined. The results showed that, in terms of texture, sorbitol- and maltitol-treated samples
dried at 45 °C exhibited lower hardness and chewiness, whereas sucrose- and xylitol-treated samples showed higher values.
Regarding nutritional quality, sucrose- and maltitol-treated samples dried at 45 °C exhibited the highest total phenolic and
flavonoid contents, followed by sorbitol-treated samples, with xylitol-treated samples showing the lowest levels. In terms of
flavor quality, sucrose-treated samples dried at 45 °C contained the highest levels of volatile compounds, followed by sor-
bitol- and maltitol-treated samples, while the high osmotic efficiency of xylitol resulted in greater losses of volatile com-
pounds. Sensory evaluation indicated that sucrose-treated samples dried at 45 °C achieved the highest overall acceptability,
followed by sorbitol- and xylitol-treated samples. Overall, based on a comprehensive assessment of physicochemical prop-

erties with sensory evaluation, it can be concluded that substituting sucrose with sorbitol in combination with a drying tem-
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perature of 45 C is suitable for the development of low-sugar candied lemon products.

Key words: osmotic dehydration; sugar alcohols; sucrose; lemon; nutritional and flavor; sensory evaluation
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Fig.1 Variations in water loss rate and solid gain rate of lemon
preserves under different treatment methods
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Fig.3 SEM images at 500x and 1000x magnification of lemon preserves under different treatments
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Table 2 Color parameters of lemon preserves
under different treatments
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Fig.4 Variations in hardness and chewiness of lemon
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WA ZS TR R TP A MR SRR IS Y . AkE
BEZH A HLIR & i IS, WRBH T SsB BacR a5
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Table 3 Soluble sugar content of lemon preserves under different treatments
BB HERE(mg/g dw) AP (mg/gdw) b (mg/gdw)  ABIEE(mg/gdw) LA (mg/gdw)  ZZZEHEEE (mg/g dw)
TERE 123.9443.35% 76.64+1.80 109.4743.15% 26.33+0.31% - -
45 N 22.69+0.16 37.14+1.20% 28.0242.04% 867.79+4.37% - -
RS 19.92+0.95%¢ 36.58+0.31< 28.03+2.86% 58.05+6.565 434.83+13.19° -
2 2 1.66+0.08° 95.71+1.28 39.11:+4.845 26.87+5.44% - 284.79+7.68°
TR 114.4442.61%° 63.87+6.485° 116.29+0.994° 25.8746.57% - -
S0 AWl 28.34+0.92 34.22+1.02% 26.48+2.56% 870.614+27.45% - -
ITE S 25.40+1.45% 35.50+1.43% 26.84+0.61% 53.93+8.41™ 417.62+0.79° -
2 2 1.99+0.11¢ 89.1441.044° 30.23+0.71% 17.49+2.62% - 264.08+10.25°
TR 109.67+0.574° 74.2041.48 133.89+3.38" 34.07+4.39¢ - -
s AR 28.84+1.74% 32.59+1.17% 25.02+£0.97% 794.80+20.58%° - -
TS 31.98+0.105 31.53+0.06%° 25.41£0.64% 69.63+9.265 379.04+5.78° -
2 2 2.0240.11 76.232.13%¢ 24.14£1.99% 32.68+9.37% - 231.66+2.19°
F 4 ARSI A E RN A LR & &
Table 4 Organic acid content of lemon preserves under different treatments
i BYVERC PRI WEPURINERR SERER WAL IR g RERLILZ: HHURR Bt
- ) (pg/gdw)  (pg/gdw)  (pg/gdw) (ng/g dw) (pg/g dw) (pg/g dw) (pg/g dw) (pg/g dw) (pg/g dw)
WERE 70.47£2.91% 27.68+1.90% 42.79+3.18%% 643.14+174.24™ 2425.51+187.66™" 2285.27+198.95% 24970.74+4276.33"* 601.96+355.77*" 30997.08+4790.06"*
45 C AHHEE  58.78+1.83% 20.32+1.37% 38.46+1.82% 501.38+210.73%" 1884.65+219.61*  1612.78+99.025* 22055.57+2522.53*" 734.16+458.00"* 26845.94+2530.26*
’ INALHHEE 59.86+1.16 20.99+2.64% 38.87+1.71% 682.55+100.10*" 1709.55+287.53"*  1583.48+65.18"* 23070.83+2607.99*" 641.73+425.16"* 27747.98+3213.06**
ZHERE 64.4942.40% 19.08+2.06% 45.4143.35%  735.20423.89* 2574.25+1593.53"* 1838.93+227.90% 27279.20+£1093.90* 671.79+419.23** 33163.86+924.68"*
T 65.55+4.62°" 18.34+1.54"° 47.2243.09°*  622.10+94.16*"  1145.21+79.94°  1207.05£15.88"" 23005.06+4085.60"* 546.99+373.78*" 26591.97+3775.014*
50 AHEEE  56.94+1.96% 14.74+1.03% 42.20+£2.95 389.76+316.97*" 1426.86+638.65 1120.83+110.39*% 18947.94+879.824% 721.39+117.52"% 22663.72+720.75"°
’ INALHHEE 51.4942.06° 15.19+1.12% 36.30+2.76% 662.73+117.13%" 2184.42+1909.11%* 1120.40+46.57°%° 18664.18+6210.53** 578.81+387.30" 23262.02+4410.94*
FEZFBHEE 50.49+1.58% 15324044 35.17+1.68% 681.54+78.92"  1198.22+88.83"  1051.13+£53.75" 23057.00+2330.16*" 477.91+386.94*" 26516.29+2826.69*"
T 48.16+1.60*° 13.61+1.41% 34.55+0.19"° 597.09+15.44*  958.60+25.16"° 880.07+12.86™  23024.74+902.13** 878.02+£790.41*" 26386.69+263.80**
55 ABEEE  40.48+2.67 9.87+0.82% 30.61+3.28"" 384.15+275.19"  915.48+59.00"° 667.62+£63.64%  17131.12+2019.54™ 738.27+503.12** 19877.13+2065.05%
INALBHEE 39.13+1.345 9.81+0.985%  29.31+2.08%"  460.43+64.98"" 1104.26+228.22"*  702.80+46.41%  18476.53+1891.21% 673.70+840.33"* 21456.85+1352.39%
MR 36.2241.46%  9.00+1.02%  27.2242.03%  507.17+63.90*° 930.03+9.774* 651.01+£7.855%  17072.0442713.52" 687.21+272.64"* 21267.36+153.53"%




- 60 - £ Tl B4

2026 4F 9 A

2.8 ITIRERNRETNER S

AR BV E T S R AN 8 s . REbEAL
BRZH BRI P 0 dre il 8~8.7 3, RIWTHENIE
Fe 55 12557 il 5 i B AR E TN 28 il 7 i) O
FRpe¥e BRI, BEREZHAERHEE | PR | R A
WRAE XURAEIE E 1933 2055w (7.3~8.3 43), s ik
HASIFTER FH B B BK AL B T 2 R T TR
HUIE FE e FOMELHAT IS B B i B R I RAS T 2
FRGEVEY, ST s ST TR R AR L A
SR R v T LA L ) 25 SR L ] OCH . (HURERE
RS TERR T E B E VAR UK, RIFEAEBUHA 73BT
PR RTINELE BE RA F A e, 2R IH LT (i s 7 — 2
RS LR T EALS

—m— VD45 C-HERl

—— VI)55
—+= VD55

T RREAEA

itk
B8 RN SR B R I 4

Fig.8 Sensory scores of lemon preserves

under different treatments

FEMHEEAL FHLH b, ACBEMEZH (7.7~8.0 43) S5 1L FL
FEIEZH (7.6~8.4 43) PULE A R It XU AL BETT
SR T REREL . Hoh, DAL B B2
WL, 78 45°C THREF T, HAd P4 fe i (8 470),
TR ST B ARG, R W B AR A R o b A 11K B 32
WG, AR Z R, 22 ZENHE ML R 5 R R e R s
2%, I P2 B AR (7.05~7.3 43) . AE Al b7
17, 22 2RI ) R o e SIS o R AR (R 3),
T BU SRR LE BE PSR AR AR . R R
2 PRI Ry T S E0E B U A, BRI
FE AR IE PR SRR D340, BREZ ZEBEIEZH A1,
HABBIBFNAAE 45 C TR T IAS T2
BRI B Vot ey, U HOE AR TR 28 FREREAS 5
I T HABALFEZH (P<0.05) .

3 #Hig

AR FT R Ge HURE T AL G532 79 N S5 et
P CAREIE . L BUBEES | 22 2P0 XTI S R i85
RN B, B AN : SR AR E B
FAb PR A PR R, AEARFERT SRS . BYLAR . A
P R XU ) R R . AR . P S
FEdm I, LA S ez Oy i A B A, T
A, AR AN BB AR PR R

i, JUHSERRRH T T o AHAHRSE A 2 i R LR
A R S B NPT A R T
EASTERIREE D, 45 °C THRIRE T REREZH S 1L AL
P 2HL 7R 5 SR W) Jo R BRI 2% 3 50 2 I SR I
(EERNPSIT ARIIES R N e ) RN L S =S v IVAE S
AR TT &

25 BT, AWTFEUESE T ACKENE | I AP R
BB A ORI T A AR F A s ki T A e, S HG™
A =R T BEARE S IEeS . it
A TR d b BT, SRR R s BB R A U
BB K BT AR THE PR, FE RIS
SEOPHBEXTATAS AR T A R2 N, SRS RS N T e A
e

© The Author(s) 2026. This is an Open Access article dis-
tributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

5% ik
[ 1] GRANONE L I, HEGEL P E, PEREDA S. Citrus fruit pro-
cessing by pressure intensified technologies: A review[J]. The
Journal of Supercritical Fluids, 2022, 188: 105646.
[ 2] HUANG Yiwen, ZHANG Min, JU Ronghua, et al. Effect of
ultrasound assisted vacuum osmotic dehydration on the mass
transfer kinetics and qualities of orange slices[J]. Drying Tech-
nology, 2023, 41(10): 1636-1650.
[3] DELRIOJ A, FUSTER M D, GOMEZ P, et al. Citrus limon: A
source of flavonoids of pharmaceutical interest[J]. Food Chemistry,
2004, 84(3): 457-461.
[4] HE Xiaoying, ZHANG Hangi, LI Jinxue, et al. The positive
effects of humic/fulvic acid fertilizers on the quality of lemon
fruits [J]. Agronomy, 2022, 12(8): 1919.
[5] DEEPIKA S, SUTAR P P. Osmotic dehydration of lemon
(Citrus limon L.) slices: Modeling mass transfer kinetics correlated
with dry matter holding capacity and juice sac losses[J]. Drying
Technology, 2017, 35(7): 877-892.
[6] MACEDOL L, CORREA JL G, da SILVA ARAUJO C, et al.
Effect of osmotic agent and vacuum application on mass exchange
and qualitative parameters of osmotically dehydrated strawberries
[J]. Journal of Food Processing and Preservation, 2022, 46(7):
el16621.
[ 7] BCHIR B, ALI BOUAZIZ M, ETTAIB R, et al. Optimization
of ultrasound-assisted osmotic dehydration of pomegranate seeds
(Punica granatum L.) using response surface methodology[J].
Journal of Food Processing and Preservation, 2020, 44(9): e14657.
[ 8] MA Youchuan, YI Jianyong, BI Jinfeng, et al. Effect of ultra-
sound on mass transfer kinetics and phenolic compounds of apple
cubes during osmotic dehydration[J]. LWT, 2021, 151: 112186.
[9] RAMYA V, JAIN N K. A review on osmotic dehydration of
fruits and vegetables: An integrated approach[J]. Journal of Food
Process Engineering, 2017, 40(3): e12440.
[10] DEL VALLE J M, ARANGUIZ V, LEON H. Effects of
blanching and calcium infiltration on PPO activity, texture,
microstructure and kinetics of osmotic dehydration of apple tissue
[J]. Food Research International, 1998, 31(8): 557—569.
[11 ] AHMED I, QAZI 1 M, JAMAL 8. Developments in osmotic


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.supflu.2022.105646
https://doi.org/10.1016/j.supflu.2022.105646
https://doi.org/10.1080/07373937.2023.2168279
https://doi.org/10.1080/07373937.2023.2168279
https://doi.org/10.1080/07373937.2023.2168279
https://doi.org/10.1016/S0308-8146(03)00272-3
https://doi.org/10.3390/agronomy12081919
https://doi.org/10.1080/07373937.2016.1229675
https://doi.org/10.1080/07373937.2016.1229675
https://doi.org/10.1111/jfpp.16621
https://doi.org/10.1016/j.lwt.2021.112186
https://doi.org/10.1111/jfpe.12440
https://doi.org/10.1111/jfpe.12440
https://doi.org/10.1016/S0963-9969(99)00029-0

478 17

EURAR , % RIS E AT R AR e B A s 61 -

dehydration technique for the preservation of fruits and vegetables
[J]. Innovative Food Science & Emerging Technologies, 2016, 34:
29-43.

[12] CIURZYNSKA A, KOWALSKA H, CZAJKOWSKA K, et
al. Osmotic dehydration in production of sustainable and healthy
food[J]. Trends in Food Science & Technology, 2016, 50: 186—192.
[13] FENG Y B, YU X J, YAGOUB A E A, et al. Vacuum pre-
treatment coupled to ultrasound assisted osmotic dehydration as a
novel method for garlic slices dehydration[J]. Ultrasonics Sono-
chemistry, 2019, 50: 363-372.

[ 14 ] NOROUZI S, ORSAT V, DUMONT M J. Improving dehy-
dration efficiency and quality in highbush blueberries via combined
pulsed microwave pretreatment and osmotic dehydration[J]. Agri-
culture, 2025, 15(15): 1-23.

[15] YUY S, JINTZ, FAN X T, et al. Osmotic dehydration of
blueberries pretreated with pulsed electric fields: Effects on dehydra-
tion kinetics, and microbiological and nutritional qualities[J].
Drying Technology, 2017, 35(13): 1543—1551.

[16] MORENO J, SIMPSON R, SAYAS M, et al. Influence of
ohmic heating and vacuum impregnation on the osmotic dehydra-
tion kinetics and microstructure of pears (cv. Packham's Triumph)
[J]. Journal of Food Engineering, 2011, 104(4): 621-627.

[17] YADAV A K, SINGH S V. Osmotic dehydration of fruits
and vegetables: A review[J]. Journal of Food Science and Tech-
nology, 2014, 51(9): 1654-1673.

[18] COIMBRA L M P L, ZAGMIGNAN A, GOMES P V V, et
al. Optimization of osmotic dehydration of sapodilla (Achras zapota
L.) [J]. Foods, 2022, 11(6): 794.

[19] Da SILVA ARAUJO C, MACEDO L L, VIMERCATI W C,
et al. Quality attributes of dried osmo-dehydrated banana slices
using coconut sugar and sucrose as osmotic agents[J]. Food and
Bioprocess Technology, 2025, 18(2): 1730—1748.

[20 ] GREMBECKA M. Sugar alcohols: Their role in the modern
world of sweeteners: A review[J]. European Food Research and
Technology, 2015, 241(1): 1-14.

[21] LERTWORASIRIKUL S, SAETAN 8. Artificial neural net-
work modeling of mass transfer during osmotic dehydration of
Kaffir lime peel[J]. Journal of Food Engineering, 2010, 98(2): 214~
223.

[22] KOWALSKA H, WOZNIAK L, MASIARZ E, et al. The
impact of using polyols as osmotic agents on mass exchange during
osmotic dehydration and their content in osmodehydrated and dried
apples[J]. Drying Technology, 2020, 38(12): 1620—1631.

[23] CICHOWSKA J, ZUBERNIK J, CZYZEWSKI J, et al. Effi-
ciency of osmotic dehydration of apples in polyols solutions[J].
Molecules, 2018, 23(2): 446.

[24] WU Sihao, WANG Juntao, ZHANG Lin, et al. Effects of
osmotic dehydration on mass transfer of tender coconut kernel [J].
Foods, 2024, 13(14): 2188.

[25] VILELA A, SOBREIRA C, ABRAAO A S, et al. Texture
quality of candied fruits as influenced by osmotic dehydration
agents[J]. Journal of Texture Studies, 2016, 47(3): 239-252.

[26 ] BIALIK M, WIKTOR A, LATOCHA P, et al. Mass transfer
in osmotic dehydration of kiwiberry: Experimental and mathemat-
ical modelling studies[J]. Molecules, 2018, 23(5): 1236.

[27] MENDONCA K, CORREA J, JUNQUEIRA 1J, et al. Mass
transfer kinetics of the osmotic dehydration of yacon slices with
polyols[J]. Journal of Food Processing and Preservation, 2017,
41(1):€12983.

[28] LAMILLA C P, VAUDAGNA S R, ALZAMORA S M, et al.
Effect of the high-pressure assisted-infusion processing on nutri-
tional and antioxidant properties of mango cubes[J]. Innovative
Food Science & Emerging Technologies, 2021, 71: 102725.
[29]) 2#%, B4, ZRB, F. =AU/ ZASEERBEMAKL
2 3k R A M 0 v [J]. R S At 42, 2024, 45(21): 130-137.
[ WANG Jingxuan, LU Jian, WANG Fengzhao, et al. Effect of
osmotic dehydration treatment with binary/ternary osmotic solutions
on the characteristics of yellow peach blocks[J]. Food Science, 2024,
45(21): 130-137. ]
[30] RUBIO-ARRAEZ S, CAPELLA J V, ORTOLA M D, et al.
Modelling osmotic dehydration of lemon slices using new sweet-
eners[J]. International Journal of Food Science and Technology,
2015, 50(9): 2046—2051.
[31] OZKAN-KARABACAK A, ACOGLU B, YOLCI
OMEROGLU P, et al. Microwave pre-treatment for vacuum drying
of orange slices: Drying characteristics, rehydration capacity and
quality properties[J]. Journal of Food Process Engineering, 2020,
43(11): el3511.
[ 32 ] WANG Jingxuan, BI Jinfeng, WANG Fengzhao, et al. Effect
of osmotic dehydration with binary/ternary sugar solutes on macro-
& micro-structure, chromaticity and thermal stability of dehydrated
peach slices prepared by heat pump drying[J]. Food Chemistry,
2025, 468: 142487.
[33] ROKNUL AZAM S M, ZHANG Min, LAW C L, et al.
Effects of drying methods on quality attributes of peach (Prunus
persica) leather[J]. Drying Technology, 2019, 37(3): 341-351.
[34] KIM A N, LEE K, RAHMAN M S, et al. Effect of water
blanching on phenolic compounds, antioxidant activities, enzyme
inactivation, microbial reduction, and surface structure of samnamul
(Aruncus dioicus var kamtschaticus)[J]. International Journal of
Food Science & Technology, 2020, 55(4): 1754—1762.
[35] LI Dongmei, ZHOU Lili, WANG Qingwei, et al. Determina-
tion of organic acids for quality evaluation in Coptis herbs by ion
chromatography [J]. 3 Biotech, 2018, 8(6): 285.
[36 ] KHANDPUR P, GOGATE P R. Understanding the effect of
novel approaches based on ultrasound on sensory profile of orange
juice[J]. Ultrasonics Sonochemistry, 2015, 27: 87-95.
[37] SHUKLA A, SHUKLA R S, DAS C, et al. Gingerols infu-
sion and multi-step process optimization for enhancement of color,
sensory and functional profiles of candied mango[J]. Food Chem-
istry, 2019, 300: 125195.
[38] DASH K K, BALASUBRAMANIAM V M, KAMAT S.
High pressure assisted osmotic dehydrated ginger slices[J]. Journal
of Food Engineering, 2019, 247: 19-29.
[39] PALOU E, LOPEZ-MALO A, ARGAIZ A, et al. The use of
Peleg's equation to model osmotic concentration of PapayalJ].
Drying Technology, 1994, 12(4): 965-978.
[40] ISPIR A, TOGRUL I T. Osmotic dehydration of apricot:
Kinetics and the effect of process parameters[J]. Chemical Engi-
neering Research and Design, 2009, 87(2): 166—180.
[41] DEJONG A E, HARTEL R W. Factors impacting sorbitol
polymorphism and polymorphic transitions during aging[J]. Journal
of Food Engineering, 2019, 253: 72-78.
(42 ] Zsfy, B AR, 5 ANAETIRFBAL SR EA
. & a5 & 8 T 1,2015,41(9): 108-112. [LI Yu, LI Na,
HOU Chunyan, et al. Dry characteristics and its effects on quality of
Benincasa hispida by vacuum drying[J]. Food and Fermentation
Industries, 2015, 41(9): 108-112. ]


https://doi.org/10.1016/j.ifset.2016.01.003
https://doi.org/10.1016/j.tifs.2016.01.017
https://doi.org/10.1016/j.ultsonch.2018.09.038
https://doi.org/10.1016/j.ultsonch.2018.09.038
https://doi.org/10.1016/j.ultsonch.2018.09.038
https://doi.org/10.3390/agriculture15151602
https://doi.org/10.3390/agriculture15151602
https://doi.org/10.1080/07373937.2016.1260583
https://doi.org/10.1016/j.jfoodeng.2011.01.029
https://doi.org/10.1007/s13197-012-0659-2
https://doi.org/10.1007/s13197-012-0659-2
https://doi.org/10.1007/s13197-012-0659-2
https://doi.org/10.3390/foods11060794
https://doi.org/10.1007/s11947-024-03558-y
https://doi.org/10.1007/s11947-024-03558-y
https://doi.org/10.1016/j.jfoodeng.2009.12.030
https://doi.org/10.1080/07373937.2019.1653319
https://doi.org/10.3390/molecules23020446
https://doi.org/10.3390/foods13142188
https://doi.org/10.1111/jtxs.12177
https://doi.org/10.3390/molecules23051236
https://doi.org/10.1111/jfpp.12983
https://doi.org/10.1016/j.ifset.2021.102725
https://doi.org/10.1016/j.ifset.2021.102725
https://doi.org/10.1111/ijfs.12859
https://doi.org/10.1111/jfpe.13511
https://doi.org/10.1016/j.foodchem.2024.142487
https://doi.org/10.1111/ijfs.14424
https://doi.org/10.1111/ijfs.14424
https://doi.org/10.1007/s13205-018-1300-5
https://doi.org/10.1016/j.ultsonch.2015.05.001
https://doi.org/10.1016/j.foodchem.2019.125195
https://doi.org/10.1016/j.foodchem.2019.125195
https://doi.org/10.1016/j.foodchem.2019.125195
https://doi.org/10.1016/j.jfoodeng.2018.11.024
https://doi.org/10.1016/j.jfoodeng.2018.11.024
https://doi.org/10.1080/07373939408960005
https://doi.org/10.1016/j.cherd.2008.07.011
https://doi.org/10.1016/j.cherd.2008.07.011
https://doi.org/10.1016/j.cherd.2008.07.011
https://doi.org/10.1016/j.jfoodeng.2019.02.020
https://doi.org/10.1016/j.jfoodeng.2019.02.020
https://doi.org/10.13995/j.cnki.11-1802/ts.201509021
https://doi.org/10.13995/j.cnki.11-1802/ts.201509021
https://doi.org/10.13995/j.cnki.11-1802/ts.201509021

<62 - £ Tl B4

2026 4F 9 A

[ 43 ] ZHANG Xue, CHEN Fusheng, HAO Xiuzhen, et al. Effect of
vacuum drying on quality improvement of stewed dried toful[J].
Modern Food Science and Technology, 2018: 34(7): 213-217.
[44] A, ZHAR, A8, 5. FRAART BRI FHRBHE
i 5 s Rt A BRI [T]. 2 A3, 2025, 46(10): 231-239.
[ ZHAO Zhe, YUAN Yuejin, LIU Zhongbin, et al. Simulation and
experimental studies of heat and moisture transfer and solute migra-
tion during hot air drying of apple slices[J]. Food Science, 2025, 46
(10): 231-239. ]
[45] g, K&, MU FHEAKREDAKE S BRYERFARE
AR AR ], &5 & HH K F W, 2006,25(4): 37-42.
[ CAO Hui, ZHANG Min, YANG Ye. Preservation of semi-dehy-
dration Tsai-tai by aw-lowering method[J]. Journal of Food Sci-
ence and Biotechnology, 2006, 25(4): 37-42. ]
[46] MR AL ZH KW IR R AN ARG EZCKFH
A& 32 AF 0 8 e A0 % ove (D] A % wa I Rk X 2022,
[ CHEN Yanhua. Analysis of the microbial flora in low-salt, high-
moisture Sichuan-style cured pork and the effect of pasteurization
on its storage quality[D]. Ya'an: Sichuan Agricultural University,
2022. ]
[47] HAYASHI K, NAKADA Y, SEMON E, et al. Retronasal
aroma of beef pate analyzed by a chewing simulator[J]. Molecules,
2022,27(10): 3259.
[48 ] TANG Yuanrui, XIE Jing, XU Huiwen, et al. Effect of dif-
ferent packaging on quality of tuna (Thunnus obesus) in cold chain
logistics[J]. Modern Food Science and Technology, 2014, 30(7):
187-192.
[49] KOTWALIWALE N, BAKANE P, VERMA A. Changes in
textural and optical properties of oyster mushroom during hot air
drying[J]. Journal of Food Engineering, 2007, 78(4): 1207-1211.
[50] #F%, &% REEF LN Lok i TEA 09 AL
AR i R ] AR R S A 30,2024, 40(5):299-312. [ XIE
Zhanghui, GAO Jing. Research progress on the changes in color of
fruits and vegetables during thermal and non-thermal processing [J].
Modern Food Science and Technology, 2024, 40(5): 299-312. ]
[51] Ak, 28506, ALARAR, . R RIAEBEAT 3 H 3R 0 o v
#om (0], Aod R R AL, 2023, 31(4): 55-62. [ XIONG Jing, WEI
Jiayi, DU Yaxin, et al. Effect of different sugar alcohols on quality

of orange sweet potato puree[J]. Science and Technology of
Cereals, Oils and Foods, 2023, 31(4): 55-62. ]

[ 52] BURATTI S, RIZZOLO A, BENEDETTI S, et al. Electronic
nose to detect strawberry aroma changes during osmotic dehydra-
tion[J]. Journal of Food Science, 2006, 71(4): E184—E189.

[ 53] ABOUELENEIN D, MUSTAFA A M, ANGELONI S, et al.
Influence of freezing and different drying methods on volatile pro-
files of strawberry and analysis of volatile compounds of strawberry
commercial Jams[J]. Molecules, 2021, 26(14): 4153.

[ 54 ] EIGAMAL R, SONG C, RAYAN A M, et al. Thermal degra-
dation of bioactive compounds during drying process of horticul-
tural and agronomic products: A comprehensive overview[J].
Agronomy, 2023, 13(6): 1580.

[55] o2&, ok HAH, F AR THEELHEOHR
A FESEEARTREES R GH0 ). RSB, 2022,
43(17):95-104. [LI Zhuohao, BI Jinfeng, YI Jianyong, et al.
Mass transfer kinetics of osmotic dehydration of strawberries with
various small-molecule sugars and their effect on the quality of freeze-
dried strawberries [J]. Food Science, 2022, 43(17): 95-104. ]

[56] SONG Fenglin, GAN Renyou, ZHANG Yuan, et al. Total
phenolic contents and antioxidant capacities of selected Chinese
medicinal plants[J]. International Journal of Molecular Sciences,
2010, 11(6): 2362-2372.

[57] L, RHIE, R, F. BB 5-5 T RARE4Y
FHh oA I AR &AL, 2015,31(8): 184-191. [ LIU
Shulan, YU Xiaojie, ZHAO Jing, et al. Kinetic analysis of the
acid-catalyzed 5-hydroxymenthylfurfual formation from sugar[J].
Modern Food Science & Technology, 2015, 31(8): 184—191. ]

[58] #xEay, ARAR, BB &, F. LIEmEE RGO [T]. tREf
5 Ae 1,2007,7(3):38-40. [ ZHENG Meiyu, XING Jianrong,
CHENG Shaonan, et al. Research on healthy sugar-free glazed
waxberry [J]. Storage & Process, 2007, 7(3): 38—40. ]

[59] &=, T, MASE, F ATRRBR E TR MNEF A AR
R AE AT, F B & R A, 2019,48(4):21-24. [ LI
Wenyun, LUO Yi, BAI Ziqin, et al. Characteristics of soluble sugar
and organic acid accumulating in ripe lemon fruits[J]. South China
Fruits, 2019, 48(4): 21-24. ]


https://doi.org/10.3321/j.issn:1673-1689.2006.04.008
https://doi.org/10.3321/j.issn:1673-1689.2006.04.008
https://doi.org/10.3321/j.issn:1673-1689.2006.04.008
https://doi.org/10.3321/j.issn:1673-1689.2006.04.008
https://doi.org/10.3390/molecules27103259
https://doi.org/10.1016/j.jfoodeng.2005.12.033
https://doi.org/10.13982/j.mfst.1673-9078.2024.5.0506
https://doi.org/10.13982/j.mfst.1673-9078.2024.5.0506
https://doi.org/10.1111/j.1750-3841.2006.00007.x
https://doi.org/10.3390/molecules26144153
https://doi.org/10.3390/agronomy13061580
https://doi.org/10.7506/spkx1002-6630-20210708-082
https://doi.org/10.7506/spkx1002-6630-20210708-082
https://doi.org/10.3390/ijms11062362
https://doi.org/10.13982/j.mfst.1673-9078.2015.8.030
https://doi.org/10.13982/j.mfst.1673-9078.2015.8.030
https://doi.org/10.3969/j.issn.1009-6221.2007.03.014
https://doi.org/10.3969/j.issn.1009-6221.2007.03.014
https://doi.org/10.3969/j.issn.1009-6221.2007.03.014
https://doi.org/10.13938/j.issn.1007-1431.20190133
https://doi.org/10.13938/j.issn.1007-1431.20190133
https://doi.org/10.13938/j.issn.1007-1431.20190133

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 柠檬蜜饯的制备
	1.2.2 渗透脱水过程中失水率、增固率的变化
	1.2.3 柠檬蜜饯的水分情况
	1.2.3.1 水分含量
	1.2.3.2 水分活度

	1.2.4 柠檬蜜饯的质构特性分析
	1.2.4.1 微观结构观察
	1.2.4.2 硬度与咀嚼度

	1.2.5 柠檬蜜饯的颜色测定
	1.2.6 电子鼻分析
	1.2.7 总酚与总黄酮含量测定
	1.2.8 DPPH与ABTS+自由基清除活力的测定
	1.2.9 可溶性糖含量测定
	1.2.10 总维生素C、抗坏血酸与脱氢抗坏血酸含量测定
	1.2.11 有机酸含量测定
	1.2.12 柠檬蜜饯的感官评价

	1.3 数据处理

	2 结果与分析
	2.1 柠檬蜜饯的渗透脱水效率
	2.2 柠檬蜜饯的水分变化
	2.3 柠檬蜜饯的质构特性
	2.3.1 微观结构
	2.3.2 硬度和咀嚼度

	2.4 柠檬蜜饯的颜色表征
	2.5 柠檬蜜饯的气味表征
	2.6 柠檬蜜饯的抗氧化物质及活性变化
	2.7 柠檬蜜饯的可溶性糖和有机酸变化
	2.8 柠檬蜜饯的感官评价结果分析

	3 结论
	参考文献

