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Abstract: In order to discover the moisture distribution and migration during the drying process of strawberries at constant

or gradient temperatures and the effect on the quality of dried strawberries, the strawberries which had experienced osmotic
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dehydration were dried under constant temperatures (60 °C-12 h, flip it over when dry to 6 h) and gradient temperature
(65 °C-2 h, 60 °C-2 h, 55 °C-2 h, flip it over, 65 °C-2 h, 60 °C-2 h, 55 °C-2 h) during hot air drying. Low-field nuclear
magnetic resonance (LF-NMR) was used and the physicochemical (texture, V, total phenols) and sensory qualities (flavor,
texture, taste, color) of the preserved strawberries obtained by the two drying programs were compared. The results showed
that the water content of the dry base of strawberries at both programs decreased with time extending gradually, but the rate
of gradient temperature was higher than that of constant temperature drying. From the T, inversion spectra and peak areas
of LF-NMR, it illustrated that the free water was the main form of water in the osmotically dehydrated strawberries, and
there were also a small amount of bound water and immobile water. With the drying procedure proceeded, the T, peak of
the strawberry gradually decreases, which indicates a decrease in the mobility of the water. However, the total relaxation
peak area of constant temperature drying and gradient drying was reduced to 31.3% and 26.4% of the original at the end of
the drying programs, which showed that the gradient drying had higher drying efficiency. Magnetic resonance imaging
(MRI) showed that the water in strawberries was firstly enriched to the broken tip of the fruit and dispersed, then in the
medium of the drying process, the peel took the main position for the water evaporation, and finally some water left in the
pith. From the imaging results, the main difference between the two drying programs was that there was an obvious
homogeneous wetness phenomenon in the strawberries after 6 h drying i.e. the water was redistributed evenly in the fruit at
that time, while this process did not appeared in the gradient drying. In addition, the V. and total phenolic contents of dried
strawberries were significantly higher (P<0.05) using the gradient program than those under constant temperature drying,
which were 1.89 and 1.14 times higher (P<0.05). Moreover, significantly lower (P<0.05) values of the viscosity, hardness,
and chewiness were obtained by the persevered strawberries. For the sensory scores, the gradient program resulted in
considerably better (P<0.05) texture, appearance, taste, and overall ratings for dried strawberries than constant temperature
drying which were 31.3%, 41.3%, and 40.2%. Overall, the drying efficiency of step drying was higher and the quality of the
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dried strawberries obtained was better.
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TR RE R A S WEET  REARE T2
FRAT AR =, HCUEIREH L #0558, (sl iE, )2
A E =N PO AR E 0 TR 7 =,
FE TR R P s A TR B BE TR e AR I 1Y,
X R JoE TR . P, TR
BE L BFIA] LA R SR AU B B X SRS K SRR LA R R
A= i di B 2 PR AR AR IR BR324, B2 i TR
G, 2RSS R BE L BB S BT AR AR

(K37 - TR AR (LF-NMR ) J& T4 24 1Y
— PP JCHBAIN TR AR . SRR RGP A
TES Mg WS — e SR I SR P B L, ZEAHSR
B Z [a) & A BRAE, r= A LR, F A5 5 I LS
R, vz T R A K B
PRI, 55 LF-NMR BT & PR 726 FIAC JIVEE:
FESMTES K FRAAAE 3 MRS AR, BIZE &K, AR5
TSR A K, TR EZER T A KA S i sh
K7 T HAS RS R R RE S AE R — TR B K 4311
WIS EE U ASE]®); LE-NMR A LR B34 s K
K FhFAE T KRR KRS0 53 AT DA S AR, s
Sy it sl /K G W 22 B A1 2Bz g n, [ s /K SERE
IS B T 45 -G /K Se B s BAIRS); i MRI 0] LAY
BT 11 2 A2 NS /K A 23 TR 43 A AN Tk R vh s
TR G358 B LR AR AE AN AR AL B AL, DL K W e} B 45 44 AR
AR, BT A e 7 A i B KRR R Y K
SRS EA AT, ARG TR e T R bk
SRR REME T 4 A DL

ASHIFFE 535390 2% F R IR AN 43 [ 1 B il AV B 52 0l
OB THE 2 Bl B vh s A hoR 43 i e B RE e A

AR A B A E W, DA SR TR T A
LI AEER AR
1 MREREE
1.1 MRS5S
HURHAE 77 H = i B9 SRR ; SIE
RGN . HERE . IRWENR . 2.6- " GABEMY . FEAKIY . BRIR
1 EZGHER AR B ]
MesoMR23-060H-1 {3 ik IR BT TR
AL S HTALEZF AR G BR A F]; CT3 B 2H
Brookfield 2] ; DH6-9073BS- 1T H, FAIE 75 58 XL T4
U YT AR & AT PR A F TG16-WS 53K
R ELLAL VAR O PN ER A BR A F]; TU-
1810 £4hn] WA AT bt ¥drim RS A TR
O3l LR 1200 S ROGRAH I 95 E Agilent
Nl HH-8 U fH IR K W A i VT R A PR
/NI
1.2 SLWHE
1.2.1 HREEESENLK S EmEt Y AR e
ek, FHHE S 0.3% IV BRERENIZI 4 h JBUE, s
INEERE Y 40% HYEEMHZ R 72 he
1.2.2 LI S EInmt Y FS i a2 A4
KB SR I R R IS e e TR A, B
SRR MK T B HEE S P O I T M, al fE IR
Ji: 60 °C AR 6 h J5 I I, 48224 6 h; b 43R
T 7E 65 °C 1% 2 h, FA/E 2 60 °C FH~-FF 2 h,
SRIGREZ 55 °C THE 2 h, b F#mEEE —K iR
=R . TR R ARRE 1 h SETRREE, FE



544 % 5 16 1) B, 45 RORAHE IR S it T AR K A AR S B LR - 53 -

AT R REICIRAGIN . M5 BRI B e, FF
W, BRIy —2HE L .

FEAEH ¢ B 280 IS K R A R ER AT A
=k

m, —m,

M, =

m,

Ko M, BRI TS 200 T3 E K E,
/g m A HEEN TR ¢ BB ThE, g5 my, AR
fili e = E AR, g0
M.~ M,
——

Ko vV, HHEEH TR, g/(g-min); M, B
BRI T2 TR AL, g/g; At S THRETE], min,
1.2.3 RS HT =% Carnero 251 BYIIE 5
25, IFFEVEIE S . W BEHCE 60 mm AXHE 4 FH 2R
PUSR A4S b, B B U S g A oo Xk
£ FIR JFA T8 o A0 38 R Pk v 98 5, /£ CPMG
JPAN T X AR T, IR 55 . KGR
2 A, 4 Multi Exp Inv Analysis 4, 4563810
H A AR (SIRT) % CPMG 535 % s #E4T 2235 Bl
A, BARIRECH 100000, Kb R A2 T, sthig = i
Eig

30 S AZ g LR AR R GE A e [BHE B AG)T 9 F
A7, PSS A RAS G PR ENR ', i SE %
BT HNAT LT3 BN ES . FERHLL R 24
Read size=256; Phase size=192, Y] i 9% J&=2.0 mm,
JZ%=6, Bl B a] (TE) 2 20 ms, FE & B E] (TR) A
500 ms.,
1.2.4 BEREAHFERALS, A
1.2.4.1 FUkgRerERE S iHmmn! " ke
PA, AR TR A SR 2 SR A 2 [ Bl A X RR &4
ey, AT B A SR A s 5, ISR SR i s a5
b I R AR AR S [ AR A HR 0 25 o DABLFERf o0
ARG, SR TATL 33k, 9hA152 J1 77 R 3EA T A,
SHECEE YA 1.0 mm/s, filtk 18 5 g, FRAAIEES R
2 mm, PERUECH 2 WK, % 6 IREEE X5 .
1.2.4.2 Ve Siilie S8 AERLT S JrikfifE
&k, B ZR TS M HEAE 5.00 g, 2 TFEkr, Jin
A 0.25% P Al 15 TR 4 Y B B T 7S T, 0V 99 i 5
Ko UEBAFRHEL 1.00 g S1HRAFE S PR, AR
R IRIE PR MRS R 100 mL B, JEMBeE %
B, RSk ug . A DR WA B, PT A O ARE S
0.40 g FH B4 Wi 5 B vE, FEERMIHEL 10mL 38
T 50 mL 4RI, FIARE Y 2, 6- S BEMA R
TR, ELEEREPILT 0 15 s AR M 1k, [FIBHg
1.2.43 B EEMNE =% Kowalska 5505 (14
RETT A AUE S, B R TR S I AR LI 5.00 g,
B, I AR DGR, MERRFREL 1.00 g

V.=

ST 25 mL HERE N . INA 10 mL ) 2 E-7K
(viv=1:9) ¥, IRHE 10 s, AT HEE 30 min, 76250
HL E5E3 9 10000 r/min, 2.0 5 min, B FI5HE, H145
PEEA R . RS B 2 mL, A 5 mL AR
R VR 4, B 4 min f5 0 4 mL 7.50 g/100 mL
M) Na,CO, W . == IR i S #EC IS 60 min /&, 78
765 nm AN REM G . B 15 BT I bn v i O ) e
FEM 0.0, 10.0. 20.0. 30.0. 40.0. 50.0 ng/mL HIFRAE
W HIbrERZR . BT 7R y=0.0077x+0.0542,
R>=0.9996.,

1.2.5 BHRHBE I SHEBRESENY RS
e Ty, BEHL 10 ZIRE B A B 48 FE /N
2H o I XTEARAR A R . HEBUBAS . R (RS
I HEATEE A VA o BRI 00 BCE VE Sy R o an
221 .

® 1 RRBEEIT AR

Table 1 Sensory score of preserved strawberry
REVEETH PEN War(43)
FOLRE, B 20~30
P (3045) T, st 10~19
EIERGIR, 487 0~9
M, T3, B 20~30
HETEE(3057) B, BT, TR AR SE 10~19
AL, KT, TSR TER 0~9
K, BAEIE P, A BITE 20~30
Hg&(3043) AHGF, hE— ik, TR 10~19
R, BORERS vh, TeRE 0~9
PR T, Jo5eok, FAERVEAR 7~10
R (1043) RITRIR AR BURIR, WU 22, TE Mk 4~6
AR EE T, MR 2E 0~3
1.3 HEaE

AR IE S AR UER 22 53 HT1E Excel A% 41
175 R SPSS 17 47T W F 2= 5 M4, e
P<0.05 M@ 3E225; i Oringin ZAFIHEATAER S
2 RSP
2.1 2 MFEEREPEERESKENTL

El 1(a) > 2 FhFgead A Hh s il 3 Sk = iy
ARG, FT LA B PR3 Sk AR b th £k
TRZAC TR, UL SR S BT T i T s
A S AL, THRE 12 h Bl RS dnt, fais
T 0 A3 B T R ) AR I R T 3 B K R S ol
1.07 g/g #1 0.24 g/g. VLHHEAENHAEA R TR
FOK AT RERCRANE], TSR, 43T 4 i SRR 1Y
IR E . B 1(b) Ny 2 Fhr =0T S
TR AR AN LR, AR R A B TR ORI
THIR . 7 2 PP, 3 h ZRT/K S0 T %
B, FH HAR KR ZZHE R . 2 6 h B 2 Fhad Y
g I B INE T, SRS ARSI, 10 h f5AE
V2%, H 2B S50 TRE0R 55 0.04 g/(g-min) Fl
0.07 g/(g'min)

Pl , AR TR R, AR EER N
A2 H 2R 2 IR, AR 3R J IR a2 s 3805, 52



.54 - TR

2023 4F 8 A

6 A
Chl
®
ISR
]
H_
0 4
0 5 10
IFIH] (h)
0.6 7 (b)

—=— BT
z04q t - IR TR
E
%

i{é‘ﬁ 0.2
H_
0.0 -
0 5 10
FF 1] (h)

SRV NCIR e SUR L Uew S eV
Fig.1 Changes of water content under different drying
processes

s a: THEEE K b THRER

IR G — AR RN, T DA TR A Bl Ta) S SRR
e S34h, ZETHE 6 h B PRP T AR08 ThR R
AP B BT, ATEERE P TR 6 h 19 L #HE N
PR T HRAMAOK ST R o BRSO TR R R TR
FKIE AR AR N B AR 22 5, AT RE D AR B+
S5 Ul R X HRE AT PN B K O3 BRI RS 5 A 1 DU RZ A
[RJUS, AR T BRI N RS A AR R 22, YRS 0
FOREI N S AHEST AL BBl g A0 pad R
22 2 MHTEIEREEHEKTERNE
2.2.1 TR FEPREK BB IETE T K
Y IAREEA ] LAARR A i 00 kel P S Ak 55
IR ARAE S . f & 2w, 2 R A
FROE AR T, S ERE R — g, SR E] S
H 4 0.1~1 ms(T,,) . 1~10 ms(T,,) . 10~1000 ms
(Ty3), RINAFAAE = FIRZS K . INZEBIF AR IR 45
G AG K FT A HK . 455K EEIRRIAAAE
TAmfEIBE P K A S sK R B T 4R s
7K F KRS B2 E T A ] B a0 U S R R ey
A9 H KPS Ty BYIEER R, Ty, Al T,, BYIEE)N, 3R
B A KRB I ZK o3 i R E R FARIRAS, A&
IKFIA B iR SNk

AFEPRZEIK 89 B B AR L R o3 A AR A s O 322
FHOCF I T, WaASE B AR AL A T Sz 21, 2 Fop - paed
A P REREAR Y T, S 7 P 34 2 B O B TSR A Y
FEAS, WG BT RAEAER, X U A T4 A e A i v oK
G B A I ] A SR B TR AR, I R T4

10 100 1000 10000

i (ms)

g
g
=
o
P
—_

250 A
200

o 150 4

juitad
4E 100

50 A

0=

0.01 Ojl i 1'0 1(')0 10'00 10(')00
HF[A] (ms)
B2 AN Jf i R AR 17 Sth R N 18] T, S e
Fig.2 Transverse relaxation time T, inversion spectra of dried
strawberry preserved in different drying processes

e a: fHIE T4 b BT & 4 6

A TR A RE, T, (B HE)N, BT E Tt Rk 4y
MBI PR . PRHRIE, & H B K Ik
FH B R Sy TR, R R S A 7K 433 AR
IS, /K S YRHASS G NS5, sh ez s FRE,
{EZAH LU A3 B T e i R BRI, TR TR AR
TETHEZ 6 h ifHEE A ks I Ei e, i Th
2 6 h B AR Il A TR B, n] RS2 T ANH]
D120 N ER ST o F s o 1 B 5 S i L B C e W =4 A2
I A SRR I /K S R

2.2.2 TR AR A R ERIRAS /K AZ g YR 0 1 AL Y 43
Br T, Iy g A R INFIAR AR 9 T A
B AL AN TRIR 257K B9 2 M K 43 RS B AR A 1 2
3 (a)~K&l 3(c) Ry REAENH Hh =R K T FRAR AL
FaE, E 3(d)FE 3(e) MHERENHFE 2 Fp TR
R ERIR S /K g AR I B 4y EEMERLAOE R A
K . AN S sk . 456 7K %) Rz it 0 1 AR 43500 R
Anss Ay, FIT A, o ZRE UL L HSKIEIRT LR Y, 76T
T A,y PIERTAR BT, 433128 94.79% Fi1 95.53%,
A, I FEEI o 4.43% 1 3.18%, BiHATE T HERT 51 %E
TR LA K R BETERGERET, [E A5
2 Fp R R b ALy 05 AR AR AL R W W, 43 0] H
94.79% Il 95.53% [F K 2= 0.82% Fl1 0.96%, {H A,
AN T, HE A S 4.43% F1 3.18% FHE =
95.12% FH 95.81%. AHLLZ T, A, BYZAZ AL IR BE 58
/N, S B {E B 0.78% Fl1 0.65% F1is 4.01% F
3.22%. FETRRRS, 2 Fp TR Ay T
LR AT I AR R R I N R e, I HArBI&AE 8 h F



544 % 5 16 1) I, 4%, ARG 5 0 st T AR H oK RS R 5 o LU - 55 -

a) 3000 1 b c .
“ i ® 1400 —— i P ao] b
2500 A Him 1200 1 e 2NN
- 5k
=¢ 2000 - ¢ 1000 1 = 30
= £ 800 =
s 1500 & 600 @ 20
1000 - & 400 =
< < < 10
1 200 1
500 o]
01 ~200 1 01
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
HF1H] (h) A (h) HFTH] (h)
(d) (e)
’\;100 T I I T T 1 I I I I 11 ’\;100 I ] I 3 T ] I I 1 ] T
= llllllllllll:lAnL 11 lllllllDA23
ﬂ 80' :IAZZ ﬂ 80' :IAZZ
R A, @ A,
EI( 60 - EI 60 -
5 H &
& 40 £d & 40 4
iz} g
;% 20 1 = 2]
N e B e e &K 055 ===
0123456789101112 0123456789101112
A1) (h) A1) (h)
B 3 AN[E g R R A A e R T AR Y AR AL

Fig.3 Changes of strawberry preserved NMR peak area in different drying processes
Vs a: FIHIK (Agy)s bs RERAIK (Ayy)s c: A7k (Ayy)s ds T TRRITTRUE 4} s e: S0 TR TR S} L

6 h I =0 R, S35l 62.11% FIfE S 0.50%
I 87.04% FFARZE 1.22%, BlHfGAEEAS 3 (P>0.05) ¢
A, BEATA]E R I B2 s AR A, FEAE e X TH
IS, TR TR B Sl i B 5, U SRR AE 53 B
A AR b N ER K SR RS W B AT PR TR TR g
Yo, [ K AR T . DA SO AT A i e st
o, B RORLE AL, & 0T A A BB, T LA B X
BREA, 255K FBAEAE TR T T, S5 0512 18]
A AA LS G, AN S sl, MELAEIRP, 2 Fh )
SRR R Ay WA WETETRR (5 Fedne K, TF R B S
KRBT A KRS R LS (2 A, 5 A, TET
PRSI LT ka3 X T RRULIHHR /> I FH/K %
WA G BIKEE G7K . Do PatiE, Riggrh it 1 ke
Ay FE R AR, 17 v FE R AL SR P A — e MR 1Y
WEAFTE 5K EE G T8 mBE 7, D] bt A 45 Js 1
(6 h JE) A, MWTETRES A, Ay, 19 BFS TR
LERR D, FK IR B PR REATR AT B2 PR SRy i B SRS
L N e 3 0 3 A A S SIS T - S RIES PN
Sy AE TR B VT EE R 43 A0 , AN RPIRAS 7K A A5 B 5%
(it

FERENRTE TR R Ay, A1 AL, WETHIR & R Y
BT EE TR, I FLTEIR TR AL, WAL L H B
Wi 2R BEIETTRI S Ay, A, WETATRR & EL I e (IR
HBREFTRI AT S5 T3 B T8, UERHIL A E /K I SRAR
SYTIEE . S AN, THIR TR Ay, 7E 3~5 h BFEH
= TR TR, A AR R A E TR TR A R A A S
R B RSy I I s Sk ™ o, A AS B AT 1
NGy i A7k B A BaRER, (HAS R g A, 15
T AAR AL R T 43 B T 0 o o dse e 1 Sy S AR 1Y

14.42 1%, v Toror TR b Ay 12.32 4%, UEHITEIR T4
R AR IR SIS FACAR EL oy 9 T ia e
M 53551501
23 FRITFEIIEXRIARLHRIGLER AT

MRI AT DGR i B9 AT 3682 T EA 4G B, T
IATRE Al P AR S350 B2 A AR AR A RN TS F 4544
AR BLE U 53 B RO, {755 B, A il
FR K SR R, R R LD X R 2 Y & 4
N 2 AP R R TR AR MR AR PR IE, LU

@ 1h 2h 3h e B’
: : i
§ 5] - - 100
o 5h 7h sh | RO
- ] <z 3
10000
9h 10 h 11h BXY | 20000
< < <z - I
65535

0
(b) 0h 1h 2h 3h 4h
- - - - B 100
5h 6h 7h 8h 1000

- - - -
9h 10h 11h IPAY | 20000

- < - -
65535

Bl 4 R A h A 4 ]
Fig.4 Imaging of strawberries during drying

10000




- 56 - £ Tl B4

2023 4F 8 A

T 5, LLEARFIR OB AR, AR5 e e kg B
2-w-ap- WS . EAT AL TR e R P oy
AR E), LT A XK IRAN S o Bl 1452 s a] A9 it
£, ARG E S A w4, 4 h ok DU ] R 3 2530
P ERLT (A, 8 h S5 SN S sk tn, LT (0 =25y
TS, I ELBEE IR e, PR I AR s
7N, BT REUEHH IRew] i T ey A B p S R A i
TE AR5 (BRI TE L T 7K S PR G IE, KK S
— BRI T, R R 2y =X, Wik /K53
AR 20 55 2 B M A AR, e AR B 2
HKSy . Sa IR TR TR A kK AL, 5
TR BT R =R R ET RIS 8 A1 6 h, 1T LG BIXT
W7 B E] AR S5 1 e A AR B R B R AR X A5,
] Be 5 AR [FE S /K Z Al 5 A =<,

(B, MR BT LU H 2 BP0y s 3
BRI AR S E A L SO iR R M E A AN ] . B
S, TR TR B AENHAE 6 h i Py BT I 5,
SIS LA, S5 BT A AT D) SR H B B
4 HkE 4(a) 5 5 h IEISE 4(b)H 6 h o9 1E B
AL, &G /KBl AR AR fb o 3~5 h fHiE T
PRI EERERD AL, @ TR T84T, v GRILBZETTR]
SRR AT HR AR Ry T 3 B i T IV, e R
B TR TR A ZEAE R, BRI 2 A5
WK, 2 6 h i FEIEAVERK S A . T ERRE
MR R PR RS R AR A, AR IR R A
EFREARE, LT A B PUSE, SR F IR
TG H BSR4 vE, [RIBHERESR SEAR /)N, HoK53EL
R G HALAE RIS S BUH B 5T 5 . X DA ZK S
TR EAE T 57K 8Um AR A8 6. o5
—J7 1, THR TR 5 h RS ST 6 h I EECh
FEARL, 33X A Bt ()45 46 X 0 25 AL, e AIE (P IR B

Ay RARAE (G5B Bt e, 3156 EH i e i TR T
PRI RS, A KBS i s K 2h Gk B
PR
24 FEFEARTEERM, EFEHREREITN
0=

TR AT BRSSP 1 RN ER S B
4380, I B S BOA A AE S (0T B, i S e
A FHER S 45T, AEASTRI T SRR AN R
i 2 ] UL, 2 B gk AR R AR 1 5 I 0 BN
V. KTy B RE FIE I A 55 25 5 (P<0.05),
{HL RN PO IR P 22 AN 35 (P>0.05) o S B THs
MIELAENE Ve RN & S0, Sy il S PR T
1.89 15%5F0 1.14 A%, {HIHRE 7 | R 2 R RE R4 I 421K,
S TER TR 31.3%. 41.3%. 40.2%,

2% 3 R 2 B R R B A A A R PR 4
H, HE TR IR E L5155 77.90, 143
B TR AR B 2R 5155028 91.500 43 T4
BN FERENH A RUR | LHLUEAS | P @I T
TEIE RS B FEEE A, LA SR BT 2 A R A
AR M, AR, e, iR SRR AR
N3 (P>0.05), A 2 BP0y =6 BaE Al Y iz
55 RURSZ /N o

BIEEANTE 8 VBT 2ER08K, B
RURE T . HHELLA 22 RE R R g2
Py S5BRIP4 B AR 8L, AR 25 A e R0,
3BT IR B A TR, AR NS K S iR
TEINAIER . B ATE MR BT vl | X RN A
BT BB N . BT LA B T4 B AR 1
JERPE S e, AN S e, (PR R UK 22 R
BH 5, JUT AEEAARIT & 43 T 08 TR R B 4,

%2 THRTT O AT S TR A A R 5 R

Table 2  Effect of drying method on the nutritional and textural characteristics of dried strawberries
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Table 3  Effect of two drying methods on sensory scores of dried strawberries
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