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BEREEEHEFRRMEDTELEY, RS
LG EAE IR E ", HFREEE LT, 2021 4
F#p SR~ k) 22.27 77 Y, B 2020 4 (1965 75 ©)
BT 133%. HEFtHESEZ BRI R R
Wt snb B BAELG, RAERBHR. KaRERiiEs
FEIN AN G R b o L A, AT A AR AR
%o thivtERS MR, PTRENER LS K. &
R, ERHEREN]. shinEE EE N TRES R,
B FHE &, ETH TR TR . RIS
KRR, TRl TEREEEKE, ERIEE.

TR EMRENEBOEZ —, Wl &R b
KA, BREAEAK 38 1, SRS T A e A A
AT 1k K= SR WO R, BRI KT A
FER. W OB, AT, T eEn S
g0 R A SRR B A bl n K S R
e W4, HL 80% MM ERESHEIN TRUBK . BT
KR A ST RIS AT BT,
JA T4 (Hot air drying, HAD) 14 RUT4 5, AL EE
K, EEEREIER A R AR, THREMESHE
T BT R, HR AR T R E
JREEAREL S, (B AERE R LA M A S,

SARSHA T (Air impingement drying, AID) 2
IR e Ut P B b R R T AT Ind
Baf—fhFiRr . R UR E b e, PRI
TG RE R R A, MR T vac iR, el
Tt (), ISR TE, 75 (RE SR AT ERE E R
A HE AR A R BT RRE, DAERBGERE. ©
HIFFRY, AID %40 2R S B AU B B
E-AMEESY. ERM TR, SR ET
Bt — R A TR, B TR, BEREMRAIE

s SR ROR CRTh R Tk o,

Zart, B, HEMREETSNTHR ARER
7t o LI S5 IR 2500 T T 7 R B, ST IR B,
AID 2T RAAE MM IREE, BT HRM R TE
AR R, XUE 5" IUA I AID BRI, 5K
AT IR ECHIEL, R R T R Y R R,
TR ) AID Tt FEoARR TR, B, #hn i thia i
Z=, AID 5SS k= 0 ot O S (Y W 5 e oA L
[Hith, 4L HAD Ayt tl, B9 AID TR (50,
60 F170 C) FHGE (4. 6 18 mis) XHRELIHE S FIReeE
PR AR . R RS EIER (ow field nuclear
magnetic resonance, LF-NMR ) FIEEILHRA{E ( magnetic
resonance imaging, MRI) J3#ili £k i 2 IR o R
S, CAIEORIB ARG 2 AT B, e At
ZRHMNILIES R, #7 AID ML T HAD 2Rk
ST GEE NI, AEE ST N, e

i i B R PRV AR A B ST

1 #RSAEE
1.1 RIEEE

thiigZ, WTIITFE MKl gEmEy
— (790£0.83) g MHFHSE T-18 CTRF, A 60
d. AHT, SERSIE, EEE FEE b B4 GB
5009.3-2016, MERSFIEKE (£ 105 CHEPTIRE
fHEE) . RS S RN 59.10%£1.00%.
1.2 R

LB, IETEE. WEES A, 0T KRR
WAAERAR: FEEE. KERG. wile, Wprh 1t
ARAT: 2.5%R_F, WTitrEERErHAERAH.
1.3 (UBF5RE

zz-tp001 58 T, AT RERHAERAR: X
LS T R o 45t S N R | g i i ) D O
s Biofuge Stratos 84 1401, 21 Thermo 25 5]
SH200N TMS-PRO ffi#{iL, £[¥ FTC £:5]; ReadMax 1200
Fem e PR bR, bR EHEE WA,
NMI20-040H-1 [R5 RHAR{G Rl anim s TR TR 2
Al ISMAIT200 S, HAR FHRASHERAA.
L4 R E
1.4.1 BLah sk

RPN, JON A —EE S, BRIERSN
(790+083) g, KELAN (6.65+044) cm. FidhTild
BUHCGHTESE FARE 1 h, IBES7KEER 59.10%+1.00%,
RS TR R TR TR, IREATGR, &
W EHT HA Mz ah, Bt (s Sk
(E]fY i f bl ) 1:100, Bk bl CFL2S GRas (8] 55 He AR 1D
M 4533, TEER 3 iR BHESERUER A S R E K AT
RIS AN 69.31%+1.52%.
142 A eghibETHE

SiRshReb RS EmE 1 R, R,
B (R TR T RRIELAE 50, 60 070 C. JFEE R
SRN 4. 6 18 mis, MRS (2990 o) “FHEITILE
EEMTE, YRR 027 gom® s FERTEERT 2 b
£ 30 min #H{THRR, 25 1 hFRR, HERARST
HA KRR 10% AT s,

®
1
s
LAEFCRAES 2. SRR BIFR 4. SR S BRERE 6. ERCANLT.
B R, ARG, SRS 10, IRETREEEEE 1, Bk 2. R
[ 13, PIEHES 19, B0kl (B 15 Tl
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1. Steam generator 2. Steam duct 3. Normally open valve 4. Nomally closed valve 5.
Recirculating air duct 6. Centrifugal fan 7. Electric heating tube 8. Air intake duct 9.
Adr distribution chamber 10. Temperature and humidity sensor 11, Control panel 12.
Temperature and air velocity controller 13, Material tray 14, Materials (desalted sea

cucumber) 15. Drying chamber
B 1 AR TR
Fig.1  Air impingement drying equipment diagram
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AR E AT RE 60 C, JFEIIE 6 mis,
FltERRS (2990 g) P THESE BT TR TR
A 2 h B 30 min MEATRRE, ZJRHERS 1 b FREL, HEBARE
SRR 10% ML
15 FREH
151 FhekE

HFRPEHTHRE, TESKSEEDR (1) &
Hf'fl_'\_l:

M=,
w,=*m—“ (1)
o

WXt o RIS W2 TIREKE, ga m A ¢ BEZIR
HEBHE, g mTREESEENELTR, .
152 F#ikE (DR)
FH#% (drying rate, DR) 5= (2) fra.
DR =-2—2 2)

tz=ty

Kb DR ATIREE,: o, 8 HENTREKE, go o
o N LHEIRTEEKE, ge: bn HTERBE, h.
1.6 KASHREMNE

) FEAEC B 2 B 0 0 BT (00000 2 e o TR 1 Bt 752 1)
(1) FUAFEESMEG, IR PR MRE.
FERE SN LR 40 mm BEERE R, SRS E TGk B 0
fir¥, 4T Carr-Purcell-Meiboom-Gill (CPMG) Bk 41
IR WLAESEGEE N F4i=23.3 MHz, Rig5
FE=0.5 T, MIEEE=32 'C, 90°fkyPifa=18 ms, 180°Mk
MEtli)=36 ms, [BIEE =1 500 ms, ZI0kE=a. G4
FEAm RN T 3 K.

I A (Spin Echo, SE) Bt 43k HUR:
SUR TRV A BUR . EESECR: U A 890,00,
V1 H R A 3.4 mm, EI00EL 4 9, 910 E] (Echo time,
TE )}y 50 ms, & &0 (5] Repetition time, TR ) 1 800 ms™,
1.7 R IEE

{4 GE S5y i P Esni. HMih)s i S bk
b, BT 2.5%K R 24 h, FHEA (0.1 mol/L,
pH i 6.8) (BEREERZEMPHEEEYE 4 ¥, BHK 10 min, S5
VR AL E R 50%. 70%. 80%F 90% ZEFiE &
Mk 10 min, UG 1ER] 100% ZBE4REE SR 3 M, Bk, £
BESR K 2, R T 15 b JEEET I A2 B Tk s 4
FlHFH HL 1 R RLEE (scanning electron microscopy, SEM )
MBI MOMEEy, RN 15 KV, HOREEx500 F
=*2000.

1.8 WEEAIE

SEIMAS R &S FERE SRR 1 omx] cmx] cm
FNE S, TR TA-XT-PLUS JHIBCH #2208 47 REEE
SHre 5 PSO BRI R SR S b, AT
2.0 mmy's ECH EE R S BRSO 1.0 mmys. fid i A3 F0
HETRREAY I 50 N I 50%, (RIFREHE A 5 s, MEEEHAE 2
WE, AR TEIE 3 K.

1.9 BHIENE

4 MAMATOV %577k fEise™. HSimsid
Fwie, ERIFREN 2 g & 250 mL B, A 80% 5K ZBE
150mL, 43 IRTE 60 CHERAIZEE, BRI 1 h, SHR
120, PRI e A R AGE TGN 25 mL £ E-FK
WM. B PSRRI IE TEEEEEL 3 K, BIEIE TR
JEFIRERE A R AR T T 60% FPELARE, HHBE 25 mL 7
B, SERES, B SERIGNT.

S B - R T v e R W T
I mL, £ 10mL &Ed, KIBETER, FEE R
A 5% EIRE- VKSR 0.2 mL, 60%AE 5 mL, #2451,
60 "CAGHIN 20 min, SERACE 10 min, EHEE 560 nm
TEW L. Bk ER (5=1.3295x-0.0026, R
=0.9997, x AEEE pe, v ATGEEE) HRETEE.
110 BaEoh

{E R F Excel2016 ZhEEEAE, T F 48 SPSS16.0
AP EGE, RIS EE T E0H (ANOVA) , 45T Duncan
it ir M s (P<0.05) . SH] Origin 2021 {E#,
BRI FAT 3 1, iRIR s LU SR B TR,

2 ZR51e

21 FEEHHREE S TERERAEMN
PR LI ST AID IR3G, SR AR E N 6 mis, A
IR TR E S AR WP 2a Bk, R TR R 245
R, PSRN TR S S TR R 2 A R
BRRE, MM T bl ™, Biikig a4 AID it
BEEANEETER, X5KEHK™ MmN — 5
1, AID BFEHGE, ST kR, AR
i ER 2 A TR (A0 2b For. AID AN B T
43514 14, 13 f110 h, HAD T80 )4 15 h. AID
ASEFFERGR R B ER I 2 AT [ HAD 60 °CHIgZ
TR 455 T 6.67%~33.33%. 60 CZ#MFF, AID i3]
A KRR TR TE . HAD 4056 7 13.33%, i AID
AR e il ST R A . HAD b8 BN TR
BirBt, (HATRIEIER B 0 FHE TR, aTRERE A Mg
B SR, YRR REE, FE RGN
fh, WHERIEZES A, SETRERENE . 49
FHEF AR TRIEER, BSEAEAR, TSR
(] 85 i A T2 S /K R Y P T A PR AR T e
ThE A o) P A AR fh 22 BH, A AL b T ] 9
PR, TR A
MEREEEE R 60 CHY, Fdiad i it 2 S f 1
et (] (I R P 2¢ A1 2d P RUEEF s TR (8] (4
P B, T0RE (R A R X 2 ) e 3 SRR A
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a. Drying rate curves of desalted sea
cucumber at different temperatures (air
velocity 6 m-s™)

b. Drying time of desalted sea cucumber at
different temperatures (air velocity 6 mes ™)

1K, & [
e 2o
4 A e a L
= :; J =k
£, _ L
i | A £
E : f
1 e L
fun s [F:] 15 o Al Al AR AL
e o i
Mdivtan: coeal o iy binis (5 £ 1 Air welocity fms b
e, A EHGE SR aar P P ATy e
o AR FREANFSETIERML ) o P st T OB
CimAE 60 °C ) HE 60°C)
€. Drying rate curves of desalted sea S ¥ .
cucumber at different wind speeds 1?:‘;?‘::[? o dﬁj:m e cucuﬂ:.ﬁrca;
{temperature 60 “C) z

P12 P e il S i A AR o e Rl
Fig.2 Effects of drying conditions on drying rate and drying time of
desalted sea cucumber

22 FrEEHiREEEKk S SRR
AATRAGES S AR 4, LENMR 22— Rt i
B A, Ok 2 R T8 R S AR s, B
T&ElE T Rk T S TSRS LR R K 2 i 1 el
B, iR TiRaittimEs, MR 5N Tn. Tofl e
Tay (01~10ms) #EAEAETE T2 b BRI 2n e vp 5 8
FRER T TEEMNEE K. Te (10~100 ms) BHANREE
fET AR T EA SiishK. BE, BA R e
TKALSr Ty (100~1,000 ms) AR TEAE T-HuE-P A A th
KB R T AR S K SR e, K
LF-NMR #5271 R RIC6 h)IFI AL 2 1580,
A 3a #13b Fias. 5 HAD fitk, AID 4038 S EhiES
(11 3 AUty i e a5 2h, A Biiiah K e i 5 %
M. AID HEB Y Ty o P (0] B A e i i e i IR
BT R B AR, 3 5 T AR & i85 Rk,
Ty R SR AR IR AT el S B B R
W AID #1 HAD [ S48 BB T 35 4 1N T0.(04~14
ms) , IXA[REARE TGN TR T Mg et
TR Ak DR A A0 ke, ik T ¥R T 5K gy
Z A M, RIS P R A S P ] i i 4 e AR

135 2459 HE 2820 g S0 P R P2 eh 2 TR
Z1 T, MIGEFRFEH I T 58 4 M. #HLLT HAD, 7E4HF
FEEM T AID R rhiie 2 (R ) s P th 28 () S S P ]
TR TR, 1 AEA A T A8 (Rl A, AID #8532 H HAD it
BREEH, EMNESHE (B 4) FEREER TiX -5
o

S FH 58 AR AR W I T ik Sk A . R
o R B K S R . 8 3¢ A 3d BoR T
i BEARTERAN FTE 6 h 4 MRI Elg. BiLEH
ZHEME MRI E{SE RS0t fEmNE SR
FE, FHIRER R SRS, BRI ERES I
i ay W, A4y EEE el S AR, S1TIRE, Bk
B TEPF T 20T A MRI B RGN
BN R . ARSI RS R R
EriksER R B, mE 3C Ak, kS AIDSO. 60
F70 CFAHITE6h G, HFRET G, AEMNEax
gy, WA, B RS S R, K
Bk, FEdiktt. ZANG 2 HAD #2100
FErh R IR T 2SO % BB 3d W0, B BTE AID KdN 4.
6 M8 mis Rl en G, Bihilshefn s R
i€, BTG S RS, HEEERETHES, BTEEEs
PRSI L, X S B A0 TR — . 5 HAD ML,
AID H#FERL Rt pOsE A, R TR R S b
. T AID SR CRTFLIRES R Rk ook,
T ER S TR R, (ER R TR I B, ATD
#E L HAD ISk ik E £,

soo L Iy —=— HAD-60°C
- i —e— AID-50°C
3 —— AID-60°C
- —¥— AID-70°C
4W00rE 3.,
i B
& _§ 300 ]
= =
=
S0t
100 F
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1] l L 1
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QBRI )
Relaxation time (ms)
a. AR RSN TR (U 6msT)
a. T3 reliation spectra of desalted sea cucumbers at different temperatures (air
velocity 6m-s ')
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= AlD-4 m's
= = e AID-6 m's”
1 3 =1
400 ¥ E" AID-8 m-s
F,
; =30
C 0
= 2 300 + ! e i
- -
Z 200
100 F )
g A
“} Tu
) b L
0.01 0.1 I 10 100 1000 10000

96 R i)
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b, AFIFGE RSN T GREE 60 T)
b. T7 relaxation spectra of desalted sea cucumbers at different air velocities

(temperature 60 °C)
48, )
40,000
32,000
M6 h fl'.l‘r’J'iﬁMfﬁJ P 6 ms')
[ Ww.c:r dmnbuuun of desalied sea cucumber dﬁrﬂh’)lng for&hat 24,000
different temperaiures (air velocity 6 mes’ "
16,000
00
0

d 1\I-IIM1:L Mstﬁu ﬂﬂ 16 h mm%m G 60T
d. Water distribution of desalted sea cocumber after drying for 6 hat
different air velocities (temperature 60 °C)

it » T 1 T SrBRORIRES K. BB SR, Bl E fak.
g “'E‘l JNbUﬂ%Ii-I PA-FIE O AR R R e, PR A R
(0 ph L TR (O FE b Bl A e S b
Note: Note: T3y, T, T and T3 represent strongly bound water, weakly bound water,
immebilized water .md free water respectively. Different colors in the proton density
weighted image represent different proton densities. The color of each pixel in the
image vanes from red o blue, indicaing that the proton density of the sample changes
from high o low, and the higher the proton density means the higher the water content,

B3 FRTFHRESTREESRGEERSHF
Fig.3  Water state and distribution of desalted sea cucumbers under
different drying conditions
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& 4 S TASETERAY T T2 SEM BHE. HE
4 ATH, A FTER A AT R R xR S O S R
WS ERN. ME4a o, B SIES gL
MG, HERIA, 4R aAn B —Emmtk, &
SeHE. TR RS G R LTAE 2 (R4 — i PR I 2R
Wb, BELEES A MECE, RN —FLIR S .
AID50 CligZRImMEC N, M 7 —e e, FE
HET M, ThHsRmnMLUEZEE, S84
FEE . RENTE AID SRl 20 5 AT HE R iR
ER AR S B R A B, B 4b nl s, TR
RER 60 CHE, AnE PO A T TS i RS,
FLHIL T BeA A IFLIRGE M. BEA RGN, #2

FLiAAE N ATREAE R A RE e AT R BELAE 1 30 A0 I A e Y
WEAR, TS RGECN 6 mys Fil 8 mvs TR B HILI N T
PR 4 s, 3900 T A (E]. MR T, AID FEdL Y
MOMESHIIR A HAD %0 '8% . AID iFS45kasits, BAH
FMFLIALEH, M HAD #EZfeafLiRE>. Hik, HAD
IR PSR TITRR AR, TR R, SRR,
AID fiiflie e 2 M ROMES R LA, R 94E, A
JFRERCE, AID LB S, 8T KT
FeEa, Jeih TR, Wb 1R E).

CEYS BiE, 4
Desalted, 500 Desalted, = 2000
-

AID-50 =C, NE(){_!!_}
=

HAD-60 =C, =500 HAD-60 °C,»2000

o TR PR S ARRaH) (HE 6 ms")
a, Microstructure of desalted sea cucumbers at different temperatures (air velocity 6
m-s ")
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AlD-4 r‘n-s",x?.'ﬂﬂ(}‘

o

HAD-6 m-s ', =300

b. A~ FEIRH FRE SRS AROIES Y GRIE 60°C)
b. Microstructure of desalted sea cucumber at different air velocities (temperature 60 °C)
B4 FRFRESTRES AR
Fig4 Microstructure of desalted sea cucumber under different drying
conditions
24 FREFEHMBREESEENRITY
R ARTFRFM T IREESMERE

Table 1 Hardness of sea cucumber under different dryving conditions

TR [T
Dirving conditions Hardnesa™

dhES

éﬁ\d{ch 110.60£13.22°
et

50°C, Gmes’ 347302 16,40
&°C, 6mes’ 49425435 28"
Air 70°C, 6mes” 4444524773
60°C, 4ms’ 322 4086 97
60°C, 6ms’ 49425335 28"
60°C, &ms' 46950253 88"

HAD 60°C, Gms’ 4598522397
ik LR SRR R R TR R E (P00s) . FR
Note: Different lowercase letters of superscript indicate significant difference at the
same level (P<0.05). The same as below.

AR TR T TS 0008 R e 1 fras. 25 R4,
7 iy R e PRGBS 08 5 ORIk o it S R 1y
WAEE (P>005) . ShiihESHL, H8EES0E
HEFRTT (P<0.05) . XEERTETHREEF MR
3 RICE R IR 0L PR B A 2 IR 200, VR DR A UL
TR BRI SRR . GO ESH BT LA, TR
hn T B EEHE S RE IR AT AN AE, OO TSR, B

AID FHRIREEN T, Wi S e 4E iR iR
TEREF i, (HIRPEFRREET Rl , K2 i S 30k £
BRI AR AR, SR EER, TR RS, M
FRGRRIT R, BSAEER, KiER 6 mis Fl 8 mis TR
MEEEEERARH. HERE T, AID #1 HAD FfT
{8k A B AR S AR R A B (P>0.05) . (B,
AID ST HAD 2. iX2FN AID XHgZk
JREFHELE R B T, I AR A R R o e 5 B
ﬁiﬁ
25 FrREFtRIGESEHSENEM

S RSP EREMMAS, HEEERESME
. B 5 SR PR ET R AL S I L e R Y
BT, G 5w, RiBESSTHRLAN GBS E
BFEL. TR EHFFERmEE (P<005) . K
HEER (6 mis) . AIDS0. 60 170 ‘CAabFIAYHE & B
RN 1.36+0.03 pg/g. 1.4740.02 pg/g 711.79+£0.01 pg/e.
SR B A IR A e Tﬁﬁmu;&&mJﬁHH.
HE BN I RS MR, WD T R AT,
PRIRE N 60 CHY, AID FERUE 4. 6 F18 mis :H;asmfér
ZREERITHA 1464003 pglg. 147002 pglg M
147004 pglg, ERALE (P>005) . 0 REH B EL
H2H RS R MEREMRET, AID R
HEMEHFSERTT HAD. EMT 21 S1EHH, HAD
THEM RS, BEE HAD i fErh e £, i,
AID MR e £hH 27 A i) B FLES BIAUE T e Al 7%
WK R, T HAESR TR R B A, M
TR T A iE e el i A .

e
Sopemin consent (g g
& & = b B &5 &

10
RiE A5 AlDuE]  ARDLTR  ELAL-AG

Dewahed an
Terpersure { T Ak velocity (m-s )
o, RFRRUE PR S et it O b, A~ AR R R S
iEems') CHRLEE 60 T )

a. Saponins content of desalted sea
cucumber at different temperatures (air cucumnber at different air velocities
velocity 6mes™) (temperatre 60 °C)
B 5 TREMTILLESS LTSN
Fig.5 Effects of drying conditions on saponin contents of desalted sea
cucumber

b. Saponins content of desalted sea

3 8 it

S s T Cair impingement drying, AID) fit 5
5 E ARG Bh G B 0 BRI 8] (P<0.05) . FEAR IR FE
(60 C)FHGE (6 mis) I, AID BEEEHTF 20T m) (13
h) LEFA A4 Chot air drying, HAD ) (15 h#RR T 13.33%.
$2 5 TR P VT SR i TR (8] (P<0.05) » AID RUg
AR R A EE (P>0.05) .
{E35HHERLR (low field nuclear magnetic resonance,
LE-NMR) F13 JL4f 1% {4  magnetic resonance imaging, MRI)
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Mngs R, #MlEHA T AID L HAD # T 3 nl 5075
L IR AT R R, R R SR R R,
5B B3 (scanning electron microscopy, SEM) i

Mgs R R, AID R ER S5 FIRIRER LE HAD TE/ 8.

HFEFT T, AID BIbESI2H (147 pge) SEmT

HAD (0.98 pg/g) ifF%,

g BRTE, AID O] L@k SCE RO R KRR
SriRETIRACGE., ST RN, HeRREFEmN B
. AU RE TR AID S AL S TR
A RCE TR IR B R ONLEL, TN T b il T 5
SRS IR B R S .
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Effect of air impingement drying on physicochemical characteristics and

microstructure of desalted sea cucumber
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LI Xuepeng*
(1. College of Food Science and Technology/Institute of Ocean Research, Bohai University, Jinzhou 121013, China, 2. Linghai Dalian Seafoods

Breeding Co., Ltd, Jinzhou 121209, China; 3. Agriculnral Products Processing Center, Henan Academy of Agricultural Sciences, Zhengzhou 450002,
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Abstract: To shorten the long drying time and improve the poor quality of dried sea cucumber, air impingement drying (AID)
technology was introduced for desalted sea cucumber drying. The impacts of AID temperature (50, 60, and 70 °C) and air velocity (4, 6,

and 8 m/s) on moisture distribution, moisture state, microstructure, hardness, and saponin content of desalted sea cucumber were

studied, and conventional hot air drying (HAD) was considered as a control. The results revealed that as the drying temperature

increased, the drying rate of desalted sea cucumbers increased, leading to a reduction in drying time. At 6 m/s air velocity, the drying
time of desalted sea cucumber at various AID temperatures decreased by 6.67%-33.33% compared to HAD at 60 °C. At the same
temperature (60 “C), the air velocity had an insignificant effect on the drying time of desalted sea cucumbers (P=(.05) despite the

extended drying time (12-13 h) with the increased air velocity (4-8 m/s). The microstructure showed that the increase in AID

temperature was beneficial to increase the porous structure of the material surface, which could accelerate the water migration. Under

the same conditions (the temperature was 60 “C and the air velocity was 6 m/s), the surface of AID sea cucumber samples had more

and larger porous structures than those of HAD sea cucumbers, accelerating the AID drying rate. However, the increase in air velocity
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prevented the desalted sea cucumber surface deformation due to the crusting phenomenon, reducing the dried sea cucumber structure

porosity, which hindered the water migration and lowered the drying rate. Compared with HAD, the relaxation time of immobilized
water of AID sea cucumbers moved faster toward the short relaxation time, and the peak amplitude decreased significantly. With the
extension of drying time, the decrease of water molecular freedom led to the decrease of drying rate. Under the same conditions (drying
time was 6 h), the proton density signal of AID sea cucumbers was weaker and the water content was lower. This phenomenon
indicated that the water migration rate of AID sea cucumbers was faster than that of HAD, and AID was beneficial to shorten the
drying time. With the increase in AID temperature and air velocity, the hardness of dried sea cucumber increased first and then
decreased. The maximum hardness (494.25 N) was recorded at an AID temperature of 60 °C and 6 m/s air velocity. The saponin
content (1.36-1.79 pg/z dry matter) of AID sea cucumbers increased with the increase in temperature while it was not significantly
affected by the air velocity. Under the same conditions, the saponin content of AID sea cucumber samples increased by 50% compared
with HAD. Considering the drying efficiency and quality, the temperature of 70 “C and the air velocity of 6 m/s were the better
conditions for AID sea cucumbers. This study elucidated the mechanism that AID improved the drying efficiency and effective
ingredient retention rate of desalted sea cucumbers, which could provide theoretical reference and technology support for improving
their drying process and quality.

Keywords: air impingement drying, desalted sea cucumber, moisture diffusion, microstructure, hardness, saponin



