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RIL: HEEEALAPREED (ZLAIhE 900~1 500 W)
LIS (20 kHz, 80 W) AT LU S/ =4 A B
LI, HE4E R 25%~35% BT ERmfa), Rt T
iR R C AR SR, KM S0 RE T kb
3% (2.5 kViem) Eid B FFLRN S T S b O41RE,
o, PEASNKST U, WgEE T8 b 45%
FIEh T GREEA 50 °C) e, B AKEE AHI L
AU TS T 27.58%. fERGTIRFFHEM R, R
EE A P h Tk, BERFEERZ AL
RERAREEH, P LA V0 TR ) 47 22%~33% 1,
HeAh, ZEEAERTUB K B2 IER, R0 AL B S th e
KA TR ) 455 27%, Bl LB R
it K v Fr B R, T A bl T SR e A I, 2R
FiAbFE oAk 2R a1,

WEFEFEOH, SRR T R4 o ) et T DA o A 4
5 R RN T R AR AL 38 S ek /b K A3 T OB S (e A
kit i3, R, ECEIEE WK (GBERA) Wl
TR R EM. Bk, —aTReRAE RO AR AL
EMTER S BB TR KA 5 R, Rl Rk TRk
. oAk, fERFLEIE ST, Ao R 2
I N TR BT R LIS, RIS H
S I A Ik FL I AR R 4 15 R A U P AR A
. HFEFLADK R AR T AL . B, Fwf AR
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EHEFL LIRS b sieb el e AT A sl R 2
RO FALTE, LA 20 R st

EAts DAL DT W Fp Uy 7 R A0 4 S oS
R, AR HEEAT A THFRI LR, SRR AR,
FHEE LB TR, AR Y 3 Fhat e
BRI bR TR S, Sk, AF. 4K
W EVEHERS SR PUEALTE R RS T A R
i, L) WA ER O — R R FR A ) TR B AR ORI b
AR T HREFEE, HONA S Tk SRR . k. A6
T4 B I TR A B R R
1 HR5EE
1.1 #R5EF

A MY T e AR S, TR,
EmlE, KA. #HE b (FEEFKE .19+
0.24 g/g) {HFBEES: (H123.0em) MABREIE T ¥
fiE ) (transverse cutting, TC) Fill 54 (longitudinal
cutting, LC) ZrHlFEHUEH A )E, WHIZEEL 0.3 em JEH)
MmN m A M b, FEH TR E AR TR, B
AR AE R 1| s,
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Fig.l Illustrative diagram of slicing, pretreatment and hot air
drying of carrot

giraifbEilA: LRKZE. =F 8 Ctrichlo-
roacetic acid, TCA) . BFEE. 1,10-FEM&ufk, — S b8k,
TR EERE Cdithiothreitol, DTT). BEEE —9. A%
e, P mme. HAAH. AmEE GEERN 60~
90 'C). —H(FbE. PR, 22-BEEE--EEME (22-
di-phenyl-1-picrylhydrazyl, DPPH) “EilE T-[H 25 £ H (b

FRFH PR A
1.2 U&#ESEHF

DHG-9240A HAG AT GGERVER 25~200 C.
R 01 C), Rl EHBRBERAT D CM-
26 d fEHE 04 e M A G K E A 360~740nm, EH
PE0.02 LN FRHERZE) . BUM B R AT I BE AR &R P4
A WA BT GBI 190~1 100 nm. JGiar
W 2nm. T 0~4 Abs), FiEEEXMBERL
|); AL204 BKT (FREufE 0~210 g. AliEE0.000 1 g),
s E- I A LR E R AR, HH-4 B2 EIR KBS
(FFREE 25~100 C. FiRHEEL05C), HEHLE
HIRAF; KQ-500DB i #l /s i i e 2% (i MR
40kHz. TH3E S00W. T 2250L), Bl mEsE{s
HIR4H]; IXFSTPRP-24 L 4= [ sh# fh bl i BE (L O
B 5~15mL. ¥IEA 10~70 He/s. HERIE S pum),
Ei#giEEsl RBABR AT LC-DCY-24SYD JKif B
WU (FERTEE 25—~100 C. BiREEL0.1C. A&
i 0~15LMmin), iR AN ERARAR.
PEN3IHL T B (fE K BR800 H 104 . MR 10~
400 mL/min ), {#[E AIRSENSE .

1.3 W7GE
1.3.1 fa®

PLRE DRI ER A 8 b R odt i, e 340 3 ik
ITAT R (PT). ZBERE (AT). FHlhE 252
i (PAT) FilAbE!, FARERMEERaT (1.

A 4b B EE AT HB 41 ( Control) = A< 25 {F i) T 4k 24 (1) #H
4 MRS

FRIFIAEE (PT): & TATMRIEM &M, EHE
%N 0.5 mm MEEHERIE b A L% d 80 4~FL, X
FLISE R b EERE S A A, HHA TR R
3 P 5E [

LEFTALEE (AT): EETRrMAtRIbisftt, HR%F
A A R BETT 75% SBEF 30 min;

R A B A (PAT) . FES S4B S 15
ZERH, #IERLE (PT. AT).

1.3.2 #ARF#H

Pt A AL B S AR S b BT A AT R A b
TP, ETarsMmesRet TREEEENG6S T,
RGEHN 2 mis. THEWIEIEEES 15 min BLFE, FRE, HE
FE 2 &K R AEE 0.1 g/g Jak, Fres i e B R S 1
TS, AT Gk b= S {RET 4 C ki HE
F IG5 A F Ak 55 48

Feah 5 7K% (moisture content, M) 5420 T

m@m;m (0
N M ORFER TS KR, glay om, AT RE « B Z1Y
FEMEE, g m AFESTHEEES, g
1.3.3 FEEHHF
HREE IR TR R A MRS SRR R,
PLF 4 b [a) A d Al b, 3 A K S g e b 22 1) 45 ith
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H, RSB BB (AR 2) BATH0,

M(‘J
— = —k1 (2)
Moo expl(—kr)

o Mo ATHRET ) T RE R THEEKE, glor My
T ERRTEE R PIAIG TS0, gl ¢ TIEERTTE], h.
kATEEEREY, b's FAE.

T #R ok #2 o B W B9 ROK T IR B Ceffective
moisture diffusion coefficient, D) LT At g,

Vet = % ln(ﬂzyﬂ

W D HEBOKT BARE mbs; « HTERER], s
HOAFEM B, m.
1.3.4 Hii

KR A bR RET 25 C 2Rk, B
()53 B% 10 min BUHFE S, 3F FROKAREE T R 10K 40 5 F5
H. ids, RAEHERETKPEK, HEESMERE
sERIE . BACETE bR B ARME B KL (rehydration
ratio, Rp) #in. LU F AR

W — Wy

(3)

RR= (4}

Wy

A Ry AEKH: w, AR ERKE IR, g ow,
MK R, g.
1.3.5 & F

BrE LR AKFES ARSI (L. o, b) RHF
FAAEMNHTRIE. TR R R T S,
HPATHE 10 0. FEREENSOE (UE), WA
(C*) Fow, FELUITFARH:

AE = 'J(Ln— LY +(ay—a) +(by— by (5>
C' = Val+b? (6)

K AE BB 2, CHRMBFIEE; L. a. b5 HIRHRK
FEAhI AR, 1A RIS A, Lo ags by S R
mn RS
.36 ik

S L 1 B A 0 s 2 gk R AT 1 i R
P. EURMRERIE S FEESL OS g (TEBEE), A 20
mL 5% TCA &, A H 10 min (H3 40 kHz, IH
W 60 WIL), #AJ5 4 °C 10 000 rpm &0 15 min, 73
FiE#. W1 mL EFBS 0.5 mL 60 mM DTT-Z. B
B4E, WM pH{EZE 7—8, 30 °C KK 10 min, 450 A
0.5 mL 20% TCA. 1 mL 5% TCA. | mL /KZ.&. 0.5
mL 0.4% FIT8E- 2B . 1 mL 0.5% JEME - 2B 7 i
0.5 mL —5{bEk- ZBEE. IREW 30 'C KB 60 min 5,
fE 534 nm AbJI R, Ll 5% TCA ECA S . #
FH AR L EE bs BE 0,01, 0.02. 0.03. 0.04, 0.05. 0.06
mg/mL) fCE G B e il Bk i i (e, LAMLR{E
AR NR, PR LR e BE N A bR il bl i £ . AW
b A5 i B 4% B4 L 88 & & Cascorbic acid content, C,) %
PAF 25t 5:

= » 100 n

At Cp APUIRIMER & &, mg/100 g5 A, Al i FrHE il
Ee T S B MR R PUR MR S B, mg/mLs VORFES R
HLUAE )k f, mLs MOIEBREURIRE S R, g.
1.3.7 B&H¥ £

FEfrh SRR S EIE SR X1A0 &1
7R AE R UM PRI S b RS 05 ¢ (R
B, A S mL ALK ZE (& 1% BHA ) ,
A EBL AR 10 min (AH3E 40 kHz, IHEEFEF 60 W/L)
Ji, BF-20C & 12h. #fE, A 300 uL 80% A&
EEW, FHRAE 95 C @k 45 min. TR
eIE A A S mL P09 zE K. S mL A7 B, JEERA
515 4 °C 10 000 rpm B 40x 10 min 15 FiEREGR . HREL
NEREE SKESL, ARREGHEPIHE MR R
SEAREU M . BHREGHAE 35 'C TR ERHE R
4, A 6mL TR E-HRR G (AR 1) g
P . HL 0.2 mL HOHT A R I FRORD 2.8 mL — 50 b -
MR Sl e iR ), FH SR AR AT L 43 S BE THAE 450
nm ZE B EWOEE, TP E-PERESHEANSHR.
FEanrP R &S E (carotenoid content, Cp) L)
RS

Agsp v fx 10> 1000

- i
AP C- ABEMY PERER, mgl00g: A, HEHY
bR PEHUHAE 450 nm A RMRGE: v NEME P ERE
WAEEL, mL: fRFEHE PRBIGEMMESE: m A
FREURPES I, g 25000 1% MM M EE
AT S B ) S R O R
1.3.8 #EEM

S b AESL M PTG P B 5 DPPH [ H R
kA ke # R, S FENG S a9, BUR Y
AR MEES 1.0 g CTEERLRD, DA 20 mL 80% 9 FHEE,
PSRRI 10 min (B 40 kHz, DhFEEF 60 W/L),
SRIG 4 'C 10 000 rpm B £» 10 min, 3 b (50
mg/mL) . ¥ FiEREEE 0. 20, 25, 30. 35. 40 0
45 mg/mL Fl T- DPPH [ hZE R PRit5E . X 3 mL AS[FIi
FE (P SRR, AU 1 mL 0.1 mM DPPH iEi, £il
IS B2 30 min J5, T S17 nm AR I0E WL, 80%
BEIE MR B, SE bR E R DPPHE B2 1Ak 5
(DPPH scavenging activity, Apppy) %2020 9 (8. 1C,,
{fi Chalf inhibitory concentration) 2% & 50% B i & B
TR H R B, B R R MR M LR B A M A
AW F S b EE S SR TS TR B DPPH 1) 1C,, {H3R
Foortl,

Ce x25007" x 0.1 (8

Ag—-A
o Appey F9FF SHI%F: DPPH @ BIEE00EE 7, %: A, N
“DPPH+H BE" BIWR A8 : AR “DPPH+F: SR BLR”
(I 18

% 100% (9)

Apppy =
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1.3.9 K. =

TS DAESL AR CRERPER) Bt AT BT
rbre Hos5g (FHEBERE) MY FREMTERNEET
10 mL TR M, 35 °C #F 5 min BAEEHE R R 8
B, HL T B A SRR Y 450 mL/min, H 0 ]
180 5. JEFF LT 88 15 IR 35 5 10 05 Jowa 2 (L 3E 47 43 B
e b KR TR IA .
1.3.10 #4542 5% 54

B R AT A, BTE R E AT E =R, B
g bh “FIgEARHERE" RR, HFM SPSS Statistics
26 L fF (IBM SPSS Inc, #£[E) P REHEFEH E4Hik
(ANOVA) X AS[R)AbFE 2 [A)fF) 20 1) 25 57 3 AT S5 25 PR 4 W
AT A5 4 14656 8 35 MR I97E 0.05 JE A (P<0.05); FH
Pearson #H 5% 5 $bG 56 6 52 402 (0] (ML 1k .

2 EREHH

2.1 FREFLEFEARTAE NETFIESHHFENE
o)

AR AL FE A0 U] R Oy R AR b A i 28
B 2a fior. EWAETES, BRENT (LO) &2
5 (TC) A b, SAIE4 (Control) % #
b (PT) MM, ZEETAAEIE (AT) R 26
IhE (PAT) HIRRE T HEMBIEKE, 590k 23.33%~
26.82% M1 27.41%~36.13%, X I EY5 48 KK
M, ROJAS S B B T 4 £ w2 B A R I,
AArEER . Hd, PAT FiAREEMSAY b 9oKE R
M, XATRES A TR E L EmE R, Hlm T
A AR R B AN RS, dEmedE T 2B En K
% . XSRS [ SANTOS %121 (9t %t 45
—H, W A R EFLE i 7 E AT L A K R R
7/ 8

npE 2b 0 2¢ B, fEMR TS, PT. AT
A PAT Tiab T 45 A A i B R 79I b R E
AT B RS, RATBALNY 1.07-1.69 %, Euk# PT.
AT Fll PAT ¥ 50 76 T-45 o 72 o 20 480 7K 43 g 4037 B B
T8, BET R Bt T s 2R, B2 T e (a)
AT T 10.61%~50.00%, FEm 7T MAORRATERSE.
ZEBFAEHAY FEMIEHERZAT GREE. B,
R %) BT THRA, BEIE PT. AT FI PAT Fdb#H R
b 2 AR FEAR 10.61%~50.00% FEFERTIE 1.

EME R U, PAT FldbFRAO A MRS HA
R MoK T R SR R, B R R R
WFiA), LR AT, PT FARFRATRE S, XA T
BB IR R A P &0 R s T T Rk, BRI
B [ 2 A S b R () S 5 0A 50%.

EAFE TR T, 005 b e TR )
IRE &, Fe 3 i 0 A K 4 i R R T
DA B $5 ot 0 - A5 b [ LTm%ﬁ%b#E?@ﬂﬁ*
%%F%%FEH% BT TR N AET

Bk f b R ok B MR, S RSN T A0 B

FE, HISARSY G BE T AT ]R3 200,
BASEREIMME by T ERACER TR, [
. REN % fEBF 2 A AL L0 h T HRAS 1 Rt R B
PIRORE B Eems DI S PR TR AR

10 o 7t B 24 ) Control-LC
- T EIPT-LC
= 2R EAT-LC
o TF ) ) ZFE- S FIPAT-LC
= 11 B OH HIControl-TC
= B EPT-TC
& 7 FLHIEAT-TC
= R R SRR I PAT-TC

k=
L

s

k5
Dry basis moisture content/gr g™
e
i

-« 4 T I . -l
0 30 100 150 200 250
]"J'if-'.tl.‘ﬁ 4804 (8] Drying time/min

Pretreatients , it foh & KR L ik

a, Changes in moisture content during drying process

= Wouc W st

A ) 'llll C.F‘}frir‘i ":}’R'Wll 1
Contral PAT
b. A Ji‘.dil_ﬂ'_a'.':i_b']u J;Jtruﬁ-“ i ()T 4R fr)
b. Drying time of samples with different cutting
orientation and pretreatments

g

F i'k"lll =] Drying time/min

T A

TR D, 14107

2

=
=
.

of 22107

o 1100

P4 #EDrving rate constant 'h
= L=
- = 51
- -
-
~
e
-
. - -
§ o
&
A RERD s

SEBUSUBRLEEEPEPED
B P apee
EERrE<EftmEmipg<Ecx
&% N E5xf® N E£8

=% w5

e A TAREE Bbn K o7 SRR T R S 07 A e R
¢ Drying rate constant and effective moisture diffusion coefficient
of samples with different cutting orientation and pretreatments

e EPASHT SRR ERG REERER (P<005), TH
Note: Different letters indicated significant differences (P<0.05) between sample
means, the same below

B2 FRARLEANEFXNAT A BATF RS AF
Fig.2 Drying characteristic of carrot slices with different
pretreatments and cutting orientation
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A, R AL P TR SE S S, ) A L e A 4
YR Am M s e . D g B E . PEICH A A Aril e
FAMAIEE A7, AR RS R AT R . A,
AR AR E PRI T B i ) 2 R R A E A
i P AN R B RFLIE S 2B IR AR B A ] B
o T ORFEMEAL AT A TR, HE R g ) 7 B
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ZREEEAC T, TR R, 4L 27% . 45
e, AWM T AR S EENL SRR
A W [F] 2082 T Ak TR et B A b AR R T R R 1 SR
(3>, BLk 1. FEfAbE SR, LB K1 F I
Et 2 O o G N 3 9 k= VA S e [
2: ANTHFRBRMSILEARE T ZEREMMBR TS
AR A G P63 ZBNRBUCERE T Y
AU MEEE N, BRI T TR AR oK o iR Ay . R,
fEIX = FEALHIAT B EAE R T PAT Wik BEEA KRR & T
A R T R ACE.

.
4 B
= B
# £
i |
T - y
fiucen il 5 HIECel]l membrane
5 Beiforston 4e 438 saas & aq i
L E L -'l LI 11\- & &« 4 I
il
= - ‘a4 4 W ) ® L
£ B . >
[ ll';
E E lllll ™
el L BE ] L

a FARAFHET A b BILESHILEAT I o S HME e

a, Pre-dehydration reduced h. Parous structure 2 3 15 S i i e
the drying load promated the moisture ¢ Increase in cell permeability

diffusion reduced the moisture

diffusion resistance

B3 PAT RAEAENT A RRFRIE “ZFR"
A
Fig.3 Mlustrative diagram of trio mechanism for accelerating the
hot air drying of carrot slices pretreated by PAT

ik, Y MAURTERI T, AR T
BRWCR R HRH T ege#E, WIEH M U] R et Bk
T R B[R L B2 i AL 3
2.2 TEMLEMTRARANARRNFIREE NAEESR
Gt
2.2.1 HAkM

RETENTH - ERERERA>SEAES
IR K, BITE &K 75 v A 0 Pl i S e 2 11 K a3
DA UL &% £ 1) B, G VR4 5 I SR A T ) L R
A, FA 7 AR T AT b EKER
P 4 BraR: R E) s R, MER
AL FRMHETT, AR b S K e 2
JERE MRS (F da), X5k R K Rk E K
4 il R M — B0,

[ HZHAH S, PT. AT Fl PAT Tl Ak B4 A i 2 H]
FIoE THY MEMB K (E b)) KPR KL
(B de), RGHAE RS 7E T b 21 o 2 o o 500 9 R B
AL g SR 0 m EE A 52 (o 2.1 AT RTiRD)
1% 1 R R A TR K O A R R A . (AR
W F8 R I £ B2 it b 3R I ) i T R F i i 8 38 A1 s
h e B HH i e i) & K i R R P AT 5 Kk b ), xR

RIF 5 A T 460 0 P {0 T A PR ) BB ) R A M ALIE, B
BB T IR T R KR, IR 27.57% 1Y
oK. AT 3 FEAEEER T, PAT B4R
FEMmBA B (P<0.05) e bR 8 K5 38 A fs K 0 ~F iy
HKWE, R AT, PT FIX A, X 52 L&A
4 fE BRI RN K. EHRTBUEETG T, 9
IR b R ) 52 A 58 B T i 5K b 15 - R I A B k5
[F# REN %02 W iiE 7 e E F i, 24k
ELHR TR AU A 2y SR R e bR A B A 4 B B L

e 3T I 00 ] Control-LC
- TPT-LC
e ZELITIAT-LC
e I A 2 RS PAT-LC
e 35 I 4 LT Control-TC
= 3 - I PT-TC
12~ = ZELEHIAT-TC
e T B ] 2 B HIPAT-TC

42 7k EkRehydration ratio

0 | Y NS N WS . N U — — 1
0 10 20 30 40 50 60 BO 100 120 140
AR [E] Rehydration time/min
a, Bk Lh Bl S ACH [l A iE 1k

a. Changes in rehydration ratio with rehydration time

w3 R FIControl-LC

e GO A I PT-LC

= 2B EIAT-LC

e U 4 ) Z BT PAT-LC
i 0] 18- HICoNtrol-TC

= - rT-TC

s 7, JE-FRIIAT-TC

e B ] 1) 0] 2 R TPAT-TC

=
.

=
La

W
Water absorption rate/g-g ' -min”'

S— S R = .
20 30 40 50 60 B0 100 120 140
AR (B Rehydration time/min

b, W 74T 42 ol A ) B

b. Changes in water absorption rate with rehydration time

[

[ BRI W EiTe

Tl s Ak
Equilibrium rehydration ratio

o N - - -
LA il LFTER T R bR LA
Control PT AT PAT

e, A~ [F] ALk TR LD B g TR O AR AR L
¢, Equilibrium rehydration ratio of samples with
different cutting orientation and pretreatments

B4 FRFMLEfMAFXFRONAT A oh Lk
Fig.4 Rehydration characteristics of carrot slices with different
pretreatments and cutting orientation

et 1F 5 REKEES R H. PAT FiAb#H A
(L REE G2 E S E b Bl 78 i S N S o 1 R R
ARG [FR SRR 2 SR AK B K B b By N R AL
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HUTFE, iZEEHME BEMIE: PAT TARFEIE L) £ FLES
ﬁ*nlﬁ?ﬁﬁjimﬂﬁiﬁiﬁflz%"r&:"? AE bR R,
171} e 2 T S AR

2.2.2 SR AR

P ab #EAY) By o5 AR T REH Y b B AR AR 5 iy
W s . MEHRT BV R F . TAEER R A 77 3
BEEm 7Y T RERARER. LRGSR,
HEIREAS b SRS B3 D TREDT I EE Gh . IR AL

AT FI PAT Fil b 22 B0RE S AR W4 die /s . B SR80, 2l
] A0 AT, PAT P AbZ ol {06 S0 & b B e T
AR P AR e

B

TC

a. TR b. % ] c LR d, 5 il B = 2 mE
a Control b PT c. AT d. PAT

Bs FRfLEfA FATRGAT A eI
Fig.5 Photos of dried carrot slices with different pretreatments and
cuiting orientation
YRR PR R B4R, RN R R
R AE T SR L RS ) B A7, BT 4 5 EEL 2 1) 7

PREF, SR B A LR, I R R R
P47, METFRAESEERYERMUIT R (EE RS
R EEL 3mm), MRS bR TEEN
HEH (KEAMAE0~3em): Kk, #ETRIESD
SEAT T 4R IR 5 [ A AR el T 4 A A N S, AR
FH A A Py EE, TR TR A n A2 R R ) R
i, WHHEHUIMSHE bR TRE RIS, SUH
WHE b EMHEEEE, ZAEEHEERLEARE
{TAA] AL FR A4E  (Control )
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Table 1  The color parameters, AAE and C” values of dried carrot slices with different cutting orientation and pretreatments

il Ak 1 f17F 24 Color parameters o s e

Pretreatments FeE L T E ol b BREAE WHE C
HEFE Fresh 61.62+1.31° 35.1620.96™ 45.91+] .46 = ST R3+162°
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S-S AT-LC 53.90+2 84" 28,7842 54% 30,2445 82° 18.97+5.71° 41,8245,72°
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aF B -8 ] Control-TC 55.08£3.36% 23.10+3.18° 24.35+3 88 25 B6td 35 33.57+4.96"
TR 4 PT-TC 60.37£2 347 25.30+1,00° 28.49+],59° 20,2141 49 38.11+1.61%
S-EHD AT-TC 57.16:+4.01" 28,5924 06" 28.90+3 89 19.28+5.04° 40,67+5 48
S IR Z R PAT-TC 58.70£4,10% 28.79+3 63" 28,3042, 83 19.5743.28° 40,37£4.54

PEe g — Rl T BRSBTS 5 R (P=0.05)

Note: within the column, different letters indicated significant differences (P<0.05) between sample means
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Effects of puncture combined with ethanol pretreatment on the hot air
drying characteristics of carrot slices

SUO Kui', YANG Zhenfeng', FENG Yabin'*, ZHANG Yang', ZHOU Cunshan?, SHI Liyu', CHEN Wei'

(1. College of Bivlogical and Environmental Sciences, Zhejiang Wanli University, Ningho 315100, China; 2. School of Food and Biological
Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: Hot air drying is required for the short duration, energy saving, and high quality of food products. In this study, an
artificial perforation and alcohol (PAT) pretreatment was proposed to enhance the hot air drying of carrot slices. The carrot was
first cut in the transverse and longitudinal sections. Various parameters were then evaluated, including the effective moisture
diffusion coefficient, drying rate and time, color, volume shrinkage, rehydration potential, total content of carotenoids and
ascorbic acid, antioxidant activity, and flavor. Control samples were selected without pretreatment or subjected to separate
perforation (PT) and alcohol maceration (AT) pretreatments. The results demonstrated that the effective moisture diffusion
coefficients of pretreated carrot slices ranged from 1.07 to 1.69 times higher in the AT, PT, and PAT pretreatments, compared
with the unpretreated samples, The high drying rates enhanced the drying efficacy of carrot slices during hot air drying in the
PT, AT, and PAT pretreatments. The drying duration was reduced by 10.61%~50.00%, compared with the unpretreated
samples, when the moisture content fell to 0.1 (g water/g dry basis). There was a positive correlation between the drying
duration and energy savings. The energy savings were reduced from 10.61% to 50.00% at the constant drying temperature, air
velocity, and loading. Among them, the PAT pretreated samples exhibited the highest effective moisture diffusion coefficient
and drying rate, with the shortest drying duration, followed by the AT, PT, and unpretreated samples. Additionally, a triple
enhancement was proposed for the carrot slices drying in the PAT pretreatment: 1) The dehydration load was reduced at the
initial dehydration stage in the pretreatment during hot air drying; 2) Capillary water flow was induced by the porous structure
that created by artificial perforation; 3) Cell permeability increased to reduce the water flow resistance. Three factors improved
the hot air drying of carrot slices. Importantly, the longitudinally-cut carrot slices shared a higher effective moisture diffusion
coefficient and drying rate, but a shorter drying time in all pretreatments, compared with the transversely-cut slices. This was
attributed to the severe volume shrinkage in the transverse cuts during drying, leading to the less microchannels and impeded
moisture diffusion. In physicochemical quality, the hot air drying negatively impacted the quality of fresh carrots, However, the
PT, AT, and PAT pretreatments improved the quality of dried carrot slices, in terms of color, volume shrinkage, rehydration,
total content of carotenoids and ascorbic acid, antioxidant activity, and flavor. Specifically, PAT pretreatment significantly
mitigated the volume shrinkage of longitudinally-cut carrot slices during drying, leading to the least color alteration, the highest
saturation and rehydration capacity, as well as the highest content of volatile components. Furthermore, there was the strongest
antioxidant activity, due to a relatively high concentration of total carotenoids and ascorbic acid. In conclusion, PAT
pretreatment on longitudinal shicing can be an efficient strategy to produce dehydrated carrot slices with superior quality. This
research offers practical and effective implications to enhance the hot air drying of fruits or vegetables at an industrial scale.
Keywords: carrot; hot air drying: drying efficiency; perforation and alcohol combination pretreatment; quality



