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Abstract

Small white apricots contain rich nutrients, high sugar content, wet base moisture content of about
80%, picking period is concentrated and need to be transported for a long time, which will easily lead to
browning of the flesh, after ripening and softening, corruption and deterioration. The sugar content and
organic acid content of apricot fruits also decrease with the extension of storage time, and the above
problems can be solved by making dried apricots into small white apricots. Drying treatment prevents
mold growth and decay and extends the shelf life of the product while enhancing the value of the product
and further enriching the industrial structure. Joint drying using multiple drying techniques is an effective
strategy to make full use of the advantages of various drying methods, minimize the time required for
drying, and improve the quality of drying. In this study, the existing methods of apricot fruit drying and
the research status of vacuum freezing-microwave vacuum combined drying (FD-MVD) were firstly
discussed in depth, then the drying characteristics of small white apricots were investigated under
different drying conditions, and the response surface method was used to optimize the FD-MVD process
for small white apricots, and finally, the quality differences between the FD-MVD-dried products and the
small white apricot dried products under a single drying method were compared. . These results provide a
theoretical basis and technical reference for the development of a combined drying process that can
effectively improve the drying effect and quality of small white apricots.

(1) The FD-MVD drying characteristics of white apricot under different drying conditions were
analyzed. With the decrease of the moisture content of the transition point, the drying time showed an
increasing trend. When the moisture content of the transition point dropped from 65% to 45%, the drying
time increased from 3.67h to 7.18h accordingly. Under different microwave power conditions (300W,
400W, 500W, 600W, 700W), drying time decreases with the increase of microwave power, drying rate
increases with the increase of microwave power; The corresponding effective diffusion coefficient of
water increased from 1.92x107m?/s to 3.93x107m?/s. Under different microwave temperature conditions
(40°C, 50°C, 60°C), the higher the microwave temperature, the greater the drying rate, the faster the
water ratio decline rate, the shorter the drying time. When the temperature rises from 40°C to 60°C, its
value increases from 2.32x107m?/s to 2.81x107m?/s.

(2) By calculating the moisture ratios in the combined drying process of small white apricots under
different conversion point moisture content, microwave power, and microwave temperature drying
conditions, 12 commonly used drying models were fitted and compared, and the coefficient of
determination, the squared deviation and the root mean square error RMSE were selected to evaluate the
fitting accuracy of the models. It was found that the Midilli model was most suitable for describing the



precipitation process of FD-MVD of small white apricot under different drying conditions, and could be
used to predict the process of water loss ratio in the combined drying process of small white apricot.

(3) Based on the results of single factor experiment, the response surface method was used to
optimize the FD-MVD process parameters of little white apricot, and the regression model of three
factors was established. The optimal process parameters were obtained: the water content at the
conversion point was 61%, the microwave power was 400W, and the microwave temperature was 42°C.
The theoretical values under these parameters were close to the actual values, indicating that the
regression model was reliable. By fitting with Midilli model, the mathematical model of vacuum freezing
and microwave-vacuum drying of small white apricot was established.

(4) The dry product quality (color, rehydration, content of vitamin C, titrable acid and
microstructure) under different drying methods (HAD, IRD, MVD, FD, FD-MVD) was compared. The
results showed that the combination of vacuum freezing and microwave vacuum drying had obvious
advantages over other drying methods, and it was of great significance to improve the drying rate,
shorten the drying time and improve the quality ofdried apricot.

Key words:small white apricot; FD-MVD; drying characteristics; drying kinetics; quality
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i B A G L AR E AR X

1.4 HHEAR RIXAR L

1.4.1 WA B*r

NIRRFRBAETEDN AR WHEARSBE, BRI A TH0INn T AR & E A%
WOk B BEA T (FD-MVD) [ E WAMIEFTER, % FD-MVD J73%: 5 T /N B4
T R D TS L S o = R S B G I B DN S e S AT B 7 A A N = s
FD-MVD 224, FF@ v /NASRKE TR 288, K550 —TR75%
A T S HEAT X B, BRAEMAAS T FD-MVD IO0EE, /s B TH000 T 5 m R
Fh. REa g, PROE MBS TR B ARFIIR ARG .

142 IXAA

1L/ AR AR VR R S B TR T 7T

WX A FD-MVD A A TR N TR TIRsh 5. KA
AR TG AU RESE T I BEAT I T, ) AN [/ TR ok X/ AL A TR P S T4 sh
TR TR BIARSCHE s it — B A /Iy B A T AR i B 2 Al

2 /N LV VR R R R A TR 1 A 5T

MEHL 12 Fp RBEH H TRBAO0 /N A4 FD-MVD T i #8  (RK 73 AT R
LURA 5E S FEFR TR R AR A, IR il i S8k -

3N A VR AR TR AR 7T
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LU/ 7 FD-MVD LR S50 g Sl 1B e 40 sl 5 /K3 L it B S i o)
TN ZR, LT, t. 4E423R C S E PPN Iats, I RIOw N i i 7>
Prizxt /N E A FD-MVD TR L Z %A AL, et LES%8, JFR T st
B IE o

4./ A LAV VR A B TR BT 7T

Wb fs, RGBT T ZSHF FD-MVD HER/NAT, SEGRGER—T
BRITE (BT 20O TR AR R TR AR ST R RN A T i it
TR LRSS TR N . BOKYE. B R 4EAE R C W ER SR, K
B TR A TR AR AL T Hofl TR

1.43 AR A&

LN AT LA VR VR L A I T IR R T 2l

A A0 AN [ e 4 2 KR BB PE AN B R i 26 N /N LAY FD-MVD T4
IR P Ko BRI TSR R b, WF TR TR) L T35 7K SR A 23808 B AR 2
A, A BT DI AL I I A L AR s AN R TR A XS /N LAY FD-MVD I 21
SN, IR TSRO TR AR R R T RIS A RE

2 /N L VR R R TSN 1 A A 5T

ZiEr 12 FhZ MR TR A TR B AR A, 8 Matlab BAFEEAT IS
ANFZEAT TN AR S TR A 7K 7 LU IR, AT 75 HH B5ad L (10 /S A T
A, DU/ B 08 VR e R T R 4R AT L P AR A H

3/NER AR R B AR A TR L2

FIF Box-Behnken H 041 & #iHE AL T2 2%, BEAT N KR & L R R
IR, W FEANRN R il B KR i BE RNl T, AR =3 A LA R T 14
e, el AR C BRI, AL AR, e & R R 2 & PR 4
PRI, SRS T ZSH0FAREIE, RN ZSHNRE TR S &RIEH
TR R AT LA AR, 2D A A B G TR R TR A .

4./ AT LAV VR LA B TR b 5 23 A

WAL AE R FD-MVD e L2238, EMFERREFEE T, AT
THCETIRA R TR . WO LE 1S TR 5 BB A A — TR A N A
HT e i CEBRfE . BARE. 48R CHE. MM ERS &AWL ) 1
SN, ORISUERR & TR A A AT, DUSEI/IN B IS TR A SR I 2, 4
/N EA I ZEARTE e, SKBUAEAL . ARuEALZEr=, DR/ A SV R - L
HRE TR N L 200 J2 R 7 s (0 A SR AR < (1 BEAR K 4
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1.4.4 FREEZ
ASSCRF TR AR B 28 WL 1-1:

INEHFREAE-MERE INEEE R - R S INAEE L R- IR E SR
B&THEREERR BT RER TS AT R AW
HRTFI AR MAAR
AR WA TR FATREDT S
e v
----------------------------------- |
HhBH Lty TR ERTRIEE ERBLA TR s o
eS| | £ EE LR HRRE p
___________________________________ ' | [aRTR| [ mRES | | P
777777 ‘Ji HAD FERMVD eF pro
| TR 3‘@5&&‘ ‘ FAR ‘ ‘ FEM | | e i —
| 2| |2 il HELT 3R D [ohTm| [AzAE | | o5
e (sans ] | | | | )| TPRRRRE)) [t 5 | oo [mere|[ am
¥ i : '
R L S \ Lt | FEBGHHET | N BHAES i ESR KRR :
Temn | TARE || TRunyes | i \&‘ E:> Ll : ATHATE | ok
| FRTIR ; VI rEEERET | | FD-MVD ; =
AR [kateas | [kannysas] 5 T .
L5 i V
BATRIZAL : o
Vi i e~y N ataRues DEETRRRER S
wlen |l il Ee
vl EER | R BE | |
i | cem D)l | aw ||
e TR
sl &EH i L | ma i : T *
- F N o > HNABTREGRESK. BaEN
] HEEAE-MEESEATRIZ
BHBRNASAE-WRAS
RATRTESK

1.5 KRB/

Bl 1-1 BoAR B2
Fig. 1-1 Technical route

AN B3 i I TR A A SRR L VR - R RS TR EOR, vl T AR T
BRI FCRIEARDUIR . AR H AT/ A TRAEI B . A ERAS 2™ B AMUL2E

BRI RIS S AR R AR S 7] 7L

AL IR AP A5 TR TT IR /N LAY SEBR R T

TULR AP R B T — Mg K T2 UNEM BRSO fa, VEARIIR 1 Zmt T

WA AR BFEARAE . FFFEITIE R AR R
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£28 NEBEERF-HREZIKE TIRIFEMR

AW T (Freeze Drying, FD) RRHTEEA BHERTA R, IR KA T
R IR, R RARE R K 23 B A B R R U, ANTTIA BT H R, dEe s
TF PR RE B il JEOR I 4544, AT 3 R PR B2 b OR B8R £ i R SR AR B R 7R i oy, AR T
B R BAFERERE K. TR AEA G B9 RS TR
(Microwave Vacuum Drying, MVD) IR G 15 12BN & B IR B & .
WA ARGIR, AR R T BRI AR N 3T T . AR RS UK AR,
K> AR BVIR LR, AT IntRF I AR (HEIR, 0 R BRI A+
B, FTRERE S FEEM . ST AR R, IS BUE TR IR, B
RRUR K O T S RIS Vo R T IR AT A 2 Tt R B B R s, RIS T
BERR: B RE- RS BRE TN T AR , BRET T
FA KRR — M RN T30, G xd sk, FAReaL o il 255 YR TR
WHoT, RBXZE—FhRERs 52 m TR E M AR K& T8 5%, HR T RK FD-
MVD HIWF T AR A A RARE . Oy 1 b0 1 AR & 5l b S E AT AT 5, A
ME KA IR A ERE H KRR TR R T BRIER LR, SE R R EH HK
AR 7 45 B /KE R R L 2 TR T ik L bR, FEH B DY 1 > T i 5 B 1],
PRSI 54k, FEFETHT M8 A ol ot o

KREFLT/NEA FD-MVD, 730 A TR (Rt 5 K3 L i T 3 AN
OB TE]D F B TR AR AT IR AR DT 0 Ao I PEAE R T 5, BF SR/ B A AE
FD-MVD 32 H1 7K 7045 R8T B R B0 e i s 5 7K 38 Alipe T 28 AR iR 2 2 Th) B4 A
FAE A AR . AR B Al b, THEH /N B4 FD-MVD T #idfeae, N
Ja gt — LA FD-MVD L2, SR 7 b b it 3 DARS ] ] 58 B 38 S8

2.1 RERE

2.1.1 RIG A

KIAF= B E RN AS W E 2-1 Fis, R TFHEEN 15.86+1.25g, #
SEYNAE 28.25+0.16mm, HSEHEAE 27.68+0.48mm, - SZMAE 26.9340.47mm, TH &,
Pk 2B — B0, K/NFHIT, TCHUMC 0 FLm U B /N B Ay, WG & KE AR
81.82+0.75% (2% GB5009.3 —2016 (1) ELEET-/@iA AT E ) 19, Ji8CE DR A 5 [

9



H2E NABEDSRBURESEA TR BAFAEMEFEMRT
SEINE, BT 4°C KM S A . BUGRERERFR(100£1) g /N, 7R TS KE
LB 10%HPRAS JG 15 1 E 0 B0 3 Ik, HLEs SR B3 E AT 431,

——

B 2-1 Wrsl e E A
Fig.2-1 Kuqa,Xinjiang small white apricot

2.1.2 X/ FE
Christ Alpha 1—2Ldplus S22 H 2 A UR TR (FE[E Christ H 25 % 4 T EAHLA FR
W) 5 RWBZ-—08S BTG L5 T4 (R 70 B Im TR & A IR A |], DI 800

W) ; BSM-42204 TR (RiBERBETRECAER AR, HifE0.0001g) .
1 2 3 4
f = 777 = 5
‘ e 1 07 (D{‘
2 ‘ ‘vﬂ EDO J 7
4 (== ‘ V%Eﬁ Mo%
14 ;E;;W;:r———\__kf_;ﬂ;' 9

(=}

'iﬁ”r'g_-_.i' [ 13 12 11 10
S/ (Y LESR: 2MERER: ARG ARNE;
= i} SIIERRR; 6 ER R 7T E e 8 RIS
LEYIEL 20400 388 FER; 47T, OB AT, 10.HEFE, 1R, 12 R8G5,

3HFSAL: 14T, 15 0ER

B 2-2 R THRAL Bl 2-3 Bl s TR B %
Fig.2-2 Freeze dryer Fig.2-3 Microwave vacuum dryer

SHEEM; 6.4%=E

2.1.3 W FE
BUGRIHT, /DA 4 CUME BRI B30, KM%, Pokdg

WEREAIRL TS CPE R 15.8320.5g) MI/ANAT, Leirit s a7 s Bt Xk

B2 0K, WREDN, BRAZEG, FRE100+1g, #1T FD-MVD T, #
KB 2-1,
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e LWL DA > PRk R W (4°CUKI, 8K A ¥ 50)— i Ti—
MT -V —EZ R - TR A - RS i — TR E

25 1 AR M B OUES ST LI 225 DR SCHRD 48 SOk ) e w36 T R 2L,
PEANS LR 2-1. Wit 1 FD-MVD RS2 E, RIS KR R Eh . iR
TR Hor, B fUE K 3G F BT LE 45%~65%, X2 RNLE B /K FadARm), 2%t
CE R I, IR S KR, DAL B IRVE R DY 300
W~ 700 W, X2 R M Dh 5 1 2 S8 AR 18] I BT DNBERE, 11 8 B =3 K v U
A BEAEVDRL TR P AR AR IR s Bl L Va2 40°C~60°C, Bl Rk =
FPECTBRIRE, W RBRR LA, WA S B TR A AR (1 5 DL

R 2-1 /DA H R UR- i A A TR T %
Table 2-1 Experimental scheme of FD-MVD of Small white apricot

PR T )5
B HBHEE EAKFEW S (%) R (W) R (°C)H
(1ML ) X
45. 50. 55. 60. 65 500 50
-40°C 12 Pa 55 300. 400. 500. 600. 700 50
55 500 40. 50. 60

2.1.4 RIS HNZE

LR KE
Tl FE RN A S KA B o R
M = Gt _Gd

-G @)

X MOAEE TR R T2 EKE, % GONAER T8 ¢ 21/ B85 1 i
&, g GNPMEBETHRRE, g

27Kk

FET S, DMEaBdFHEIKE=EHKSE (MR, moisture ratio) SREw~, 1HH
s i aed

mr =AM,
M, =M, 2-2)
e Mo, MeAT M, 7353 /N B HIAG T I AT 2T ¢ I 20 B 2 50K

£, %,
AR IN A S S48 5 KR M3zt /NT Mo A M, w3 0, BT BAA 3] fai fh o7
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AMzﬁ
‘ (2-3)

3. TREER
THHE R (drying rate, DR) : FEARYIRHKIBAGE R GG . /N Sy T80 A2 b
[ A Bl (2-4) SRAGE,

i

DR = Mt _Mt+At

At (2-4)

AH: DR EIRTHEIER, g/(gh); MEBRt WZH/NARTRE KK, Mk
N (A BEZIR/NARTREGKE, g/g; t NNFHE, h.

47K WY R

IR WA BRI Do 7R K 3 AE PR Y S8R B RE 0 /NI 2 8. @it
SR M ASF TR 5544 R E BOK 3 8RS Doy REIEIRE T 15 AR 22 AL A
i, LT T2, e TERACE, RIETEBRZ SRR . Koa Ry MR
A H Fick 25 3 0 @R FIARPY, X2 U1 T - BRAR A S o] AR RR S8 R 1 Bk AR Rl
Lo B Fick HRERTHI, BRIEA RUK DT BAREER R AL (2-5) 13,

1mm:m%_fi%0

2
r

(2-5)
N Doy AT RRIEREF N AT KK AR BARE m¥s; 9/ A BTt e,
s; T N/NABSERCER, mo r TFETER AR (2-6) 13,

@mmt
r’ (2-6)
A LABRKH, m; WASREPH, m; SHHREM, m.

PEGH B R A 2 25 (2-7)

©’D
1mm:m%— Ly
T r

(2-7)
5. F1iEAL RE
FEE RS TR R R LB — BEROK D RE 2 DR E, BUERE, T
B RE R, TR, KA R TR Doy 5000 Dh Z AN ) 5 2 ]
HIRRER R 2P e S 5 #E (Arrhenius equation) SREBFATHEIART, W (2-8)
[53]_

m-E,

)
" (2-8)

Deﬁ, =D, -exp(—



£28 NABEDSFRESHEATRIFETS BAFAEREFMARY
X Dep/K BRI BRI, m¥s: DoAY BIEE, m¥s; E T HEEEE,
W/gs m NYIRHE N B2 TR I E R, g Pw ABIIIR, W,
o (2-8) WLHUE, BRI (2-9) .

m-Ea)
" (2-9)
130 (2-9) WHI, InDey'5 m/Pyw ZENERFR, HIHATXS InDey 5 m/Py 34T 21k

WA, LAsR73 Eafl.
2.1.5 GitarthAE

B4l it o0 R SPSS 27.0 B AE, HIRAFHME, RABRETZ0H
(ANOVA) kit ir#=RBEESH, KN 0.05. £E:KH Origin 2022 #f4:.

InD,, =InD, —(

22 HER5UHE

2.2.1 ARER L ESKESTNEZE FD-MVD T4 AR

(1) ARV 4 w1 B 7K 56 7K 43 L R 52

Bl 2-4 s T /N A 7K 93 B 32 AN [ ) e s K 36 IR 52 R . 76 FD-MVD [y i
PR, T E R E 7E S00W . TR E R ELE 50°C, K/ ABE RSB HR T
TR EIRIE S KN 65% 60%- 55%. 50%A1 45%, FEE K HEM DR S
THEVLEEAT T — B HTR. /N B TR 32K 70 e U2 ma AR, M AT B
B, BEE RS EKERECN, DNESTIARE S KERN LK. FD BT
BRI R 20 9 3.5. 4.5. 5.4, 6.4 F17.1h, MVD B B4R 20 505 0.17. 0.13.
0.12. 0.1 #110.08 ho FAE ¥4 i & /KR IMEAL, MVD [N B 4a %0, SR T
I . IX FEESE HT FD AR BB HEH, &R T /N A NS IR R R AL
BRIk, ARIT S HA MVD iR K o B, 3T IR D g ]

bR, fE/NER T FD-MVD W fEH, ¥ pi SRS, BT 101 A
B, TR A LR FD BB . Rk, 7R S BRA 7 ] I A v A
B IR B ARFT T PRI ) o Y SR B K Z N 45% BT 65% KT, 4 BT 7 (% B )
M 700 455 2] T 3.5he FAh, TETERIVIGEM B, /Ko LR BRI B AR X ek, R
b TR R RN, X — Nl D 2%
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7 I MvD pr—
1.0 k [
\‘
\‘ —§ 6.0
08F & 22
o L \. Q 451
.: \
G S 06 ‘. D
3 ..
@ g | \‘\ - 3.0 D
E i ) 45
% g 04 ) \?\i\ Moistur f}%t:‘ I\T n point (%)
= — - 65% -
60% 1 *’\i\;
02} 55% ! B §"§
— - 50% : Y
ool —* 45% i v §
1 1 1
0 4 8
YR ]

Drying time (h)
K 2-4 AR 5 KT B/ B A 7K 23 B 2

Fig.2-4 Moisture ratio curves of small white apricot with different converted moisture content

(2) AN[RVHe e 35 7K TG =R R 5

B 2-5 Ty AN A e 4 s 35 K RO AR AE R /N A 19 FD-MVD i R v, H T fR
FERI 2. IR, FD FHEBY B . MVD TR B2 Fedl T8, Bk i
BT K & R A M8 %% s 110 MVD IR &, NAR ST RIS KRN, 25
BUKIERE, RSN TREREEME. £ FD VI B, H TR R R iR,
IE$0.1465 g/(g'h), (HFEFE THE KKK, TRRERZHLZE; FD Fr BIT iR
Ko &N R, XN LA, AR BN, PNEaEEAN T
PR RIK P B XS TR R AR, HEE%E FD REFI EEHTHE K, YIRS K
FRIFIGIEAR, REWE & EE 2 MREEARERRK S, IR TR 0% 0T 5,
TEIB BRI B /KE (65%. 60%. 55% 50%- 45%) B, THI7E#E#H MVD,
FESEPT B, TR BERARIG N 1 5~10 %, 7371 AL 0.0440 g/(g-h). 0.0404 g/(g-h).
0.0236 g/(g-h). 0.0207 g/(g-h)~ 0.0197 g/(g-h)FEF+ = 1.4403 g/(g-h). 1.2159 g/(g-h)-
1.2456 g/(g-h). 1.2440 g/(g-h). 1.2704 g/(g-h). fEMZ G, BEE/DNADGTIHEKEN
b, TR RIS . X EEHTE MVD WA B, /N R S A R 1
ARGy, IRAEAFYIRLBE A R S e, b AR T 2 MRS, AT (8 A TR R
G RN, gehbh, fil 2 YRR S KR g =, PRS2 51k 1 A R K 2
AR TINRIZL, LA/ A W B FTARSZ (0 IS TR N . AR TR RE T, VR
BEAMRRL, XAMTRETERIAE. BH MVD KT, B TYRSKERRE
%, HXH i RE IR RE /T B N BEA, M TR P Ak, {E4E MVD [1)5
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W B, 3

51 U2 T 1T o o P B ) 1

1.6
m;
1.2
m-

0.8

THREH

Drying rate (g/(g-h)

0.6
0.4

0.2

0.0

65%

Ky (A R R B
PORH K 7 LEAR TRPERE, Dy fHALK,

1.0

1.5

2.0

3.0

3.5

2.5 4.0

FAE kR
Moisture content of dry base(g/g)

P 2-5 AN R 45 i 35 7K TR R/ A TR e o ot 2

Fig.2-5 Drying rate curve of small white apricot with different converted moisture content

(3) AN[RJHe A 5 & 7K FR XS 7K A R B AR ) 5

T AR TR A P K A ik

HA B PR 7 FD By Br. IX3R ] MVD [0 H REfs A Rot g e A

FEE AR br, RENRIA

BERE A TR TR R D057, ] 2-4 T\ 4,
54 Fick 35 e, IR HSKRIFEA

/NEF FD 5 MVD 1 Jgast R 22 A B,

7 5 4 1

VE R BK A R EUR I 3R 2-2 Do uisd 2k B 0 A AS

KA R B AR K. /£ FD TR, B f B KR AP, Dep(E B AN

i 328 g L
2.28 X 10°m?/s;

R 22 AR i

£ MVD BB, #4 S

FE 8 e i K R 65% 98 /N F] 45%8, Doyt I\ 2.52 X 10°m%/s [4 5|

VB IR AR, Doy 1A H e 38 K 5 /N 1) AR
PIRAS, EAEVEETE 1.83X107~2.59 X 10"'m%/s 2 ]

SNV G RV E I

Table 2-2 The effective diffusion coefficient of water under different converted moisture content

e e
A

KR
65%

60%
55%
50%

45%

FD T Ex (A URIEE-40°C)

MVD FrBL (i Th =R 500W, iR 50°C)

2tk IT e
InMR=-6.87x10-t-0.02618
InMR=-6.46x10t-0.05012
InMR=-6.47x10t-0.04498
InMR=-6.48x10t-0.04552

InMR=-6.23x10t-0.04783

2

0.9941

0.9977

0.9959

0.9976

0.9978

Dy
2.52x10
2.41x10”
2.38x10
2.37x107

2.28x10

LIt
InMR=-4.99x10-3t+62.471
InMR=-6.34x10-t+82.763

InMR=-7.04x10-t+136.001
InMR=-7.07x10"3t+147.127

InMR=-11.23x10-t+208.84

2

0.9328

0.9350

0.9897

0.9842

0.9335

Dy
1.83x107
2.33x107
2.59x107
2.58x107

2.12x107
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2.2.2 ARIBUEIIEST/NEZ FD-MVD T @434 A2

(1) AR S 7K o L 5

Kl 2-6 fE7R T AN A B30 D 26 /AN LA K 4 LU S2 e . B S AR LS R TR L
SENARHEAT T, RIS KRIED 55%0, HH M ES T, HonkE
IR IIZ N 300, 400, 500, 600 F1 700W, [& &M iR ELE 50°C . RIEA )L, MVD
By B TR I KNI /N LA B T AR P P AR B RO s e TR R, ok e R
BSd R e, T TR BT S PO A TR s e o SR I G 1) HE B TR s R R T S
T ANAB IS T RAERS, SRR R RR S 2, K BhRe A
g, YORINESEREF L I 7K BEE K IRThEREOR, TR AR E
e FEI R, e TR, DT 0 N K o A e TR R AR AR R, AT B T
KPR B, TR TZRAE 300, 400, 500. 600 F1 700W I, /N A5 7K 703k 2 1 i
B KB A P I TA] 23 501 141 100 7+ 6 A1 Smine 7K 53 HGI T B 26 2 e 218 (0 sk
IHRZEAT N 300W, HAIRFER K, A 5.63h; 7K 4 Hb T B SR A DU i il oh %
%Ay 7T00W, HT AR A (5.48h) , MECT 300W I, H R A 454 T
58.33%. MtAh, IR PRI, SRk s E RN, DNEERTR S
AHEZMEH, XTRSEWEEM. bl EHEEERRMEIIZE, BT A%
MVD AR 75 22 0T R R), SCnT DARA DR T8 J5 R R T ==

— & - 300W
Lok 400W |
AN 500W
» =rN=iE = %
08 \!\‘ - gggg i:
} v E sst
N a
ie) 03 %
S 06} k\ \*
iﬂ — » 2
@ g L \\.. \§\~ S4TT500W 400w S00W 600w 700w
~ 2 oz W $. R
= g 0.4 L \“ \ \§\.§ Microwave power (W)
s RN ~4o
0.1 \‘\. I\ N - +
02 AN s !
‘& §~ ! - - = -— é,
Dev ¥
0.0 - %
0.0 - 514 Is: 5j6 | .
0 2 6

4
TJEE IS Ta]
Drying time (h)

2-6 ANRITE TR T /N AT 7K 7 L 2%
Fig.2-6 Moisture ratio of small white apricot with different microwave power
(20 ANTRIARRE T 200 RT3 R 52
TEARNFE TR, /NAT FD-MVD [ FEsd R th 2B K 2-7. i FoR,



H2E NABEDSRBURESEA TR BAFAEMERRT
B TR R 3G, PR 7> & 2B K, FD 5 MVD BB A T . [FR,
AILLE HAE MVD BB, Sl Dh 230 0l 22 B35 50, BEAE Tk D R g, +
BRI AR MPE 2 K, HAE IR EOR, TR Z0BE, T8 /K3 N ER AR, 6
IR . X ANEE BUR H RTIR 2 e RO TR TR B S5 &, nEaEs b
0T, B AR ISIEE . B A AE R, TE 300W M ThR TR, /INAKWFEER TR
AL, 1E MVD PG ST 5N (0.81 g/(gh)) 5 TER ThRIAE] 700 W
I, TR T GBI, MVD W6 SRR R (2.03 g/(gh)) , XJLF
JEAE 300W IR N =452 2. BEE MR BEIE R, MESRA TELZNEE, X
{5145 B IR [A) A BRI RO 22 I, AN IO ER TRk oK o 28 RO BE, i — 28 D
N E AR RS,

=y = 300W —v— 600W
400W —e— 700W
500W
= 15+
on
B o
&)
gglo—
]
o
[
A 05}
0.0
1 " 1 " L " 1 "
0 1 2 3 4
THREAKE

Moisture content of dry base(g/g)
B 2-7 AN T3 /08 A o = i 2
Fig.2-7 Drying rate curve of small white apricot with different microwave power

(3) ANFERB RIS KA B R B R

R 234 T KD AR HABAEA R IR TG E . £ MVD T
RErR, B R S KR B E AL 55% OBGRE B EAE 50°C, BRI TR, Bl
300W _ETHE] 700W, /N A 7K G0 R B 2t B o R D X 38 o v 2% 4
FAEH 1.92X 107m?/s 128 3.93X107m?%s, WL FETHMIETIA, Befs R BLAT DL 2 1
ISR S TR AR5 — B Be Bk 0 A3 R B R B IX A 45 2R 5 A B O 7T

B TR SRR, 5 TR G5, PR s 02 TR R ok
DHEBY BRI FIREL, /N E A RK A8 R IO R R A T AR Y 1
FANIOp)/IBE
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R 2-3 ARG IR N K A8 B AR 2

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

FDMYEY (AIRIBSE —40°C, #4 S &/KE55% ) MVDIEy (it i85 K 255% , iR EEso °C)
25 =} 2 J =] 2
e Dejy % vt Doy

300W  InMR=-7.97x103t+147.042  0.9921 1.92x107
400W InMR=-4.37x10-t+84.005 0.9777  2.41x107
InMR=-6.47x105t-0.04498  0.9959  2.38x10°  500W  InMR=-7.04x103t+136.001 0.9897  2.59x107
600W  InMR=-7.70x10-t+130.873  0.9857 2.83x107

700W  InMR=-10.72x103t+201.845  0.9994  3.93x107

(3) A [EITB D Z AL BE ) 520

Kl 2-8 Fr e L 7 1 FE RS A RE , FLT AN R D 2T 1) InDey AW &
W R E R R ARG H . @B (2-9) K FERFRHELEREGARBEAITHES
H Do FIME N 51893 X 107 m%s, Eq[IME N 7.40 W/g, XEKIATE/NAA FD-MVD i 72
22l FD RIS KR 55% )5, TERRHL 12 2o 8 2 R & B A7 A 2 il
H )T S5 TE AL REBUE N 7.40W/ge 31X — R I 1T IR 7 45 SR DA R AR DG 43 1) 41
TG Blhn, XTYEREIR R R TR, PR RE R EUE R 17.07W/g:
SR OE R TR AR T, TR GRE R 12.15W/gs S Tk T8 A B 5 ) 224
W ), HAPREAaE Y 4.89W/g. LRETTE, DB Wik, SEREFKREE
FEGCCHLEL, SAE 2R SRR, TR AR O 7K g B SR 2 IR g
73, IR YR SRR UK, EUEBA 51

-14.8
[ ]
InD,; = -7.40%E,-14.47
2 —
sol R>=0.9603
5
A -152F
£
-154
]5.6 1 1 1 1 1
0.06 0.08 0.10 0.12 0.14
m/Py,

B 2-8 frltlie AR BEL S 7K A7 R AR B R £k

Fig.2-8 Relationship between reciprocal microwave power and effective diffusion coefficient of water
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2.2.3 NEFHCEEEXT/NBZ FD-MVD 1454 #9220

(1) ARl fdist B 6 7K o LE PR 52

Kl 2-9 7R 7 AN A B A0 i BE 0 /N LAY K 2 LU S2 e . B S AR LS R TR L
XNAR AT TR, B EIHIB RS KRIEE] 55%, RIEEMBE RS TR T T
— B B T, SR R E N 40, 50 A1 60°C, IR N 500 W AR FFA
. MBS, TEARRRTEREE T, B i TEEe a2 e B3 20, RIS TR
TRFEMIAE S, P BT R4, TR NA e E, TRl R K
B TERD /N EA AR R S T TR T8, TG, K
Gy R BRI TR TR A, AW Rk NETR%, 36 /K 73 i 7 R B 4 420
(A, A% T 7B 000 D 0 P R B 22 T RS, ST R R AN W B3 B MVD
TR R EE BT, YRR o IS S AR TE SRR, AT AR K W e 2
() Re B IR LR BN ME, $ET T /N A (R AR Bk B RO AR B W E N 40°C
57, MVD B BTt 8] B T FoK 3 LR Bl R o 218 A8, A 9mins  7E4%
WLV E A 60°CHY, MVD BB 5 ] F T K 4 bR B 2R B3 ke, o fil
Z P>, AR 6ming AHEC T 40°C TR (], XA e BE 2] T 33.33%. H
RIS, REMERERR S, TERNRgE, (H25 58875, XRE
o GREERK, TRETEOE E LB S TR R I [ LR AIE T8 5

5.6
ok —=doC
N 50°C
[ —A-60°C 3
08 I 5.\7 %35,5
A £
2 SN
= 0.6 A ‘Nz
= E RN é\ & >4 40°C 50°C 60°C
@ E \\ n \é\- . R R
- 02 NN i- _ Microwave temperature (°C)
'%’ 4 0.4 K\ N \*
o I A RN - ~\&\
- u I~.&
E —\\. \.\ \f\~;
o1} b =T A
02} AN I
k\.A .\'\_‘ / é
0.0 - A
0.0 54 5s 56 A
1 . 1
0 2 4 6
T 8]

Drying time (h)
2-9 AN [RGB T B /N 3 A 7K 70 BE 2R

Fig.2-9 Moisture ratio of small white apricot with different microwave temperature
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(2D AN [ ARCIB 1 P 0 T 4E  6 F 5

K] 2-10 frs AN [FIOBGR FE R I/ B I R 19284k . HIEIPT %0, 7E FD 4]
W, EEKyEEE, ERKERES, BEEEKPRETHE, BeR /KO Z#iED ,
TR IR HT RS, A MVD )G, WEHEEE SR BT, KORZEKEXIER, T
BRI SRR S . DEAFE MVD B BTl 2R T B B 2 I IEAE G AR, il
Bl B R 40°C Iy, TR R PR A 218, 7E MVD H146 5 I Rl 2 g ),
8 1.0345 g/(g-h)s HAFBEHIRE N 60°CHY, TFEER R EEEHER, MVD YILG ST
BRI K, N 1.6416 g/(g'h). EAFETFREEAE T, /ANE SR RFE R
FEZE5R, WILRAE MVD HIRPIEH BIC R . ZAHES MVD 45 5P B
YRR & BB R FPRES A L. W& TEEEZ LTS, YREN T PURrIK Y%
BRET B KRB T/NE A NEBEK S & NN, HRME KRR g N, Xa
BE— B IR A i R BB T, A4S T FE IR ZZ ). T/ B Ay Rl
PEYRE, R E A S IR R R B L, R R B AN B

2.0

1.0

TR

Drying rate (g/(g-h)

0.5

0.0 -

1 L 1 L 1 " 1

0 1 2 3 l 4
FEAEAKE
Moisture content of dry base(g/g)
B 2-10 AR T B9/ A7 7K 20 B il 22
Fig.2-10 Drying rate curve of Small white apricot with different microwave temperature
(3D ANTRARIpE iR B2 S 7K 73 25 B AR ) 5
R 2-4 Pos A TFEGGER EE T/ A K 7> AR L. 4E MVD TR fEd,  [#
SEFE W s B KRN 55% T IIRA S00W. K 2-4 Faf LR, KOBERY AR
HAE 2.32X107m*/s~2.81 X 107m?/s Z [MAZ4k, B RS H 40°C 1K % 60°CHY,
Do HWIZHIGIN, X —4510 5 RULEIOWERT T8 B S s 5 TR 75 1 25 R34
FERIR AR RTINS, BOm IR 2N B A KT RIS R, PRI 3R 1
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Table 2-4 The effective diffusion coefficient of water under different microwave temperature

FDMYER (IFRIRJE —40°C, #5455 /K #55% ) MVD B, (B 5 K 355% i Zh 3500W )
28 =l 2 28 = 2
RPEH TR Doy % SR WAl o Doy

40°C InMR=-6.32x10t+105.375  0.9480 2.32x1077
InMR=-6.47x105t-0.04498  0.9959  2.38x10°  50°C InMR=-7.04x1073t+136.001 0.9897  2.59x107

60C InMR=-7.65x10-3t+126.271 0.9799 2.81x107

2.3 KRB

AR B AR R B A TR EORX N B A AT R, A T AR
B IKE (45%+ 50%- 55% 60%. 65%) - FiEIh%E (300, 400. 500. 600.
700W) FIRE (400 500 60°C) TN/NAR TR, FEELERN:

(1) ARV S EKEBZMT, MEHERSKERNRIC, T 7/NEA
FD-MVD (¥ [8],  FD B Boof HoA W& s o 3 sl KM 65%FFAK 5 45%
IF, AN T A A 3.67h B K3 7.18h, R AE FD B B AT H I R) 43 5 2 3.50
7.10h, MVD ¥ EEFERT 43 %24 0.17. 0.08h; FD B EX 7K 40 Rk ik R 50 25 6 2% o5
FrKER P FEARTT A, 10 MVD I Doy B BB 25 % 78 138 7K Z 1 BRI H 38 K5 ik
ANINFEESR

(2) ENFERBETHREMET, /NAA FD-MVD [T 8] 5 3ok TR S0
Ko MBI ZEE &AL 300W I, Tk B8 T IRFEN i Ky 14min; DR E
B RN T00W B, (i 25 GBI B i 9 6ming MVD B B 4508 S 7R ik Th %
M&mwﬁwmwﬂ%ﬁﬁ¢,&%2%k,Amﬂﬁﬂ#ﬂ§ﬁmzwﬁk£%
B 1.92 X 107m%/s 3403 3.93 X 107m%s; 7E/NEAH MVD 29, P81k g
7.40W/g.

(3) TEAN A BRI RS J6 0 K43 bE T B 28 B Al iR P A 36 g A8 e,
WIS TR BR R o 7K 20 OIS PR R A 52 18 1) M 2% A1 9 B et P 1505 72 40°C I, MVD i
By Al i, AR 9ming BRI B 60°C B, 7K 43 G B e il FEIS
6min; £ MVD i Bt i 5 2 5 B B2 2 I IEAOCR R,  ATBRELE 40°C I,
MVD ¥J46 £ 5T R B/ (1.0345g/(g-h)) SRR FE I T s RE s A HE K 70 2L
P ECRB K., AHREMN 40CTEZE 60°CHR, HAGN H 2.32 X 107m¥s ¥ N =
2.81 X10"m?%/s.
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EITF NEHBFEERF-HRETIKE TR N FEBR

T AN 7 AR R A A SRR S AL T AR, w1830
PR — B DR TR U K 7 B R, DI RE B4R R E S PR TR IR T, kLI
K53 L B T Ji Tl ZE A Bt A T A5 B TR 7T S 20 LR S A AR A A o JE e e Rk ) T 4R B0
TR AL, Re A TR AR 2R, PRI~ E, TGRSR, FE I
BTSRRI L T OG5 R . AN T TIRsh J1A R i i £, Bl
X S HRSEERIE AT 1 S AR Ak B A5 SR B XA R A Y, & 3 Herdenson and
Pabis B [T s AITER7SE UK BRBLUN RIS B, AT T T AR & 1,
R IN Page FE7 GE 4% B 4 b N 5 BR AL TR AR oK 2 L AR A AR . H TS T R
(T30 J1 R T/, B DAAR B AE /)N A 05 W VR - T B B TR 1
fitz b, @ LR 12 BRI TSR, kB T e BB R BET M 25
MR 2 RMSE A AP B AU ARG B2 B OB R bR, I BB LI () iR /> B A JL
RUR-TIO A A TR AL, 71Tt i TR R A T i i S 4k ik 5.

3.1 MR %
3.1.1 RIEM R
RIGA RS 2.1.1 Frk PR FE .
3.1.2 (NFEEFE
B 2.1.2 AR & A TF
3.1.3 I HE
WIS 2.1.3 FHd 7 A A .
3.1.4 RIS HINE

L2 K E

R 2.1.4 B 2-1) .
2. 7Kt

HEIER 2.1.4 B (2-3)
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3.2 FIRRALEALIES

3.2.1 BT RE

BENL TR AR RS W TR AR IR TR D EHARAER, i H /%
) 12 Foft TG AB R 68T /[ A 30 25 0 R - i A BB 45 T MR ) AN R e 8 s 5 7R ik
PTG BER B HI7K 73 B MR 5 TJ5t 8] ¢ (5 SR 2 A A PR IFEAT (Bl 3405 20 B 5

R LK 3-1,

R 3-1 5 DL T A A
Table 3-1 Common drying model

FF5 SARAEIUEE PSSy AR
1 Newton MR = exp(—kt)
2 Henderson and Pabis MR = aexp(—kt)
3 Logarithmic MR =aexp(—=kt)+c
4 Two term MR = aexp(—kt)+b exp(—gt)

5 Modified Henderson and Pabis

6 Two term exponential
7 Weram

8 Page

9 Modified Page

10 Midilli

11 Parabolic

12 Wang and Singh

MR = aexp(—kt)+bexp(—gt)+cexp(—ht)
MR = aexp(—kt)+ A —a)exp(—kat)
MR = aexp(—kt)+ (1—a)exp(—gt)
MR = exp(—kt")
MR = exp(—(kt)")
MR = aexp(—kt")+bt
MR =a+bt+ct’

MR =1+at +bt?

3.2.2 1&ENENFEFR

ERYE R 20 BZEPIIM HERIEIN RS, RBX 12 BB LA RS L

Horr 20Kk

2 _

2J¢ RMSE /)N, ULEHBLA RS BEfm, ARERELE, HitHAXODy.
Z i]\il (MRpi - MRi )2

> ¥ (MR, —MR,)’

2 _

(-1

Z ilil (MRi _MRpi)z

N-—n (3-2)
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N P 0.5
RMSE = {Z n (MR, ~MR,,) }
N

(3-3)
A N 1 UCHN K 73 B
N 1 SR 73 B
NSEEEIEEAE
WSIFSE Vi G 8

3.3 BURAIES R

B gt o R OSPSS 26.0 B, YR MCFIME, RHA BN ERTT 20
(ANOVA) T3kt AT 25 W& 3, /K08 0.05; SR A Matlab. Excel #4715 A
W& TR R .

34 RS

3.4.1 TS & kR AR R 37

T B E I Th# S00W, iR E 50°C, ANEFEH S SKRTHRAME T RA+ =
Fives FH IR N A TREAR AT IS, B8 TS TEREM R R, 2DK
RMSE, Z5R413% 3-2 fios. 1530 T BB 30 -& RO s 1y Midilli 232, AEXE T
S AR B Z K9 Newton Bi%, Weram 5 Modified Page #5784 ) %25 2 B M
. Newton B[ 285/, 1F 0.9937~0.9962 Ji [l 18], 2} RMSE # K, 4> BILE
0.9937~0.9960 H1 0.0168~0.0188 i1 [l 2 [A], i ¥ Newton 15 Y [#) 0l & i1 & A £ .
Midilli #% 27F 0.9977~0.9985 i FBl W 481k, HAEMH K 25 RMSE f/I, 5 BITE
0.0018~0.0027 1 0.0104~0.0140 Ju B [A], AHEC T H AR, HAER, AR
RS RE fedl, SA M B R . BRI, AN RS a5 5 KRR 2 AR
A TN A TR T DUE R Midilli A58 T T N 22 .
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Table 3-2 The fitting result of different moisture content of transition points

41{_:7\/—‘,\7 %% " R -~
e AR FH W
(1)
2_ 2_
MR = exp(—kt) k =0.2483 0.9959 0.0057
RMSE=0.0169
MR = aoxp(ké) a=0.9704 2=0.9973  2=0.0037
—aexp k = 0.2395 RMSE=0.0136
a=0.9244
2=0.9980 2=0.0027
MR = aexp(—kt)+c k=0.2744
00503 RMSE=0.0117
Cc=0V.
a=0.4852
k=02395 2=0.9973  2=0.0037
MR = aexp(—kt)+b exp(—gt)
b =0.4852 RMSE=0.0136
g=0.2395
a=0.3235
k =0.2395 X )
MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 203235 =0.9973 =0.0037
B 0'2395 RMSE=0.0136
g=0.
h=0.2395
a=0.3936 2=0.9981 2=0.0027
MR = —kt)+ A - —kat
45 @ exp(kt)+(1=a)exp(kat) k = 0.4452 RMSE=0.0117
@=0IT0 2 g 9984 2=0.0023
MR = —kt)+ 1~ gt k=1.6675 o e
aexp(-kt)+ (1-a)exp(-g!) o 2vs RMSE=0.0107
g=0.
MR = explit”) k=0.2818 2=0.9984  2=0.0022
- n=09087 RMSE=0.0106
R i k=0.2481 2=0.9984  =0.0023
= exp(=(k)") 1 =0.9087 RMSE=0.0106
a=09972
R bt k =0.2389 2=0.9985  2=0.0022
= —kt")+
aexp(~kt") n=08917 RMSE=0.0104
b =—0.0023
a0 2 9957 2-0.0061
_ 2 b =-0.2024 - e
MR =a+bt+ct fpnet RMSE=0.0174
c=0V.
. a=-0.2241 2=0.9929  2=0.0099
MR =1+ at+bt k=0.0159 RMSE=0.0222
2_ 2_
MR = exp(—kt) k =0.2496 0.9952 0.0060
RMSE=0.0188
MR ) a=0.9714 2=0.9966  2=0.0042
= acxXpl—
50 P k = 0.2402 RMSE=0.0157
@O 29975 20,0032
MR = aexp(~kt)+c k =0.2843 e e
00775 RMSE=0.0137
Cc=V.
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a=0.4857
k =0.2402 2=0.9966  2=0.0042
MR = aexp(—kt)+b exp(—gt)
b =0.4857 RMSE=0.0157
g = 0.2402
a=03238
k =0.2402 . .

MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 0203238 =0.9966 “=0.0042
¢ - 02402 RMSE=0.0157
h=0.2402

MR = a cxp(oit) + (1 a)exp(kat) a=0.3602 2=0.9975  2=0.0031
k =0.4852 RMSE=0.0135
@=UORT o 9978 2-0.0028
MR = a exp(—kt)+ (1—a) exp(~gt) k = 1) 12325 RMSE=0.0126
g=0.
MR = exp(ok™ k=0.2832 2=0.9978  2=0.0027
n=0.9014 RMSE=0.0126
MR = oxpi—(it)") k =0.2267 2=0.9978  2=0.0027
n=0.9014 RMSE=0.0128
a=0.9978
) k=0.2357 2=0.9979  2=0.0027
MR = aexp(=kt") +Dt n=038818 RMSE=0.0125
b =-0.0030
@095 2 59956 20,0055
MR =a+bt +ct’ b=—0062115230 RMSE=0.0179
c=Vu.
MR- , a=-02325 2=0.9937  2=0.0078
=l+at+bi k=0.0178 RMSE=0.0215
MR = exp(—kt) k=0.2512 “-09955 200056
RMSE=0.0187
MR = a oxplkt) a=0.9726 2=0.9968  2=0.0040
k=02413 RMSE=0.0159
aZOSL 2 h9978  2-0.0028
MR = a exp(~kt)+c k =0.3072
01167 RMSE=0.0131
a=0.4863
~ iV ab k=0.2413 2=0.9968  ?=0.0040
33 MR = aexp(=kt) +b exp(=g!) b=0.4863 RMSE=0.0159
g =02413
a=03242
k=02413 . .

MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 0203242 =0.9968 “=0.0040
¢ - 02413 RMSE=0.0159
h=02413

MR = a exp(kt)+ (o) exp(kat) a=03161 2=0.9978  2=0.0027
k =0.5538 RMSE=0.0130
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aOIPE o 9979 20,0026
MR = —kt)+(1- gt k=0.2141 e e
aexp(-kt)+ (1-a)exp(=g!) RMSE=0.0128
2 =1.0468
MR ” k =0.2855 2=0.9980  2=0.0025
= exp(=ht") 7 = 0.8905 RMSE=0.0126
R = i ke =0.2447 2=0.9980  2=0.0025
= exp(-(k)") n = 0.8905 RMSE=0.0126
a=0.9973
MR ") b k =0.2465 2-0.9981  2=0.0025
= —kt")+
aexp(-ht") 1 =0.9001 RMSE=0.0125
b =0.0008
a=0.9750 ) )
MR 0t e b 02970 =0.9968  2=0.0039
Sabid ‘ RMSE=0.0157
¢=0.0186
MR 2 a=-0.2446 2=0.9959  2=0.0051
= iratbt k=0.0211 RMSE=0.0178
2_ 2_
=0.9962  2=0.0041
MR = exp(—kt) k=0.2549 0.996 0.00
RMSE=0.0172
a=0.9760 2=0.9972  ?=0.0030
MR = aexp(—kt)
k =0.2450 RMSE=0.0147
@=080 2 0082 20,0019
MR = aexp(~kt)+c k =0.3293 e e
RMSE=0.0117
c=0.1519
a=0.4880
k =0.2450 2=0.9972  2=0.0030
MR = aexp(—kt)+b exp(—gt)
b =0.4880 RMSE=0.0147
g =0.2450
a=0.3253
k =0.2450 ) )
MR = aexp(—kt)+bexp(—gt) +cexp(—ht) 0203253 =0.9972  “=0.0030
S RMSE=0.0147
60 g =0.2450
h =0.2450
=0.2914 2=0.9982  2=0.001
MR = aexp(—kt)+ (1 —a)exp(—kat) “ 0.998 0.0019
k =0.6026 RMSE=0.0118
@=01%0 2 9082 20,0019
MR = —kt)+ (- gt k =0.7969 e e
a exp(-kt) +{1=a)exp(-g1) RMSE=0.0117
2=0.1996
MR B k=0.2861 2-0.9983  2=0.0018
= exp( n=0.8873 RMSE=0.0114
MR = exp(—()") k =0.2440 2=0.9983  2=0.0018
- P n = 0.8873 RMSE=0.0114
a=0.9968
R - k =0.2587 2=0.9984  2=0.0018
= —kt")+
@ exp(-kt") n=09192 RMSE=0.0113
b=0.0053
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a=0T0 2 9978 2-0.0024
_ 2 h=-0.2421 o e
MR =a+bt+ct RMSE=0.0130
¢=0.0225
MR Lo at s b a=-0.2566 2=0.9974 =0.0028
=ltat+ot k =0.0251 RMSE=0.0143
2_ 2_
MR = exp(—kt) k=02616 0.9937 0.0037
RMSE=0.0168
a =0.9820 2=0.9972  2=0.0031
MR = a exp(—kt)
k=02528 RMSE=0.0155
a=0.8307 ) )
=0.9976  2=0.0027
MR = aexp(—kt)+c k=0.3358
RMSE=0.0143
c=0.1616
a=0.4910
k=02528 2=0.9972  2=0.0031
MR = —kt)+b —gt
@ exp(=ht) +bexp(-g1) b=04910 RMSE=0.0155
g =0.2528
a=03273
k=02528 ) )
MR = aexp(—kt)+bexp(-gt) +cexp(=ht) = 0.3273 =0.9972 “=0.0031
e RMSE=0.0155
g =02528
h=02528
a=0.2966 2=0.9976  2=0.0027
MR = —kt)+ (- kat
65 @ exp(=kt)+(1=a)exp(-kat) k=0.5921 RMSE=0.0144
@=00% 2 9967 2-0.0037
MR = —kt)+ - ot k=02616 o s
@ exp(-ht) +(1-a)exp(-gl) RMSE=0.0168
2=0.2616
MR ” k =0.2845 2=0.9977  2=0.0026
= exp(=ht") n=08993 RMSE=0.0140
MR = oxpi—(it)") k=0.2471 2=0.9977  2=0.0027
=< n=0.8993 RMSE=0.0140
a=0.9973
R - k=0.2344 2=0.9977  2=0.0025
= —kt")+
aexp(—k") n=08884 RMSE=0.0140
b = —0.0047
a = 0.9880 , ,
X b 0,255 =0.9975 2=0.0028
MR =a+bt+ct ‘ RMSE=0.0146
c=0.0267
. a=-0.2681 2=0.9973  2=0.0030
MR =1+ at+bt k = 0.0296 RMSE=0.0151

3.42 AEIRCEINER THRBAIE

TE[B 8 F 4 B K EE 55%, BIKIRE S0°C, ARMEIh R T B4 N5+
BB RRE, B LU S T ERAE A R B R?. 2Ll JL RMSE KA 58 e id & I T8
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B, iR NEK 33 Fion. b R R A BOR A Dy Midilli B8, RO
Page 1 Modified Page f!, X AN VAN e AR BN AL, AHEC R 5K Newton £5
R PL A 2R i % . Newton B[ 28/, 1 0.9948~0.9958 Y [Fl 2 6], 2k
RMSE #¢ K, 1F 0.9955~0.9966. 0.0180~0.0201 5 [E 2 8], 4] Newton HEHL 4l &
¥ % . Page 55 Modified Page B /MEA! 27F 0.9974~0.9981 JulFl N A4k, 2K RMSE
£ 0.0024~0.0036 0.0120~0.0141 Ju [l 2 [6], Midilli #£7% 27F 0.9975~0.9981 i
WARAL, 2K RMSE £ 0.0024~0.0035. 0.0120~0.0141 & El 2 8], Midilli #7155
2V )7 1Y) Page & Modified Page PN ALAH LUK /1N, 18 BHIZAR B HL G0 FE ARG
RE B I ) TR T4 A . PR, e 93 MIdilli BB VE AR AN R Sh R R AN AR &
R B A RS TR AR R B A A
K 3-3 AFEIR D E T TR R A 45 R

Table 3-3 The fitting result of different microwave power

T Th (W) A EX PN FEAR
2_ 2_
MR = exp(~kt) k=02512 0.9956 0.0066
RMSE=0.0187
a=0.9726 2=0.9966  2=0.0051
MR = aexp(—kt)
k=02413 RMSE=0.0163
aZOSL o 59975 2-0.0038
MR = aexp(~kt)+c k=03072 e e
RMSE=0.0141
c=0.1167
a=0.4863
R (k) + bexp(—gt) k=0.2413 2=0.9966 2=0.0051
= aexp(— exXp(—
P ps b =0.4863 RMSE=0.0163
g=02413
a=03242
300 k=0.2413 ) )
MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 203242 =0.9966 “=0.0051
- RMSE=0.0163
g=02413
h=02413
=0.3161 2=0.9975  2=0.0037
MR = a exp(—kt)+ (1—a) exp(—kat) “
k =0.5538 RMSE=0.0140
a=0.8794
MR (—kt)+ (—a)exp(-gt) k=02141 09975 2=0.0037
= a eXp(— —a)exXp(— =U.
P s RMSE=0.0139
2 =1.0468
R ” k =0.2855 2=0.9976  2=0.0036
= exp(=kt") 7 = 0.8905 RMSE=0.0137
MR- Ly k =0.2447 2=0.9976  2=0.0036
= exp(~(k)") n = 0.8905 RMSE=0.0137
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a=0.9973
R - ke =0.2465 2=0.9976  2=0.0035
= acxp(=kt") n=09001 RMSE=0.0137
b = 0.0008
a=0.9750
, b 02970 2=0.9967 2=0.0050
MR = a+bt+ct e RMSE=0.0162
Cc =0U.
o a=-02446  2=0.9959 ?=0.0061
MR =1+ at+bt k=00211 RMSE=0.0179
2_ 2_
MR = exp(~kt) k=02512 0.9958 0.0053
RMSE=0.0180
R k) a=0.9726 2=0.9970  2=0.0040
= acxXpl—
P k= 02413 RMSE=0.0153
GEOSRL 9979 2200027
MR = aexp(—kt)+c k=03072 e e
1167 RMSE=0.0125
c =0V.
a=0.4863
k=02413 2=0.9970  2=0.0040
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0153
g=02413
a=03242
k=02413 ) )
MR = aexp(—kt)+bexp(-gt)+cexp(—ht) = 03242 =0.9970  “=0.0040
0'2413 RMSE=0.0153
g=0.
h=02413
a=0.3161 2=0.9980 2=0.0026
MR = —kt)+A- —kat
400 @ exp(~kt)+ (1= a)exp(-hat) k =0.5538 RMSE=0.0124
a=0.8794 2-0.9980 2=0.0025
MR = —kt)+ (- ot k=02141 e e
aexp(=kt) +(1-a)exp(-gl) L ones RMSE=0.0122
g=1
R = . k =0.2855 2=0.9981  2=0.0024
= exp(-kt") n=0.8905 RMSE=0.0120
R Ly ke =0.2447 2=0.9981  2=0.0024
= exp(=(k)") 7= 0.8905 RMSE=0.0120
a=0.9973
R - k =0.2465 2=0.9981  2=0.0024
= —kt")+
aexp(=kt") n=09001 RMSE=0.0120
b = 0.0008
a=0.9750
. b 09270 2=0.9970 2=0.0038
MR =a+bt+ct - oorse RMSE=0.0150
Cc =V.
| o a=-0.2446 2=0.9962  2=0.0050
MR =1+at+bt k=0.0211 RMSE=0.0171
2_ 2_
=0.9955  2=0.0056
MR = exp(—kt k=02512
>00 exp(~kt) RMSE=0.0187
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a=0.9726 2=0.9968  2=0.0040
MR = aexp(—kt)
k=0.2413 RMSE=0.0159
a=0.8721
2=0.9978  2=0.0028
MR = aexp(—kt)+c k=0.3072
RMSE=0.0131
c=0.1167
a=0.4863
k=0.2413 2=0.9968  2=0.0040
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0159
g=0.2413
a=0.3242
k=0.2413 5 5
MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 0203242 =0.9968 “=0.0040
o RMSE=0.0159
g =02413
h=0.2413
=0.3161 2=0.9978  2=0.0027
MR = aexp(—kt)+ (1 —a)exp(—kat) “
k=0.5538 RMSE=0.0130
a=OIPE o 9979 2-0.0026
MR = —kt)+ - ot k=02141 o e
aexp(-kt)+ (1-a)exp(-g!) RMSE=0.0128
g =1.0468
VR - k =0.2855 2-0.9980  2=0.0025
= exp( 1 =0.8905 RMSE=0.0126
R i k=0.2447 2=0.9980  2=0.0025
= exp(=(k)") 1 =0.8905 RMSE=0.0126
a=0.9973
R - k =0.2465 2=0.9981 2=0.0025
= - +
aexp(-kt") 1=0.9001 RMSE=0.0125
b =0.0008
a=0.9750 5 5
MR at b 4o b 02270 =0.9968  2=0.0039
satbic - RMSE=0.0157
c=0.0186
. a =-0.2446 2=0.9959  2=0.0051
MR =1+ at+bt k=0.0211 RMSE=0.0178
2_ 2_
=0.994 =0.
MR = exp(—kt) k=02512 0.9949 0.0056
RMSE=0.0194
a=0.9726 2=0.9963 2=0.0041
MR = a exp(—kt)
k=0.2413 RMSE=0.0165
GOSL o 59975 2-0.0028
MR = —kt)+ k=0.3072 e e
600 e re RMSE=0.0136
c=0.1167
a=0.4863
k=02413 2=0.9963  2=0.0041
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0165
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a=0.3242
k=0.2413 ) )
MR = aexp(—kt)+bexp(—gt) +cexp(—ht) 203242 =0.9963 “=0.0041
B 0'2413 RMSE=0.0165
g=0.
h=02413
=0.3161 2=(. 2=0.002
MR = a exp(—kt) + (1 - a)exp(—kat) 4 0.9975 #=0.0027
k =0.5538 RMSE=0.0135
a=OIPE o 9976 2-0.0027
MR = —kt)+ (- —at k=02141 e e
aexp(-kt)+ (1~ a)exp(gt) s RMSE=0.0133
g=1
VR - k =0.2855 2-0.9977  2=0.0025
= exp( 1 = 0.8905 RMSE=0.0130
R = . ke =0.2447 2=0.9977  2=0.0025
= exp(-(k)") 1 =0.8905 RMSE=0.0130
a=0.9973
R - k =0.2465 2=0.9977  2=0.0025
= —kt")+
aexp(-kt") 7 =0.9001 RMSE=0.0130
b =0.0008
a=0.9750
, e ona0 09964 2=0.0040
MR=a+bt+ct o RMSE=0.0162
Cc =V.
W a =—0.2446 2=0.9954 2=0.0051
MR =1+at+bt k=0.0211 RMSE=0.0184
2_ 2_
MR = exp(—kt) k=02512 0.9948 0.0061
RMSE=0.0201
R ) a=0.9726 2=0.9961 2=0.0045
= a cXp(—
P k=02413 RMSE=0.0173
GZOSRL e 9972 2200032
MR = aexp(—kt)+c k=03072 e o
01167 RMSE=0.0146
c=V.
a =0.4863
k=0.2413 2=0.9961  2=0.0045
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0173
700 g=02413
a=0.3242
k=0.2413 ) )
MR = aexp(—kt)+bexp(—gt)+cexp(—ht) 0203242 =0.9961 =0.0045
o- a3 RMSE=0.0173
g=0.
h=02413
=0.3161 2=(. 2=0.0032
MR = a exp(—kt)+ (1— a) exp(—kat) 4 0.9973 - *=0.003
k =0.5538 RMSE=0.0145
a=0.8794
MR (—kt)+ (—a)exp(-gt) k=02141 09973 “=0.0031
= a cXp(— —a)exXp(— =U.
P P8 a8 RMSE=0.0144
g=1
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MR = explie®) k =0.2855 2=0.9974  2=0.0030
n=0.8905 RMSE=0.0141
MR = exp(()") k =0.2447 2=0.9974  2=0.0030
n=0.8905 RMSE=0.0141
a=0.9973
MR = g expl_kt™)+ bt k =0.2465 2=0.9975  2=0.0030
n=0.9001 RMSE=0.0141
b =0.0008
a=0.9750 5 )
, ~ =0.9962  2=0.0044
MR =a+bt+ct b=-0.2270 RMSE=0.0171
c=0.0186
, a=-02446  2=0.9953 2=0.0055
MR =1+at +bt k=0.0211 RMSE=0.0192

3.43 NEIRUKEIRE THERBAET

TE [ 58 e 4 i 5 KR 55%, T ThR S00W N, AN IR N A A B & T4
117K 73 Bt MR 50 8] ¢ Z (8] 56 R 4355 12 R 2 o Bk AT TG, 198 7 & Fh
TREAER ) RE R?. 2L RMSE, iFHARWNE 3-3 R, Hb, S TEER M
LA R B AR ) Midilli #278Y,  H KN Page F1 Modified Page #5AY, FHAMERY KA
e bR B N A AL, LA 2R B 2 19N Newton 7Y . Newton #5 7 [ 2 8¢ /N, 1E
0.9950~0.9961 i lH 2 /], 2K RMSE &K, 43HI7E 0.9951~0.9956. 0.0174~0.0193
0 B 2 8], 3X R B Newton # B! [ #l & % 7% . Page 5 Modified Page W M8 27
0.9978~0.9985 i Bl ] 424k, 2K RMSE 7F 0.0020~0.0025. 0.0110~0.0129 iz [l 2
], Midilli B<7% 27F 0.9978~0.9985 Ju 484k, 2% RMSE £ 0.0020~0.0025
0.0109~0.0125 Yu [l 2 8], Midilli #8135 77 1R 1% % 55 Page 5 Modified Page H M
RURH LU /)N, U0 B2 R 0L 5K P AR O B s, RS 1 T R ek A, DRI b ik
Midilli 152 844 Ry H IR AN B0 D 28 /N A 028 V8 R - S S0 B R Moo R 1) Al
B,

K 3-4 AN[ETBGHR BE T TR R A A 45 2R

Table 3-4 The fitting result of different microwave temperature

PRI BE(C) AR S PEOME AR
2=0.9961 2=0.0051
MR = exp(—kt) k=02512 0.996 0.005
RMSE=0.0174
a=0.9726 2=0.9973  2=0.0036
MR = aexp(—kt)
40 k=02413 RMSE=0.0145
GTOSEL 29083 2200023
MR = aexp(—kt)+c k=0.3072 e s
RMSE=0.0116
c=0.1167
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a=0.4863
k=0.2413 2=0.9973  2=0.0036
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0145
g =02413
a=0.3242
k=0.2413 ) X
MR = aexp(—kt)+bexp(—gt) +cexp(—ht) 203242 =0.9973  “=0.0036
- RMSE=0.0145
g =02413
h=02413
=0.3161 2=0.9983  2=0.0022
MR = aexp(—kt)+ 1 —a)exp(—kat) ¢
k =0.5538 RMSE=0.0115
a=OSPE 2 h99sa 20,0022
MR = —kt)+(1— —gt k=0.2141 o e
@ exp(-k)+(1-a)exp(gt) RMSE=0.0113
g =1.0468
MR ” k =0.2855 2=0.9985  2=0.0020
= exp(=ht") 7 = 0.8905 RMSE=0.0110
R i k=0.2447 2=0.9985  2=0.0020
= exp(-(k1)") n = 0.8905 RMSE=0.0110
a=0.9973
R s b k =0.2465 2=0.9985  2=0.0020
= —kt")+
@ exp(-k") 7 =0.9001 RMSE=0.0109
b =0.0008
a=0.9750 X )
B , b 02770 =0.9974  2=0.0035
MR=axbi+ect ' RMSE=0.0142
c=0.0186
. a =-0.2446 2=0.9965  2=0.0046
MR =1+at +bt k=0.0211 RMSE=0.0164
2_ 2_
MR = exp(—kt) k=02512 0.9935 0.0056
RMSE=0.0187
a=0.9726 2=0.9968  2=0.0040
MR = aexp(—kt)
k=0.2413 RMSE=0.0159
aZOSEL 29978 2-0.0028
MR = aexp(—kt)+c k=0.3072 e e
RMSE=0.0131
c=0.1167
a =0.4863
k=0.2413 2=0.9968  2=0.0040
50 MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0159
g =02413
a=0.3242
k=0.2413 ) )
MR = aexp(—kt)+bexp(—gt)+cexp(—ht) o= 03042 =0.9968 “=0.0040
S RMSE=0.0159
g=02413
h=02413
=0.3161 2=0.9978  2=0.0027
MR = a exp(—kt)+ (1—a) exp(—kat) ¢
k=0.5538 RMSE=0.0130
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a=08794 2-0.9979  2=0.0026
MR = —kt)+ - ot k=0.2141 e e
aexp(-k)+(1-a)exp(gt) RMSE=0.0128
2 =1.0468
MR = . k =0.2855 2-0.9980  2=0.0025
= exp(=k") 1 =0.8905 RMSE=0.0126
R = Ly k =0.2447 2=0.9980  2=0.0025
= exp(=(k)") 1 =0.8905 RMSE=0.0126
a=0.9973
R = bt k =0.2465 2=0.9981  2=0.0025
=aexp(=kt")+ 1 =0.9001 RMSE=0.0125
b = 0.0008
a=0.9750 ) )
MR a e bt b 02370 =0.9968  2=0.0039
satbttct ‘ RMSE=0.0157
c=0.0186
Rt o a =-0.2446 2=0.9959  2=0.0051
=ltat+bt k=00211 RMSE=0.0178
2_ 2_
MR = exp(—kt) k=02512 0.9950 0.0056
RMSE=0.0193
a=0.9726 2=0.9964  2=0.0040
MR = aexp(—kt)
k=02413 RMSE=0.0163
a=0.8721 2-0.9976  2=0.0027
MR = aexp(—kt)+c k=0.3072 e e
RMSE=0.0134
c=0.1167
a =0.4863
k=0.2413 2=0.9964  2=0.0040
MR = aexp(—kt)+b exp(—gt)
b =0.4863 RMSE=0.0163
g=02413
a=03242
k=02413 ) )
MR = aexp(—kt)+bexp(-gt) +cexp(—ht) o= 03242 =0.9964 =0.0040
- RMSE=0.0163
60 g=0.2413
h=02413
=0.3161 2=, 2=0.002
MR = aexp(—kt)+ (1 —a)exp(—kat) “ 0.9976 0.0027
k=0.5538 RMSE=0.0133
a=0.8794 ) )
MR (—kt)+ (1—a)exp(—gt) k=02141 —0.9977 #=0.0026
=acexp(— —a)exXp(— = VU.
P ps RMSE=0.0131
2 =1.0468
MR = . k =0.2855 2=0.9978  2=0.0025
= exp( 1 = 0.8905 RMSE=0.0129
MR = expl(—(kt)") k=0.2447 2=0.9978  2=0.0025
= %P 1 =0.8905 RMSE=0.0129
a=0.9973
R s b k =0.2465 2=0.9978  2=0.0025
= —kt")+
aexp(~k") n=0.9001 RMSE=0.0128
b = 0.0008
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a=0.9750 2-0.9965 2=0.0039
- 2 b =-0.2270 - e
MR =a+bt+ct RMSE=0.0161
c=0.0186
MR = et epr? a=-02446  2=0.9955 2=0.0050
=lrar+bt k=0.0211 RMSE=0.0183

3.5 RE/NGE

A EE F B EL A UR -0 B B RN H T B A I, AN R
RAIKE (45%. 50%- 55%-+ 60%-~ 65%) « WIEINHE (300W. 400W. 500W .
600W. 700W) . TR E (40°C. 50C. 60°C) THEZMETS, RAEHU 12 fiE
B T RO B TS TR K o L 2605 o, JRRI e 250 2. &
Z R 2Ll 3T RAR 22 RMSE WP HLA RS FE AT VAN, BN

Tt R K E R AR SR B, B2 TERAM, TEREEZ
RIZR s o I A SRR TN B BG TR K0 S 12 M RE8re sl m s,
R Midilli A7 2 3E A IR AN R R 3 /KR . AN FERE TR . A FERR R T/
HA PSR, Midilli 7RG/ B EE TR, vTHT
/N BB TR AR R KR RS R, DU /N B A OB R R - S B
TR T2 BE TR Stz %,
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F4E PEABEERF-WEAETSHKETIRIZMMKL

A R TN B E A R RAE AR B, R, ERINEA
-1 7= A AR R aE T TR E RHEEE R . BT AR - BB E T % (Freeze-
Microwave vacuum drying, FD-MVD) Ui S 7 A7 A DL, BE#fR T
TR PR, SR> TR A, AR, Sk T/NE A FD-MVD ¢ T Z 2401
AR IR R . B T, WARD T/NEER TR, SGRER, XMt
R JTVRT DA RO /S B A Ve R IR B TR T AR AR ) 1) R, AT SEIE—P 4
TR AR S TR R 0 H AR, R B, B, @B T /N B 1E FD-
MVD SRR B i B K3, FREE& TR IR DL A i i E S R R AT 4R G . H
R, TR D2 R MR T HR IS AR G B A L R 2, DRI, R 1 AN IR0l D 3R 0
TN TR A SRR . e E, A/ B FE MVD i B HR AT R 3 BIUE 37 O 1A
&K, NTEHRIPDABERG TR, WEES TR s AERE X A, #1477
REVERR T, ETh, fEARES, WR—BERMAE K, RITAFERE RS KE,
TR Ty 28 J Aip it A S i o R RN [R] . 4EAE R C & 8 SRR
XP/NE AT FD-MVD [ T2 280K F i B kAR A, 15 H AR DREF R 1 7 it it i
1) TR I R AR IS BE B R A A0 /D LA IS 107 3, BiE 1 — B BEAR H Se H IR K
GTRTZSH, AR M 7 EWRKYE, Wt 7 EORSCH.

4.1 MRIERE

4.1.1 RIGFH
WM RS 2.1.1 Frid A RAHTE .
4.1.2 R 5GR5

il R, MIRIEAEEGR) L-PuR MR bsE s, AL R ER SR 2
"y 2,6- BN, EEEGKAEVREA IR AT NaHCOs, KREKBAFAHL L
AR

413 N H

Christ Alpha 1—2Ldplus 8256 % 5L AR TR (FE[E Christ 31723 %4 T EAHLA R
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AT ; RWBZ-08S BUG B2 THRAE (R 70 B TR & A IR AR, Th3 800
W) 5 CR-400 B2 (HANMJEREREAR)) ; BSM-42204 T KF (L
R T RHA R AR, K6 0.0001g ) -

4.1.4 I FHE

LRI T 2R

/N > PRk i R — A (4°CUKAE, K 3 A 3 A - TE - TV — 2%
KBTI - B TR R — B E

PR A ISR/ B A B s AR B R T 2 RIIK, IRREETIE, ¥
B, BL100£])g FEM, %

2. R ARG BT

BEAT /N A FD-MVD ZEANEFHEFAT T, BIF#: RS /KR Tk Th A . TR
JER A R (A TERSEE 2.1.3 bk 2-1) , TR, 484K C
TR, THMEE (AE) AFEEIER, #HE/NEA FD-MVD B %156 K 2 s 5 1
Ve, KT 3 IRE R RIS RECPIIE, 1EARANETE.

3.0 B AR A BT

EFREERE, R TZSHE, HERIEREEH S SKEX) kD)
RX) WRECG), PHRL ERER S TEEMNE(Y). Ve &8 (). BEEAE)H
KEZR, ARHBERPA TR LZSH, 47w R, me S & B & 5K L&

4-1,
* 4-1 WIWHZEAK P&
Table 4-1 Factors and levels of the test

= K
-1 0 1
i 5 A KR X0/ % 55 60 65
W X/ W 400 500 600
TR i X3/°C 40 50 60

4.1.5 RIGSEINE

LFEEKE

HEIER 2.1.4 B 2-D .

2.7K51 b

HEIER 2.1.4 B (2-3)

3. %

FR¥E CIELAB A, EHFEAREBIER TR, %8 CR-400 ta 24 &+
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e LY o' bME. THli SRR [ 1 2 RAEAERYE =015, AE

B/, B T i S EEFE R 22 Rk, R E R, RS R,
AE= (L =L )’ +@—da )* +(b =b )

(4-1)

P LS o' pOATHIBIREE . 2848 ERME: LY. do. blomnlRonEERE
WSS ZLaRE . B lE.

4 4R CHREMNE

N VAT T A I Z5 SRANE R, SR 2,6-— St By B i e U7 R T
NEBPFR4ELER CEE.

4.1.6 Gt PthEE

. FH SPSS 27.0 B AT BAE G vH 534 ; KA Design-Expert 12 $H Ab P e 3 17] 43
M, S5 N TFME, EZREEEoIrEE REER T EZ5I (ANOVA) kit T4
Br, ZE5REEMEKF N P<0.05. Origin 2022 34T 58 A 21 .

42 £ER51TR

42.1 BEZRREERS 5

(1) ¥ fU8 7K RN HiR B T) % i Jo (%) 52 il

TEVETEARIRE N-40°C L T Th& N 500W . T iR 50°C IRARER A3 T
AN [F e 4 fUS 7K EE /N LAY FD-MVD TR 18] . 4EAE 2R C 5 B (0 338 1) 52 ) [
4-1 fioco BIEATI, 4B 3 C B2 H THEE K6 SRR M2, L2ME EAE
B, Ja XIFME TR, TR R 5 e S S K R REOEAR AR, T2 2B 5
KA . BH N, e S E AR KET BY 65%, 4§ F 75 BB (8] 3.67h (FL
MVD i Bt ()T (B8 10min) , RIAL A TS /N A R Rk & e,
AUR TR (B BT . IXO2 RN FD 43 AT HE TR M BRI fR AT T B, TRy
FHEE, R THIAET, YEIFGFAE, Getus 2 Ryek i b TR 25 IR i
BIKe FETHETIRTERG, A WM EYRL B 456 /K 75 S8 AT Tt
Z BB G TR BONEIS I —55r, R . M S SRR ER, AT THE
FHEEBT B, B DA (R R 04 AT, B e s S KR BG4 ER C
& EeEmE M. B ST IKER S50% (61.677mg/100g ) Fl 45%
(53.073mg/100g) I}, 443K C S EANEAR. X2 T &Rk R Sk R,
/N TE B TR & R AR B (R R 2 SE K . SRR, kAT
B SEEZ4EAE R CHIER. Mk, EUBIRKNEKEHATHIRN, 2%
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A G TSR FERTK, MNMEMR4EAE R C SR MIPFURES . e S5 KR
60%I}, 4EE R CHEEEN 79.17mg/100g. 4/ 75 T i (02 5 e 5L 0 (0 ki s
WTHS, Z{EAE /N, Tl 5 AR T .

B b, ERRBE A F A m KR I BRI PR, TR DR A P 4 a5 7Kk R ek vy
B LS TR () TR, i T R SO R /i (RS N [MFr4:
25, NAKHHGOSHIEENAL. A, MVD NI, BEE T4 8 i 4E
K, MR RPISRESINE, X0 TR/ A EANBEIEAER . Fit, FEik
PRAENE 48 50 T 18] ELRE A SURAT 4 AR &R C MR 5 & /K RV, 7E 55%~65%
BONETE,

16 98

B AE C 1 %#ARCER o T (A
a

L |
D
S

. = 80
14 - ab = 17
a —75%
m ] =)
< o =
12 - C b _702?[_?!_—65
] 8% | 5%
go [
d 465 = nd g;i.
10 C ] §HE@1'52E
d ® =
S
S
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N
E
1
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o w
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W
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Moisture content of transition point (%)

B 4-1 ANF R sl S KR NN A TR a2 R C &

Fig.4-1 Drying time, A E,and vitamin C content at different converted moisture content

(2D Tl T 28 6] I BF 1] B b i F 52 el

[ 2 A RIREAE-40°C o 4 i B K RAE 55% IR AR S0°CHY, ARk oh
RAI/NAT FD-MVD TR, 485K C S & L BEREME 4-2 Fix. 4k
DIZH 500W B, Tl miged 3R C S Emm (74.64+£2.58mg/100g) « L Z{HAE 5
/N (11.2040.22) o M EIKERIEE] 55 %), ik BT (Al e fk T3 (300, 400
500, 600 700W) [FtEmIK/D. HF7E MVD 224, Rk aE 2 L0 B2
BN BT, B TR ] DRt 2 () Re &, k) S Pt AR R, ki
WK ZE R WA D2 3 i, R BT R ) IR P B SO ) e T 2R % A A
SIFET:, IXAEAFY 5 RE e B SO R A e FvRe, E— D HES) T Ak T
TARTE AR KK BEEE,  [RIHRE 0 S TUE R B 19 m, A Rh4es 17+
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ER P R 02, Sk D 2B Ry, NEAE AR C EEEIH —FE BT
JE FRERESS . X2 BN E R DR B MIIE 0L, T #8556 2R T8 2 X (],
ML), 4EAE 3 C AT RE 2 DR A0 S BT /R RV B N B s T o e bt v
SARIAERIR T, ERIRMEE N, A ROEE A 5 E N, i 4E A = C
s, AR PN, BN, SRR & A EHAE, HJK
S A SN G R, ST Th R AE 300~500W 2 [AJi, B T AR i 45 4
AE (2B AR, S0k DhZAE 500~700W Z [AJI, B TR A58, AR X
TG BTt EAERNZ, EXAEEN, 300W Fl 700W X F M % T Itz
BOR, IX AT RE AL HH T I TR P 5 DA A v T 3 2 3 300 5 R 4 7 T B AR 73 e TRl
DNEEARBITEOL R, /N A ETOE S0 TR ML P B TR TR ARG, XY
RS 2SR H SR e, R, W RN R AR S, M3
P SH RS E AN ZE R MR, R DRI &, PRHE AL ] Py IR
Wk et 3N, XK S EURE 2R BT, NER NIRRT REE K, FEOMNET
ATy, B HDUERIE L, X o0 aFIE R AR, 2 S EAE E M BT
g bR, ATH/NEE TR R C T ERKRE D BEEEEEE I,
TR Th 2R () B RV A 400~600W .

16 80 ~5.7
B AE [ Ididekea® o Fmm
ab
I 475 «
a =
oo
4r 70 =1 5.6
- S oae 9.
g | =T
{es 2 | oo &
C o O =g il
2. B
m y -
¢ b —6003HEI—5.55
S
: G
. 155
- 50 .

. . : 5.4
300 400 500 600 700

Microwave power(W)
K 42 ANFEREBTIR N RN AR TR B2 RGEER C A E
Fig.4-2 Drying time, A E,and vitamin C content at different microwave power
(3 A IR EE T MR 8] B it o2 P52 0
[ 78 P R IR L AE-40°C . B H il /K ZRAE 55% . STy 500W I, AN A iRt
IREEXT/INE A FD-MVD T[] 443K C & 8 L B E R ma & 4-3 s . i
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BEXTF/NAT TP TR 4R C SR AMBZE, #7447 EIRIIM.
BEE ORI S, TR A4 ER C ST EEDE FHRES, R, BZEHAE
MBI EFARNESR . KRBV EIE 7/ As N KD ZREE, #1145
PRHEE N — AP K RS, AT b T T A5 B 75 (R TRVE0ST, 224 Rl 3L P
wones, 44K CERMEZFME, £ 50CH, #ERCHEREAR THRAME, N
74.74+2.58mg/100g, TMEIREER] 60°CRf, 4EA RS %%ﬁﬁﬁmwm%@m%,
FT S0°C AT NI 73.6% . JE R FE I SE T RE M0 TR AR, H 2 an SR R I

AlRE FEYEE R C IR R, ﬂ%i%c%ﬁ%#iTﬂ%mWo%%,ﬂé
ZE Bt BT v G ORIESS, IX A e R iR B B T R 1/ A AR SR A g
P& AR () SE A S S, A T i 5 A 2 R PR ZE AR BT G I, /N A R 22 0T
CRE AT, T SEBVBE B RIS 1A) DL R SR A DR B 4R A IR C I, aE BRI
TR W ETE 40 3 S0°CHI X TR BN A 3

16 - — — 90 ~5.7
B A [ JdidEcsiE e TR
14} a i =
T 180 5
a = . 5.6 5
12 F o < 4
o % E =
> ¢ {70 2 % | & &
< b g o :’.E
ol "% | E=
2B 1s5sE
160 =
gt b . &
6 j 50 154
40 50 60
Tl L

Microwave temperature (°C)

K 4-3 ANFERBGREE /N AR TR TR B2 RGEER C A E

Fig.4-3 Drying time, A E,and vitamin C content at different microwave temperature

4.2.2 M M EIR SIS ER

$£ T Box-Behnken Wi b7 [ ¥ 11 8 oH N, SR A SR R 9286 v, 3 A T s (]
(YD « HEECHE (Y  EEAE (V) 3 NEFRERWNAE, XH/NE7 FD-
MVD IR S S KR (XD L TR (X)) « EEE (X3) 3 ANRIE T

TR . R 545 RNk 4-2 Fios.
£ 4-2 WA B 5 45
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Table 4-2 Design and results of response surface test

4K 14 b2 T iR = &) A \

Xi/% Xo/ W X3/°C Y1/min Y>(mg/100g)
1 55 400 50 361 63.333 10.01
2 65 400 50 262 80.385 14.24
3 55 600 50 358 48.605 11.13
4 65 600 50 259 79.167 14.87
5 55 500 40 363 64.381 9.68
6 65 500 40 264 87.083 14.04
7 55 500 60 359 41.8 13.02
8 65 500 60 259 76 15.86
9 60 400 40 301 90.086 11.19
10 60 600 40 298 75.18 12.13
11 60 400 60 296 75.724 12.91
12 60 600 60 292 61.834 14.98
13 60 500 50 295 72.069 11.92
14 60 500 50 295 74.113 11.98
15 60 500 50 295 76.277 11.97
16 60 500 50 295 73.077 11.51
17 60 500 50 294 71.575 11.83

423 EIRBIE R FES

iH 1T Design-Expert 13 X} 3 4-2 F1 {50 45 SR 4T B 415, Box-Behnken i35
AR R ENAREA,  BARSE RN (4-3) ~ (4-5) Flan.e & B ARERY ) 5 22 50 i
LR ZAE T INER 4-3 s
Box-Behnken i %40 &15 /) B ECE T T 2R [ENEHTT N
Y1=297.80-49.62X1-1.63X>-2.50X3-0.25.X1.X3
-0.25X>X3+14.85X12+0.35X22+1.60.X32
(4-3)

Y>=73.42+13.06X1-5.59X>-7.67X3+3.38X1.X>
+2.87X1X3+0.254X2X3-6.97 X% +1.42X2%+0.864.X32
(4-4

Y3=11.84+1.90X1+0.595X>+1.22X5-0.122X1.X>
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-0.38X1.X3+0.283 X2X5+0.534.X1%+0.187X>>+0.774 X532
(4-=15)
43 [m| A T 22 05 M
Table 4-3 Regression model analysis of variance
- FAEEIF 7] Yy HEZRCHEY EME Y
F1H P1H FAH PiE F1H P1H
Model 10403.14  <<0.0001"" 37.07 <0.0001™ 80.76 <0.0001™
Xi 8897.82 <0.0001* 191.75 <0.0001™ 430.30 <0.0001™
X2 95.40 <0.0001* 35.14 0.0006™ 42.37 0.0003"*
X3 225.81 <0.0001* 66.12 <0.0001* 177.02 <0.0001™*
XiXo 0.00 1.00 6.41 0.0392" 0.8979 0.3749
XXz 1.13 0.3233 4.64 0.0682 8.64 0.0217"
XoX3 1.13 0.3233 0.0362 0.8544 4.78 0.0651
X2 4193.30 <0.0001* 28.72 0.0011™ 17.96 0.0039*
X? 2.33 0.1708 1.19 0.3110 2.19 0.1824
X3? 48.68 0.002** 0.4410 0.5279 37.73 0.0005™
SR ALLT 1.25 0.4028 3.42 0.1330 2.77 0.1746
CV.% 0.16 3.75 2.06
R R R? 0.9999 0.9795 0.9905
H: CBE (0.01<P<0.05) ; “EEEE (0.0001<P<0.01) ; “HKEE (P<0.0001) .
Note:"significant(0.01<P<0.05);""highly significant(0.0001<P<0.01);""extremely significant(P<0.0001).
MK 43 FH, FiR 3 AN EABEANER L & B R, e BT RS R 2 U,
SRR, AR B O, 3 AN E R (A 5 R RN, WA

FERE ARG, MR & . S4h, 3ARENERA IO R R EIEF L 1, XE
W BA RIGFIIMARR, EIAEEEA SRR HME. X MVD B B 5
(6] [ AR AT S0 AT, R I 4G B 1) [ U 75 R (R0 21 P AL<0.000 1, 33X B WA LA
MBAW SR RIE X2 T TR 8] 52 2 & R 1 (P=0.002) - M F
RS RKE, A ZA TR (8 R DT NIRF AR IR A s e s Bk (XD
IR (X3) « WORIIR (X)) , H XXX MR Firol 1.25, H5F N
PifER 0.402 8 (P>0.05) , XULBHRMIIFA G, #E—BuEse 1k iR 248
XNy BIEATTRE R2 N 0.999 9, X ERE LM EFEREE S| T 99.99%, A LAEHN
(LB TR0 TR R) . dEAE R C S BIARIA T, WEEVE FERN 37.07, XA PE

<0.000 1; M FESHAE, SEEML4EER C E5ERTTEE B KB/ INIRFE K IKN:
S &K (XD « WIERE (X)) BURIhER (Xo) ; RAIN Fieol 3.24, XN

1) PLeAE A 0.133 0 (P>0.05) , AAERMEIFVIRAZEARE, RRREIRZER/DN;
JFAHFER2 N 09795, LM INEFEEE I 97.95%, RIZARAYA] DUR I3 10 T 4 4= &
CH&&. fEBERIIEMy, T3 F{EN 80.76, XM P{E<0.000 1, IX=HKE
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F4E NABTADOFWRASHATRISHE BATFAEMEERILT
AR BATIR S K R e . BRAh, RILAER Xy X0 T (0 Z (HAE KM AR B3 .
PR 2 (B AE JIS20 B KB/ IR KU s Rl 8K (XD Sl
(X3« WIIR (X2 5 BEERIHTTRERN R? &Ik 0.99 UL, REREEUT i il ¢
ZH,

424 ZEREXEER O

yERURYIE =410} A TS P D G = PR s o U V& = A =AU P B X DA 3 93
R 22, EVRLPRI RIS AR, o o S T RTR e, SRR PR 3R A 5
B TN [ VAR A B 2 AT AT, R R A BT XXo s XiXs XoXs % el
INEFE B B SEME  2 25 f) o D ] T N T P R A e A B SR IFEAT R EE S, L]
4-4~18 4-6,

Kl 4-4 BoR TAEMBAREE 50°C T, e s 2 /K 38 5 Rl D F00 1 i 1) (1) 52 HL
ER . AR, R BRRE I SO KRR, sk D 28 i 38 b0 vl 46 J6 18 Ik (A
IR D R Qe FFAE — MEE KT, I ABEE TR A SRR R, TR
R EZ . GREIR, F# RS KR 55% AN, HAREr AR R, £
BUR G i 5 7K RS /N LA B I TR] AN A

FIRATA) (min)

600

550

500

RThE (W)
TH/EAFE] (min)
[\
3

450

TIRINER (W) 61
s 57 59 61 63 65 600 65 OO EEMRMEIKE (%)

EARRBIKE (%)

400

B 4-4 38 BAF % A5 s 1) £ 5 i
Fig.4-4 The effect of interaction on drying time
Kl 4-5 N HAEHXYEAER C S RN, HE 4-5a A1, i D23 10 T m i
ez CEEWUDN, iR SKEF TR 4R C S Em, w7 h i BT R
TR RAE T BE MR, @RS R UREL, 44 FR C S EEE kN
FKFE AT RAERZME R, R A ESKERTEE R 61%~63%I, k%

45



F48 PEBESRF-HREZSHKETHRIZMRNK AAFREMEFMILX

JLHE N 400~500W B, THlfMI4EAEZR C S EmI . B 4-5b RIFEH S S5KE (X))
SRR (X)) M4E4 R CEENRW, EMIREEER, 4R CESEE
o AR BELIEA G, B b SRR —ER, 4EER C HE SRR E 2 A

00 HEEZCEE (mg/100g)
100
90
80
2 70
o é” 60
" W 50
2 q
- #H
&
600
65
/L N 61
RURTHER (W) 450 59
55 57 59 61 63 65 400 55 ST gt idkeE (%)
HEHREIKE (%)
a Bt i S K BRI h A A 3K C R AR
a.Effect of converted moisture content and microwave power on vitamin C content
HEEZCEHE (ng/100g)
2
i} e
X =
L
4o
@]
H
#®

i A K (%) 55 60 ,%gﬁ%

55 57 5 o 6 6
IR BIKER (%)
b et s S KRR FE X 4R R C S R AR
b.Effect of converted moisture content and microwave temperature on vitamin C content
Bl 4-5 T HAE X 4R R C SRR
Fig.4-5 The effect of interaction on vitamin C content

MR 4-6a 0T LUE Y, et S /KR SRR TR 2 HAE R AR,
o AR R S KR AR S i L T PEE B R U W A i 5 7K R LR 1)

46



F48 PEBESRF-HREZSHKETHRIZMRNK AAFREMEFMILX

SCMARERE K, AE BEFE il S K B TH o B K, Bl B2 A9/ s/ . ] 4-6b
TR T R G R B AE RIS EAR, R Sh & R AR I S AE & IE
FHOG, TR Th &% SRR BB AR, AE 8/, AR T4ERe ) A 6, 7E5
WD) FHALIT 400W . SHBGR LRI 40°CHY, NARTH M EER N, 535, K 4-6a
(Y55 v 26 7] 1] 4-6b AHELBE D9 5, R XX IR AS LA YRS XoXG [ 5E 38

60

16
15
o 14 -
%( 13
-Eg 12 -
€ g1l
10
9
40
45
HE‘E‘TSE? ol >
By ==l (OC
55 57 59 61 63 65 PlsmE (Chs 60 65 63 HEHRREIKE (%)
HIRREIKE (%)
a. A m 5 TR AR ARG, 2 X €8 72 AR i)
a.Effect of converted moisture content and microwave temperature on AE
16
15
:
Ei? 12 IS
b
= g 11

60
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IRIREE Q)
450
400 450 500 550 600 40 400 RINER (W)
HIBRENER (W)
b I Th A AR i B2 o €00 22 ) 5 M
b.Effect of microwave power and microwave temperature on AE
P 4-6 52 HAF F o 60 22 R S
Fig.4-6 The effect of interaction on AE
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42.5 FD-MVD FI1E T E& BRI IEIEIE

(1) HEIRFRIIE

* 4-4 s N/NEA A FD-MVD AL 2240, &Zi#id Design Expert 844 Itk
TR, BB TR . BZEEAE BARSHCN “minimize” , 44EFR C H=EHR
ZH0N “maximize” o LA T ESHOHAT 3 XEE LR, ARPTUEH, K55

ESEREERBD, RYZEATERE S,
R 4-4 W LT AR5 X P BRIE S R

Table 4-4 Response surface optimization and comparative verification results

HO A K% BORIIREW ORI C *?ﬁﬁ.ﬂﬁ“ Ve o 2

min /(mg/100g)
BLIRE 2 61.24% 400W 42 288.48 89.122 11.81
T 56 B0 61.14% 400W 42 286.02 88.559+0.37 11.38
AN iR 2 / 0.85% 0.63% 3.64%

(2) T3 ) BRI

I = RmECE TSN T ER AT, 1S T RS A IR A TR R A R
B ——Midilli B8, FRR LT 15 T 2550 T i U 7K 3N 61%. KR
400W . TR E Y 42°CHAT /D B ERS T1, R sEie s RS Midilli B8 (1) e 1
TRTEE, nlE 4-7 Bis . ANEL 4-7 ATED,  BEE TR 43 Ll e 4 5 B O IO 45 SR ik
A—E, R Midilli BLAY BRI 1T /N A8 T025 VA VR -0 B S A T i R A7 A
L, BB T TR R2=0.9980.  2=0.0024. RMSE=0.0106, FHMAIRRIF,
2B 77 FE A MR=0.99546exp(-0.2911t°9672y+0.0177t, £ IEAE -, B B g 3 i 3
SRR XN AR S TR R K 20 HE MR 5 TR TA) ¢ B AR AR HEAT TN, S
X T2 SHONET R R, A B PR TR ReFE AL T8 s 0 EH 1

FitiE

LA

0.8 |

o
[=))
T

7Ky E
moisture ratio

04
02
0.0 F
1 1 1 1 1 1
0 1 2 3 4 5
FJgIw [R]

Drying time (h)
B 4-7 L TR 256 AF T Midilli TR0 AIE HUES
Fig.4-7 Comparison of Midilli drying models under optimal drying conditions
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43 KRB

A B AN B A LTRG-S A TR T, R e N I 77

Box-Behnken H .0 G THAT, ER—REIRIGLS R IR T TESEMMmAK,
FEERN:

(D ETHREZRALK, REOW S ) Box-Behnken H 004 A B AL 47
et /NE A FD-MVD, @57 7 BER =R G 5K, kI, MR
TR AR, 3 A [l A Y () e S R0 R2 4399008 0.9999. 0.9795. 0.9905, Fnil&
ROR LA . SRR 20 T Al iR C & & LB ZEEAE B2 R LR/
e B S TR RS RO > TR Th 32

(2) T R0 Th A8 55 F i s 5 7K BRI A8 LA O = g e 1) Fy o 12 pi T P
LS50 R S BRI, TR (R A NG n R R s B K R
R, AR TR R AR T R . EAE R C %ﬁ%ﬁﬁ IKF 5 ) &
(922 ELAE R (e o7 il T P AR AR S B s B KR T AR R C BRI B o B3 .
AL, P RN E NERLER, TLEH, %M&%%ﬁﬁ&ﬁﬁﬁ@%ﬁ
AE HISZURFHEG, B 37K R ST iR A8 AR - B .

(3) @S ML TZEZS 8N B mSKE 61%. MK ThE 400W. +
PRIRJE 42°C, Z T2 NE 3| TR A] 286.02min, MIXRZEN 0.85%, 4iER CHE
88.559mg/100 g, AHXTIRZEN 0.63%, tZ{H 11.38, FHXTIRZEN 3.64%, @itk
BARHEAT TIUE, 193] 7 SEW AL FARIT SR, UE TR AR RS 2 B S
TZZHEAER. IR T ZT ECE T 8K o b5 508 = 545 30 1 Bl B 44
B 1AL, Midilli BEASBEAT LG, 3 Hd A B A B /) B A 3 A R - T S A B
BT BUFR A MR=0.99546exp(-0.2911t9672)+0.0177t.
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E5E NEABREERF-WREZKETIRERS

FEATIT A BT, PRNIRDY 1B 28 5 00 30 25 v R - Tl 31 S B G 1 ki 1 S
TN 1%, TG TR T ZS%, fHREENKE TR TZS8. AT
ERBEGTIRIE IR E AW, & TR RETR T2, RIaihTE
(Infrared Drying, IRD) . # X T % (Hot Air Drying, HAD) . ¥ B =T
(Microwave Vacuum Drying, MVD) . HZ% % T (Freeze Drying, FD) IX[U#f
f50 L HLUR AR BT R AR /N B A AT T T, RS 0B VA R - T B
BeA T4 (Freeze-Microwave vacuum drying, FD-MVD) LTZESHTIE TH/NEHT
fil AT X, X & TR R e BOKE . B IR Lo S R AT L
Bortr, #— PRk FD-MVD /NE A AAT M, BORRCE A SE AT, I DL E N A
FE it AR E R AR

5.1 8 573%

5.1.1 G H#
WM RS 2.1.1 Frid A RAHTE .
5.1.2 W E&GI 7

WA BRR. L-DURMBRAsEM . 2,6- S BB N EL . NaHCOs. SEALEN. Bk
AR, B9 o A Al o

5.1.3 (& F

DHG —9070A Y i HfE i 3 X T (Rl — R A E R A, ThE 1550
W) s RN IR CER AR A, Th% 0~2 kW); Christ Alpha 1—2Ldplus SZ
1= BSWH TN (FEE Christ W HETIENARARD 5 RWBZ-08S B &
TR (AR BT RS ARA T, Tha 800 W) 5 KQ5200DE Z H4% i 75 I
VeSS, BILmEAEIESERAT: CR-400 B2 (HAMEEEREEAT]D) |
SU8010 37y &K S 34 fe T B 448% (1 57 Hitachi A ®)) ; FWI100 =53 7 REMFEHL (it
TWRIHFHEHRAFD 5 HTRF (RS ETREARAR, K 0.0001g) .
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5.1.4 WMIEHE

I T EMFE: DABF PR EE R B EeCKIE, K 5 A5 —iE i —
WT =5 —E B> TR B E -2 B — TR AR I E .

AR RS/ A B R R RN 2 ROK, IREVIE, ¥
FAZECH, BL100+)g #E b, %M.

—> HFRT IR

—> EARI S

INBEE BEAETR B, &

> RREETR

— HLA-BORE
SHATHR

K 5-1 56 A K
Fig.5-1 Test operating diagram

LTRHLSH: AEEATRITT P A 65 BT T 20 SRR, 4T 4
FISE BRI TARBEAR . T BRI 10— BCPEAIAT L b, EIRRE R TR AR B
Ty e THRHLA S, BN AR A FIF R TARS%, SHOLE s-100
39+ 76]

K 5-1 THRITIE LT IR S HO0E
Table 5-1 Drying method and dryer parameter setting

BE. VaRrS ZHRE
FOA A IRJES0C, KiE2.2m/s
AR O LIANRESOC, TIF6.7T5 W/ g
FLAS AR TG A PHEEE -40C, AR E60C, K N2Pa
TR B2 T4 MR EES0C, Th#%5.00W /g
ABHEE-40°C, TR E42°C, ThE4.00W /g ,

SV L T
o o B3 5K 61%

5.1.5 IRNIE S HUNE

L2 K E
HEJER 214 B 2-1) .
27K b
HEIER 2.1.4 B (2-3)
3. %

51



B58 JNATESAFMREASHEATRIEN BAFAEMERMRT
HEIER 2.1.4 B (2-4)
4.f83%

KA CM-700d 2440 S A, I Tk AR /b B AR, idsk LT, at, b
A, PRUEAERTE, PR ESNE 6 I, BCFE. Hd, LMEXRRDEET
BSEE, a AR/ NARMLASE, bERR/DEENEME, ABEERRTH/NE
B ESFEENAT R GEZE. BN AR EESE: Li*=60.02, a*=6.81, bo*=46.77.
AE HIit5 5% 315K (3-1) .

5.8 K

FEHPRIL 5g 185 IR i BT SmL Badh, K 2T 80°C 7K i WIR I,
PA 30min g (8] (B R b AT AR &, RRRHUH JE R R 7K 4 R 4RI T, FREHE &,
HAEFEmAE IEROK sy, ERRFFAZLR {71, BI/KE (Rehydration Ratio, RR) 11
/NS W INEY

RR =

" (5-1)

X ma HEOKFIFE R ER, g m NEKEREMNESR, ¢

6.4 % C S &EMNE

ME 7732 0R 3.1.5 R4EAE R C S RMNNE .

7R E B & = E

PL GB/T 12456-2008 $447, KRB e E&7, BB IRN:

/NS ORI E R BRI KN A T DR BB Rk, S SR RO
0.300g A5 Fr+6mL Z& 1R /K, FEBFER 78 70 BIF B AL A5 78 70V T 280K, T 50mL &0
BEWNIIMAEERTEGRER, BT 00E 0 10min, 20245 E N 4000r/min,
MR NN ImL 850 B 5S 20mL Z&488K, JEW N Bk R~m, mRE
BI5)iR G, {HH 0.1mol/L ) NaOH ¥ i & 2R G A AR 4064, id5% NaOH %
WEAE R

8. UM L1

T8 s i e H LR A, R B R B AT A0 B, s 4y BT LA
R P AR, HUMRREAR AT SR . TG, RREARE B T iRk T R A T
ZJGEREAR RIS, T BB A, @it 2 7 A E SR
AAFE XA SR, FRk A BERE AR Tk, AT N5,

5.1.6 it Pthax

KA ge it oy B K M SPSS 27.0 B, $9SR AP BIE, SRR R U7 2 0
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(ANOVA) FikitiT 2R BE ST, KPR 0.05. 2EKH Origin 2022 #4F.
52 BRESH

521 NEEFETFRAETHEESH

EFERE T M E B b —, X SMEA BB, NESTH b E
MBS ER A, B2 S BTN B R OCVE LA bMET . A ETER T T R
i 5-2. Bl 5-3 for, NABETEAEE, LEDFEK, XRRTH R E
EEFEAE LU WG, HoH FD-MVD A5 525 L', FD. MVD X2, IRD #1 HAD #
%, RUABLA THEAT LG IR RE DN A I EE . T IRD 1 HAD 8 5w
IR A, 7E S Fr 4l i B A S AL S RE T, AE)RE R AR M AR, LHE A8 4 e B 2. 180,
HAD I [A] LG IRD B4, df LYEPEAREE I 2 . MVD fAE AN S, i il Jm fBad #,
PRI, SEA /BRI BAED, 5 M-I FD KB5S FD-MVD 5
AEAEAE, SEFEREFZEMNEC/N, XZHT FD 5 FD-MVD T 24 TKIR . 1K
JE ARESREEMIE S, MH) TR RN, SEEMAEE D M2, IRD &
HAD Tt #2 4 i TR I (R B EE R RN, KO ABERIER . SRR iR
FERI RSB AE . ARRE B A BRI SR 3R, S EURE f EBLROR Y,
gRa DL ESE R ATE, SRAMGIR . B BT 4R 07 U AR 68 S i M R RE /N A IR 6

a. AT H(HAD) b. ZLAHT8(IRD) c. KA WU TIR(FD)
a. Hot air drying, (HAD) b. Infrared drying, (IRD) c. Freeze drying, (FD)
‘ ”:“h’ ;v“t-; .
d. e AT ER(MVD) e. FAR IR R k5 T B:(FD-MVD)
d. Microwave vacuum drying, (MVD) e. Freeze — Microwave vacuum drying, (FD — MVD)

5-2 ANV /N ELA T
Fig.5-2 Different drying methods of Small white apricot dry products
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0| i E1 %
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0 1 1 1 1 1 1
[EFES HAD IRD FD MVD FD-MVD
T4 777 Drying method

K 5-3 AT TT R B/ LAY
Fig.5-3 Color of small white apricot under different drying methods

522 INEBRFRFIEGETHE KD

SR AT CLPEA ) it i SR T VAR 55, I BRRE g 5 | S 1) S5 A AR A R
S ZEA R AR T, K EUAERRR,  Ud W pR 458 5] RS ) 465 4 738 A AN 8 235 440 PR e R
PR, RERS IR B R FOR ST B sy, TR . AN [E TR 5% A T /0
EA SRR K 5-4 Frox, &t 2hiRIE)E, DNEETEKEFEZER, HAD.
IRD. FD. MVD fl FD-MVD 47~ i &K 408 2,91, 3.05. 432, 3.63. 3.87, H
H FD 1 FD-MVD & /KB E & T HR =M. XERF AR GREREKTE
BT tedr, TERCRIOK SRR T A o BE DL ) 5 32 2GS M T i 2 FLIE 4IRS, HAD 119
oKD, BT REYRLK 7 N TSN I2IT 8, R PEREE T, SFEA
B EERBAL, HINGEH I N L%, PR R sz #ivad Bk Al FEAK T Bk 2
ASIKPEREBY:; AL, HAD Ff it AH 2S5 AR TR IS A P B, 972 PR il SR A R R0 3 30
SFKMERERRR— D EIR A . IRD 5 HAD ML, RN TR A X B dd, BT BLE K
PEEL HAD 41, BT MVD WA E AN B8 400 LRSS 2 16K, ZHZUER
8K ZHEN, BN T2 KR, g4 EATR, FD 5 FD-MVD 40/ (345 16l i
(R 2K i Jo e
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6
B gkt

K
Rehydration ratio

HAD IRD FD MVD FD-MVD
B VIRrS
Drying method
K 5-4 ANFTFERITIEE T R/NE A 2K EE
Fig.5-4 Rehydration ratio of small white apricot under different drying methods

523 INEBERRFEGETHEFES T

YerE R CAKIBMEE R, BAANFRE, el BE A RBUK, %
oy fiesl, i 5-5 w740, FD A FD-MVD A /NAR TRl P RgEER CHREEE
T HAR 34, XFEER BT MVD. HAD } IRD 4 AT, K e i) T8t
TR 4E A R C BEIE AL FFABEMED; 1 MVD FANARSEER CHETEMKT
HAD K IRD 15, WReRFNH TN A, 4438 C SR EEMN A, ik
BN, SE®E. BT R, FD A FD-MVD SR H iR PR Mg & &, X2
UM ARSA PG R T 44 R C IR

A7 S TR TR S R ) EE R R R, SRR IR XU 0 T R AT
HAEZERME, WK 5-5 iTLUEH, A FRFEAER RS, HaTe R
HFERIAK/IMKKN: FD>FD-MVD>MVD>HAD>IRD. T, #TFERAL Ik
TR (AT E BRIVR ™M, X R TR KA [ R AR T, R R R RS PR
BTN REDRME HERRE SR, SRR ER S 2K FD &/ B8 FI4R 00
EMRE BN 1.36%, 1 FD-MVD N 1.25%, LEZ AR TG, HEBETIRE
NI /N T AR T, HT R ACR i T MVD. HAD X IRD.
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P 5-5 AR BTN R/ AR 4EAE B CORTRTR E IR &
Fig.5-5 Vitamin C and titrable acid contents of small white apricot under different drying methods

524 NEEAETERGE TG

B 5-6 9B A F TR A BT T/ B T ROR S B . BT
DA, ARFEETETERER/DN B8 THL OSSR R % 5%, FD. MVD &
FD-MVD B H BB — (i 2 L4514, {2 MVD 5 FD-MVD F i 2584 BN,
fLBRFLIAE 2, BA RIFFIKIR . FD 5 MVD FE R TER S IR T #4080k
MIUKEs, K7 NIKERIRZE T ETHE, BT ALK EASSNIR, Hd, FD-
MVD % FD LB SE 1 HARXT 5], B RER M PR KR/ LAY (10 SR 318, MVD # i
RIAAGRZ NG, AR B TR E 2 TR R KRR IR T HR
AR, KM RK T R% U 4E5; HAD 1 IRD A S A0 RE A KA T BRI
W, GG EIG, MPEELST YR, TARRE, b & TR
B, FEHREZIHMERE . X WELSRBHER 7 HAD M IRD FEA 4
MREhtE 2 1 E ARG, R A AE, HIRARREEEREOR, 1B i A
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a. AR b. ZLANF 1
a. Hot air drylng, (HAD) b. Infrared drylng, (IRD)

c. LR R TR d HZ&’E TR
c. Freeze drying, (FD) d. Microwave vacuum drying, (MVD)

e. B /\/ét T AR TR
e. Freeze — Microwave vacuum drying, (FD — MVD)

K 5-6 ANETRDTIE T /N A O 45 14
Fig.5-6 Microstructure of small white apricot under different drying methods

i LETiA, &I FD-MVD /N ER WS FD AHZEA KR, FHPEMR T MVD, X

JE T FD-MVD fe% 78 0 FIH &3 T FD Al MVD R4 07 0% B AR A5, B i
fif i FD JG 2 BT Rad 18 0 1, RIS 98 /b 1 B MVD T4 5| B FRFI B IR 2k
BT TR a4 C %HT{%%@QE’J S, PR TR EBEME, WRR T KM
I, FD-MVD GELEQRIES™ 5 BT & I ATHE T, 48T, JFe) 7 —Mor e T 1T
WA= /N A BE TR, G EH S A = 1R 4 7 3R S

53 RENE

AERE R =ZENRN TR LZSE, SNARFIT T, X T AET
777 (HAD. IRD. MVD. FD. FD-MVD) XI/NARKIFHSR (k. SKME.
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AR C TSRS 8. WA /s, i 5 W, AR HAATHRECR,

PRE TR 7RIS e TR mBRAEAR. 4R CEE. THERS
. H/KMF R T FD, @iFT MVD. HAD Al IRD. @ittt 5 iR T
F/NES T B g, WLUEH, FD-MVD M, [FF FD-MVD &%
[T R /T FD, BEFERRAK, 4L, FD-MVD fiFHAth 4 #1055, BE
T4 7 2RI L PR TN A BT R . 4 TR TR PR T A e R
X, s PERR R T K R AL 807 =X

58



FoB GHRSRE BT AFL S

E6EF FRERE

6.1 £5i8

A VLHT R /N A Y JEORE, BT B R AR RN A R TR B, R
TR TR PR, AT E efe th— M LA TN A B TR AR ——H
A VR-E E S BA T (FD-MVD) , IR T AR S8 KR
P D28 RO R BN /N AV A TR e S T S B B2, I ELAE SRR 2Rt Y
fiti b, XF/NEAE FD-MVD L ESH0HAT 1Rt s b it . Hk, @i 12 #
W TR R AT B TR K 7 LUl R G 0 A, IR AR Bl I IR /D BT A
TVR-R B ERE TR AL, JR15 TR B R O TR SR A &)E,
A T ZEZHC T 5 B0 86 5 AT AT, MRS TR R/ A s S E R
BT RN A T BT T, SRR SR, AN T RS TR
FERLESRTE T8 it R0 30 53 A S 930 468 e 75 I B0 77 T 10) ¥ 2 80k 49 20 F 2 9T
SR

(1D ZrRAW TN B AR R RS AT CRe fUE KR i D)3 LU
PR ) R B FD-MVD TRt . BARRUL, BE i KRG, DEd
FD-MVD ()i} (8] LB R &S, IF HId A% B i g (4G £ 2252 81 FD
Y BRI sE I o i e U K AN 65% B Bl 45% I, gk B [E] A B2 A 3.67h 1Y &
7.18h, Fr FD By BORERS 40 )02 3.50. 7.10h, MVD B BOFERT 23 5 & 0.17. 0.08h;
FD B B 7K 236 A R B Doy V5 HITE 2.28 X 10°m¥/s £ 2.52 X 10°m¥/s 2 [8], Tfi
MVD [ BE) DepfE UAE 1.83 X 107m?/s 2 2.59 X 10" m¥s 2 8] FEE W TR 2T,
B A T R st ) 2 B M BRI B 35, MIVID B B A T A5 R 5 T T 3 S BB A 9%,
0 TR 300W HEE F] 700W B, MVD #J46 £ TR E R M 0.81g/(g-h) ik THE
2.03g/(g'h); HULFEIR, KAOFHY B RBBEE 2 EF, A 1.92 X 107m?%s 3 2 3.93
X 107m?s. BUGRUER FE AR 2 g Tt #E . BB BRI &, KA R
B FRD SR R e, AT 3 0T i TR) AU 46 R . MIVD) [ B 1~ H6 3 2R Il 18, P52 1 388 T
MG, AR E A 40°C Y, IR R T BEARS22, JF HAE MVD Y146 5,
T E AL (1.0345g/(g'h)) 5 HoK A Y BRBS OB N IEA G . 4R
HH 40°C 73] 60°CHY, HAHNH 2.32X 107 m%/s #INE 2.81 X 10'm¥s.

(2) BT HRRERRE, KIS Box-Behnken H 004 & W TR 40 47
it/ E 4 FD-MVD, @57 7 BER =R e 5K fukIhE., MRz

59



FoB GHRSRE BT AFL S

Ry EAEAY, 3 N[l R0 G RO AR YR 77 22 0 A Won 38 . 5 52 PR 306 T )
If (], 4EAR 3 C & & 2 {HAE WIS FE B R INA 4t a5 7K 3> T s P> Tl
ThaR . FFImad w5 ih AR A3 20/ A4 FD-MVD Rt T &S50 b 4K
BN 61% WK IIE A 400W. iR E N 42°C. K S5 sebridid 53 i
SERBAT AT, KRB — 3, Rzl A 2 T SEY

(3) @A FE R S K EE . R DI B TR TN B RS
TR R KA b, A LR 12 P I TR A B K o bt 28, 1B e R 2
RZ, B2V 2 57 iR iR % RMSE RPN AL MBI A KSR, R I Midilli &5 5 5 3E
AR F TR N /NE A FD-MVD KOS R, ik 2 i #1521
PV - B B A T IR I B 45 A MR=0.99546exp(-0.2911t°9672)+0.0177t, 1] T T
WM/ A B T R R KR AR T 2

(4) T /NABAEANETHES T (HAD. IRD. MVD. FD. FD-MVD) f{]

THRRL I (. BOKTE. 4EER C RAlERM & &R HOait) , mthiE. 4
AR CEHE. ANHERSE. 2RKMEMNS, BE TERIRRIUR T TR EHE T,

I T TR BT RRIZLANT# . MIX 5 FAS [F) T4 05 U A9/ 1 A5 1l
dn RS B A FTRAE HH, FD-MVD #f i, R FD-MVD Jir 5 1) T 15 TH) 5
@/ FDo 4 b, HAWEHR-R BB TR AT ARG R, Xt
FETHINEA BT RE R ik TR TR] L T ol ol oA B

6.2 RE

ASCHR W — RN A TR T2, RIASR G-I R R E T RN 2N A
Al AN, BN A B TR 8] [ R B BE S SRS Ry b B A/ LA T e R
EWRTAFCHUS VRt (Bl T e BRI B & SOR R IR I, AT
TARRAFEA R AL, VhFaidt—b e B AL -

(D EE TZMRA RS T, C#E 7 =AM BER GRS KE,
DI WO M=V 4EAR (FRIE . E4ERCERE. BF) , KK
WEFE AT LA RESINTE 2 1A, B anfepe O BE AR AL, DAL T DAl 48 il BRI E] 77
JRIr BPIRBL o R LAEE— 25 S TH Tl & dh A 5, AT RO 4 R T A A P s PO I 1] 5

(2) fE/NAFBRG TR T U5 1, 5 X E 1 DY AR — TRV N E
A ST, Ja SENCEE— DR LU U TR R LU 2 R RS TR, v NE AT
AHDIR I B2 i 84 R L B e 3 (R B AR AN S 4%
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