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Jojm B KRG IR R S, 23 BT R A 10 emx
10 cmx5 cm HiZESME R IFH) PP k3 & 8 17 .

SEACRRL. K ORE 1% $hER. Wi, g
B 1% HCLI- W EEVE MR B PRl . JEm s i, e ms -
CaCl, W, T REDCE KA TR R, Bk o)
Hrag,

1.2 NHES5E&

XY-FD-100 F R B4 R THRpL,  _EdEGm i A
R 7]; DW-HL680-80 C KR /KA, ARSI RIR
FHE AR PR A ] CT3-10K Fif1%, Book field 2
TGL-20B B0ofl, g2 =R AUER ) FA2004B LT
TR, Bl SRR R A R A ] s Master RI
FHREAIOA BRI ERA R A\ Te Bt
AN AT W 6Ot EE T, )M B AR A PR A D
MB23 Ko tid, BE X as (L) HIRAR: JK-
500DVB =S 7 0E F E Vet & < e s AL G
HBL A F; Color meter CR-10 tAZ 4L, HiMEIERIHH
BT JSM-7500F 4t His, HAHTHRatt.
1.3 WEHE
131 BEAEG®

RN R /N — B, %18 0 4 B 43 5 1) W A SR S
F 2K R e 3R 5. DOBTEERE & BB O T g
i x IR JF B 4 R4l 20 C R EL Clow
temperature freeze-thaw, LFD) . —80 C % &l (ultra low
temperature freeze-thaw, UFD). % {5 J5—20 C ¥l (low
temperature immersion freeze-thaw, LID). % i5i J5 —80 C
U@k (ultra low temperature immersion freeze-thaw, UID).
K LA L 4 H A S B WA O R BN R TR, TR
R R B A PR N-60 C IR FF IR E<10 Pa, T
TR IS TF] R B N 20 he

=20 °C (LFD): ¥ W55 FHVES &8 L5040 36 1L,
FEH 10 cmx10 cmx5 cm HiES R 4519 PP ¥R & B 245,
B T20 CIUKMRGER TGS FEIH, iR THE.
B 40 BllsE, 4@, TS

—80 'C (UFD): ¥ig#ifLfL %% )5 B T-80 C Ik
FEVUR Jo B AR

RBUAR-20 C ¥k (LID): #iEadLfL/a B THA
BRI GEEERE-CaCly) Mkedtdr, FHH 60 w S
W BERE FEAE. BEJEEKNT, w3
FFE T 20 C IKFEA U 5 U AR o

RE-80 'C A% (UID): HiERHLfL. =i, &
)5 B T80 C UKAR VR o BUH R
1.3.2 i AHE—CaCl, Berb i

I REAN CaCl, W VR T R4 1F H A 422 35 2 G At
Fe, EWFE O FEE AT T . sk A S R B 10%
1036 S WE A D9 R W FLAT B 00 VR T LR 97 700 3 63 AUR
T A A [ERE R I 10% 107 S0 X I K 3 I 1
A HRERT . LYU % R 1% () CaCl, #2m 7 &4
FKEAS NRGTEMAEER (36.38%), ERH T C=C
e 2 ) R i 3 R R N AT AE T .

1E B b AU R 7 S Y R I B R T 7S B AR A AR AT 5%~
30%, CaCl, FIWF T IEAR P A TE 1%~5%. Zoid /i 5
RO, T IR AR R GRG0 e 4
TR K AR BB VE T, 2™ E R L fh iR
ZEZRIAER (FE D KW, 10% K #E5HE AN 3%
WL CaCl, BECAHCR T, BHH L — R R
BERTE, DRI ARG A TR E T %

=1 EEHER Cacl, BLELIEZIRIE

Table 1 Orthogonal Experiment on the Ratio of Trehalose
and Cacl,

s E gk MERC O omm bk

¥ Factors . I Bz .

Order Anthocyan}ll1 Vitamin ql Total soluble Flavonou}] 'O\'lerall

A B (mge100+g ') (mg+100+g ) solids %! (mge100+g ") indicators

1 5% 1% 14.5 6.3 7.1 89.4 0.381
2 5% 3% 13.1 5.4 8.3 91.2 0.374
3 5% 5% 15.8 53 7.2 94.5 0.379
4 10% 1% 20.1 7.2 9.4 1222 0.495
5 10% 3% 23.7 8.7 11.5 143.2 0.591
6 10% 5% 20.6 7.6 9.7 124.1 0.510
7 15% 1% 19.3 7.1 8.6 114.6 0.470
8 15%3% 17.1 6.2 8.4 110.5 0.434
9 15% 5% 15.4 5.7 7.5 73.4 0.365

1.4 D2 FRTNALER 5 - N E AL AL

K F Design-Expert 8.0.6 2 {4, 7| H] Box-Behnken
OB R, DL IR D 25 i JBS HR AR E e
AR, A TR AL BRI 0 A ) il 328 5 00 VR R 4 i ot
SRR 3 AN 3 AGARRRIREL) . BRI E]) C(#
Rk B VR VA U I D) 1R 4T = R 3R = 7K P ) Box-Behnken H
OHA MW R, 15 2 iR,

R 2 IEEFALIE Box-Behnken itIEFEFES5KFE
Table 2 Factors and levels of Box-Behnken test for pretreatment

of blueberry
7KF Level -1 0 1
Rl E Number of freeze-thaw cycles /times 1 2 3
V25 8] Tmmersion time /h 3 4 5
A URI [A] Freezing time /days 4 6 8

1.5 FIstraNE
1.5.1 &KFEnx

£3R% 0.5 h IBEIRJZ BB AL S EAT K & EilE, %
SE TR 3 MEACIN 52 IR N 105 °C, 2 R ) 4t il 4512 1y
ETERG BERHL10 MRERL, BEANFERINE 3 IR, 253 HL
HoF M
1.5.2 &FEnzE

SR LS (7, LR R R AT PR
X, RS EE MA@ AL, WA SRR L. 4
LRARH a FIBCIETRE b P PEOY DL L BB, 7 5 B
ke, AR LR/, BiReg, A
k. M2 AE HEARIT:

AE:—JU)—L@2+Qﬂ—a@2+Qﬂ—b@2 (D
R AE NEEE; Ly apn by NFEFEEREOMIEE; L*.
a*. b AT G R E(E .
1.5.3 EBRMEnE

AE RS BN E: e (5.0 g) HRE
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Al BN BB R B B S B0y (4000 rpm, 10 min) , VHVR
WINTET AR IS F It & R ek, 2B RO E RN FE
R AT EE I AR, DA S ERR, EEN
SE 3 YO EFIME.

e C (Vitamin C, VC) & &€ X H KIO, i &
U, #1453 1 mol/L KIO; ¥ ¥ # i, I A T R P FREL
10.0 g WHEFE b, B2 R G T W R0 B il %
AN, F S mLARFR >3 2% 1 3L BV Ve e T
W se il 5 5 R H0R A H AR AR 73500 2% I L IRV TR
JEAAE 100 mL, HJEJ5 40 Al H 2.5 mL 281K 0.5 mL
10 g/L KI VAW~ 5 mL J2BGRAM 2.0 mL 5 g/L JE M Al 2
SRS, R KIO, AT . e R,
B = AN E IR AW R IUOE (B AR
1o TESEPT BRI AR R, I E R 3 Y
o XTHAALL 5.0 mL SR ERVA AT ©, VC & & (T)
HEARXWT:

T = (VxAvx0.088)/(Vsxm)x 100 (mg/100g)  (2)

X TAEER VC &8, mg/100g; VNIERHIHE
BURUSARAR, mL; Vs i & i T EURE S AR R, mLs
Av AR5 20 5 6k IR 4T #E KIO, I VA A FR %, mL;
0.088 4 1 mL 1 mmol/L KIO; ¥ A4 VC MR E; m
FFERTE, 10 go

WHRNE: FHETRPRE 2.0 g ERFEM, I
DYF 1% HCI-FBE IR W, 4 WFBE . B0 (8000 r/min,
3min). EAZE 20mL. 4 C #HEHEI 20 min f5 BUE K
33T 530 nm, 600 nm Kb E A RROG AR, 5
HE S RBCFHED, RO E AR R T RS R
(U), Bl U=(ODs3-ODgy0)/g> FIAS R L 1 )5 46 75 2 il
FRRERTZR, ITEAE RS2,

FRIEEAM 2 : WL EFAEE RZE, @i Lo
6 B I 5 R 325 nm ALY P AE R RIS
FAARNFERE R T HIER L, THE RIS 2.
1.5.4 BEZMNE

S TR TR O I 7 I 5 W R T 5 2
Bk PAUE K 420 nm 4b IR 6 R A AE R £ I A AL
[ ( polyphenol oxidase, PPO) ¥F ¥ #& 45 , 47 DL
AOD,,, (/min-g) F~. 470 nm LbWIGAE A4 AE it 4
WY (peroxidase, POD) & PEFEFR . HEBE 1 min it %
1 IR AN R BT BUE A, WG R N 0.01 4 1
ANEHE AL, BAALLL AOD,,, (/min'g) FEan.

1.5.5 M4 e

V4 0 A P SO B A AP AR B e, SR
BN 75 mm B EAE AR Sk P75 3E47 B F 4 R 7
WA T WaT WA BATHE R 2 . 1
2mm/s, fil% 14 0.05N, WGBS 5 s, B
TR BN 60%. il It REAE i 2k 159 2 W 4 L A TPA
ZH, BAAFEIE 3R, 4 RBGT M.

1.5.6 LM
TERE S GG _E X T R, TR S W R 1 A0 R

WAL Y s REMS7E SR F, B2 ELTH 6~8Pals
BT G, FEA R e T A 200 £ P TR,
1.5.7 Ak

RS HIEREFE S, B4 20g, BETE
BB S T, HEEE RN 25 C R 20 min, FJEL
RE W TFE S B R TEK G B RPAREUR &, TR
HEE 3 KECTMHE. 2K N) B FRE.

N=my/m, (3
P N R IERESL KL s my IR S g my NI

BIKGRE/g
1.5.8 feseml=

VR T T T 7 BEFEK ) AR i P Y S G T
BERTFA R IFE AR TTHAE W), il — K FEIF G
TR RES R R, i EE RO R,
PL 1 kg /K5 FriEFER LB RN R T-RERE, S48 kw-h/kg
RIGM 3 YKECF 51
1.5.9 BVER

JEE VRN S BRI I S50 (PR, B 30 BN
PSP N, BRI RAEVEAN RT R N AR
SRR £ 4 DA S sz e R i AL o, PR R AR NN
RTCVAE, FERIESEIT S AR 10 min RS KET .
PN R EREREMI G, & R DR AN ST
145, B BCFE T R &5

2GRS0

2.1 AREFAES R R FEEFE TR
2.1.1 sEKRENH A

Kl la NEFFFE R B SR RTRRr e 2, BAES
AHTEIER BT ERERGERTET 10 Pa LAY, WA
T 55 I A B AL P ) A A e PR IR S 2R A8 IR . B A B
FEUE TAE, MK EARYER-60 C A7, TR Ak
SR BBRREA . — IR (R F R (AT
ZABYEL, BEAS AR TR AR R AR R AR AR -
-60 C FRESHERIREMFE (5h) . —-60~0 C T+
(1h). 0°CF¥ 6h. 0~30 C FHi (1 h). 30 CF
B2 10 he B 10 ARG TR R IR K5 & 22N
B2k, BEE TR TR e K, 5 A AR T R o 2 e i
W, JEETRE TR TR TR R R,
FH T U 13 R T R 1 DR R T R R T AR L R R
STE K, FIRMEEEKE ERE KIS EE, Ttk
A FRHESD 1B RN, W R R T A R AR A U
TE R H AR 53k — 2D BELIE K 0 Bk, A 7K 40 T P =R
V. 4 FhIRAL BT S TR A R E A, 5RIZ
BETAR P77 LFD 5 UFD 4CBEAHME L, 1B 7 i
WE-CaCl, f) LID 5 UID Ab¥ 2H f) 1 25 B AR Xt B FH B[]
B4, LID. UID AR TR ATE 12 h 2245 (X R
YRR BT FE I 1], R 1R)), LFD. UFD 4R {5 i)
fE1Sh AL, BESE AT KEFEES THETE 18h
KA, HARAFEAMU, 12540 BN R R A b B
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BIA TR 2% i BT 75 5 8] 23 S 46 55 T 33.3% A 16.7%. 1X
Ut BV BORN VR il 2E A 1T DA i 0 B AR T AR TR), TS
FFSbrAr=. 75 4 FhfALEE A, UID Ab3E2H F i 5
— AW UID Afisehil 7 — oKy, HERN
VS 5T AR AN CaCl, FIE BN R T 38 58 b iR
£ 2 A A e i R P2, 53 — D T A g A2 BT UID
AR EEAL, @it iR vk A A, M T
fih4H UID UK & A SN &), B4R, <AL
TS, PRI UID FHX 40 A e Ve T i, A% 20 TR
RE P, FERARR A EH M. X5 ANDO P [k 7t
SER—, HUEAE NNIRAN SR, SRl s, K
STEEREINTR, TR

- R
140 ~ Blueberl;y Eémperature g
120 b, — R AR I AL 3
"\ Partition temperature | 4y &p
100 - } Vacuum pump operation -—-—— 275 & oS
80 VEBRETE Vacuum degree = g
2 6of O S e g
S 4l | Cold trap operation Moisture of water trap >
g 20F Y 200
£ of
& 20f K
P;\E —40 | froT T i 4 100
T 60 T N
80k N A o
cfrigeration Primary drying(sublimation RN . — B
_igg -KM&*’U;@\! _ i”\’y—rfi(ﬂ‘m? ) !Secouda:lmd)lﬂ in, ;7557727'_1(-@:;1;;}:
0 5 10 15 20 23
W UR T J8 I [A] Freeze drying time/h
a. L
a. Freeze-drying curve
1.0
—a— R AR
(Fresh sample drying)
- 0.8 —e—LFD
S 20 CARRBA R TR
2 —a— UFD
g 06t —80°CAR A R T
o —v—LID
2 20 CRBUG AR T
g 04 L —e— UID
ol =80 CHRUG ¥ i TR
%
4T 02
0k ! ! | )
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FJ& I 7] Drying time/h

b. KA 2

b. Moisture content change curve

B 1 ARAES KT EET R
Fig.1 Drying characteristic curves of blueberries under different
treatment methods

2.1.2 ste %

AN TR Kb B 77 200 U il S A L PR S AR 3 TR .
FAFRA ) a E AT X BIFE 4.20~10.88, B #EAE LT
Pteimer, WHEERERRN LE N, o @R b EHH
—SEMITE, AE G LFD. LID W45 5 4h P4 55 35 18
n (P<<0.05), X3 BH FAL B3 154 T o 1 85 2 15 o AR
. g, mERAE—EREN T, RE AR
TE R Blsh 72 7, DKRR B A A 7 6 2 1 P 4 2
W, iy R R S AT EL . R E A% (LFD.

LID) ) LAE4r %N 14.58. 16.84, H#HALIRA % (UFD.
UID) [ L A5y 20.89. 22.67, i@ AVRAH L H I BAK
TBREAHH, o b EHKIE LT, LFD AR R
W R I T BB AEARTLR, WA R R R R
JE TR 38 B B A B A A L N B, UK AN T AR R I 4
RIS, X 5 08 5 W 2 I POV R AE A AR G40 AH — 5. 41
Jib 458 SRV B S5 4 B P 5 9 78 0 o ke S SORTAH DG Bl ) T
REPEINR, B (24028 0 B (6 15 W8 45 52 P AR, 4o n
%, HONEP, UID AEE KB EREEI S, X
U B R T OR3P 770 Hh (4 S B A CaCl, X i 4 SR S (4 48
R THEER, 25 Lyu SR et —8, LRI
B S FUIR MR AT CaCl, Ab BT DUA AR & i Y
afti. MM TCC (Y MEEE).

#z3 FRLELSRAMFRLES @FNEN
Table 3 Effect of Different Treatment Methods on the Color of
Freeze-thawed Blueberries
Handling method A%MHa WHEMEDL MEAE

R Fresh sample  25.45+1.64° 4.20+£0.34°  6.13£0.14° NA
L2120 'C ¥k LFD 14.58+0.32° 10.88+0.28" 15.14+0.65" 15.6+0.60°
495580 'C 1% UFD 20.89+0.44° 6.53+0.33° 7.95+0.27° 5.4+0.38"
VR BUE—20 °C Y2V LID 16.84+0.31% 9.28+0.25™ 17.52+0.31* 15.240.25°
15580 ‘C ¥ UID 22.6740.65° 4.64+0.24° 7.31+0.28° 3.1+0.56°
W ARG FERIFRREREE (P<0.05), T,

Note: Different small letters indicate significant difference at P<0.05, the same
below.

2.1.3 SBEETARMRGT "

WA R K05 F7 A 5 A R I 2 R BT T BRI UK & KN
%, HEEMEA G, BEREAREEER, Fid
e UK A A I B BE A, UK RS SIS, 40 P A
MR IR /N, B IR R B OR B FR R B vy VS -
CaCl, X ¥ B¢ A VR R (1 ORI A5 R T i (1) W 2 8 TR R
TR . WK 2a s AR E JE 4R bR B LID 45
UFD B3 TF, 1X ] R A2 BT 02350 0 i 0 E N 0 25
B s e 2. D4R bR UID 41 &
TSS. VC. feH# . KEMF =DM 15%. 8.8+ 27.0,
158.4 mg/100 g, NI 5t T Ak 35 RN GER AL iR Ak 3 40 45 T
FYFE BT RS B, IR RE, Wi
AR TR A — (AL EE, W03 I AT AE IR B e
WEERERIIER T — EBUE R, HRRL T 5
WANAES, BHIE T B VC 258 YR A, it
TR T T 72 A UK %o 7 41 3 R A a0 I
55 JIANG 7 [t su g ML, B 2 S0 B IR Bid I b
BT DLORFR SRR (88 RS FRY R, Bl G R AN A
IR EFE AR RGUK, T80 23 1 5 YR AR 186 o 5 36 o 41 e B 453
BRI R ok, T A B -CaCl, /F AR AR5, W]
DAL 2] 4 FF 4T M AR 1k AP o SRR A0S [ R B
T Cat IR B S RS AR N, B
H Ca®™ B % 55 41 IR v A SR P R P Bl R e T 5 s
FEAN L REE bk n HRE s v, 9D UK B R TR
k.
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16} EB-20C 2 2515 P o il DR AR (%) 4 L 2 A R A B v A 1S R
we ] b SN VR R i RS AL B, KR A
@ g 2f

Al EE A
Soluble soids content/%

LFD LID UFD UID
AN Tk #2 5 SDifferent pre-treatment methods
a. AN[FITRALEE T ATV [ A 5 B
a. Total soluble solids content under different pretreatments
10T mm20C

£3-80C _i_
c

b
C “
UFD U

LFD LID 1D
AR AL B 75 A Different pre-treatment methods
b. AT FVCE &

b. VC content under different pretreatments

Y RCH
VC content/(mg-100 g™')
W

%)
(=}

[ Em—20C a
£3-80C —i
be
C

[I
LFD LID UFD UID

AT AL EE 75 A Different pre-treatment methods
c. AR FIEH R A=

c. Anthocyanin content under different pretreatments

S5
W

[
(=]
T

)
:

WHEREE
Anthocyanin content/(mg-100 g ')
w O

(=]

180
Tep 160 F E3-80C
(=2
S 140 F

] g 120 +

472 100 f

=

iz 2 80f

60 -

40 |

20 |

b £

(=3

Hbh

Flavonoid conte

LFD LID UFD UID
AN[A) ik 22 75 U Different pre-treatment methods

d. AN 5 Ak HE R BT

d. Flavonoid content different from treatment

VE: B AR RER R A B R 22 7 2 (P<0.05), FIF]
Note:Bars marked without the same letters indicate significant difference at
P<0.05, the same below

B2 EEAZAATREERNALE

Fig.2 Nutrient content of blueberries after vacuum freeze-drying

2.1.4 sHEERAEE AT R

POD F1 PPO W il /& SR A4 P i e v SR it 0 i
(AL T JE R, 25 W5 A 4 SN Y 2 By o kAR SR AL
P AR e Y il o N T e B A S R G (A
JINER o B A3 TR T U S AR N PR, T 4T B B T X R

R B AR I 28 BT S EGRR I R
M. MK 3 A LLEH, LID 4181 LFD 41 4 POD [ (1)
TEPESS I 3.43 F113.92, PPO BHEEZ 514 3.71 A1 3.81,
IR ZEETE AT (UID) 4, wfE2 LFD 401 LID 41
1) WA 7 1 A it 2 4 8 S P B A A 443 I v e S e T
1o UFD Al LID A ZE 5K, 1K i B R AR IR AR LR B
TR FER F . UID A R 5L 1) PPO A1 POD B & 1 %
&, 4308 1.41 F11.94.,

>0 Em0c
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Fig.3 Enzyme activity of blueberries after vacuum freeze-drying
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Fig.4 Texture characteristics of blueberries after
vacuum freeze-drying
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Fig.5 Microstructure of blueberries after vacuum freeze-drying
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2.1.8  feAELHT

ML AT UUEH, BEEETHTZRETER, R
FEREN 15.5 kw-hvkg, i T H AR . £ HisL # 4
LFD. UFD. LID A1 UID #& L & 7> %l 8 12.9 . 13.7 .
10.7 + 10.3 kw-h/kg. H UID ¥ R HAK, HERH—F
T AT YA 45 D A AN T P T4k A 45 5 2 A BT B 1 R L
B, BRI SLRETHES i 0 T T A A AR HE S P AR
A —J7 W] AR SO R T R % T —
ARGy, WIUETK I3 I AN K 733 H BRI ER (£ 45 UID 411K
HEARA MR (R 45 K23 6 h, I A3 B A e FEFRAIRIE = 7>
Z— EIERTAEHET RN .

x4 TEMLIEFREEFE S
Table 4 Energy consumption analysis of different
pre-treatment methods

Tk 5 0 FE BRI o i FEHLE
Pre-processing Impregnated  Pre-freezing ~ Power consumption/
method or not temperature/ C kw-hkg™

F resiifmple G x 1>
1F‘i§‘iﬁ—L2F% T B 7 20 12.9%
ikﬁi‘ﬁ?}% C ik o 80 13.7°
‘Eiﬁ)ﬁﬁ%"c R B 20 10.7°
Eiﬁ)ﬁgg)@ B B ~80 10.3¢

.19 BB

B VP AR AR 5 B, ARG AR 0 i R 4 A
HAEAMLL, M. DB KRB ECR. WAL E
B EEFEA I IR A RE LR, IR T AN, X
FE— R LR T IR PR o 72 KUK —$R b L6
FEALS HA AL 22 57 A K, IXR] RE 2 4 R B BUR 15K
JRBRYE T AT A PP N SR 5 AL R R 9T 0 R A

@ — 5. A AY, LID 5 UID T 4 % LFD.
UFD P 1~2 4, X 5T R EH %A 4,
Fodedr 1 0 R I A 2R ) S B AR 15 B TR LAY = R
B. DIt LID 5 UID B3/ @ iTEsr, B
T ORI BORE RN ER S B IR S R, HOMAH i
FERESE T R B R AT BT A s

=5 ARETMESAMEFERETN

Table 5 Sensory evaluation of blueberries with different pre-
treatment methods

RE AR THAb 77 7, Pre-processing method
Sensory fif R RIRAFR B RIS (RRRE BIKIRIR 5
indicators  Fresh sample LFD UFD LID UID
=
A S 4 6 6 8 8
ppearance
3% Color 3 7 6 8 9
/2% Palate 4 4 6 8 8
Xk Flavor 5 4 5 5 5
22 WRTATBRIREN
2.2.1 @RI ss R

NEAL UID FiAL B AR Z 8 GRIBUN TH] SRRk
K VR R IR A]D)  BE— B 4R TR T A B
A 45 EAT 14 [ B ke fe, EEE R
VC. TEPERETEY) (TSS) . KB & & MU/ 5 b5 I it
T, B IE— IS RIS & OB bR . 11—k
TR BURFE I — 0. S AIARHEAL R T AR HEAL
AEFLJE AR AT (0, D ZE, FHEA 1, Az
T, 8RN 6 Pis:

X

T=—"—(n=17) (4)
2%
X A R ORI R bR i 2 X e
PREFIZ FT,

Fo MEHIREERIIE

Table 6 Analysis of response rurface experiment results

VRIS 8] [EH R

gk C e

R M N . . HE R T A ; e
Order Times Immersiontimes/h Freezing Anthocyamln Vitamin C1 Soluble solids /% FlaV0n01dl Overall indicators
time/days (mg-100-g™) (mg-100+g™) (mg-100-g™)

1 3 4 4 22.6 4.0 14.6 119.7 0.211
2 2 5 8 21.1 9.1 11.6 165.4 0.249
3 2 4 6 252 9.3 14.5 156.7 0.272
4 3 3 6 17.2 4.0 14.6 119.7 0.196
5 2 3 4 242 9.3 11.5 151.4 0.253
6 2 3 8 22.6 8.8 10.9 1443 0.239
7 1 4 8 21.6 8.5 10.8 139.0 0.232
8 2 4 6 24.5 9.9 13.2 163.6 0.271
9 1 5 6 21.6 8.5 10.8 139.0 0.232
10 2 4 6 239 9.1 12.9 165.4 0.263
11 2 4 6 23.6 9.3 12.8 160.1 0.261
12 3 5 6 17.2 3.5 10.4 118.8 0.171
13 2 5 4 22.6 9.1 11.8 165.4 0.254
14 3 4 8 18.1 4.0 10.2 113.5 0.175
15 2 4 6 23.2 9.3 13.1 160.1 0.262
16 1 4 4 22.4 8.3 10.8 129.2 0.232
17 1 3 6 20.9 8.8 10.8 148.8 0.231

2.2.2  vR LRI BAE AT
FIF Design expert 13 %) % 3 #¥m k1T Ik £ 7T
[FUA T, 43BN S SRR EATRE 8. R1=0.2656

-0.021 84-0.001 8B-0.006 9 C-0.006 24B-0.009 04C+0.002 2
BC-0.0472 42-0.0109 B2-0.0063 C?, % — k% tHHJ
R Z 5T andk 7 oo
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Table 7 Regression model analysis

T7 ZEARIR Rl H ¥175 FAE Pa
Source of variance Sum of squares Freedom Mean square F value P value
1
l\iﬁoil 0.0152 9 0.0017  33.49 <0.0001 **
SRR
AR 0.003 8 1 0.0038 751 <0.0001 **
Freeze-thaw times
S|
| BB I 0.000 0 1 0.0000 0.4957 0.5042
mmersion time
FC-I‘%-{}EEQL'IEU 0.000 4 1 0.000 4 746  0.0293 *
reezing time
AB 0.0002 1 0.0002 3.07 0.123
AC 0.000 3 1 0.000 3 6.38 0.0394 *
BC 0.0000 1 0.0000 0.3961 0.5491
A? 0.009 4 1 0.0094  185.92 <0.000 1 **
B? 0.000 5 1 0.000 5 9.86 0.0164 *
c? 0.0002 1 0.0002 336  0.1094
Reﬁfid%ual 0.000 4 7 0.000 1
HAT
Lack of fit 0.0002 3 0.000 1 2.68 0.1824
BT
PH% > 0.000 1 4 0.0000
ure error
Jovi
Cor total 0.0155 16
VE: %7 RORXTEEREMEE (P<0.05); “**7 RoR N 45 F R M B
(P<0.01).
Note: “*” indicates significant influence on the results (P < 0.05); “**”

indicates a more significant influence on the results (P < 0.01).

FHER 7 AT, BB FAECN 33.49. P<0.01, UiBIAR
R RE, WEEE: KU FERN 2.68, P>0.05, %
AT, B ARG R 20 R0 45 B AR K. A%
BB COA VR R X T 06 25 W R E 5o, A,
A7 L BN B F K (P<0.051);  SEMH B BRI N A>A(
VRALUCH)>B>C(A VR IR 8] y>A4 C> BB H]) o

M 7 RRTLAE H, BC 2 2k I 2 B AR
Tt BH VR T ) R4 VR B 1) () 52 A F W 25 i b B 2 i)
AR, AB. ACWHMERLEZMETE, I
HER B,

LRt iR bR
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Fig.7 Response surface map of the interaction of various factors
on blueberry quality
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Effects of mixed immersion and ultra-low temperature freeze-thaw
pretreatment on the quality of vacuum freeze-drying blueberry

LI Yang™, LI Guoging, YUAN Di, ZHENG Ziyi
(College of Engineering and Technology, Northeast Forestry University, Harbin 150040, China)

Abstract: A series of experiments were carried out to explore the effects of combined immersion freeze-drying protectants
(trehalose CaCl,, and ultra-low temperature freeze-thaw pretreatment on the active substances and quality of blueberries.
Directly dried blueberries were taken as the control group. Three groups were selected as the ordinary freeze-thaw (-20+0.5°C),
ultra-low temperature rapid freeze-thaw (-80+0.5°C), and ultrasound-assisted freeze-drying protectants immersion freeze-thaw (-
20+0.5°C, and -80+0.5°C). A systematic comparison was implemented to determine various indicators of blueberry, including
the active substances (PPO and POD enzyme activity), nutrients (VC, anthocyanins, total phenols, and flavonoids), and texture
characteristics (hardness and chewiness). The experimental results show that the higher quality of blueberries was protected in
the combination of a single freeze-drying protectant immersion or ultra-low temperature treatment, compared with the single
one. Especially, the hardness was effectively maintained for blueberries that soaked and frozen at -80°C, while the retention of
nutrients was significantly improved with less duration in vacuum freeze-drying. Three-factor three-level Box Behnken design
was adopted to clarify the effects of soaking time, freeze-thaw frequency and freezing time on the comprehensive indicators of
blueberries. It was found that the soaking time was 3.7 h, and the single freezing time was 4.2 d when the number of freeze-
thaw cycles was 2. The highest comprehensive indicators of blueberries were achieved in the retention of nutrients. Feature and
sum normalizations were performed on the experimental data. All data was between (0, 1) and the sum was 1. The lipid
membrane interaction of calcium pectinate and trehalose was formed by the interaction between Ca®* and the cell wall. There
was a great reduction in the structural damage caused by freeze-thaw. At the same time, the finer ice crystals were formed in
the ultra-low temperature environments. The quality of freeze-dried blueberries was significantly improved when combined
with the freeze-dried protective agents. The freeze-drying protectant impregnation pretreatment and ultra-low temperature
freeze-thaw were combined to improve the quality of vacuum freeze-drying blueberries. A systematic investigation was
implemented to clarify the effects of immersion time, freeze-thaw frequency, and freezing time on the quality of dried products.
The optimal parameters were then determined for the vacuum freeze-drying pretreatment. In summary, the combination of
immersion freeze-drying protectant (trehalose CaCl,) and ultra-low temperature freeze-thaw pretreatment can be expected to
improve the active substances and quality of blueberries. The pretreatment conditions and parameters were optimized to
successfully improve the nutrient retention and quality of blueberries. The findings can provide useful and practical references
for the processing of blueberry products. The application scope can be further expanded for vacuum freeze-drying in the field
of food processing.

Keywords: blueberries; freezing-thawing; ultra-low temperature; freeze-drying pretreament; ultrasonic impregnation
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