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Effect of Dehydration Pretreatment on the Loss of Anthocyanins in Frozen Purple Sweet Potato
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Abstract: The main purpose of this study was to improve the function and quality of frozen purple sweet potato cubes.
In this study, osmotic dehydration (OD), natural drying, hot air drying and freeze drying (FD) were used as pretreatment
methods to evaluate the changes in anthocyanin composition of purple sweet potato after freezing and thawing, and to
identify the most effective pretreatment methods to reduce the loss of anthocyanin in the freeze-thawing process. The
results showed that after freezing and thawing, OD-treated purple sweet potato exhibited a significant decrease in total
colordifference compared with the other pretreatment groups (P < 0.05), and the colour was closest to that of the fresh
samples. Compared with other treatment groups, OD and FD pretreatment could significantly inhibit the polyphenol oxidase
(PPO) and peroxidase (POD) activities of purple sweet potato after dehydration (P < 0.05), while the OD-treated group had
the lowest PPO and POD activities. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging capacity and total
antioxidant capacity were maintained at a higher level in the OD- and FD-treated groups compared to the other pretreatment
groups. Twenty-seven Anthocyanins in purple sweet potato were lost after freezing and thawing. Compared with other
pretreatments, OD pretreatment minimised the loss of anthocyanins after dehydration and freeze-thawing of purple potato
cubes. Therefore, OD is the most effective pretreatment method for anthocyanin protection infrozen purple sweet potato, which is
suitable for freezing storage of purple sweet potato to be used for anthocyanin extraction.
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Fig. 1  Effect of dehydration pretreatment on appearance of frozen

purple sweet potato cubes after melting
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Table1 Changes in L*, a* and b* values of purple sweet potato under different treatments
- CK _ ‘VD _ )HD _ )OD _ ‘FD _
i AURRE S KAk EE f ARG ki 5 WAL KRG BRI BUKRFE  AERMLE
L* 343142.11° 22754155 39.55+3.54C  32.74+128° 36234096 31.34+1.84° 60.21+3.53* 55744296 48924173 383140.63¢
a* 20324123 2632+1.72% 6.6410.86" 12.7240.36" 7.78+1.43" 14.3140.75" 1456+0.72° 18761119 1538+0.36°  18.35+2.19"
bt —1135£096"  10.37+0.63" 558+£093°  10.08+1.07* 6.14£088°  10.74x1.11* 2404158 —73642.63° 4674099 0.73£0.15°
AE 25.33+1.05° 3021£121°  3433+098" 26.88£2.12°  2951+133° 3224097 5.83+1.06" 162141.29°  129240.77°

E: FATRAR RS PR R ZRBE (P<0.05) .
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Table2  Changes in anthocyanin contents during purple potato processing
ug/g
e _ " - VD HD 0D D
i i wOKEEE —par wer wieR heR | WiEE GER | RORE BER
At 53,5 3-0-= B E T 79714021 26304012 40804024 15604036  53.80+0.14 33464023 56204009 55604026  51.80+0.05 46.61+031
ASEIE B3O A S AR AT -S- AT 12304013 2314007 11104003 1294021 7184010 0374006  1150+0.12 10404024  12.10£0.12  4.84+0.02
Attt E-3-0-L 3BT 1130£008 3832009  7.04+025 3384007  961£032 3894026  1090£028 9124008 7924021  129£0.06
AT R-3-O- BBk - KR -5 R 9374032 2134009 5982029 160019 6214003 0522003 6.69£0.15  5.60£012  718£038  0.53£0.07
AUl E  AHRES-OMBERTEAES AT 8542004 3072008 5424011 2364023 7024004 136£005 6104028 4331004 5934033 1.01£0.03
Nt E-3-0-BL T 3804033 057£0.04 2524026 0341011 2002001 0124003 3621011 2884024 333£026  0.1620.02
AUt 3O RE- M-S AR 1972002 0514007 1762003 0352006 094£002 0114005 1752009 1412006 1.89£0.03  0.17£001
At E3 5-0- kR 1464008 0674023 0762003 0332005 0994006 0201001 0974004 114£013 0672004  0.13£0.03
AL B FR-3-6-p M A T H A 0.124£002  0.06+001  0.05£0.01  0.04£001  0.12+001 003£001  0.08+£001 0.05+001  0.09£0.03  0.03+0.01
RHEHEISY-0- =Rk 17902016 6174001 9844022 2824017 9944015 6441024 14502016 13402007  1630£021  9.0540.19
JIFAF-3-O- B FL RS- M A R 2404011 0574003 1734014 0434003 1332001 0144002 1994005 1754007 2024013 1234007
RIEFTZ-3-(6- MMM BLE £6)-5- S AR F 1634022 038+012 1514006 0204004 0791009 0072001 1524002 1454016  126+0.13 0651003
REHE KA K3+ G-I ) A 0.68£0.05 0191003 0524005 0114001 0382002 0042001  058+0.09 0251004  0.55£012 0042001
R E-3-0- KRt 0.65£007  0.3£011 0512009 0.06£001  039£0.03 0032001  049£002  038£001  045£0.02  0.030.01
FHEF35-0- A fiH 0204004 0084002 0114004 0054001  010£0.02  003£001 0114003  0.05+001 0114004  0.0240.01
RERES-0-H B R 0.1940.03 0054001 0124002 0034001 0091003 0024001  0.19+0.04  0.1840.03 0124004  0.0240.01
FEHEE53-0-= Rk 1224021 036+£011 0704003 0224003 0914004 0091001  094+013  093£015 0871008  0.55+0.04
FHSEE OB R SRS H YT 0242002 006£001 0182003 0062001  0.174004 0024001 0204001  0.16+003 0224002  0.13+0.01
REHE REHER-3-(6-MEEELREE)-S-RI AT 0.18£0.08 0052001  0.16£003  0.03£001 0102002 0022001  0.15+0.04  0.17£003  0.17£003  0.15£0.02
REHEF3-0-MpEH 0074001 0024001 0.06£001 / 0054001 0.01£0001  006£001  0.05£001 0052001  0.04+0.01
RS I-0 0.03£0.01  0.02£001 0024000 / 0.0320.01 / 0032001 0.02£0.01 002001 /
RERE RELF3-0- kB 0334013 030+004 0272003 0212004 0312001 0262007  026£0.12 0214002 032+003  024+001
KEME  REEES-0-6-0-H B AR 0042001 0024001 0022001 0.02£001 0024001 0024001 0.02£001  0.024£001 0024001  0.0240.01
HEOE R £ 3-0- 1AL 0.184006  0.02+001 / / / / 0024001 0024001 0.02£001  0.02£0.01
ZE 0234007 0.1£0.03 0184005 0114001 0194002 00140001 0164003  0.14+004  0.18£0.03 /
it i B, 0.1140.03  0.114£0.02 0054001  0.03+£001  007£0.03 0024001  0.08+001  0.04+0.01  0.10£0.02 /
I %B, 0062002 0042001 0024001 0024001 0.04£001 0022001 005001  0.04£001  0.04£001  0.02£0.01
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Table 3  Loss rates of anthocyanins in purple sweet potato during processing
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Fig.2  Effect of dehydration pretreatment on juice loss rate of frozen

purple sweet potato cubes
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Fig. 4  Effect of dehydration pretreatment on POD (A) and PPO (B)

activity of frozen purple sweet potato cubes

2.5 WK TIADBR ARG B BT A S T S

PUAATE PR VP AN A S 7R R T e PR I — T A
br, VF2 RERAGHEAIE B RERN SPUEE ) HE
A ERIA R R IR AFAE AR R R S Y SRRt
SAAGTE T 32 EORIE T N I DU SE AL B 2R R AR B A 9
PR, DR TR T P AT DA R B e e 2K A i K T
AR A VRREMEE RN K R AT R B

MEISAT AT LLE W, Z5d4 Rl K 5 Ak 51 )5 452
FIDPPH H i FEiE bR e 11 B E K FEFE (P<0.05) .
K b 3 5 VD4 AMTHD A DPPH [ 3535 4t 11 /s,
TRENZS, ODAMFDADPPH [ 3L/ 4 6t 141
Mo, WEAR T AR . U0 RH VSIS K A B RTA R T AR Ak
FERE A R R E A RIS R R G, T D
TERC K TAL B 2 Fh R B (e B At i T e . 7
ARG, ODZIDPPH [ %5 B GE f e, 153
226.73 pglg; VDZLFICKLLDPPH [ HH 3L 2 A% 71 K f
TR, SEEFEALL, PR RIN34.71% 47.17%.

LE Y BB RS S AR AR b 4 AIDPPH H HH
EEBEE AR (BI5SB) o &BiKATRfE, ODARFZ
FIFDACEAHFE S BT A RS 1 s, HEAREER
(P>0.05) . HDJBi/KALHEE i T #HIR B 2 A b b
TETER R K, MPUEILRE SRR 2, FIEEREAR LT
B 753.97%. LIEEHIBFeTe . YRS TR E R



XA LR

E6oill =

2023, Vol.44, No.13 39

PR RBEE B R E AT E, HIHD A & T30
PSS BR AR 3 B B T KR BRI, AR TR L EAE
B, BRHDAHIA SN, HARSHTEERRE, ShrEibRE
ik, {HFDFOD Hit it S AL B8 ) 12 25 v T oAt
ZH5) (P<<0.05) . SantarelliZEMT% v 3¢ ST 97t 45
W, TR T3 IN TRAG 3T DL ARk 2% S R P AL
PR

(953
(=3
(=}

O WIERE S
B KA
® ARG LN

B
¢ ¢BC
|+E ﬂ
| | | |
HD OD FD

b

3 ]
W
(=}

DPPHH HAEERRRE S (nglg)
IS
S
S

A AR K AT B e, EE] TR TR
O (B2 I Y it K 7/ S s ) N [ DA - AR N b e i i
B AR T BeAh, BE N A B
RECCRAE O HILAF PRI, TR e L ik, B
ERSEE 5TR WRE 43 7 RN B 05 AR 2H 23 9 3 W LA R
HAE T RIREME, SHEGERBIGR M.

Eﬁﬁ

AR BE T
TR R
PSSR A
DPPH

PPO

POD

AE

L *

Pet

Cya-1
Pgl—4
Pel-1
Cya-2

Del 1.0
Mal
Peo-1 0.8

-0.6

150
100
ffFE CK VD
415
®22rB s
%“20_ a O VIEHFE A
= sk BBk EE
Z 6l B AL S A
B 14t 2
EE 1.2+ $D ¢
" 1.0 d
= 0.8F
Rl 0.6 — 1 1 1 1
: #fFE CK VD HD oD FD
2193

Bl5  BRK sk B 4 sk B UDPPH I L RBRTE ) (A)
MBHUAILTET) (B) fzgmi
Fig.5  Effect of dehydration pretreatment on DPPH free radical
scavenging ability (A) and total antioxidant capacity (B) of frozen purple

sweet potato cubes

2.6 MK T R ATA VR SRR N 4 S e R SR [
FH S S 4 #7

62 %) 25 L 2 R R I H 1927 Rttt ik R S
Fo At F bR A 4k 2 2 TR IR AH Sk 2 BT S, C BB (il
T, RoNTEbREMA G a4 R, RoRfedtr
PR R . LA PO EE SR,
VRl 51X A ODALN T HEREII A 7, B T e ta B AR i
DIIZH Y. FD. VD, HDAICKZ (76t B 52k 52
PODiE JJ+ PPOE /) k% . DPPHH A5k
fe s . FDARML)S (FD-R) fEAHF Ik E
HAZPOD. PPOIE fI IS . /b i 25\ E B 70 15 2 A%
7 -PPO-41 2K — My (148 & Ak ) REAL I I & BPPO 5
Wy SRS G P A RS R, X e 5T RO I R A A A
ST B R A B B AR, AT B 24 5 BUR S EE AH OR
PRI AS . VDRIFD AL H AN RE A 5 M 10 ) 45 2 Bk ik
JG WIPPOFIPODYE /), T80 E ¥ A8 (1 7 R i i 2 o
P 2 B A0 2 . CRALAE (o R 1R B i 2
PR VTR R R DR R, T 38 28 VR VA VR I 1)
K, BB K BRI A0k &, oK 78 AR KO A2
FIBE MM, S8R AN M A T S8, R o)
T R DR I 2 e e 1 €8 T R B TV Ok B
B E A iR . OD A P T o Ath A 25 2H 78 ¥ RS B A 2K
HREE TACEAT A Sy, WTREAEVEIE DK A R 2 o R

Pel-2 -04

Pel-3 N

Peo-2 0.2
a-

Pg0—4 0.0

Cya-5

Cya-7

Peo-6

Peo-7

Pro-B;

Pro-B,

Peo-3

Peo-8

Pel-5

[ Cya-6

Peo-9

Peo-5

Fla

QQS' C&Q%Q%véfg(éo P 490 09'
peo-1. peo-2. peo-3. peo-4. peo-5. peo-6. peo-7. peo-8. peo-9.753 il
REATHIEOIKR-3,5,3"-0- =R G« ATL7E C R -3- (NI 4 4] 4 5%
T ETE)-5- M A . AT R-3-0- AL . AT ARG EK-3-0-
o 28 0 - PR -SRI B L AT 2 AE 3R -3-O- 0 o O Y B A - 5- 4
BEE . AJATEOR-3-0-MFETF . A5 2578 103 -3-O- W 8- o 250 1t - PR
F-S- AP ATATEOEK-3,5-0- M . AJATEOER-3-(6-p-3]
O WE)-W A B TF: Cya-1. Cya-2. Cya-3. Cya-4. Cya-5. Cya-6.
Cya-7. 50 IR R 5 -3,5,3-0- = F G i . R4 K-3-0-b 2015k
MUBEH -SRI EIREE . K525 R -3-(6- MRS )-S5 B M . R
B 3R-3-(6-WNMEBE)- I EHEH . REHR-3-0-MBET . REFAHK-3,5-0-
CTRTERET . KA R-3-0-ME T Pel-1. Pel-2, Pel-3. Pel-4,
Pel-5. 70 AR R KL 2L FHK-3,5,3-0- =M i b H . KL RK-3-0-FT 2L
PR R M-S R B L R AR -3 (6- W M AR ) -5 -7
FIMEH . ORAEIER-3-O-METF . REEZER-3-0- MR Pet.BeAz |
R-3-O-FEHE; Del. KHER R-3-0-(6-0-14 195 )~ 2 B -3 -4 4 il
3 Mal FE3E68 % -3-0-F JUREH: Fla ~SHF8I; Pro-B, JffE 7 &
B,; Pro-B,. Jiife# #B,. VD. HD. OD. FD.% 5483 B4R KT ik
AEEE L BT RR AR AR B L PRI K AL B L AV R T MR B K Ak B
%, CK. VD-R. HD-R. OD-R. FD-R.4;JHRF M. HIRNK T
Ky BT BIBIK . BB IR TR KA FRALG AL B 56
F6 RO BRSBTS 3 2 WA P S 4 B
Fig. 6  Heat map analysis between anthocyanin loss rate and other

physicochemical index change rate of purple sweet potato



40 2023, Vol.44, No.13 BEmitl=E XA TR
3 & # [13]  AEEHT, B m 58, TSI, S 3050 VR X K e S B i 4

OD AL v] LAAG Rk /1> 56 25 B b 8 1 78 i /K T b 21
AR R ARG S O, B RO H R E eh =
EIP AL OF (AR ER-3,5,37-0- = H & B K
R F-3,53-0-=HEPEE) k. ODTiALEE AT LU
Tk PRI 55 5 A M e B DR FE R VR 2R 2, AT FAER VR
Rl AR R I S AR SRR LR, BRI A
#HIPPO. PODIIE 1, {RYEZELMDPPH H H 25 bk
JIRIRABUEEATE 77, 75Uk Rl 2 o 1 5 4K S U B
PLEALRE 1. DRI, VBB B K A4 Rl B 7K AL B o e 2%
Ry E TR, & DIRIET R o H R E 1K)
Ve AFVEIZE Mt /K S e e it 5 5 2 4 L (] K 3 43 A AT
UK T A R A B AL i R ik — DA 9

ZE MR-

(1] Fk, 208, #E0, . B bAFl R IR 5 ok
SRR, E LR, 2021, 54(3): 483-492. DOI:10.3864/
j.issn.0578-1752.2021.03.003.

(2] OKEE. RERIEOE IR SRS e TERE FE (D). JEI]: 238 K%,
2014: 8-15.

31  BEEE, Gk T, & P EEE L EBRE S 58], I
TR R 2 254 (H SR FFERR), 2021, 39(2): 35-39; 70. DOI:10.3969/
j.18s1n.2095-4298.2021.02.007.

[4] LUO Y, CAI R R, FANG J L, et al. Total anthocyanins and cyanidin-
3-0-glucoside contents and antioxidant activities of purified extracts
from eight different pigmented plants[J]. Pharmacognosy Magazine,
2019, 15(60): 124-129. DOI:10.4103/pm.pm_162_18.

[5] LASHKARI E. Effect of modified atmosphere packaging (MAP) on
the stability of anthocyanins and degradation of phenolic compounds
during postharvest storage of pomegranate fruit[J]. Food and Nutrition
Sciences, 2022, 13(3): 316-335. DOI:10.4236/fns.2022.133024.

[6]  R=, XEE, Wi, & KR RE L2 Eae 1]
i 5L, 2020, 36(1): 216-221; 229. DOIL:10.13652/
j.issn.1003-5788.2020.01.038.

(7] ZEEE, km, MY, &5 RIS REE R
BEFCHPR[I]. TETRITTE R 2R (A AR AR), 2021, 39(3): 36-41.
DOI:10.3969/j.issn.2095-4298.2021.03.007.

(8] SKHENH. JWE/KERGBTT 2R 2R AR 25 Sl it R PRI T 72 D).
HIEER: b TRE N2, 20210 1-22.

(91 ke, X, FBTRE, 5. RGBSR R BT Ok R[]
5T, 2021, 21(10): 113-118. DOI1:10.3969/
j.issn.1009-6221.2021.10.018.

[10] BULUT M, BAYER O, KIRTIL E, et al. Effect of freezing rate and
storage on the texture and quality parameters of strawberry and
green bean frozen in home type freezer[J]. International Journal of
Refrigeration, 2018, 88: 360-369. DOI:10.1016/j.ijrefrig.2018.02.030.

[11] VICENT V, NDOYE F T, VERBOVEN P, et al. Quality changes
kinetics of apple tissue during frozen storage with temperature
fluctuations[J]. International Journal of Refrigeration, 2018, 92: 165-
175. DOI:10.1016/j.ijrefrig.2018.05.023.

[12] R, FREWR, REMH, 5. RS 80k Kk R AR R 15 75
Bt i gR e B AR S I]. BUR & A, 2022, 38(3): 105-114.
DOI:10.13982/j.mfst.1673-9078.2022.3.0474.

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

(25]
[26]

[27]

(28]

[29]

SRS MR FT[]. H¥ 244, 2020, 41(3): 91-101. DOI:10.3969/
j-1ssn.0253-4339.2020.03.09.

RAEEHE, MU, £9°, & REEEKEOR . W& MR
PR HT[I]. AR5 0T, 2019, 19(3): 154-161. DOI:10.3969/
j.issn.1009-6221.2019.03.025.

FAN K, ZHANG M, WANG W, et al. A novel method of osmotic-
dehydrofreezing with ultrasound enhancement to improve water status
and physicochemical properties of kiwifruit[J]. International Journal of
Refrigeration, 2020, 113: 49-57. DOI:10.1016/j.ijrefrig.2020.02.013.
FENG X X, SUN J, LIU B D, et al. Effect of gradient concentration
pre-osmotic dehydration on keeping air-dried apricot antioxidant
activity and bioactive compounds[J]. Journal of Food Processing and
Preservation, 2022, 46(7): e16688. DOI:10.1111/jfpp.16688.

GOULA A M, LAZARIDES H N. Modeling of mass and heat transfer
during combined processes of osmotic dehydration and freezing
(Osmo-Dehydro-Freezing)[J]. Chemical Engineering Science, 2012,
82:52-61. DOI:10.1016/j.ces.2012.07.023.

PROSAPIO V, NORTON I. Influence of osmotic dehydration pre-
treatment on oven drying and freeze drying performance[J]. LWT-
Food Science and Technology, 2017, 80: 401-408. DOI1:10.1016/
j1wt.2017.03.012.

FROMERE, ) Had, JERRE, S 2B K R R 7 2O A B s e
JECR N P RE RO 2R (D). fREE 50T, 2021, 21(12): 80-88; 96.
DOI:10.3969/j.issn.1009-6221.2021.12.012.

FONG-IN S, NIMITKEATKAI H, PROMMAIJAK T, et al. Ultrasound-
assisted osmotic dehydration of litchi: effect of pretreatment on mass
transfer and quality attributes during frozen storage[J]. Journal of
Food Measurement and Characterization, 2021, 15(4): 3590-3597.
DOI:10.1007/s11694-021-00931-9.

NSCEN, H i e, R AR, 4%, EPERHR A0 R X W 45 1058 R 1) 5%
NFI[I]. o A AR, 2020, 20(10): 232-239. DOI:10.16429/7.1009-
7848.2020.10.028.

HUANG Y X, ZHOU S Y, ZHAO G H, et al. Destabilisation and
stabilisation of anthocyanins in purple-fleshed sweet potatoes[J].
Trends in Food Science & Technology, 2021, 116: 1141-1154.
DOI:10.1016/j.ifs.2021.09.013.

GANDHI K D, FALDU P R, PATEL K G, et al. Plant polyphenol
oxidase: Biochemical properties and browning of fruits and
vegetables[J]. Indian Journal of Agricultural Biochemistry, 2018,
31(1): 1-8. DOI:10.5958/0974-4479.2018.00001.1

T D55 AN IR S S A SR A A AR 22 5 ) A B Al AR LB [D]. R
W ZRA LR, 2021 2-4.

NG, BV A > HERR M (RIS (D). To: VLR K, 2006: 18-32.
IWONA C, MARTA M. The changes of antioxidant properties in
highbush blueberries (Vaccinium corymbosum L.) during freezing and
long-term frozen storage[J]. Acta Scientiarum Polonorum, Technologia
Alimentaria, 2007, 6(4): 75-82. DOI:10.1002/app.30822.

TIFFANY J, HAGER L, PRIOR R, et al. Processing and storage
effects on monomeric anthocyanins, percent polymeric color, and
antioxidant capacity of processed blackberry products[J]. Journal of
Agricultural and Food Chemistry, 2008, 56: 689-695. DOI:10.1111/
j.1750-3841.2008.00855..x.

SYAMALADEVI R M, SABLANI S S, TANG J, et al. Stability of
anthocyanins in frozen and freeze-dried raspberries during long-term
storage: in relation to glass transition[J]. Journal of Food Science,
2011, 76(6): E414-E421. DOI:10.1111/j.1750-3841.2011.02249.x.
SEMENOV G V, KRASNOVA I S, SUVOROV O A, et al. Influence
of freezing and drying on phytochemical properties of various fruit[J].



XA LR

E6oill =

2023, Vol.44, No.13 41

[30]

[31]

[32]

[33]

[34]
[33]

[36]

[37]

[38]

[39]

[40]

[41]

Biosciences Biotechnology Research Asia, 2015, 12(2): 1311-1320.
DOI:10.13005/bbra/1786.

QUAN W, HE W, LU M, et al. Anthocyanin composition and storage
degradation kinetics of anthocyanins-based natural food colourant from
purple-fleshed sweet potato[J]. International Journal of Food Science &
Technology, 2019, 54(8): 2529-2539. DOI:10.1111/ijfs.14163.

LA 1), FOAk BT 3 SR L VAR R M AR 5 O ) S MR FE[D].
ARt s EARL R BE, 2021 1-4

MUJUMDAR A S, LAW C L, WOO M W. Freeze drying: effects on
sensory and nutritional properties[M]// CABALLERO B, FINGLAS
P M, TOLDRA F. Encyclopedia of food and health. Cambridge:
Academic Press, 2016: 99-103. DOI:10.1016/B978-0-12-384947-
2.00327-5.

ERE, B, mRA, & AR T X817 IS £ H s AL
JRET 4 R AR PE R R [)]. B RUROL R 222441, 2022, 45(3): 604-
611. DOI:10.7685/jnau.202108023.

HXIR G2 IR A VoA BB TR IR [D]. 3L T i R, 2019: 3-18.
BRI, RBE, F A, AL R R R 7 2O B R BT AL Ry
B I TR M (9], VL PH AR Ml R 27 2 4, 2018, 49(6): 661-670.
DOI:10.3969/j.issn.1000-1700.2018.06.004.

MR, gk, Bebldh. B Ah S F Il K Ak B % HC a7 22 4
YRGS SR [T]. £ i S AR EOR 24, 2020, 39(4): 33-40.
DOI:10.3969/j.issn.1673-1689.2020.04.005.

ANDO Y, HAGIWARA S, NABETANI H, et al. Impact of ice crystal
development on electrical impedance characteristics and mechanical
property of green asparagus stems[J]. Journal of Food Engineering,
2019, 256: 46-52. DOI:10.1016/j.jfoodeng.2019.03.019.
PARNIAKOV O, BALS O, LEBOVKA N, et al. Effects of pulsed
electric fields assisted osmotic dehydration on freezing-thawing and
texture of apple tissue[J]. Journal of Food Engineering, 2016, 183: 32-
38. DOI:10.1016/j.jfoodeng.2016.03.013.

WU X F, ZHANG M, MUJUMDAR A S, et al. Effect of ultrasound-
assisted osmotic dehydration pretreatment on the infrared drying
of Pakchoi Stems[J]. Drying Technology, 2019, 38: 2015-2026.
DOI:10.1080/07373937.2019.1608232.

SANTARELLI V, NERI L, SACCHETTI G, et al. Response of organic
and conventional apples to freezing and freezing pre-treatments: focus
on polyphenols content and antioxidant activity[J]. Food Chemistry,
2019, 308: 125570-125579. DOI:10.1016/j.foodchem.2019.125570.
AT, PN, TR, 5. DU AL B A 2 R A Y
M), & s R, 2022, 43(23): 228-238. DOI:10.7506/spkx1002-
6630-20211111-132.

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

51

[52]

CHENG L, WU W, AN K, et al. Advantages of liquid nitrogen quick
freezing combine gradient slow thawing for quality preserving
of blueberry[J]. Crystals, 2020, 10(5): 368-383. DOI:10.3390/
cryst10050368.

DE ANCOS B, IBANEZ E, REGLERO G, et al. Frozen storage
effects on anthocyanins and volatile compounds of raspberry fruit[J].
Journal of Agricultural and Food Chemistry, 2000, 48(3): 873-879.
DOI:10.1021/j£990747c.

YANAT M, ERGUN A R, BAYSAL T. The effects of the novel home
freezing system on microstructure, color, antioxidant activity, and
microbiological properties of strawberries[J]. International Journal of
Refrigeration, 2020, 121: 228-334. DOI:10.1016/j.ijrefrig.2020.10.013.
GONCALVES G A S, RESENDE N S, CARVALHO E E N, et al.
Effect of pasteurisation and freezing method on bioactive compounds
and antioxidant activity of strawberry pulp[J]. International Journal
of Food Sciences and Nutrition, 2017, 68(6): 682-694. DOI1:10.1080/
09637486.2017.1283681.

ALFARO L, SIRAMARD S, CHOULJENKO A, et al. Effects of
liquid nitrogen pretreatment on the osmotic dehydration and quality
of cryogenically frozen blueberries (Vaccinium angustifolium Ait.)[J].
Food Bioscience, 2018, 22: 165-169. DOI:10.1016/j.fbi0.2018.02.006.
K. B RSy S B R T LD e FE[D]. dbat: o E ALK
2, 2015: 12-14.

PUVEIA . 8RO B iR % o IARIR a8 (1 e RN [D). Ze42: 1t
FRAO KA, 2020: 4-5.

b P, TLEL, XL ARIK A S0 0 Ak G R A E A
FEARELI]. £ TolRHE, 2022, 43(2): 58-63. DOI:10.13386/
j.issn1002-0306.2021040129.

ANDO Y, MAEDA Y, MIZUTANI K, et al. Impact of blanching and
freeze-thaw pretreatment on drying rate of carrot roots in relation
to changes in cell membrane function and cell wall structure[J].
LWT-Food Science and Technology, 2016, 71: 40-46. DOI:10.1016/
j.1lwt.2016.03.019.

PROSAPIO V, NORTON 1. Influence of osmotic dehydration pre-
treatment on oven drying and freeze drying performance[J]. LWT-
Food Science and Technology, 2017, 80: 401-408. DOI:10.1016/
j.Ilwt.2017.03.012.

B BR T, RS, A BB TIAL R AR R A R 1 AN ).
BN, 2019, 40(7): 192-197. DOIL:10.7506/spkx1002-6630-
20180203-038.





