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Abstract

Hami-melon is one of the characteristic fruits in Xinjiang, China. It has crisp taste and unique flavor,
and is deeply loved by consumers. However, fresh Hami-melon is rich in water and high in sugar, which
is not easy to preserve. At the same time, transportation and other links are easy to cause mechanical
damage to the fruit body and cause decay and loss. Drying Hami-melon is one of the important means to
solve the above problems. In order to explore the most suitable drying technology for Hami-melon slices,
according to the domestic and international research status of the drying technology of Hami-melon
slices, the drying characteristics and quality of four typical Hami-melon slices were compared and
analyzed. In order to make up for the deficiency of single drying, three commonly used drying
pretreatment methods were compared and studied, It can effectively shorten drying time and maintain
good quality. Based on the single factor experiment, the drying process was studied and optimized in this
paper, which provided technical and theoretical reference for the quality and efficiency improvement of
the dried Hami-melon slices.

The main research contents and conclusions are as follows:

(1) The effects of different drying methods on the drying characteristics and quality of Hami-
melon slices were studied. The effects of freeze drying (FD), infrared drying (IRD), hot air drying (HAD)
and microwave vacuum drying (MVD) on the drying characteristics, color, texture, rehydration and
microstructure of Hami-melon slices were compared and analyzed. It was concluded that FD and HAD
took longer time, and IRD and MVD drying rate were faster and shorter; The drying model fitting results
show that Wang and Singh model is suitable for simulating FD and HAD drying process, Logarithmic
model is suitable for describing the dehydration law of IRD process, and Page and Weibull model is
suitable for simulating MVD drying process; The comprehensive quality of IRD products is good, all
indicators are better than MVD and HAD products, and the quality of FD products is the best; The
microstructure observation results showed that FD products kept their original structure well, IRD had
little damage to the cells of the products and had a certain swelling effect, and HAD and MVD had a
large damage to the internal structure of the products. In conclusion, IRD can obtain high-quality
products in a relatively short time, with the highest comprehensive score. Therefore, infrared drying was
determined as the drying method for Hami-melon slices.

(2) The effects of different pretreatments on the infrared drying characteristics and quality of
Hami-melon slices were studied. The effects of ultrasonic treatment, blanching treatment and osmotic
treatment on the infrared drying characteristics, color, texture, rehydration and microstructure of Hami-

melon slices were compared and analyzed. Ultrasonic treatment can accelerate the water migration in the
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material, and its drying time is the shortest. The time of blanching treatment group is slightly shorter than
that of the control group. The time of osmotic treatment group is the longest and the product fails to
reach the target water content; The drying model fitting results showed that Page and Weibull models
were suitable for describing the dehydration law of IRD after ultrasonic treatment of Hami-melon slices,
Two-term models were suitable for simulating the drying process of IRD after blanching of Hami-melon
slices, and Logarithmic and Two-term models were suitable for describing the change of water ratio in
the drying process of IRD after osmotic treatment of Hami-melon slices; The ultrasonic treatment group
has the highest comprehensive score, and ultrasonic treatment can effectively improve the quality of
infrared dried Hami-melon products. In conclusion, ultrasonic treatment was determined as the
pretreatment method for infrared drying of Hami-melon slices.

(3) In order to optimize the infrared drying process of ultrasonic treatment of Hami-melon slices,
this paper took the ultrasonic treatment time, drying temperature and slice thickness as the influencing
factors, and the drying time, color difference value and VC content as the evaluation indexes, and carried
out the experimental study of Box-Behnken center combination design in response surface method. The
results of single factor test showed that each factor had a significant effect on the infrared drying process
of Hami-melon slices; The regression models of drying time, color difference value, VC content and
ultrasonic treatment time, drying temperature and slice thickness of ultrasonic treatment infrared drying
of Hami-melon were established. R* was 0.999 8, 0.999 4 and 0.999 9, respectively; The effects of
various factors on drying time are as follows: slice thickness (X2), drying temperature (X1), ultrasonic
treatment time (X3); The order of influence on color difference value is: X>>X1>Xj3; The order of influence
on VC content is X>>X1>X3. The optimized process parameters are drying temperature 61 °C, slice
thickness 6 mm and ultrasonic treatment time 15 min. At this time, the drying time is 115 min, the color
difference value is 13.79, and the VC content is 112.1 mg/100 g. Compared with untreated products, the
drying time is reduced by 45.24%, the color difference is reduced by 13.38%, and the VC content is
increased by 16.71%. The microstructure comparison results show that ultrasound causes the expansion
and contraction of the internal tissue of Hami-melon slices, forming cell microchannels, and the
appearance of porous channel structure, reducing the resistance of water migration and diffusion.

Key words: Hami-melon; Infrared Drying; Pretreatment; Ultrasonic; Quality
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KW, BB ACE ] DL 5 S R, GRS BT, AR R R R T PR REAE
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E18E &P AAFAFHEFMILT
H T 5 9% RSB RS B A S AL BN,

TRTAVT SIS BB P VB T R Ak U0 B T M A (0 AR B, SR TR BRI U A 0
TR S IR, AR, BB AL PRAENS AR TR, O 3 PR T )
Itz fE, dEg it i R, EMREbUACE, HTHlmmgELER C &R
BAG; A NIRRT 7 A [FIRR SR/ 7310 3 RU) R TS R K R IR 52, 25
KRR, BB TR N KD T RSNERE I AT, A5 TR R IR R, &
BiEA S, BT SER T A ETVA BRI, SECME R R ER R, HELA
FELLSAML S B A T 0 IR, exf b, M. BRI R E s, A
RS Tl it it 5T ;- Derossi S5 HSUR] FRERE . ALY LA S B BETR & TR B0 & 2 RdkAT
BIENUKAEE, FFR WS AAE i T 228, WHURY, S8 B
AR > BB KO B A S e i R AT B 5 500 Lyu SN2 @ AL B
RO R LT R RAC BE 5 20, R I ve SR TR SR AL B 1 7 i it o B B, 1838
Wb P RENS A RS AR UL B TR I, e TR B S RO Bk U0 7 TRl AL e K
29.51 kl/mol, 77 kbt FEARIFRLLF, DU MR AN 2 K 1 DR B R 3R

1.2.3 RENFIREE AR AR

o TG B DL R QAT T, B — T R R S A8 B IR
R P EL AR BT 5 AR Rl R, H T 2 AL EE O R B TR iR LA, iR

BRI AR, RN CRUE T P> B . KU .

B 43 g S ORI F AR IR 22 AL TR BOR TG 25 I, IR RIEAL . A VR b B
NS IZ AL BT 7 i A B, B RS AR, 3 ) T U Ak B RS e e 2 T
TR, IF HARAG A B, IR A R TUAL B AR 52 = T i AL FE S
Wars, AHS /=S aFE M AR Z, R SRR, BERE 5 AL RE 8 s P k) ok
K, BRGSO BT S AN R EE, Ei B S NS E TR RE S . 2 S D
PR ST, 4EREFT BRI RESDIR A HMOKZIE (80. 90, 100 C,
0.5~4 min) . ZRRIE (0.5~4 min) . =& (100, 200, 300 MPa, 1~9 min) A
W, XTHRF A, BTN T 2082873218 | min, 7= i EE O IRAL 32 &
7.6%, EAIAL B M 0 [E] I m s b K VPR AE 3 C IR R BCUE SR IS LU 9 T o
BIRIZHACEE . JRIEACIE . V507 R3] G 2 T AR I 22 A T 1) it o P At Jo 1)
SO, BEFLAE IR, FPERBRIR BRI R AL, s s R B KGR, R RT R
AR ™ AR, SR s AL B S e T, R v ) I 2 7™ B A AR s %85 TTCH 400 i 2H. 2 45
M, AR T e EE I, IR a0 R TR R, (s B ) R e e
FEan AR, A e A R B, SRR A BIN F] 60 s, 1BE AL AT LS i
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E18E &P AAFAFHEFMILT
R E 33 it S 5 3R T, (HBGRIKE RS 1B W (8 Tl i B EE RGN, Nacl 2@ i
IR 2%; R ZFPIPHIT FD T Ty T2E W, R T Z% N R
JEJE 10 mm. RZERE 95 °C. RIERE 2 min, A 1533 E &S E 7R RO RN
PEI 7 dl s Gabriella S5 53T 78 B 2208 7 A B 1) 5 5 TRy 7K 0 97 HIGR G N4 25%,
TR REAE K 1 12.80%, Frfs Tl wh i, el B PREE
B, BV RN, Gl R AL B R b 1 B R AT S A

FURT, AN R TR R0 e s TR T JRe M A it Jo 520 )50 LU AT 8 BA R AS [
Kb P Xt e T 2L AT R A2 B it SOV PR 0 LR AT 1 i 2 A ARG

1.2.4 PR FH @ &N e rRaE E

BEE AT R E, NRAEFKTFHRE, |REREMANERMZa@REE T
SERER, UM [FR S ENZ AT, TR AR I e S KRS,
WS R TR BTl i OIS B R SR BRI RV 75 i i
JRAR 25 1) B R AR E TR E L A 50 A% TR A T A A T [ SR bR, won) 3
i RHEAT PN RS2 i N AH DGR 7t DL R 285 6 A S B 01 i IR DG PPN AR e, 1R E &
BV R, T

18 [A]

N 2 TR P de PR PR RE AN 2 8 5 7 ot TR AR M EE AR b, B0 T J B T %o 42
AR BT A N E 2. Chang S5V 5T IS 35 VAT A 30XV -1 T
Pl P S B U NI K SRR T ek e AR N E R e < DA K AR G 1 (S DO s B S
R % BEFEII AT, BB M VR e bR 2 — . BRIk,  ASHIF FU3%E 2 T TR
VAN TR

2.0 %

- dl it P4 €L R A VLM S B HH L TR IR 25, LR e B 2w 1A S
sz BE, e G B AT NN B SEEI LA AR FR bR, BT T A E TR
Ak 3 75 O e 2 AR IR 22 AL TG R e o B R SR DSSIRTT R 7 A B A 4 T
Je it SO R R RE AL O B ZEAEAE PRI F bR . ANHIF U B B ZE (B N BBV TR AR
W 25 T ) o 22BN, R B AN BRI TR, (RS, 7 ot b o
i

QLR CEHRE

W3NS H F 544 C (Vitamin C, Vo) , 5 32 F8 B RS IR 500 11 20
Rt Ve I8 e NE FR e R aR A, THlE I Ve BEBRIFHLAR BT, T4 oA s
F5 53t BB ) BIBLAF (PR BRSO, 22 K SFSIEAR AN G 25 R T2, R4l
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£1E &4t AAFREMRLZEAMIRL
1) Ve & EAE AWM TEIRZ —: Chen 557 F 2 Fh 1807 SNF-H 208 v, BAP i
Ve S EAENTER, 453458 IRD RE i IR B8 1 Ve, REESHLA T
T 7

4 AR R, ENE

W A ENIRIN R &, & I DU IR A2 e AR S 5™ i ) B 2R & .
B T DA ASCASADL N REL I 0 S I, K e 25 TR R i &AL, 20 #r
H A ARG BTN S BT 2 REEPITHAT I % T4 T2, R fd
VR PEA I 5 TN it ot BT B FE A s S T 15 S5 UAVRIE 0 A Ak o XL I 1) Joia A A 2
If, BN RE . RH I S5 A TR AR AT TR AT A BRI SR I, B T
Ik R RO B A S R A 2R DA SR o B 28R, BT 25 I Ak iR 280 B e 5 e A1
BT 0. F, @ CEMRLEE T, AR L e T PR CRERE. N R
A =2 D TR FEAR, A KBS S R /) P ML 14 2 B s 2 TRy B 5 49 EL g
FURTERF, 72 i i

5.5K L

TR RGN R B A, R DU R BT Fofdos i T, Rt
FUr i K MG A B o o B AR 2V 7 904 BN AR5 K SR i Joi )
S, DA KECAE VPN Faas, (R IH S2K e /SO . K LLRERS
Fonr R KEIRIRE ST, B KPR B i NI A S R N B R, Biia 2
fL, TR, S,

6. M 45 1)

TR, PRI SK IR R B O L SR F s, 3R S TR R
T 58 a1 ot FRO RO 45 ) RE A0 AR S Ik S L D) . SRR S5 4B 28, RN R BT E 370
R HHURAB ), PrzybyPEOW FE ] 1, FHl oW R AL, 1§ EAR,
FLINA SEAR Y 5T

1.3 AR RIRARERZ

1.3.1 #izxB*r

R TR TR A A B U TR, R0 BT T TR AR 5 i 51 F
SEPLIR, AT TR SRR BT FARER, IR A3 — TR AL AL,
RELETF AL T =R HE AR FAR BB 730, 4 AL S FY W 3 U R0F o o,
PRI SO TR L R A, IR 3 R AE T b, R P
ZHEATRAL, HEATR BRSO T RO, A I AR R
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18 Hip BT ASBEHLT
BRI S .

1.32 fIRAR

VAN RT3 92000 s 2 TR TR 1 B ot R B2 M F 7

XS EEI T R TR Z0AM TR AT R ARl 0 25 1 MR DG o g AR SR T
BORX S5 T TR AN RS, SR VPRI AR TR EOR, LRemE — a2
Ry TR TR

2./ [ F A BT G o T £ AT R P it o (Y 5 M 7

XS FE AR P AL B L DB AL NS A A BT e S JTC P 21 AT M Ak AR i S )
SO, S AR BT BT SR G VR, SRR TR 240 TR 5 B A AL B 5 5

3.6 AL EEG # TR 2040 TR L2004

A AL BRI (A R TR T2 BB T 224, RN TR AT 8 R 2
VIR TGN Te) s b BAE TR R B, DR R AT B0 DR R 06 B 5 2% R M R 3 AR 7K
-, 3z IR R [ ) Box-Behnken HO A S BT TZ 28, WFRTALAMETE
DIVRJEE S P A BN ) LA K = ¥ 5 LA FORE T J5Rmt 1) L e B DA R B (078 97
TERERAGEAER CHERNPN, [F2EELZSHOFRKIE, FFEtTx i
RHEZ L2

1.3.3 iR FGE

VAN [E 1877 1R 0T UG T T IR ot S5 R s e

XTLLHESE FD IRD. HAD H1 MVD DY i 8 B 85 ARG e 85 IR T 4
A EE BRI, BKE . FOM S5 TR AR s, TH A E T80 2R e %
SRR BI7K G B T B R EL, RS ARGE S T8 2h 7 A8 Y, i i i A e REGE XA
A TR ARBAT LAY, e —FhE 3% N T8 7.

2 AN R FRAR B e 255 T ST 40 JRi P B i T ) 2 e 63

Xof EUATE FE R P AL 3R . R A B R YB 328 A B I 5 ST 20 A TR e AN 3. 4R
= CO=. TUMRHE. SRS TIPS, T A R AL 3 R s 2 R 1K
IrE B BRI, LA Bl ) A A i 8 AR R RO & A B
ITEEEYESY, WM S I AN & B A TiAL HE 5 50

3.Box-Behnken H10o 41 A 150 11 B T AL AL R 56

T I B[R] 2R 0 i s A R 2R K, 3 e R TRV 1) Box-Behnken A0 4
AWM T ESH, HARLINREE. U R S AL A LR =& A BHAEH
XPFHRET (], 22 4EE R C SR, @ar BRI, A % R R 2
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E18E &P AAFAFHEFMILT
PR SRS, SRR AE LZSH0F R IE . JF T b S R e R AL
R ) TR T A 22 L 4RSI C & SOML S M55 i SR Am HEAT X LE 0T

1.3.4 FiREEZ

AT FEBA BN 1-2 iR
| BRI BT LA T B B R AR |

!
|EE @R SRERSRRIS
(——‘——‘——‘——‘——‘——‘——‘——‘ T T T T T
. [RENLAATE—FRER | [EEMADIFRRLE |
PP S el « '
g e ]
& |® | & |®E|!
bl | | s LR ANE | e ECANNE |
!: Fig | | T8 = %, : frefi = 1P
| o, |1
g\ I
b 7 [Fmsne] [mwgal || =2 [vmnn] [veam|!|
| ek | | | = 1 I
‘I Ak B | | %E %ﬁ !
| TR | | TE wpEnraEs | | | UF (|| AE KAEATRES |||
V STeEgEs || | STpEngEs ||,
e e e e D (B e e |
| (RS FIRAREIL S FIRF% | |wEEE AR EL AL T RIERES | J
[
|
3
| EBE R EREN AL TIRTIER L |
F—‘——‘——‘——‘——:—:f\ S
| Box-Behnken™h (2B S 1211 IR HI {4115 !
R ey -l e e e T __:___u__'
i | [Emn@dE || [ TeWa || |[EzEESE ]|
| — Lo I .
L[ TmaE ||%>” EAE || o [BEPEAR :!
| K = Y EEmEE |
T ) e [
| il o] [ F5 4T I |
| | FIE I__HEEjHiT__J |__%%_ﬁ_ﬁ__JJI
I___________é___________
i 187 FRAM B T T A
N FRIZSH
S S
_________ [ ] P
‘ |
!| g HH || | FRHE | |
|| IZ [¢—=>| #8 | L EEE :|
=2 L 8
Bl g il F 2 e = B I
TRIRE LR | |
e e |
Y — L A0 e 0 P e TS e e e S S L
&

|ﬁﬁﬂﬁﬁﬁ@ﬁ%ﬂﬁﬂ%$ﬁléﬂﬁﬂ|

B 1-2 TR B2k
Fig. 1-2 Technical route
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$B1E %t BAFREMETEMILX
1.4 KENGE

AN TR0 B SR I HDI0 A Y FR A (1 TR T A5 T it i i 9523 S8 1) il
FEXT A SR SR BRI FE IR ER & 0 B i Sl b, UL Jre e T A5 S LA AL 2 ) ik
L g Ve e SIS B SRR = T B e o @07 I £ B N ) M SN 7] ik
JiiE, WE TR ORI E . e TR ulit, AT 7Ux b DU Ah i 7Y fg i 3 TR BOR
FFAE LAt — B PRt =R A B 7 e it 7E, DRI TRIE S T
BRPAL T 30 R X TR L Z AT O, JFEEAT X LRARAIE, Dy s T A5 1
R AR PRSI S %
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82 8 ARIFHEFEMBERL R TR R R EREFE ARFREMIFLT

B 2T FETFHEFENBENRTRTER &R

MG N RAE I KRR, HElHnth, HESAFEEREFRIOR, REEN N
2 E” o REE AT SR XA I A BRI S0 5 SO IR, BT 98 & b R Ao
i WORRE & RN, HERBOASE S, HEATEFH LK R, KRS s,
DRI 2 SE WA A5« 215 IR RE S AN R DR 22 B sl , o B 02 A I () 400 T i Je R &
FIARFEIR B o REIE 25 Tl R A v ok i) L) B T7 2 —, TR AR v] 7 1R AR 5
. FERTR A, [FIINRERE G I s M IE, FE . AT, 2R TERECR
OB 2B R IR G I T, AEYETE - TR EANE, T 400 5E i
& A AR N E 7 VA T2 Bkt 4y B 26,

ARBEHFNR R S HIGE N A TR, DN E 17 S5 08 ER, R
x0T B A SR TAH G SCER M 2R & o i, KR 45 T##  (Freeze Drying,
FD) . ZL4MF#% (Infrared Drying, IRD) . # X T (Hot Air Drying, HAD) . /i
WHEZ T (Microwave Vacuum Drying, MVD) X VUFh g HACERYE . &5 H T 5
BN E T NHEAT T8I0, veo ™ il 25 LA R SRAS 5847 R BB it ot RA AN T i Jo
KPS TR TR . . JMREYE . BK L Lo 5/ 14T T XL AL, #
JaiE I AR e RBOEITEA R SR A vy, e TR RIBHE T
B TIEITVE T KA R BOCR B IS 1 AR R 48l g A5 A, D16 1)
REPERIT 5T AR 5 221 T 2 R AL B 18 S 3% .

2.1 MRERE

2.1.1 WG H

M, FEINEE 175, FIUREKEAN 90.81%+0.85% (5% GB5009.3-2016 H
M BE BRI ) 120, EFERNEP . TR IRE. RE IS EN, Ek
. B kR, MWWHAMIRK 6 cmy %% 3 cm. JE 7 mm KGR . 0K
I HL(200+2) g M3 TR BT 05, 58 H AR T 245 /K ZE N 10%931, fEE0 B, &
15 min FRECE|— IR, UE/KEE R HARERM 4R T, SRR EL 3R, 4
BT BE AT 73 B0,
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5828 AEITFIEGEMBENE RIS R SRS BAFREMEFMILT
2.12 NEF

DHG-9070A %Y H #AE 5 3 T 1848 ( Bilg— R AU AR A A, & 1550
W) ; RWBZ-08S BIftip A F1eAd (i ntn BUm R & AR AR, TIF 800 W) ;
WP AT IRAE(ERBIE R A ], Ih% 0~2 kW); CHRIST ALPHA 1-2Ldplus HZ5%
TN (BEE CHRIST % FHLABRAR]D 5 SMY-2000SF Bt 25 4% (ALt iR
FRARATD ;3 TAXT plus Fifgf (FEE Stable Micro System A &) ; SUS010 37k
WA B T B8 (HOL Hitachi A7) 5 600 BUEZENH (78) A HEZHEIEN CEIMN L
P EERARD 3 BFRP (BBl ETREERA R, FifHEZ 0.0001 g) .

2.1.3 W HFE

Ll TZHRE: 8 N~ Rk 2 (BT 421 CRUKAE, (K250
— KB Bl YR — TR B A

—~ BRTR 5

— AR
ne a3 A B — — EE. R
— ARG TER

o i SR TR

2-1 1% T2 E
Fig.2-1 The process flow path chant of experiments
2WESH: NG TETTN, SHEMROTTTIRE, WhE 1 IUAARRE
IR —THREOR, N TAETXLEE T, RIS TR0 LAl R s B B4, R
LI B B REE FAT I BT TR, SR 2-1 i tezsasan,

® 2-1 TIEITE RS HOE
Table 2-1 Drying method and parameter setting

RN VaRiA SRR E
AR T ABHRE-40 'C, MAKRIEE 60 C, FHR=EET] 12 Pa
AR S LIANEE 60 C, T 6.75 W-g!
AP IfE 60 C, KiE 2.2 m-s™!
TR TR FEHIRE 60 C, ThE 6.75W-g!

3BT A KRR R BRI AR TR 05 I B s 3 T dh AT ER & Ve 1%
AT
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28 NEFRGENRELR TR R @R BAFRFHEFMILI

= (2-1)
_ (2-2)
2 =1
- (2—-3)

A Vi SRR REG o, BB I DURISIAREZE; X, 36 1 RSy

6 Wi 51 DHER IR Zy, bR S IR AR Xy, B ARRS I SEhrill & lE .
THSE, BN Tahs, PR R 705, SRR EALJE 1 EUE 7))

SRCEATE, THEEM, 3B R TR RS T 2R S PR

2.1.4 RIESHNZE

1LE&KE

T R H e 2 TR B K R LA 2 n 163
= x 100% (2—4)
- x100% (2-5)

I Wie wiar AR T8 ¢ IS ZI R RS S KR T2 50K, % m e R A
BT ONZIMRE, g mdNRERFNLETRE, g

2. 7K

g S, BN Fr/KEEHKS I (MR, moisture ratio) KEKIR, 11
HA K e

= (2—6)

0
N wos we F1 w73 BIONIG B R HT46 P R AME R T ¢ I 20 T2 5K, %.
DR 2 TR (R P25 KR we 3z /N T wo AT we, - BITEA 2 FCRT ] AL 163]

=— (2-7)
0

3£ %

e BT S (L R RE 5, R SMY-2000SF 4 2 4%, #K#E CIELAB £ &2 4;
MEH AR L*, a*. b¥E. AETHIAFRH SEERER O ZE REAER FUHE, AE
R /N UG I P2 S R s, E0BR O o b 2 (6465

2 2 2
Rt L, a BT ISR  G . TEHE L% a%. b% BRI
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£ 28 TREFTRAENRENR TR R &R BN FRFMTFAILIC
ARSI L

4. LR

I FH o K ASO0F AN 5] ] b B R e 585 IO JEAT S . PELRERPE R, B e BB R
Mg 5 ]kU237, Fisk: P0.5, 2FIMIMIE (texture profile analysis, TPA) iz, W&
ZAF: MR 1 mm/s, WIRTIESE 3 mm/s, IR 2 mm/s, MHEREE S 15 mm, &
Atk 60%, filk /1 1.5 N,

5.5 KL

WG IR AE 25 CI 2 FoKHRIE 2 h, IR 5ERUE, FE P54RBR 2508 i
LMW E K. E/KE (Rehydration Ratio, RR) 52 Al R 15

=— (2—9)

X ma NEKHIFEME R, g m NEKEHEMNESR, g

6. WOUL &5 14

IEHCT R SRR, PR EGE VR AR B S ST RD AT, B SRR e R i, 1R
MEFEAR, Mk T HRRMEARERS ST L, Wid, TR FEEsER, SR
AN [R) [X 35 P 2H 2R 225 44 3 43 B Lo

TIKDA Y B REOHE

TRV BUE TR YR K 1 E 2 ShLH], AR HoK 3 Bt AR, @
2F 8 Fick T2 . KA 8P R (Effective diffusivity coefficient, Dey)
Y5 Fick 8O, &2 proster-el,

—= - ) (2—-10)
A3 (2-10) FEREEEAE S JUATIR . AR TR AF AL S A R SR . AL,
IR A B T BAA SIS MWIG S K E. THE Y BURE BREFE S B4 Al o bt
TR AT, ASFERE S K A By AR ET LA (2-1D) £k
2
=%—exp (T ) (2—-11D
N Doy AT PRI RE TG 3 TR KK AR R EL mYs; AW T 10F B,
m;  OREE T TR TE], s,
PHLE B ARG R A (2-12) .

8 2
—=— (2-12)
i S P U EiLEE YA
VIR TR — MO S 2R A R, S ST A R TR B AR A R A — 58

REJE BRI TR, BRI TR DL R 8E 0 T2 S Bt Fi i LK
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#28 TETRTENMELA TSR QEOTN BAFAFMEHILT
TEHUUN R I 8 P2 i R R i 8 I TR i 2k HEAT A S, IEBOF @ g &
P E RIS S SR SRR eSS U EiEE

22 TR K S5
Table 2-2 Drying models and their parameters

FPs £ BT 24 SHEN
1 Lewis MR=exp(-K¥) K [70]
2 Page MR=exp(-K) K,n [71]
3 Modified Page MR=exp(-K7)" Kn [22]
4 Logarithmic MR=a exp(-Kt)+c K,a,c [72]
5 Two-term MR=a exp(-Ki?)+b exp(-K2f) Ki,K2,a,b [73]
6 Weibull MR=exp(-(t/a)®) a,b [74]
7 Henderson and Pabis MR=a exp(-K?) K,a [74]
8 Wang and Singh MR=1+at+bs a,b [26]

BRI A FOR B 2518 F g 230 (correlationcoefficient,  2) . RAKIRME
(reducechi-square, 2) . ¥ HRiEZE (rootmeansquareerror, RMSE) 3 NS ¥kt
FPVPHL. Yo B 2 Wl FH A T A e A R 90 L 0 iz o 2 9% A 1 22 (] g —
BRRESEHYIRR, HEBELT 1, KUSETERRXRZEHEY]), —BORE8E; R
TR IAE 2Tz 0 P T 3R ORI G T A 11 ST B A A 2R T 0 A B A T £
ZERRREE, NI Bt - H i TR A S B 22 5, HUEBRAIG, SR IS 400 & R B RN 5
BITTRRE F2 S B I 5 AL T A Uil 22 1)~ 07 R0 5 00 8 N EGARL I~ T

MR, S %20 R 2 ] ORGP 22 S A — N B SR ) B R RN, AR
TR 5 SR el g 70,
PLE 3G AR R E A (2-13) © (2-14) F1 (2-15) Ffizm.
2
2:1—Z=1( L ')2 (2-13
Z:l( - ,)
1 1/2
== - )2 (2—-14)
=1
— 2
2:z=ﬁ - ) (2-15)
A ORISR EE AN KA b ORRERLTION 2R AN KAy b

5 n 439 AR 56 I 45 ) e 25 BRI AR v e E AN B
2.1.5 Gt #h

A g8 ik 7> oK A SPSS 26.0 o, R P B4R, SR AT BB R O 2= 0 i
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%28 REFHRSEMBELE TR R R RN BAFAFMEFMLT
(ANOVA) FikitiT 2R BE ST, KPR 0.05. 2EKH Origin 2021 #4F .

22 ER5 5

2.2.1 REIFIEFZESGEIN R FRFHERIFN

AL 73 A Xt BEAS [R) T I 5 3506 s 2 TR R R Ak A B2, 32 17 PP A 45 T R B 1
P57, AFETEHRINE TWE R TR 2 & 2-2 fros. IR s T 51
BT BI bR E TR, FD A TR RN et JREGE FD Ja IR A9k 308,
TRRHENARBT TR B, K BRRBONZNE, TR SRR —2F, ST gl
FEINS Y 745 minl™l, HAD 4LT-B b5, e TR R i BUREAL 2552 L &R, Btk
X FANERE Y BN BTS2 B AR K, S ECT AR B Y 345 minl"Sl, IRD 4RI B,
N 240 min, HITZLAMESINAK BN, TR RS R ALY MVD
LAERS 36 min, SERMPIRME T HE N TERIAET R, K> 5B B R 72805, RN b T
TR IR FEVE N AR5 () 258 77, T RIS PR K i B, Rt TR
REREIS S FE 7,

i bR, FERIET M BTAHTIR N, Ak IRD 5 MVD JyRL8 s 3 I 1
BRITE o

—n— G TR
Microwave vacuum drying (MVD)
—o— 4T

= Infrared drying (IRD)
0.7 —A— PR TR
' Hot air drying (HAD)
206l —v— AT
3 e Freeze drying (FD)
)
R 505
® .2 ol
= 0

0.0

0 60 120 180 240 300 360 420 480 540 600 660 720 780
T4 [ Drying time/min
2-2 AN[E MR TV T IR T 1 gt 2

Fig.2-2 Drying curves of Hami-melon slices under different drying methods
222 NEIFEFAENRENL R &FHIFMmE

BFE SR R PE R -6 R AR S I E B bR 2 —, ARTERTE TR EIA T
EEMEME 2-3 fin, EEEB/NG P RS, 65 M5, FD. IRD.
HAD F1 MVD 472 5t 228 43 9N 13.25. 17.23+ 20.67. 19.12. FD FEih =, M
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28 FETRAEMBEIE TR R SR BAFAEMTEART
FEROn e, AR/ BERTEA SRR EmAT RN, 2R AR [ R
EEEE SN, FEA#AETS], IRD. HAD 1 MVD 72§ AH%E FD 72 i B 2= K, X R
IRD. HAD Hl MVD 7= i (65 5 B T ED P2 0. HAD FIl MVD 77 5 4 38 % A2 5 o 27
RIZERLE SN, 2K, (2 KR4, IRD =5 (B BARH FD 2, {H{LT HAD M
MVD %

CJae T
20 | 1l T
T 1
1
15 -
-
:j I
10 |-
5F
0
FD IRD HAD MVD
T-4577 % Drying mthod

P 2-3 AN Rl T 1o e 85 T R € B R 52
Fig.2-3 Effects of different drying methods on the color of Hami-melon slices

a. WIRT1E b. ZLANF IR

c. T d. T B TR
B 2-4 ANJE) PR 07 5 R e 3 T 1
Fig.2-4 Different drying methods of Hami-melon dry products

2.2.3 AEFIRFESGE LA B RIS

PR« MEL R A S i ) ot J A ot o PR B 2R 20, T e B ) ot PR £ P LUK,
ARG PR S 2 RTT PEL MG 1A 26 B 7 JO A i JBRC I, W 8 TG ] DA S A8 ) L g £ FH 81,
ANFE TR = A B . PHIEHE G B 2-4 B, BEEE /MK IR MVD. HAD.
IRD. FD, 7354 132.58 N. 89.98 N. 49.76 N. 32.01 N, FHIE!:K/NMER A MVD,
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HAD. IRD. FD, %%y 52.38. 40.87. 30.18. 7.53. FD =5 i 4%k, T 50
PR S AL : IRD 7B &, EMEAF, ZLAM RN S B T KR K I 28 KB
R, GrrAEFLBR, TERERAA 2 LG5 . PR FLIR AR gt — P iE il 1 AR M I A
b, SER TS IO B B S g PR R0, HAD 72 8 i TR B TR 1a), 2% e i
ghot, MEALTE, PHWEEZE; MVD PEEEEEEOR, PHREMEZE, X ATERE TR
R RS KR A, SRR i & S8 T gL, HE e S I A0,

160 - 60
140 - [ Jmop - i i P
Hardness/N <
wl e
Chewiness I J 40
100 | o
Z T 2
X 8 I # 9
25 gt 1 130 2
g 1 o ©
= = 2
T 60 -
T 420
I
40 |
t
— 10
20 | .
0 0
FD IRD HAD MVD
T1§75 % Drying method

P 2-5 AN [A) 1575 120 e 2 JIOR o R e 28 ) 52
Fig.2-5 Effects of different drying methods on the texture of Hami-melon slices

224 RERIFIEFESGE IR EKEERIFZ N

7 -

: kit
. T T Rehydration ratio
B I
T
I
T f
E
2 g4l
% g
i 23 -
=
[
e
2k
1
0
FD IRD HAD MVD

T8 777 Drying mthod
K 2-6 AN[RI 17 VRN I B TR K L B R
Fig.2-6 Effects of different drying methods on the rehydration ratio of Hami-melon slices

SK R B N A R I B R AR, RoRSSMIRKE R IRE /1, BT
SKPER AP S NS H RGN R, @2, TR, FFRERP), |
K 2-5 0] %1, FD. IRD. HAD 1 MVD 4 7= i Z /K EL 433N 6.42. 6.05. 4.79. 5.49.
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28 FRETFRSEMARI TR RS RO BAFAFTLRRT
FD 7=/ B A & m R K L, IRD f1 MVD IR, 1 HAD 7= R K LK. FD 4242
FHER K, WHERZ L8, KR IRD BT —ERENAER, 15
Hom i KRS MVD P2 iRy, W s R B B K, TR 2 AL
SERI PTG 5R I /K BE F11%0), HAD 77 S B K PLER G, T R 2 K B T P~ 46 56 3 T i A b &5
7, WIGMIR™EH, FEEKEIZEX.

2.2.5 AEFIEFGENGE N RS RIR

R 47 R T O 4 B I 0 2-6 9. FD T, kg
HEATHELG, BN SURRET, M52, FUIIA R, IRD
SRR 5], Gty LTSN TR TR R A A
SRR, FLIE 42 MRS B A ), HAD B 5 920 N P s
KOHT R, PRSI, 2t TR T Tk, 3 plong 5 T T
A SRR T FLS6), MVD W1 B SRR AR 535 7, TR (ke [
KBRS TR

a. WIR T b. ZLAhT 4
a. Freeze drying,(FD) b. Infrared drying,(IRD)

: % Y

SU8B000 5.0kV x200 LM(L)

c. T d. o LA TR
c. Hot air drying,(HAD) d. Microwave vacuum drying,(MVD)

B 2-7 AR T3 1 B 8 TR SO 46 4

Fig.2-7 Microstructure of Hami-melon slices with different drying methods
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2.2.6 FETFEFETRIKD B HERS TREFRUMAR

IR B BRBOE R MK T BRI RN — AN S8, AR a2 T2k
MEZS, BRI TR AR PR T RIa R KN, 7K 3 3R 250 K U g
AR T R BT R R B g, RS TR AR i R OK
B, PR R DU A Fick 35— 8 AR R T 0 A2 vh oK 7 09 SO, oF SR B
(RI7K A6 BT B 2. ANETERITIER InMR 8308 77 B FK 20 A 2 B A2 soin %
2-3 fiin. SAMAHRERI Y E REL 27E 0.90224~0.97324 2 7], F LA BB BT,
AR BTEE M B S TR Do MIRIE R, 73700 4.23x10°10,
120107, 1.69x10°, 1.14x10°¢ m*>s, FF& & mYEHT R E ZoK 58 8 R/ 510

10-10¥m? s FIEE G HI0), R MVD. IRD A B AT
R 2-3 AFTRRITIE T IR #UR A
Table 2-3 The effective diffusion coefficient of water under different drying methods

T I7 % LA TR HERB R KA HUREL Dey/(m?-s)
AR5 InMR=-8.51x105t+0.4 0.90224 4.23x10°10
AR O InMR=-3.41x10t-0.41499 0.96262 1.69x107
AP InMR=-2.41x10"t-0.64009 0.93951 1.20x10°
WA T InMR=-2.29x103t-0.41535 0.97324 1.14x108

N TG B TR TEAS AT T T eRe i, BRI R, 1 Tt
PO K RARE , SR H TR I 8 P TR ASE A, SR Origin BC1F X A 25 I A 1) T 46
R AT AR R 2R LA . b SIS ROR I SR Yo &30 20 Rk
oA 2. BIJTRRZE RMSE X 3 ANSHCRIATIEA,  2B3EIE T 1, 281 RMSE B/,
VU2 BB P40 B SRR, S0 3 T B T Rk &

NIRRT 2 B A AR R LA 46 R 26 2-4 FioR . FD iR /K 43 EL B I 1) 28 4k (1
TR S5 BRI EL A AR ER, R Weibull #1 Wang and Singh #5214
1 2w 0.9, HAHZHIN 0.98568. 0.98792, X LA L 2 AN TT LI Sk dthik
W55 I FD i F2 f MK AR, A% T Weibull #74, Wang and Singh #1754 [{) RMSE
AZETE/N, 425005 0.03175 F1 1.01 X 1073, i B A IURE FE o, o0& TS0l
N FD T 2 IRD b R 7K 23 U B o 1) 28 A 1) g i 28 5 45 B 2 2 (1 =l 2
PAESERER, A 2855 T 0.99, Page. Logarithmic 1 Weibull #7Y[¢) 2{E %
B, A EA 099597, 0.99877 F110.99597, FHo Logarithmic B! ¥) RMSE.  2{E 51
/Ny 430 0.01085 1.178X 1074, i B AR ARG BE v T ARIEAY, B B 4 M ik vy
2N A IRD A BK R, B 25 0 IRD it f s HAD I FE /K 4y Lo B I )
A T M 2 5 & B T I AR AL S 45 R 7R, Page. Weibull Al Wang and
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Singh #E A 2{E R, 43 AN 0.99567. 0.99548. 0.99827, FH Wang and Singh 1%
R RMSE.  2H¥I8/N, 235109 0.01357 A1 1.842X 104, 1t B H AR IS B v T H 4
FEAL, BB G M IA NS B TR HAD R 1 MK R, AEAULNG 25 I HAD )i 7
MVD Jd FE7K 53 U B IR (]38 4k 1) T i i 28 5 5 B A AR R I AR R L S 5 R B R, Page
A Weibull B () 2{8 B & 2409 0.99733, RMSE.  2AH /N3 514 0.02034. 4.139
X 10, R LK H Page F1 Weibull #5278 X605 %5 I A MVD T4t 72 117K 4 B AR 4k
THOLEATRER, B TR .

R 2-4 AFETARITE T IREBCEAR A & 45 R
Table 2-4 Drying mathematical model fitting results of different drying methods

P AR THRT5 2 R 2 RMSE 2
FD K=0.65514 -1.16202  0.42464 0.18032
IRD K=0.01396 0.99213  0.02743  7.525X10*
Lewis
HAD K=0.00787 0.96242  0.06332  4.01X107
MVD K=0.08227 0.9577  0.08097  6.56 X107
FD K=0.65514,n=0.88058 -1.25211  0.43339 0.18783
IRD K=7.81X1073n=1.12922 0.99597  0.01964 3.857X10*
Page
HAD K=9.18 X 10*,n=1.4292 0.99567  0.02197 4.827X10*
MVD K=0.01419,n=1.65864 0.99733  0.02034 4.139X10*
FD K=0.65514,n=0.65514 -1.25211  0.43339 0.18783
IRD K=0.01198,n=1.16497 0.99161  0.02833 8.027X10*
Modified Page
HAD K=6.99X103n=1.1255 0.96242  0.06475 4.19X107
MVD K=0.07327,n=1.12278 0.94924  0.08869  7.87X1073
FD K=1.94696,a=0.66265,c=0.33735  0.13315 0.26888  7.23X10?
IRD K=0.01172,a=1.0747,c=-0.07623 0.99877 0.01085 1.178X10*
Logarithmic

HAD K=1.39261,a=0.68126,c=0.31871 0.10327  0.30933 9.568 X107
MVD K=0.05999,a=1.21868,c=-0018274  0.97136  0.06663  4.44X 103

Ki=-4.463 X106 K,=-1.296 X 10'3
FD -1.45685  0.45266 0.20491
a=0.22763,b=0.77237

K1=84.0854,K,=0.01472
IRD 0.99231 0.02712 7.354X10*
a=-0.05712,b=1.05712
Two-term
Ki=9.00959,K»=0.00904
HAD 0.97511 0.05153 2.66X1073
a=-0.15738,b=1.15738

Ki=7.28869,K>=0.11637
MVD 0.98027  0.0553  3.06X107
a=-0.52305,b=1.52305
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FD a=298.82,b=1.10694 0.98568 0.03456 1.19X103
IRD a=73.47419,b=1.12922 0.99597 0.01964 3.857X10*
Weibull

HAD a=133.3355,b=1.4292 0.99548  0.02197 4.827X10*
MVD a=13.00967,b=1.65864 0.99733  0.02034 4.139X10*

FD K=-3.44512X10",a=1 -1.25211  0.43339 0.18783
Henderson and IRD K=0.01429,a=1.0246 0.99236  0.02703 7.304X10*
Pabis HAD K=8.57X1073,a=1.09522 0.97103 0.0556  3.09X103
MVD K=0.08614,a=1.05816 0.95448  0.08399  7.05X1073
FD a=-2.51X103,b=1.62601 X107 0.98792  0.03175 1.01X103
IRD a=-9.84 X103,b=2.44118 X 10 0.99088  0.02954 8.723X10*

Wang and Singh

HAD a=-5.67X103,b=7.96089 X 10-¢ 0.99827 0.01357 1.842X10*

MVD a=-0.05967,b=8.85779 X 10* 0.98901  0.04127 1.7X103

227 ARIFIEFZETHRERTH @SS TS

KA R HOEHAE BARPR I T bt R R BE, S8R WK 2-5.
K 2-5 ANFEITHETTE5T & AR bR ALE
Table 2-5 Weight of each index under different drying methods

fabn I R AR R B (%)
TJEE By ] 341.5 298.025 0.873 37.113
B EE 17.568 3.204 0.182 7.755
i 55 76.085 44.796 0.589 25.038
EL Mg 32.74 19.098 0.583 24.808
K 5.688 0.707 0.124 5.286

H% 2-6 FIRN, MR T) L RS 2RI Mgk P S B AR, 3R e I )t ) T
JERS 18] B S AT EL A2 52 AN [ T8 05 U RE M AR I B . ARG A [R50 g s % R
Fr AR E R A, HRERE 0. SRS IR HEAAE R AR TR 5 SR ER & 07
3N 2-6 Fus . B3R 2-6 AIAL ANFETRIIE LA T RIS G i, DL,
AGIRHTTTH,  ZLA T H5 AR a2 T 1 ot ot o B B

23



28 NEFRGENRELR TR R @R ARFREMIFLT
* 2-6 BARVR AR HEAL B S SR B PRy

Table 2-6 Comprehensive score of dried seabuckthorn under different pretreatment methods

THIE THRME EE fef /5 g BKE ZETEs HEA

R 1.563 -1.556 -1.136 -1.525 1.187 0.266 2
AR -0.393 -0.122 -0.679 -0.155 0.595 0.395 1
FOA A 0.0135 1.118 0.358 0.492 -1.46 -0.381 4
MK ET T -1.184 0.559 1.456 1.187 -0.323 -0.281 3

2.3 KB

AFE DR BB N T, @ A FE 4077 (FD. IRD. HAD. MVD) X}
WG TR T ERRE M RO T (B3 k. SOKEE. TOMEEHD sem, 286 R ET
BT S, e T BOE A IR E T TR, RIS T8 T )
IR A BOR BT AL T ARXS B TR B I, BARZn:

1D AFEITFEE AR 2 5K, S TR R AR T8, AR KT,
FD #EI f KN 745 min, TR FEREFEAR K, HAD #EB) 345 min, IRD. MVD 4§
FEIIIK B B B R B R 5N 1.69%109, 1.14x108 m2s!, TR, TARFEN
F20 108 240 min. 36 min. TEAAUAE 45 R, Wang and Singh #5284 & A T 1541
%% KA FD. HAD T34 #2, Logarithmic 157 f8 58 4 H il iR 05 25 IUH IRD 3 42 1) it
IKFAE, Page F1 Weibull #8858 H T HBAUL G %5 T MVD 40 72

20 F B P T B A T R N IR e R R, RERE . PHR . BKMERIRE
HREARE BN EESE bR, IRD 0S¥ T HAD. MVD 7=, FD /= 5 i
s OSSR R IR, FD BUF I OREE 17 B )5 A 4544, IRD XJ 7 i 1 48
Wik HEA —ERALER, HAD. MVD X7 i A 3 2H 2R 45 BB R A K

gE BRTIR, B SR ERRER . PR LRGN, IRD ZRE VR s
T E 55 Jo P B T P SR 7 o ot G P 7 s DR 5 £ M A 9 e 5 R B T
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£ 3T NEIFIEXT G E R 5N IR R BB 22

5 2 BT FUARRM],  ZLANTIRAE S AT B TR 8] (14 R B RE A% DRAE S 1R 7 i
i, R HAR s N TR oy & 8. HHEAT, B THREAFEEAN L,
AN 5 T b 2 AR R 528 o QR AR TR I R A R E RGO . ST i
SR R INEERH) TR RE R TR AT M i i e ) B (. A ALEE L RIEAL
B BB 2R R G TR EEEOR OOy R TR AR . 3 v T i el o (10
W7, AEB SRR RN T 3RS T ok R H .

AT FONRR S & BEAOUS 5 TR ZLA TR AR B 5 30, 1 = e I R it A
BT IO W T EAT AL . B 7 AL PR RENS R R A BRI T 454, TNk 70327
Ag R T AR 18], BE 22 DR B A RUR & &, AP AR R R AR IR R LS
RiEJ7 3 EHEN RGEHEATINA, 2 IHRE - EREE, Ik BIRER G 1) LY
BEAT UG« IR R 4 H U, 2B AP AT A BR R H 23 88 73 /K o8, 4k
TR (R TR RRARRERE, EVFZ IGO0, BB AL ] DAAE Wi ™ i (10 iU 03, O
VPO L 5 LA RAS B PR SRR i o LRI b o, o e IO TR b L a2
AEE R CEHR PARAE LR K AT 7T LERE 7T, fJmilid 22 AR Bk A%
FRACER T 3R T b b R ER G V0, BE S EE TR BT 3. [R5 7 AN R Pl Ab 2
(RI7K 73 R TR BOF AL 1 ARXT ST B F AR, DT i TR BT 78 DA K
JREN LA IRPE IR S

3.1 R 575E

3.1.1 RIGH#)

R, TEME 175, WIS KER 90.81%10.85%. EHA/NET . TolwHE,
KL FTEHIGEN, FHeEk. Bl kB, MNARSMIEK 6 em. % 3 cm. J& 7 mm
KT E o BRI (200£2) g % M, 38 H AR T35 K HE N 10%. R
W], B 15 min RELE & —IR, YE/KRIAR HARZ R SR T, SHRRHES
3K, GERBCFAEBET T

3.1.2 iR

BRIREEN . HIR. mle b PURMER. 2,6- —SAMydemdy. iR, WL, LB,
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%35 FRIFLEN MBI LN FRIHER SR BAFRFRLFIRT
SEACN . KRR A RREEY . WEBREAH . LIREE. IKZIR. MrBkEE RGN, 1Y
7 3 M s

3.1.3 (& F

R AN ERAE CER B IR A ], ThEE 0~2 kW), Wil 3-1 Fizns KQ2200DA
MBS PIEVENL (BT SENEERAR, D% 0~200 W, % 40 kHz) ;: SMY-
2000SF B A (AL B2 H R KR AMRAFD 5 TAXT plus M (¥ Stable
Micro System A H]) ; 600 BLHFNH (78) HBNERENL CEM LM & S E RS
A BFR (BB FRHEA R AR, KL 0.0001 g) .

/0 | | 3

=

(-] -] :, (-] (-] 5

Q b o o/o o o 4 1

\ 7

\ /

VAN \J

VAR O 2,204, 3IREARREES: 4.0 SHNE O, 6.k WA,
TIRGER ;s 8 AMLIFIE; 9 INFATFI; 108785 11K

B 3-1 ZLAMF AL
Fig.3-1 Infrared dryer

=
N

3.1.4 R F*E
LRI T LW B3N~k — A (BT 441 CHRIHIE, K500

—Fe gl Bl ) P — AL TR — 2 AT — b — R

B b

WL o e o LA AR L e

(60°C. 1350W)

BB

K 3-2 i85 T 2R
Fig.3-2 The process flow path chant of experiments
2. A T2
AR BT ISR BRI L S P 45 2R, e =M B T2 @A AL, R
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AL EEPAEAC I RE TIALER ()RG5 TR 2L 40Tl S AR Dy R4

AL, IR R, 4(20042) g MR A E T UL 25 CEB T KRR
[RIEE A 7K, #E 200 W 40 kHz (IS0 T 378 5 A0 15 min. @A LR,
F B s AR 2B ) 3R 2 AR K, 4 0214,

RSB ¥ (2001 2) g M RY) B TRV T, ISR EE RN (8] 4 5N
100 ‘CA1 2 min. ABNRZIEN A, FHUFBUH, BN 421 TR /KPR AR ER,
FH B s AR 2B ) 3R 10 2 AR K, & I,

BIEGHE: KEAET, KQ00+2) g % KU RETIREN 40% (mm) 1)
WA T, RHREEA 1:4, ACFRIFE 120 min, B PEERE 15 min BiHE—IK,
DATRE G ] A0 BV R M RE . IBIEACIRSS RS, SLHPEUCH R RY) A, A B K
el ki, HEBRERZRIK, &R,

3T A 2.1.3,

3.1.5 IRIESHUNE

1.5 K%

TR R H e 2 T B K R LA 2 63
= x 100% (3—1)
- x100% (3—2)

K Wie we AR E T8 ¢« S ZIR IR S KRR IE 5K E, %; moRia % AT
BT NI E, g maWEERFRATRE, g

27Kt

TR, B KA KEERKSE (MR, moisture ratio) RER, 11
B n e

= (3—3)

0
N wos we 1w 73 BN E R HI46 T AMER T4 ¢ I 2 T35 7KE, %,
PRI e 2 TR P 25 7K R we 3 /N T wo AT wrs - BT BL Y AT ] A 163)

= (3—-4)
0

3.

R E T8 S i LR RE S, R A SMY-2000SF ZY €8 24, k4l CIELAB Rt R4
MEILAAE L*, a*. pME. ANETHIGHH SEE N EFEZEREAEE T, AE
(B /N U0 B 7= i L R s, 0 3B i BT R 164,05
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2 2 2

X L* a* b FHlm R A8E . WEE: L%, a*o. b¥o NEFFEWISIAL .
4HE. WHE.
4QEER CHRE
Ve FEidn 2, 6- @ Mmuemii e ke, 458 A 100 g Ma % il i 4E A4
FCIMZEwE Gl FKoRool,
5. R R
FFH AR SRS i b B 5 (R ST AT 2 L PRIk (X 5, R 2R i B
E SR ke P05, &iME (texture profile analysis, TPA) iz, I 5E 5 1F:
MEGHEE 1 mm/s, MEGHEE 3 mm/s, WEHE 2 mo/s, WHRAE S 15 mm, K4
60%, filk7) 1.5 NU237,
6.5 K L
2K (Rehydration Ratio, RR) THHE. A U1 FB%
=— (3—6)
K ma NEKHIFEMIE R, g m NEKEHEMNESR, g
TIKDA Y B REOHE
ANTRIFE it BRI 7K 53 308 B R 0T AR = (3—72) FoR67-691,
=£2—exp ( 17 ) (3—=7)
N Do AT B P S 3 R IR B8 B R 3, m?/s; AW N 1R R,
m;  ONRSERA BRI A, s,
PRI SR B 2 A 20 (3-8)

- (3—8)

8. T M ) B i A g ar

SN T B 1) 8 M B PR R 0 i 3 IV e it Ze AT 06, e U ST
&G R IG N R I ) ) AR A

FAERII A WOR B 2518 F 8 230 (correlationcoefficient,  2) . RAKIRME
(reducechi-square, 2) . HJ7RiI%Z (rootmeansquareerror, RMSE) 3 NSHUkit
VP 2R T 1, 2R RMSE /DN, NISRWBIRN LA BORER R, 5% A
(TR AR R &
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R 3-1 THREA R ZH
Table 3-1 Drying models and their parameters

FPs £ BT ZH BHEIHR
1 Lewis MR=exp(-KY) K [70]
2 Page MR=exp(-K) K,n [71]
3 Modified Page MR=exp(-K#)" Kn [22]
4 Logarithmic MR=a exp(-Kt)+c K,a,c [72]
5 Two-term MR=a exp(-Ki?)+b exp(-K2f) Ki,K2,a,b [73]
6 Weibull MR=exp(-(t/a)®) a,b [74]
7 Henderson and Pabis MR=a exp(-K?) K,a [74]
8 Wang and Singh MR=1+at+bs a,b [26]

3.1.6 GLito#h

s it o3 B oK B OSPSS 26.0 B, BIRASEME, RABRKEZEFZ 00
(ANOVA) J7ikiltiT Z R B E W0, /KN 0.05. 22 KR Origin 2021 #4F.

3.2 ER51118

3.2.1 AEFRAIEXT MG 25 I A 4D SN Tttt B 2 M)

1.0

L2 —=— A
Ultrasonic treatment (UT)
0.8 —e— AT
0.7 Blanching treatment (BT)
: ]
06 k Osmotic treatment (OT)
’ —v— X4

Control group (CG)

K4t
Moisture ratio
(=]
wn
1

0 30 60 90 120 150 180 210 240 270 300 330
FJ5 5 (8] Drying time/min

B 3-3 AN [ TAL B e 2 TR 1R i 2

Fig.3-3 Drying curves of Hami-melon slices with different pretreatments
AN TR T Ak BRI 0 5 TR T 42 R ] 3-3 B, % AR BRAE A 5 T 1 T R o 7%
Y@ ek . Forh, R AL BEALIA BT R S I B R, TR TH) 160 min AHEL T
xR AR 1 33.3%. X FE M1 T B AR I A A RN T 51 RS e 5 T A AR SR AR ANl
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5 3 8 ANEIFAIER M E A L5 TR 1 K fa RS2 ARFREMIFLT

A6, (EHAiMGRZ L, ERARAGEE, 0T NEK D RIS 280K, TR
AR, BEAT RERAC BN, RS BORE ETUr WE, EHAE R E niEiE, K
DEGFER, WNINRTRER . ERFEEHEALET RN, TRIESEE, $8T
BRI, O 225 minl'344, 2aE Ab B A e IO AE TR AT L% — #8207k, (H
TRBELRE T EEREAREN, SEUG TR K G e, M RS
Bl A, AR 300 min, HAFEE IR, 2E AL B R fE ik TR A S EZOR I H
b KRB T I SEIN 7 AR R WIS B AL B 38 KoK o )RS T U B AT

3.2.2 AEFRIBST IS ZENR B FMEEE C S=150

25 - 140
AE
x I Vedrft o120
20
T I - 100 5
1 S
15 F T =
- h 180 w &
E =1
L 8
i T - 60 %»
(9]
Q
9l >
5F
~ 20
- 0
X HEZH AL AL be g B

Tk 3 75 3 Method of pretreatment
Pl 3-4 S [F] FRIAL B0 G 2% TR (3 A Ve 2 & 1 2R

Fig.3-4 Effects of different pretreatments on the color and V¢ content of Hami-melon slices

a. X4 b. 7 A

Gz >

c. REALH d. BiEabr
B 3-5 AN[R]FHIAL 2R 5 3R e T A T il
Fig.3-5 Different pretreatment methods of Hami-melon infrared dry products

AR AR = S B B ZE A Ve SR WK 3-4 o, WA GZEEMN Ve & &
38 17.23+ 97.13 mg/100 g Hodr, R ACT A FNSIE Ab B AH 1t 22 /N T e A
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35 FRTEM ISR I TARIE R 2RO BAFAFMT AR
Sy 1398 14.37. S AL BE AT AR R G 25 I IRt 18], AT 92D 4 28 A
PERM I ZE R . BRI SRR TR W 488 75 A B S B s B A G
PR AR R . BEATE A M OER, BT EBEE AR AS
WE N, BT P e A, RINHECD TR A AR e A A A
O E E B RGBT R, 21,64, X2 BT =i Br T RR A, {EN
BN, AT TR R OB OREE, 55— J7 T T RE 2 BTG T 72 1 i R
J&, BTV I 5 L, BORIIRZEINE T, B R I
RV,

R PR ANEE AT Ve & &/ T XA, 7378 57.61 mg/100 g\
43.21 mg/100 go XZEFYRIEAFN, il S BBE R Ve it i g =
BEATIZIBE A ERI , PR 9 SRR [R] B A S AS s Ve i 0%, (RIS K R ] (1)
AEMAT B ST Ve SRR, HHEFRR, #0280 7] LA it
AR H I, Ve EALBERAE, RIS AL B RN L AU B, R Ve T
U4, FHE 7S AL R TR N R4, A R T #: Ve BIORBE, A Ve &
B T4, A 119.46 mg/100 g.

3.2.3 NEIFRALIEXS RGN A Bt 4 RS20

80 560
0F [ HEE T
Hardness/N ]: 17 50
6o [ HEpE
Chewiness 440
50 f—F
z . T .,
= B : L i
2a0} T 430 2
= 5 1 T T >3
B3 1 T = 2
T3 =
420
20
410
10 |
X HEZH 7 b PR ALY S BB

Tiisb 2 75 7 Method of pretreatment
Bl 3-6 AN [ FRUAL T8 e B TG v Jo A e e P 52 e

Fig.3-6 Effects of different pretreatments on the texture of Hami-melon slices

AN [ T AL FRLE 77 B O 5 L MELMEE P 3-5 Pl o A 7 A AE A 2 Y Ak T 2 R
T4, 7R AR, BN 44.97 N 4725 N, BHIEMEEEE, 705108 27.41,
28.32. A AL ER AR IR AL BRI O A I R4 B L AR S, T e T
BRI R . TIRIEATIS, TiARFRIE R 25 TR (4 PN 50 465 A B33 A o 7. 4 . P 7K sk 28 2
[ B o B AL RT3, 1 e % N NS i — 0 3ala, 7o “CIlBERaN”
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JRIBA R, TR ), SENTIEE A HAD T-Hlsr bk A aESEC8E FD -3¢
RUVA IO TR RIS 1, 20 75 A TS T 1] i PR R R o0 TR AL 25 P IR ARz o)
FERR RS P 2 - AR TR A P B T, SRR P AT AR 1 o RO RS E
BIE AL i B RE RO AT B de =r,  64.52 N, MHMERCZE, O 49.67, R
DR 2 1 A BRI RE P RS H AN A% 3, BRI T PR )
FIEN, PG I A B LA R) e i 1wl B, AT A s o TR ZH 2R 4 g a]
BRAR N, R dh i BRI K RN B T B R AT, 7K AN R,
RRRBUA A 2 AT R IR PR e 2 TR LR N B B M BRI et e, B0 by
B O RE ARSI, DL SRR, 7 A BRI VR V5 Ak T R A Dy AL T e v 2 T4
ATl i PR SR AA R

3.2.4 AEFRAIEXT MG & 7K EE B9S2

7 -

] &kt
6| I T Rehydration ratio
I
I
5k 1
.2
g
28 I
g I
iy 33 -
)
Q
~
2+
1k
xR 7 AL ALY (i BB

Tiikb 3 75 7 Method of pretreatment
3-7 AN FHUAL RS i 5 TRy B2 7K HG ) S

Fig.3-7 Effects of different pretreatments on the rehydration ratio of Hami-melon slices

AR TRAL R R IG5 TR (K L] 3-6 Firzs o il i (19 B2 7K 4 52 21 48 g A 2H 21
FLEER MG, FAL B A [ T T SH LA 32 457, A R AR I PR PR3 44,
AL ARSI AL B dh K EE 2 5,89 5.12. 3.59. iR AbEE
XFa R SOK L RIREMa RN, B 7 AL PR AR e — e R B L A 5 4
25k, AESRMS 7 RE R TR TR), PRAE 777 dh B K EE . BREEAL R ) IR AR 1
WS N A SEH, A EE . AR IEAR AR, 7 i I ROKRET 2. BB A F A
PR ARSI, RUKLERAR, BUKBE SR . X KI5 A 2 (A0 5 T4 i )
BRAFAERI A RE, b LB, I TR TR, BRI A K B R AR 7
W FEREMNS B AL B SR . BRIk B0 S KAT NI, BTN SR th L B S S 0131,
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3.2.5 TEIFALIETRIK D BRI AR RS THREFRMAR

IR AR BR BRI T AR R AR TR RN, R R T 2R
Ay B B2, AN [E PR B R 2040 TR ) InMR ZE MR-G5 B AR 706 80 B &
B 3-1 fiome SIETTRRIIRE REL 27E 0.91981~0.97396 2 [A], KA RO
B . FEREACFRAL Doy N 2.22x10° m2-s!, KT XFHRZ, 2 BH 8 A AL B Al R 2 4
TR R, FE TR, REAHHA. BEAFEAN Dyl BN 1.54x10°
6.26x1010 m2-s1,

R 3-2 ANFAFALEL T BIZK A 388 BUAR

Table 3-2 The effective diffusion coefficient of water under different pretreatment

AL EE 7 5% SaeAEVEEDES Wiy RERB R KA RY BRI Dey/(m?-s™)
X HEZH InMR=-3.41x10t-0.41499 0.96262 1.69x10°
i 7 b P InNMR=-4.46x10"t+0.3442 0.96227 2.22x107
ALY (SE InMR=-3.09x10t-0.14269 0.97396 1.54x10°
BB InMR=-1.26x10--0.51818 0.91981 6.26x1010

ANTRITIAL R 2040 e i B A A A 5 SR 3R 3-2 A . S AL B IK 49 LU B
IS 1B A Ak 1) J8 28 5 35 B R ) A R LA 45 SR R, Page. Weibull A7) 2
1B 0.998, 35T AR KA I v 2 IR 8 5 A0 EE 5 TRD (R KR s i Ab H 4
K43 LU B S TA) A2 Ak B - i 26 5 & B R B I AR ME L& 45 SR R, Two-term AR 4
(1 289 0.99859, il A4 FH RSS2 T IR AL R J5 IRD 1 Fid 72 298
RLFRZH 7K 53 LU BE S ) A2 A0 P 108 il 28 5 S AU A AR M & 45 R, Two-term
1 Logarithmic B (1) 243 5114 0.99903 F1 0.99866, 7] LLFH K% %5 JI 535 b B
J& IRD T FE 17K o3 LA B AT IR, AL 2

R 3-3 AF AL B TR BCA R & 45 R
Table 3-3 Drying mathematical model fitting results of different pretreatments

F A kL PR R H A 2 RMSE 2
UT K=0.01912 0.99311  0.02704  7.311x10*
Lewis BT K=0.01997 0.99446  0.02114  4.468x10*
OoT K=0.01371 0.87434  0.07481 5.6x1073
UT K=0.00981,n=1.16066 0.99866  0.0119  1.416x10*
Page BT K=0.01769,n=1.02915 0.99429  0.02147 4.611x10*
OoT K=0.06739,n=0.64771 0.95955  0.04245 1.8x103
UT K=0.01623,n=1.17775 0.99242  0.02836  8.042x10*
Modified Page BT K=0.01723,n=1.15887 0.99407  0.02188  4.787x10*
oT K=0.01182,n=1.1595 0.86773  0.07675  5.89x107
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K=1.36467,a=0.74249

UT 0.30728  0.27104 0.07346
c=0.2575
K=1.67622,a=0.73913
Logarithmic BT 0.33437  0.23176 0.05371
c=0.1881
K=0.01448,a=0.74231
oT 0.99866  0.00771  5.946x107
¢=0.07975

Ki=117.2984,K>,=0.02099
UT 0.99601  0.02056  4.229x10*
a=-0.10337,b=1.10336

Ki=67.24944,K,=0.02015
Two-term BT 0.99859  0.01066  1.136x10*
a=-0.08261,b=1.00983

K;=0.01309,K>=-0.0035
oT 0.99903  0.00657 4.316x107
a=0.78731,b=0.02927

UT a=53.76531,b=1.16066 0.99866  0.0119  1.416x10*
Weibull BT a=50.41242,b=1.02915 0.99429  0.02147 4.611x10*
oT a=64.35252,b=0.64771 0.95955  0.04245 1.8x1073
UT K=0.01968,a=1.03145 0.9938  0.02565  6.578x10*
Henderson and
. BT K=0.01908,a=0.95333 0.99691 0.01578  2.491x10*
Pabis oT K=0.01018,a=0.77507 0.97619  0.03257 1.06x1073
UT a=-0.0138,b=4.8795x10° 0.99417 0.02486  6.18x10*
Wang and Singh BT a=-0.01262,b=3.85978%107 0.94565  0.06623  4.39x1073
oT a=-0.00924,b=2.21064x10" 0.75319  0.10484 0.01099

3.2.6 NEIFALIE T ENFHmGEE TS

K AR 7t A BOE R E SRAR R T 2B . drdEZE . 2R REUME, SR WK 34,
R 3-4 AFETALELTT 3N B Ha bR AR
Table 3-4 Weight of each index under different pretreatment methods

fabn RELEN R AR R B (%)
T J8 s} [ 230 57.735 0.251 15.643
ERYIEN 16.805 3.534 0.21 13.105
Ve & & 79.352 35.136 0.443 27.593
T 2 51.628 8.814 0.171 10.639
NEL g% 4 33.895 10.58 0.312 19.451
K 5.162 1.124 0.218 13.57

HHE 3-5 [ %0, Ve & WHIEHE A1y 8] By 5 A R B, 3% B G 25 N1 &y
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) Ve S8 PEIRH AT g 7] 52 AN ] Tl Al B 7 QR s M AR O o AR S AN [F] e %3

T i S FEARE S AR, TF LRGP SRR IR HEA A S AN R FIUAL PR 5 2
LREVEP IR 3-5 s W3R 3-5 Al AL, ANFETRAC R T 2Crbl = A B A ZR & V20 s

PRl ASRIGHT T, 2058 P A P A e B T )t it D R
% 3-5 BARPRIIAR MG S 25 5 VRS

Table 3-5 Comprehensive score of dried seabuckthorn under different pretreatment methods

WAEHT A TR R Ve d R fif 2 WHgEE 2K ZEVvEr HEA

X REZH 0.2 0.139 0.584 -0.245 -0.405 0.912 0.341 2
75 A T -1.4 -0.923 1.318 -0.871 -0.708 0.747 1.036 1
ALY (SE 0.2 1.579 -0.715 -0.573 -0.608 -0.044 0.2 3
B 1.4 -0.796 -1.188 1.689 1.722 -1.615 -1.177 4

3.3 KE/N

AR EE DU AL BRI AR A, @ LA R TN 7 X GEE S A EE . VAL EE
BB WA E LD AN A5 R i (EE . Ve &, . RKED ik,
SRA R T BT RIR S, e T BOE S NG NN TR A 38 77 20, (R
WV T AN [E AL FR (R 2L 0T K o 8 A BOR B E SL 1 AH B 1) T4 30 ) S
HARGE R

D EMFEIMLAN AT, ST AR 22 R 80R, & A2 2508
TFHo A ALBR S ISR T N BB R AL, TR R K o B G ik th, A
ICAER f 204 160 min, 7K70 A Y B REUR Ky 2.22x10° m? st RIEALEHNE
i AL R A TR A K, 42 08 225 min. 300 min, 7K 2> R B R BUN BN
1.54x10° m*>s'y 6.26x1010 m?s!, HiZELERA ™ MR RRIA R H bR /K Z . TR
BG4 R KB, Page. Weibull B85 H T8 05 %5 I 75 4038 /5 IRD it /K 31
. Two-term 5 A 7 1& & 4 FH R BE 0005 %5 K v R AL B f5 IRD 1T il #2
Logarithmic F1 Two-term 78 g 57 4F (1 F 1A 5 %5 I 238 A0 B S IRD - 72 1 7K 7>
L AR I s

2) AT H M AR, AR CEHR. W RAKRMERT T b, A
b FEZE = R il SR AR, AH EH TR A AR BN L IR A A e, KA T
X HEZHERAG, TRIEACFRA = S TE T, BB A TR P S SR A TR 2

ZEERTR, W BB TREEFER . P R ER AR AT, 49 O AL ER A R
CRE Vo fcrmr, DRI E PR AR B A NG B IT L AT R TRAL 21 7 2
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F4E BETAEREZERFLINMRIZML

TR LZSHHR JUE T i RIS W R R, YRR, XM &RE L2558
WA, AR ERE TR P AR BR AT e IO ZEAN TR IAC BT 50, B AR DL Aes I
AL BRZL AN TR, SRAT A b Jo P e 2 T 1) i 20610,

P AL PRI R TR RE T BB TSR, 3l 2 (8] (R A AR B AT DO PR T
AR AR BB 280, Gk TR, SETh R, R A A BRI R U 2 Al
SRPIREAS B LA G540 S 50 B E IR A D44, T8GR BE AT D) B 2 A 2 B Mg 0 sk )
TR ] NVE SRV BT OR B S, el bk e R A AL BN R] . TERIRE . VIR
FE3IANRMRE, LITHRR ], A RENER Ve &8N abR, RABEER
BRI E S R K K, AR LR e it b, 32 A B TS Y Box-Behnken
OB G TR L T ESH, DT RIREE . DDA R P AL BRI a] 1 =
SEHARFIR R A, B ZE{E . Ve SRR, @B, B[RRI ZESH
FARIRIGAE , 0T T 1] iy 5 AR 28 7 AR ) o ot ) TR o o R AOM 45 4 46
BEAT XS LUBIE T, DAIIZRAT foe £ A o 1177 i

4.1 MRIERE

4.1.1 RIGFH

SN, FENE 17 5, PILASKEAN 90.81%+£0.85%. EFEK/NEF . TR
T REFTBHFHIGEIN, HkEE. B8l k&2, WNHRSMISK 6 cm. % 3 cm B
BT RK T IHF « BEGREGE(200+£2) g W2 T H, 56 HAR T35 /KFEN 10%.
FERIS HAE], &F 15 min FRECE | —IR, Y& /KRIAR) HIRERE 4R T, S48
W ET 3R, SRBCEIEAT T

4.1.2 57

WBEREAN . HIR. =ikt PUAMIR. 2,6- A MEcman. iR, FHa. LB,
AL OFEEE . AR, WEREAL . ZIREF. KA. BrBkaEulsn, ¥
= 3 Bt .
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4.13 N5 %

R AT R (CERRHE R A A, ThEE 0~2 kW); KQ2200DA AU 7 I & Uk
ML CRILTT AR AR AT, ThZE 0~200 W, #iF 40 kHz) ; SMY-2000SF At 2
I bR HRIEIT R AR AT ; SUS010 37 Kk 513t s T S M%% ( H 5L Hitachi
AFD 5 600 BLHEB (78D KEZNEEENL CGHIMILENM RS AERARD 5 HTR
V(R ER BT RHECA R AR, K6 0.0001 g) .

4.1.4 I FE

L5 L2

T2k W\E Nk~ (BT 41 CRUKAE, KM% —»%
AN Cs ) E s Sl (S S AN N o R S E TR el

HEA AL SRR, RK(200+2) g MR RYI A B T LA 25 °CHIX B 5K AN i
R = T, AE 200 W 40 kHz IS0 Mt AT AL EE . s AL B AR, H B
P #RERRYI R R 2 R IK, &M

2. PR R e e T

i P AL BRI (8] fE TR R h L 2L, 3 S [a] A A AL B R DIOIn R T 44
AR AR I B 28K, Gk TR ], SETh R, B A A BRI R U 2 Al
SRVRLAS B IG5 S S A I E IR a4 R, TR BE AT D) Fr &R 2 5
VIR TR 1)L i 5N E FR YD O R B 00, e BT JRiR B . DI R s
REERIS IA) 3 ANFEmA R ER, BLTJRIN ] =0 Ve S8R, RSB ERIK

IR E S R R KT, A & R E PR Fe AR 52 . 38 7 R 4-1.
®4-1 PRRRE T E
Table 4-1 Single factor test scheme

il R G5 PRI 2 A TS
1 50
2 55
YIHERE: 7mm .

kk—‘ﬁ W E EE /o,
4 65
5 70
° AR 60°C )

A-/r._AQ AL/ ¢ = RF

B4 ; R AL FRI ] 15 min Y/ mm ;
9 5
1 FREREZ: 60°C 10

/«/«:Q ‘7“!‘% J]]lg! N I‘I 1 .

FE=H 11 P17 mm &8 7 Ab B (8] /min 15
12 20
13 25
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$45 BERAERENA ORISR BT ASBEHLT
3.1 R LA B i
ER R R EM E, PB4 R, 121 Box-Behnken 04115 B IR
H, DRRE@) . VIR REE ) R F(XG) B AR &, B FC IS TR ]
(V). BEM(Y). Ve EE@)RRRB, @b B RZRIRm AT 08, 51 &l
RERHART, W& 4-2,

* 42 WILHFEAKFE
Table 4-2 Factors and levels of the test

K
R
-1 0 1
TG E X\/°C 55 60 65
YIF B E Xo/mm 4 7 10
B 75 AL FRES (] X3/min 10 15 20
4.1.5 RIS HME
L& KE
TR e 2 T & /K R B A A R3]
— x 100% 4-1)
- x100% (4—2)

K Wi we AR E T8 ¢ S ZIRR IS S KR T2 5K, %; m ARG E TR
FAEE T e W 2R E, g ma ARSI RATRE, g.

27K I3t

TR, B KA KEERKSE (MR, moisture ratio) RER, 11
B n e

=— (4—13)
0
A wo, we B w20 B G S5 IR M6 < T I AT 3 T4 ¢ I 20 B T 3 50K
K, %,
DR e 2 TR TR~ 48 13 7K R we 328 /INT wo R wrs BT LA 20T 44 163)
=— (4—4)

0

3.

e BT I8 5 i S RRE Sy, R SMY-2000SF AU 1 24X, K5 CIELAB £t R4t
MEIHAAE L*. a*. b*E. ANFETHIAEA SERE G2 REAE NG, AE
{ELRR/IN UG BH P i (PR S, €00 355 T e L04.05)
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2 2 2

X L a* bR THImBSRE . S8E. IR L%, a*. b* NI
- LLEME. .
4HER CHE
Ve GEIEE 2, 6-~SMmEMHREiENE, 45 R LB 100 g ia %5 I i P 484
FCM=rtl (B3 FoReel,

5O H

GRS AR, VR R R A B S SR W, E AR RUE T IEL, AR
MEFEAR, HRTHEBREREARER Mt E, Wi, STH T RMEAM, EEUE
AN [R] X 338 ER AH 2R 465 A 5 - B el

4.1.6 Geitoth

W

B4 481t o> At K FH SPSS 26.0 B A, IR H-FSME, RHABRERITTZE 0
(ANOVA) J7iifAT 257 B, KF8 0.05. Wi N 73 K A Design-Expert
12 8. 2R H Origin 2021 3.

42 RS

4.2.1 FREREXIGENA TR BRI

PIF R ) 7 mm. B AP ) )y 15 min B, AN B A0 5 TR A a 25 T T4
k. A Ve H RN 4-1 Fros. T8 (Al bE T8 5 o mmi . +
PR N 70 “CEL 50 CHE TR (a1 46 5 7 63.64%. HT TR ET &, Ykl miR
FEWRE 2 BT &, AREBBh g5, I TR K R . §EE AR
WG N B AN N AT I TR, 2 SEEAEER Ve ik, R 2 A B AE -
EBEAR VL, TR AR, AR PR I 2 {H A 13.98 ~21.95 Z [8], Ve & & A1E
93.15~119.46 mg/100 g Z |f]. 4iRJEAE 50~60°CHf, BEIRE AT G ZE B HE /N
Ve SRR TIRmy BEREL, PR RFFLE, Ve IR RB&EPT. LT
60 CHF, BEEETHE OEEIZEHIE K. Ve & RIZHIE/D . TR i & s K HEE
BT, HSFEWRMEZERK. Ve iR ER, R R 60 TR, 2 {EEU/N
9 13.98, Ve FEREHN 119.46 mg/100 g.
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& st e R 420
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i g ' / | g
<E =] ’ N i <18 4
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> g 105F % \ 417
= e LN
Q
> 100 | , AN q16
4
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TR
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b. R FHRIIE T EIA ) Ve & R4
41 FARIELHE A0 55 T PR AT B R O

Fig.4-1 Effects of drying temperature on drying characteristics and quality of Hami-melon slices

4.2.2 YR BEX RN TR BRI

TFHRIEE N 60 °C . ABFEALFR 18] 15 min I, AS[FEIY) AT SR R e 235 IO T4
ik, BEEM Ve F R E 4-2 fion. FHRERZU) R BRI, YR
JEFERRR, THRmT A . 4 P0 B EERG e, Wkt K o R i H BRI Bt
o, T RER 7RI ET AN [E] P i ) B 2 B A 13.98~19.45 2 []. V) v B RE
BUER, PUCER ] R REGE MR ARV AR, AR T TR AR B R,
VIR B R ERE, TR e, (% RN wE™mE, MERRK, YU RERHR
Tmm I, BZEER/NN 13.98. Ve & EFEY) A E 3G R Se 8 n 5 kb . U1 R R
WHENAmm B, FREBERE, HSER VeRiREZ, T2EDN
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£45 BERGEREIA D TIRTEMA BAFAEREFMRY
77.41mg/100g¥7), 2 J5 B 7 R K Ve B 28, S4U1 5 BN 7 mm i,
Ve FERE N 119.46 mg/100 go 47 JE#IE 7 mm B, TR REK, 50 17 Ve 1)
e, VIAEEN10mmiE}, Ve &EHDAN 59.22 mg/100g.

1.0

osk I P
Slice thickness/mm
—a—4
—e—77
0.6 |-

——10

KA
Moisture ratio

04 |
0.2 F
0.0 L !
0 50 100 150 200 250 300
FIGRIH 1]
Drying time/min
= iz it i 2
a. ARV R JE BT 05 5 T 1 o i 2k
130 =120
- Vel
120 | — AE -4 19
110 |
™ = 18
(=2
S 100
e {17
I £ Ky
QT E 90 3
Q
> % <16
S sot
Q
> 415
70
60 | =1 14
50 1 L 1 13
4 7 10
Y1 R

Slice thickness/mm
b. ARV JREE TG % TR 1 Ve S B A2 {E
4-2 ) F J5EBE e 2 TR~ e PRt g 1) 52

Fig.4-2 Effect of slice thickness on drying characteristics and quality of Hami-melon slices

4.2.3 BECIERTE) A2 TR A R SRR SN

THIREN 60 'C YL JEEEDY 7 mm I, AS [FJE 75 A0 BRI 8] Fo e 2 T T4
k. M Ve S EARNUNIE 4-3 Pros. R A 2 A0 R8N 7T 51 ke e 2 IR 7Y B
MM AE, AR ROEIE, RS2, AR T NEK D TS 7%
H B4 P A BRI [ U 2 A e T A B I AL R ) S S A IR JR Iy, 3E
AN 8] )R 7 AL EE R DI ER T R i B K 9T S 280k, N TR A, $201
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PR R4, Y R AN T E] A 15 min B, TFMRE AN 160 min, G EH B NN
13.98, Ve & EH =N 119.46 mg/100 g.

1.0

B S AL ]
0.8 - Ultrasonic treatment time/min
— 5
° —e— 10
£ 06 —A—15
=) fé —v—20
S04t
=
02
0.0

T A5 1]
Drying time/min

a. ANRIEE 7 AC P [ T e 2 JIORT 1R T8 i 26

125 - 917
120 |

115 |

b

(=

S 1of

23
E‘Eﬁélos 15
N = o -
o 5 <
-

S 100

Q

>

o
[
T

o
=1
T

=3
[

i 7 AR BRI [R]

Ultrasonic treatment time/min
b. AN[R] 5 AL N E] R G R () Ve B & e 2 (A
Bl 4-3 75 AR I [B) 0T G 3 TR = P Aer P Rt JoE ) 52

Fig.4-3 Effect of ultrasonic treatment time on drying characteristics and quality of Hami-melon slices

4.2.4 o EREEIT 515

1. 545 W7 2= 5 A 54

RO TERIEE (XD « VIAEE (X)) A AE TR (X)) 6T f5 e
(YD « BZEE (Y M Ve &g (Y3 W2, KRN M 33T 3 A,
IR LRI 4-3.
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£ 4-3 W BRI B 5 gh R

Table 4-3 Design and results of response surface test

TR B VIR R GBS AR R (A Ve &
52z} \ tBZA Vs
Xi/C Xo/mm [6] X3/min Y1/min Y3(mg/100g)
1 55 (-1) 4 (-1) 15 (0) 134 19.53 58.85
2 65 (1) 4 (-1) 15 (0) 65 20.46 56.65
3 55 -1 10 (1D 15 (0 356 22.57 43.51
4 65 (1) 10 (1) 15 (0) 270 23.43 40.59
5 55 (-1) 7 (0) 10 ¢-1) 284 19.25 75.12
6 65 (1) 7 (0) 10 -1 205 20.23 73.14
7 55 (-1) 7 (0) 20 (1) 270 19.86 77.16
8 65 (1) 7 (0) 20 (1 187 20.63 74.35
9 60 (0) 4 (-1 10 -1 137 17.98 55.87
10 60 (0) 10 (1) 10 ¢-1) 360 21.03 40.75
11 60 (0) 4 (-1) 20 (1) 127 18.15 59.21
12 60 (0) 10 (1D 20 (1) 332 21.09 42.88
13 60 (0) 7 (0) 15 (0) 161 14.01 119.49
14 60 (0) 7 (0) 15 (0) 160 13.84 118.97
15 60 (0) 7 (0 15 (0 160 13.98 119.46
16 60 (0) 7 (0) 15 (0) 164 13.97 119.45
17 60 (0) 7 (0) 15 (0) 159 13.82 119.44
R 44 [alH R E R VRIS
Table 4-4 Significance test of regression coefficient
TSR] Y [EEEPE VeFR Y,
gE| Fid P1a i H Fid P1g i H Fii P1A
X 34414 <0.000 1 Xi 102.65 <0.000 1 Xi 104.36 <0.000 1
X>  25035.1  <0.000 1 X2 1 179.55 <0.000 1 X2 4197.38 <0.000 1
X3 167.81 <0.000 1 X3 12.6 0.009 4 X3 80.8 <0.000 1
XXz 19.79 0.003 XXz 0.08 0.785 1 XXz 1.1 0.328 8
XXz 1.1 0.33 XX 0.72 0.423 4 X1.X 1.46 0.265 6
XoX3 22.19 0.002 2 XX 0.2 0.669 6 XoX3 3.11 0.1211
Xi2 532 <0.000 1 X2 441857 <0.000 1 X2 17479.14  <0.000 1
X? 663.07 <0.000 1 Xo? 3520.01 <0.000 1 X2 80293.82  <0.000 1
X3? 3391.9 <0.000 1 X3? 1178.58 <0.000 1 X2 17832.89  <0.000 1

# Ml Design-Expert 8 4x5 % 4-3 #EAT Z oIl A0 b, LA KA R, X
43



F4E BEPAEREBENRIITIRTIZMKL BAFRFHEFMILI

[ AR B AT W VA g, A RN 4-4 Flos . ORB BB R 28 T, SRR AN 2 25 00,

B 2845 HE S FiAL BRI TR LA T B L 2 [R5 R
Y1=160.8-39.63X1+106.88X>-8.75X3-4.25.X1.X0-4. 5o X542 1 4TX12+23.97X,2+54.23X32,  (4-6)
Y2=13.92+0.44X1+1.5X,+0. 1 5X35+4X1%+3.57X:2+2.07X2, (4-7)

Y3=119.36-1.24X1-7.86.X>+1.09X3-22.1.X12-47.36X,>-22.32X32. (4-8)
R 4-5 (AR T 72 0 A

Table 4-5 Regression model analysis of variance

B AL KEIE YL
RN FAH P1H 5
Fid Pyl RHR?
TS ] Y, 3742.83 <0.000 1 0.97 0.49 0.999 8
BEMH Y 1265.56 <0.000 1 3.33 0.138 0.999 4
HERXCEE Y 14 562.62 <0.000 1 4.34 0.095 0.9999

HHE 4-5 TR, MR [A] (B A 77 R 00 2 2 F By 3742.83, X RiIF P {E<0.000 1,
XYL ZB A R AR B R Froh 0.97, XFRI PfEN 0.49 (PL>0.05) , AR
KRR, YR R ZE /N T E] B35 72 R2 8 0.999 8, ARAERMAFEIE
£ 99.98%, HeRAF LT HRIN [A]; (22 E . Ve B BATTRE R R2 35 m1E 0.999 LA
b, BIRERT R TN B A Ve SR, BhAk, B EE RS H 3 ARG R R
T B R AR B R BN NI R (X)) TIRIEE (X)) . S AL ER
(X3 H X:2>X2>X0% WEEEREZEEEMNREVNATI R EE (X)) TRIEE
(X))« HEAELHERTE (X)) HX2>X0>X52 X Ve & & s FE R MR BN
B (X)) « TERE (XD « BEAERNE (X)) H XN2>X2>X02

2. DRIZR 22 BLAE W 37 18 4 A

BT Design-Expert FAF 73 AT 3k 15 1 #5200 R 28 28 B.AE FH 1 = 4k 152 i B o e
S T P AT DA EEUAL B B ) % 2 i R 2 T o SO %) s R 2, b TR K, R I A
FRO0T Ve AL ) 52 Mel B K, i 7 T P 458 v e T S R R 25 58 ELARE ) 555, S5 2k R
[ £ B o AR, i 7 T LT ) b BB , L5 A P i il 2 181

PR3 A 6 T ) B S i an P 4-4 e, AT A TR (X)) 51
FIEE (X KIZBAERHUAYINERE (X)) S5iEE RN (X)) K58 B+
BRI TR RZ M AR (P<0.05) o BEFE TEREFE MG K S5V R FERIN, 8t (8] 4
B, HAUR BRG] sk gs s YA B e R, T
et IR yp S A NG ANV S ) | P a € S O CPIEST s 5 1 1 K O, €D)
(A2 A F O B 8] £ 52 0 AN B 8, 9 K1 3% 58 B AR XS = M T ] £ 52 1) it 29«
XX>X X0, X5 ES MR —E
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YA PG ) (min)
YA P15 ] (min)

20 85

X3: @A AL HET (] (min) X1: TR ()
10 55

Y14 ] (min)

c. VI J5 JEE R 7 Kb JHL A ) F A58 e 1% 1 o 12 i ]
B 4-4 R 3R 58 TLAR OGS 1 TR] £ 2

Fig.4-4 Influence of factor interaction on drying time
FHRRZTAE AR EEE R E 4-5 B, RIS &L 0% SRS H,
SHPTEREE (X)) 5@AAENE (X)) MBS OEERZmRER, il
FERC B ] (] B, E ZE A B MR B T v el JE M K. T 2 20 b 4 R 5 e B T
ITEE R 3, RAZEAERX OEERERSIALE (P>0.05) .
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Y2: (0 21
Y2: tin 74

63

61

6 59 14 59
X2: ) EJE (mm) 5 57 X1: FERE () X3: @A A H AT [A] (min) 12\/{ X1: TR EE (°0)
0

4 55 10 55

a. TIRIRFEAY) v JE BEXT (72 (B I ma JSA TR 8 b T J% I A P Ak R o [ o, 225 L ) oo 7 T ]

X&ﬁﬁﬂ@ﬁﬂmm;i?\\//fe X2: YIH B FE (mm)

10 4

c. VI Py B P2 M 7 Ak BRI W) o) € 22 £ F) 2 T &
B 4-5 AR A A Gt 22 (H 1R

Fig.4-5 Influence of factor interaction on color difference value
HHRFEALTAERR Ve & BRI mWE 4-6 Frx, RIES L% E SRR TS
t, =FHHUIRFEE (X)) S (G FACEFERY Ve &R ER K,
= AR R [ E I, Ve SRR R R Se R a e, HARRE RO,
YRR LR E I, Ve & B S AL BRI [A) 0 e s/, AR RE LR/
RNy, J7 22t éh R S s A s R — 20 S AR Ve & BRI AN
% (P>0.05) .
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32 100
= S0 SR, - o
o] IR sranieaRny [«)) et SR
Q R o SRR R
S S SR A ORE SRR
L ORISR o e s SRR
= B O - 80 e s O S
= KX AN - RIS It
[ AR RN =) W SRR
RS AN IR
e ORI SRS e SRR
R R MR RN LR SRS
AL A MR X 3 (LRI
~ AR KRB, = AN
g GO XA TR & i
I= R il 60 RRGRERIRIES
ity COGARIONS it it tatiltatehe el
R IR
& b QUAKKRY
4 4 B
[3) oty
< § e
"y i 40
o “
20 65
61
6 = 14 59
- 4 H [ . JEEI8 i (o - s Bk I i - FE 98
X2: U)F JERE (mm 5 57 X1: FHRIRE (°c X3: @A AL E] (min) 12 X1: FHRIRE (oc)
4 55 10 55

a. TRRIBFEANY) 7 R EEXT Ve &8 Mma RITT b, 4R AR 75 AL BN [R]% Ve 2 & Fr i) )82 T P&

e
— A e
e et e
jo)] .{;;;nu: Pai ety i et ".,;,;.::.:
=) 127 LSIRIRNEIORK
e RO
= SR
=) i
= e
-
I
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S
o

c. VI J2 MR 7 b BN [B] 06T Ve 5 8 A i S T 14
K 4-6 3 A HAE IR Ve & B AR

Fig.4-6 Influence of factor interaction on VC content
42.5 TZSHEIES XL

FIH Design-Expert F A4 i AR P B€ 240, iR R 4-2 5050 PR 2 150E BUE
W, Ve & & HESHE RN maximize, T E. AEHEESRERR
minimize, VATJRIE], G ZEA Ve &8N NP, [RRI TZ S5 #EL
PRI ] 15.13 min. AL 60.56 C. VIR JEFE 5.75 mm. Ayidk— 50k [l A 77 FE 1)
HERR I NG 25, RS L2264 N T 3 WCTATIRAE RIS, NE T SLhrfE, X%
TESHHCE, @R E Y 15 mine FHREEN 61 C. YIFEERN 6mm, R
6 25 BT T o 1B TR A 115 min, FHXHRZEAN 1.11%, B2 13.79,
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FISHRZEN 1.74%, Ve & 112.1 mg/100 g, FXREN 1.69%, SLFrAE 558

I, RGP B AL ) T2 S T §E 56,
R 4-6 AN[RLF b BRI ARE [ A 5t SRS
Table 4-6 Drying time and quality comparison of different products

Tiikb 277 TJE 5 6] /min B EE Ve & &/(mg/100g)
X e 2H 210 15.92 96.05

75 AP 115 13.79 112.1

o
-

. Jf,? -
|
g 7 =)
SU8000 5.0kV x200 LM(L)

a. XA ZH b. AL
P 4-7 8 7 Kb BT G 8 T R AROU &85 A 1) 52

Fig.4-7 Effect of ultrasonic treatment on microstructure of Hami-melon slices

BEAT XS e, X2 TR 1S 2R P A B i 5 ORGP AL B i (T
IREZ 61 Cy I JESRE 6 mm) HFMEF ARG BN EE e b, WAR 4-6. A AL B ™
M T AR AL BRI =, T4 B 1) 445 62 45.24%, 2500/ 13.38%, Ve & dm 1
16.71%. A BB T EAALE Fra 7 it (RO A RS M b, anl&l 4-7 By
o R ACE N i, HABCE, fLESMED . B R S I 25
Mk, MBI LIS . X2 T AT TRAC RN, B 7 I ) 2o A RONE 5L e T
Fr AR GAARA A, TEA T R OEIE, XA AT TR R A K B S

E= 1A
?z%ji[88,89] R

43 KRB

AR BRI 2 TS /IR T2, 7R R L, 32 B m S T
74 1¥] Box-Behnken O G WIMRRMM T 2S5, BRZLWT:

1) BRZRRE SRR, S50 R RS % R 4 FE s 2 . @it
Me) )87 TR R AL 1 G 2% TR 75 AL R AL AT T 1) . (22 {E . Ve & & 575 4
1A, TEEREE . VIR AR, R2 43514 0.999 8. 0.999 4. 0.999 9., %[
FOOT TR R ) s AR BE KRB RIR BRE (X)) TREEREE (XD . @B A B,
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B (X)) H X32>X02>X025 S EZEMEPISWINT A Xo>X>X H Xi2>X0>X32 % Ve &
wEFEWIRF A Xo>X>X H 2> X37>X0%

2) Zm M T2 SH0h: THRIRE 61 C. VIR JERE 6 mm. & AL
(8] 15 min, % L2 N2 T E 115 min, MXHRZEN 1.11%, G2 13.79, X}
WA 1.74%, Ve % & 112.1 mg/100 g, AHXTRZEN 1.69%, Wikl s (E Sai A
TR T, 2 BRI6 BT AARU AL ) TS5 e . BT REFR =5, T
PRI A4 50 45.24%, 02208078 13.38%, Ve S BIRE 16.71%, WOW 4506} HL 45 3
ISR PR G T N N K A s, TR T AR OETE, I 2 ALIE S
), Al KT B T, A BT TR R TR K Y B S AR
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E5E FRERE

5.1 &ip

AR SRR T SR X G TCRWOHER T, I8R5 2 WU O T e, DL ROK
2. EHREEAGDRERIN, G NHEEAT T4, R ORE 2 ITH I FE R
DA K it o A LERHF R 77 22 AE RS 28 TR DN THe AR B = N AR BRR I BEAil b, 64T
TARIRAETT, XL AT 1 DR A s 2 T TR R, B 1 L0 AT T VT G
BN B THRTT: R AR — TR 2, WFFORT LG T = s oAb 2
J73, R A AT N 2R eE B TR LA TR, Do R e b Hon T s = AR
(it i 5738 . B PR ZAaIe I AR A b, SR A RIERT T T 2T A, IR T Xt
EEAH FREGIE 18 T2, na 2 T T TR B B SR B R MBI 2%
FELERWT:

(D) XFHASFET1ET77: (FD. IRD. HAD. MVD) X8 %5 TR T84 10 K 5 I
(P, k. BKE. O s, ZRE IR T & TRITENIS . fEAHE
IR E KT, FD FER fx &N 745 min, TRt FEREFEMN K, HAD #ERT 345 min,
IRD. MVD F IR KK 736 88 BER B K 73709 1.69%10°, 1.14x108 m?-s!, &
BT R, TR 420 )0 240 min. 36 min. BUARERI A 45 R K, Wang
and Singh 5 A3&E F T A LA 2% ) A FD. HAD T§id #2, Logarithmic #5174 {8 5 4 Hb
FiIA 052 N IRD o B2 MG K AL, Page A1 Weibull A7 5& FH T H2 40005 %5 I MVD
T FE . IRD 72 5 4% S 98 T HAD. MVD 7= 5, FD 722 5 i e, o 45
MU R oR, FD 7 i BUF (DR FE T IR A 454, IRD % 7™ it i 40 i 453 475 e/ B R
H—ERZAER, HAD. MVD X} 77 il N R MBI BOR . 276 0 15
IRD WIZRE VP s, ARSI 18] P R4 i BT B 7 i, DR 28 20 A M e
BN T HRIT

(2) XA 720 GEF AR, ZIEATE ., BiEED XE % R4 T
BRREME S T (A3, Ve &, ik, BKHD Bysml, ZRE A T & ik B 7 X
(IS5 . 75 AbEE 5 e 25 TR NS R S MR B, TR FE oK BB B IR iR
PR IG A IS $5e 46 9 160 min, 7K70 A 808 SR B KON 2.22x10° m?-s! . 2 AL FE 20 A
BB TR R R, 40BN 225 min. 300 min, JK5H Y HLR BN BN
1.54x10° m*>s. 6.26x1010 m?s!, HiZiE A B4 R AR IA 3T 4 BRI H AR 57K
K, BRI A LS L, Page. Weibull B AL 5d i T ik v 25 I AT 48 75 AL 3 )5
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IRD [l 7K KA, Two-term H5 A f ik & 45 FH SR AU G %5 I R AR L5 IRD )5
it #%E, Logarithmic 1 Two-term 1524 8 58 4 I3 15 % N i20E A B /5 IRD )8t 72
7K 5 LE ARG Lo 8 P AR TR ZH 7= it PR % it SR TR AR B0, AL ph T P A B G P i
MRS, SKMEAECT X R RS AG, RIRACERA ™ o it i fE v, IBE A R A 77 i )
CEAMTURZE . SERAINT, 15 A ER A P S S A VR o S, TR R i R A B
NGB TR AT R TRAL 377 X

(3) FEHRFZERIGIAL b, 12 F e B TH % ¥ Box-Behnken H 0 41 & 8 THA S
PEACE 7S AL BERG 25 I 204 T2 B E IR S5 AR, &5 ma [ 25 0 s 25 I
R ALAN G FE R R 52 . 3k S T A ST T N TR AL B LT A AR T R 1]
. Ve B ESEA AN E . TRIEEZ. VR EREMEIAEA, R255H9 0.999
8+ 0.999 4. 0.999 9. H-iA58 K 2% Tt (] (1 sz ma A2 FE MR BN RV A RS (X)) S
THREE (X)) BRI (X)) H X2>X02>X02 628 15 Y] F
JERE . TR A AL ] H X 2>X2>XE2 6 Ve & E R U B
TR . AL EER A (X3 H Xo>X>X02. SN RN TESH08: T
WE61°C. VI JER 6mm. AN A 15min, 1% 12 N33 T 8] 115min,
FHXTIRZEN 1.11%, BZE{H 13.79, MXHRZEN 1.74%, Ve & & 112.1mg/100g, FHXT
WFEN 1.69%, Fnibilie i E 5 e W E R, X RV T3 B AL A0 i) T
SR, BT RGN 5, TEEN 455 45.24%, A2/ 13.38%, 4k
AE CEHERA 16.71%, WSS KX L4 B BRG] T a2 IR N 4 2%
WIS AE, TR A OEE, B2 LIS, AR KT BEE T, A B
TR G TR WK T B S &K .
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