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KL 57% /0 5] 25% . Pawar 2517 X7 4 245 % H
JEHZ 1. 5% IR 6N 2. 5% B R B0 15 VR0 IE 10 T Ak
PHE AR, K IR A TAL P | 8 K7 b B 4 2 Tkt
R 27.77% , BSRZFFL S B A BRAL SRR
STV PR VS VR T2 9 A A 2 A PR B B2 v T i R
(AR HEAL 2R A B By BEAL BEOR A B A B3R T T 1AL
RV TR R S AR sk Y ER Ak
WIS T 22 A0 F AL 3T B, ¥ B 1 0 A o o 0 52
AP AFAEZE S JOVR R 1 X L TUA B 55X ] B %
W RE T R R R R B R B 1 5 )
MR,

A5 R FH Y BRI Ab 2= AL B 7 =X, 35T L
il Bz RIJE N Na, CO, IR X FD 5% TR |
JETHE) K AR RO 2 4 XU €8 26 (R 5 0, A
P VB T AL 1 =X, i 4 e i B FD R R
e s iibe AN

1 ARSR

1.1 #R5iRF

WAE bR R T, oK IR A
B, Ardral, 25 R Ak 2R R A BR A ]

1.2 NE5iEE

ULT1386-3- V41 BRI IKAS , $EER G HH/RFL
B (hE) ARRA R ; BLK190613PD B EL23 ¥ %R T
BB, VL5 S 508 R B 4 & R A3 B A &) DHG -
9140A YR IGE K T 1R AT , 1RG22 S 00 3% 45 A B
I3 E] AW1000T RU7K 4336 BE I 22 X, B 32l 1
A BRI ] ;SUSO10 RUF L 7 W e, H A H 3728
F]3;TA. HD plus 4 4 3K AY, % [E Stable Micro
System /3 7 ; Nikon D700 YRS AHML, H AS Nikon 23y
A31.5.5.0 BV F IR (AR 4 A R4, 35 [ Lens
Eye -NET /A %] ; PEN3. 5 B 758 [ Airsense 43
B BRZA 7] 5 PQOOT BUAIRIA A 2L PR /3 A, 3N 4
AL A A BN H]

1.3 ZWHE
1.3.1 H&Hl4&

W JEORE R 32405 AR ) S B A 19 , 5 BBOR/INRH A
S RREVE TS, 20 0EAT Na, CO, IR ML I
Bz FTFLAMRIIR FAL HE . Na, CO, ¥R IR L4 . FREX
6 g JOIKBRIREN , A ZEIR /K I 72 25 2 100 mlL 15 5]
R E N 6 g/mL B Na, CO, IR , 535 Ve 5 19 5
BEAT AV W R 3,10 .30 min Ji5 45, (78

TRAKIEGE T, HI A RG] o A i
VB B2 TR VS 30 TR AR i 78 %) 6 B Hil 5 24
1 mm FTFLE: A 2 mL RG24k, R VR /Y
WERE VUS54 T L, AT FLECH 430008 12 .24 36 1L,
REEZ) | mm, KPR i HIRGE A ] R0 v s 1Y
WA AT DY ] 2 Bz AT 28 I 3 &) Rl , R 4k i oy
S22 8,16 1, TREEZ) 1 mm,
1.3.2 AREETHRALE

W 28 AN ] 10 Ab 3L 1) W5 AR TE — 60 °C UK A Hh il
P12 h, BUH R AT B A% R T, B BRI R R
—55°C, H5 N 15 Pa, THEFEF N - 20 C T
53 h, =20 CE 20 CHE 4 h,20 C T4 12 h, I+
1% 69 h,
1.3.3 Kkupasne

KAy & IR GB 5009. 3—2016 ¢ £ & % 4 [
FERUE B K o B ) i B TR L AT
et
1.3.4 RopFEN T

TE 25 °C 358 A il FH 3k 1 AR Y A K 0 106 i
ANTF 0.1 BT AR A e X K e B ASGHEA T ARG o, B
WA FD 5 8574l 2 SRS, A K 20 16 1
AP HEA TN A, A 58 B JE B R S EAT 3
UCEATINE
1.3.5 KoRAMNE

%% Zhang %50 (5 P REVEG B, S0 S0HE 4
16 .28 h IFHRH W45 , SR IR A% G LR A e A
FEm A B R R (T,), SR B R R R
100. 00 kHz , Z= 13 15 ] 2 000. 0 ms, [H1%4N% 12 000,
I I ] 0.3 ms, RANKEL 16, B FE 5 4T 5 K
SEATINE A 58 B PR AR S
1.3.6 TR Z

BHREE DI N EP Wk, T
A (drying rate, DR) s PBHR I K 3%, A
Mg/ (g-h) JHREILA (1),

M, -M,
DR=—""~ - (1)

Ao M, M, R R A, I A
T IEKE o/e,

7K 43 EE ( moisture ratio, MR) 7E—E 4 1F T, 7
DAZRIRPRLK S 3 43 % I8 0] LA S ek 1 1 45 ik
AR (2),

MR=_—"—F (2)
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H(2)H MR, g/ g; M, R B IR T3 & /KR
o/ g3 M, R ERE T IR - A I T R 5 K o/ g MR
BEFE T ¢ 2 TREEKE, o/e,

T W M /N T MR M,, R (2) T R4k
M),
L (3)
MO

G RCAITI FD W A 4 TR, SR
Page BAI 4520 (4) X TR IR T RIS .

MR =

MR =e' """ (4)
K (4) e TR, ming ko 4 T4 [E]
L3.7 BRERFEZT

HOR/IMVLAY FD W5 %5, FREE J5 A T8 4%, 75
(25 °C) NI 24 h J5 , B BEEEE T AR
L, 8 L3 P e A R L A 0 B 1 B 3 e
T IR T A X R B 75% Y R O
1.3.8,12,24 48 96 h B #EATHRE, W8 PE (hygro-
scopic, H) /R 100 g 9 B ICK 7 B9 o &, 40

FanitfAT 3 YOPATIE  $5%X(5) TR

H—MMi 100% 5
== X o . (5)

K(5) i, M RER RGP, g M 2
REMEIRAE @ B 2R g
1.3.8 A& E Fo i B 2

S HFPEVESE Y [ 05 ik, U H HDP/BSW
PR, HAAR I G 2% 14 15 1 A 00 iy ok AR 3
HEN 2,00 mm/s, P30 BE S 1..00 mm/s, fil
K I14 0,049 N, Kz #E 2 Sk 25. 00 mm , B 4L FE
PATINAE 5 K, HhiEoR 1R FD i AERE B2 )
RSB ey 5 WS B R s R R IR £
Jife e v
1.3.9 HULL MK

TERE &L & W OBUH 5 B, % TR 5 1Y FD
Ol R BRI R iR TR R L

W4 b P, P FH A R AR AE 50 £5 T
HEATIER
1.3.10 &Fn<

SR I - RGP A ot € e R A 00 2 A A, D
FD WEAF A BE(E 1" A5 o B WE b7, B4
FEMEAT 6 YCFATINE  IF R S A 220 AE, AE
MR (6) T,

Easiis
AT

AE=/(L" =L)* +(a" —ay)* +(b" =by)*> .
(6)

K (6) 1, Ly ay by 535l 37 7 6 5 A 1) 5
LML o b" 53 3R FD WA 5
CIREFNE B
1.3.11 FAanz

KT BT RN E, B %6 D
D5, FRELUFD W 4% 3.0 g B T 20 mL T 28 PERER
o I R DU £ 0 Bt B, 35 LR, i T 2s b
FERRAE (2925 C) FH#HE 10 min, N ARIE
S I AT O AE o I SR e Bk 2 WK
FEIR A 600 mL/min , Wi N A5 546 0 ] 4 60 s, 5
YRR HEAT 3 UCFATINE (555 Hh RGCREI L5,
MRS W, #4783 23 1 (principal component
analysis, PCA) ,
1.4 HiEE

fliFH SPSS 26. 0 X 5 #4758 11430 #r, 1 FH 5
HZ (ANOVA) K50 b 47 b 5 v 22 S v o, 4
Origin 2021b #EF T4 IS

2 FRE5HMH

2.1 AEFAEX FD BEE TR SR

WAk B T R 3 R T 3 e i e T
RIS [ AL B A A TRl LR 1,
EEARACBRL T, ol A B S AOAR T A 1) T
B E] , FEAS R A8 P00 AL B2 v | 28 5 TOU 0 PG ¥ ) 12
AL PR EE RF A (16 h) 3k B fE F i) A< b B4 A i
IRFIEEE (26 h) , AHEC T HANAL T 7, Hi j Ab B2
IR 25 10 3R B TR B R, B AR T W A N B OK 28
BRI BTy, PR 4 0 1 T JR I T]  F e ( To S
JEHR) FTHL (36 L) FRIIE (16 18 ) 43 51 AT ek i 24
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Fig. 1 Drying curve of freeze-dried blueberries with
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different pretreatments
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10.6 4 h {JFHEEFE] 5 1M Na, CO, 329 30 min 2 H %
T 22 h, XATRES T IRIR B AR RR &
AR NI T B T2 B K A TR R R (R
FET W R 3R B UEA T I IR B A R 5, X K i
R B AR A A /0N, DT TG ) 8 b Bt v 1 A4

AN AL PR E A 1Y) Page UG AR WK 1, & T
PRI B R BIKTF 0.99, Ui BILG 25 R B R M E
45, P U Page BRI/ AN R U4k B 5 45 11
AR KA AEAAE BT

R AFBAE I E S UR TR IR Y Page BERUDLE 2521

Tab.1 Page model fitting results of freeze-dried blueberries with different pretreatments
Page
45 R? RMSE RSS
k a
FAbFE 0.997 0.0175 0.001 84 0.068 7 1.18
Na, CO5 (30 min) 0.999 5.749 1 x10 73 1.9831x107* 0.0345 1.57
FAQUE S 9) 1. 000 2.1776 x10 73 3.7003 x10 8 0.058 6 1.62
FT4L(36 fL) 1. 000 3.2956 x10* 6.5165x1077 0.0345 1.90
KR (16 i8) 1. 000 7.8233x107* 3.6722x107° 0.033 6 1.88

R? . JR5E Z80G RMSE . 38 iR 22 ; RSS . R 25 5 il

2.2 AREFAEX FD EEK S EE kSRS
MR 14 Y 2 P

IKATIEBE KA i KRS R RE 6 S
Bt = it R I R P . AR AL B FD i 5 11
IR IE FE K A 2 WL 3 2, KA RS S5 R LK 2,
FH 2% 2 AT, Na, CO, S W= AL BE FD &5 1 7K 43
TG R B T A AL 3 )y A K i B 45
Bl 20T LRI, T AR R [, Na, CO, R0 T Ab
PRAYEERE LR A K & e XA R
BT Na,CO, % 0= A BEL2H 5 45 75 B K
(R st i) P 5 BT S

A 2 BT, AR R FAL B FD W %5 76 A [A] T 4
IR A K AR S A 3 ~4 IR E | R [
%) H R[] | AT LATA R AN [] A I AR 3R 25 AN AR S
M7K 1 ~ 10 ms fRFEEHEEG K, 10 ~ 100 ms {UEEH
KRG HEHK, 100 ~1000 ms {4 FFH A HK> .
B2 (a) Al %0, T 4 h B R TR B 28 7 200 5 55
I 3 74 B[] 247 47 100 ~ 1 000 ms , 156 W B 5 265 7k
SrFEE A BK, BHE2(b) WAL T 16 h J5, ok
AR FRZE I Na, CO, ¥ VR 5 30 (30 min ) 2 1Y 048 5t 7 Fsf
[B]4757E 100 ~ 1 000 ms, BtHHIX 2 Ffr &b B 1) i85 % P K
S350 E R K LR FTFURRIR 3 ANAh BEZH ) 15 45
TEH T E] 10 ~ 100 ms F10. 1 ~ 10 ms ¥4 g 35
W13 3 ik B %) 15 5 7K o3 KR53 AR Ty T sk Fnh
GK XA RESE T I B2 ATFLRIR 3 Fhimiab s
T #ERE K ZE SRS i, IR 3 A
KT BRI 5 TR TR IS 70 A B T K 7% S AT A% 3

K2 AFTAL B LSV TR TR
K31 BEFIAK 43
Tab.2 Water activity and moisture content of freeze-dried

blueberries with different pretreatments

4151 A, v/
(g:100g7")

fif A ND 84.48 +1.51
ENGE 0.30 £0.01>  7.13 0. 141°
3 min 0.34+0.02*  6.97 0. 006
Na, CO; ML 10 min 0.33+0.03®  6.80 =0.012%
30 min 0.34 +0.01° 5.16 =0. 012"
oK 0.28 0. 11 7.21 0. 008"
Hi) Kz il 0.30£0.01" 3,13 £0. 004"
THFFAURHE 0.29 £0.01°¢ 3,60 £0. 015
12 7L 0.28 +0.01°  3.69 +0. 012
FT4L 24 fL 0.27 £0.01%" 3,74 +0. 006
36 1L 0.27 £0.01°%" 3,83 +0. 005
28 0.27 £0.01°% 2,98 +0. 003¢
pab/ 8 iH 0.24 £0.01" 3.11 0. 003"
16 i 0.25+0.02°  2.82 +0.003¢

[FIZIA R 71 R L 2253 .35 (P <0.05) o ND SRR ARPAE

FORA R, B [ f K R R R, B 2(ce)
AL, T4 28 h B, R AL B4 A Na, CO, ¥ IR 10
(30 min ) 41 H 05t 74 5 [B] 7 7 17] 10 ~ 100 ms #5301,
VP BE R TR B A W3 i , 3 2 Fofr &b 24 % 5 2 v
A K AEAWT 10 S 1, 7K 318 828 A 5 T sk
At 3 Fofr b 3% 0 4 11 08 5t 8 BsF [) 4TS 7E 10 ~
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Fig.2 Distribution of water state of freeze-dried blueberries with different pretreatments at different times

100 ms F1 0. 1 ~10 ms, BEHA X 3 Ff ik 359 1 457K 53
KA IATIIR ATy it s 7K N2 G K Xt ud B IR
FIFLARIIR AL BETT L) 4t oy o T %, HAIUR 22
TF Na,CO, WM

ANFHAL P FD W5 R 0 RR RO E 3, K3
AT, e W B v 1) RIR (16 38) b PR, i
fIKHY A Na, CO, IR (10 min) ZEFREAH X AT AR
JEH T HI R FTFLRIRDRAN BB IR T S 4544, $2m
T IERRE TR R R R R RS R AR T
KEAIRG, BAR SR SRk s FL IR
SEFAL T E FD W5 A R R T A A L
4 FPHAL BRI FD #ERE OB i e 2R 3R R
FTFL (B B2 Fl Na, CO, ¥ R 1, b R b 3 21
IR % H R IS A S KR (16 38 RIE (8
) FIRIR (2 38) ; FTFLALBRA P 3740 (36 L) FnT
FL(24 FL) LA 8R40 , FTFL (12 FL) A i 11
B AL FRZA W E e B3 A TR | o
FIEE R K R0 Kz ; Na, COL ¥ W 3= T Ak B 26 o
W P 6 v B 4301 S 3236 3 .30 .10 min,, [A] —Ff
Ab PR (]I T A A7 A 25 5 0T g2 TR A FTHL R
JREAE I, 5 R 2 B R RR B 5, S BER XK
S (R BELBR RE 1T R, 1T P90 S 1R 2 2 FL R 45 A IR
L 3 I N W B @ T 2 N R e L g

MG X5 BRI X Bk 4
AL B FD 5 A" R LRI B A K
JrBHRR AT R

= AU

~0-Na,CO,(3 min) —A—Na,CO,(10 min)~¥— Na,CO,(30 min)
~o— HIl B2 (TRR) ~—HIEORE) == Hl R (TR AR ES)
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Fig.3 Hygroscopic rate of freeze-dried blueberries

with different pretreatments
2.3 AEFAEI FD EEMUEIH I
AN R 7 it B 5 S A TP 2 RE RS 4 i 2 1Y
BN EM AR R 2 — W B o Tt b g 2 ¢
TER— R, B4 AFTAL 377 50 FD A A9 b WL
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MR TEEN ™ B AR RIIE AT L Il K Na, CO, ¥ i
RALAL X 0] RS PR A KR A T AL Ak # 4 L
fl A By X, R A T B AT
IRAT TG [, (1 5 A5 P B 7K 43 ¥ 5 L Hh T4
HEH, f 57 15 A 930 25 F A AR S g A 4
H, U RIDR (2 38) A ER A RE A 2R T A& AR A AR B,
KR (8 1) FIRIJE (16 18 ) 33X 2 ZH P50 25 #4) Fn 6 1z
TGO AT, TE 3 AR R R B AT FL AL B, 4T AL
(36 L) Ab3H AR A 5t P FB A5 F4) 1 3 35 0 2 Bz 1) 46 4
FEEEf /N, R AT L (24 fL) 4, miFT4L (12 £L) 4b
BRLIRE S 00 & T 25 A8 S5 EE R D B A 3

ARAbTE

Na,CO,(3 min)
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il Bz (T5H)

Hl Bz URER)

HI Bz (LERFE R

J& T VAT R R T — 5 L BB | (E ) B
(TR ) TRV 2 RS ) b T 20 1) 6 T 4 40 155 1 2 7
TR (TRAFIRE SR 41, 9 L4040 75 55 AR Lo R R
T AL Ak PR B4 35 -t 8 ™ 1, 3 AT AR TR R
| B b B | T T A3 A AR5 ST 4RSS P
FLBREEA R/ INAS— SR 445> 6T B 0 i
B BIRTTLITE —E PR L IR W5 5 A0 3 e 1 s
2 RJR H SR B AR IR FE TR R Rk o3 A
S AR, FE S AK ZE R TR B i, Rt
TR AL FRZH FD 5 %5 4 BLE A ™ 5 10 P 3R 3 A
P
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Fig.4 Appearance of freeze-dried blueberries with different pretreatments

2.4 A[ETFAE FD K5 BRI %00

5 5 G B AR T4 T T S8 A
] AR X FD i 5 A B G (R 52 m &l 5.
&5 FIHT, Na, CO, ¥ W12 10 (3 min ) 1) 34 45 0 i A
K, H76.38 N, 5 RAFRAM TR T 127. 70% ;
MFTFL(12 FL) FD 52 R B e/, o 24. 41 N, 5
KA PRLAH FLFRAR T 27.30% o FT4L (12 L) FT4L
(36 £L) F1 Na,CO, 2L (10 min) B FD 5 &% i B 1
R, TE WS04 91 4 140. 30 ,138. 30 ,136. 30 4,
BRI AH F e R T T 31.55% 3 Na, CO4 120

(3 min) R /N, IE AR 42,00 4, 5 A4
PRAAHLLFREAR T 77.50% , RIJRALFEAY 3 26 1 45
ARARL, ANAEAE B EVE2E S (P >0.05) [ B2 A K )
AN R RIR (2 38) KR (16 18) MR (8 i) ,
HARPR (8 38) MEIIR (16 i) 2 8] A FEA7E B & M
Z5F(P>0.05) , 5K L RIE (16 i8) 4B
WM MEERE T 4.06% , 7L (36 fL) f47T 1L
(24 £L) AR 545 4330, 3 AR B ETEE R
(P>0.05) ,¥TFL (12 £L) i B 5o/ W FTHL (12 L)
FHTL (36 L) M ME R HAfEE B EH 25
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(P>0.05),FT4L (24 £L) (1 BE fe /o HIl 2 ik 2
rh TR F) Rz A R R AR, LA 2 2 R B /N HOAS
FAAERFETEZES (P >0.05) ; TUARHI B2 R R HI K2 LA
T TR G HB 1 Kz 21 9 G B 52 2 3 #a 94. Na, CO,
VEWIZ LAY 3 4LACTE A 323 3 min AR 5L BE B AR,
2910 min A1 30 min B EFAMRL, ANFEAE B EM 27
(P>0.05) ;32 10 min AYHEE e K, 323 3 min £l
30 min RE RN, I HAFFEREEZSR (P >
0.05), XA fEZ T Na,CO, 2 (3 min) ZbFH Y
FD 5 %5 N EB /K 28 S TCHE IR 1 AN 1, 1 ik 2%
290 L AL P S 1% A0 5 5 R T 9 e DR W kA
b, TCvk R B IE 8 A SR SR AR, 2540 3 3, 8
B R ALBR , S S0 R T, WG RE R AR, FT AL AN
R TIAL B | X s 5 26 iz AN T2 Fn e B it A1 TR
)RR B IR, W 0 B R B 1R /K i AL 3 I
HL N RE AR R 450 ) 7 — @ R bkt
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Fig.5 Exture properties of freeze-dried blueberries

with different pretreatments

2.5 FEFALERT FD 15 {0 45 #4520
TV 235 44 R DL — 25 150 BH AN [m] 99 40 3 7 2008
FD WEAF TR 52 00, S [R) AL B FD 5 % fOW 25
K 6, HE 6 AIAL 5ARASFRA AT, 280 kb
PR W5 RO AL R K/ NI ) A TR TR R B
WU, SRR R R R AT R A —

SERRRE FYEIN T AR AE TR AR i AR
TRAKZE AT FEBE Ty REARIR B FE RS, X FD i 4 10U
GER L 0 ) Na, CO, VIR (3 min) (415 45
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Fig. 6 Microstructure of freeze-dried blueberries with different pretreatments
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Tab.3  Color of freeze-dried blueberries with different pretreatments
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Effects of Punching and Cutting Epidermis Pretreatment on Freeze
Drying Characteristics and Qualities of Blueberry

LI Yuan, BI Jinfeng, MA Youchuan, FENG Shuhan, GUO Yuxia, YI Jianyong"
(Institute of Food Science and Technology, Chinese Academy of Agricultural Science/Key Laboratory of

Agro-Products Processing , Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

Abstract: Freeze drying can better retain nutritional and functional substances in blueberries such as
anthocyanins and vitamins. However, it is difficult for internal water to diffuse outward through the dense
waxy layer of the blueberry epidermis during the freeze drying process, which triggers structural collapse
as well as a series of serious quality defects of products, including epidermis shrink, hollowness, and
juice loss. These limited the application of the freeze drying technology in the field of blueberry drying.
To improve the quality of freeze-dried blueberries, the influence of pretreatment with soaking in Na,CO,
solution (3, 10, 30 min) , peeling (top, bottom, top and bottom) , punching (12, 14, 36 holes) , and
cutting epidermis (2, 8, 16 incisions) on the drying characteristics, hygroscopicity, and sensory
qualities such as texture, color and aroma of freeze-dried blueberry were investigated. The results
indicated that compared with non-pretreated freeze-dried blueberries, both punching and cutting
epidermis treatment could effectively avoid the collapse and shrink of freeze-dried blueberries, which
obtained better quality than the treatment of soaking in Na,CO; solution and peeling. Among them, the
freeze-dried blueberries with punching (36 holes) and cutting epidermis (16 incisions) remained their
intact appearance and microstructure with reduced drying time by 6 h and 4 h, respectively. Meanwhile,
the brittleness was increased by 31.55% and 4. 06% , respectively. There was no obvious shrink and
collapse of epidermis and interior structure in these two processed blueberries, and the color and aroma
were closer to the fresh blueberries than that of other treatments. This study aimed to provide a guiding

reference for the preparation of high-quality whole blueberry fruits by freeze drying.

Keywords: freeze drying; blueberry; pretreatment; texture; porous structure
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