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Abstract: In this paper, carbonic: maceration was used /as a pretreatment coupled with hot air-intermittent microwave drying
(AD&MW)for ginger. The effect of pressure, temperature, and treatment time were explored on the drying Kinetics and quality attributes of
ginger. The mathematical madel of thin layer drying was also studied. The results indicated that when the ginger was treated under 0.2 MPa,
40 C, and 10 h, the drying rate of-ginger was the fastest; and the drying time was shortened by up to 45% compared with the direct drying
samples. The fitting, results of five thin layer drying models showed that the R? of Modified Page model was the largest, the ¥?and the RMSE
were relatively small."So the Modified Page model was proved to be in the best agreement with the experimental results. When the ginger was
treated under the CO, maceration condition of 0.2 MPa, 30 °C, 10 h, the contents of 6,8,10-gingerol and 6-shogaol were 2.49, 1.45, 1.45, and
1.36 times compared withthe directly. dried sample, respectively. Furthermore, carbonic maceration can retain the color of ginger preferably. The
SEM showed that carbonic maceration can also increase the porous structure of ginger and enhance the permeability of cell membrane.

Key-words: carbonicmaceration (CM); hot air coupled with intermittent microwave drying(AD&MW); ginger; drying rate; model

AR —MER R E IR, FE A TR
Wris HER: 2018-04-17
EL2WH: ERAANFESIE (31501500) ; ERESHALITRFE
( 2017YFD0400900 ; 2017YFD0400904 ) ; "AH A EH R E £ W B

(2015A030312001) ; [~ HEHFERBITXITE (2017B020207005)
EZREN: Bk (1994-), &, FitWissdE, HAE: RifmL
BIEE: RAE (1985-), &, #L, BItRR, MxAmE: KNI
S U

198

E . REH R SE . AR RE SEAM.
P FEE IR AN, AR B2 R, 2
BB IRV, . R LB 6-221) . 8-ZH).
10-2£8y . 6-ZHHM SRS, TN Tal FEnt 2R
ISR . B A 22 KT 90%, 5 JE AR
i, W TR A A R R . AR AT
BETTIEA E SRR AN R VRS , A7 7T [A]
SRS, ST RS AR, e, R



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

FE A ZTH A E R sE g S, R4
ETREARAF EEISE L.

FRRA] FR IS T (AD&MW) & 7E T4 XUFI L
Ve e S g Y b Rt e o Gk N B ST |
SRR IR, AR E TR . 5&g T
tt, AD&MW Bifl G TP FE RSB A
Bl A% AR AT HI G — L 6] B %5 AD&MW [IBEIT,
VIR NI ECE FLBRZE e, SR ZE, iR
Y5), TR E & iR A SR R A B
AR, FRCAR. R, A Emid —Ararab ey =0k
VRO FLER S5 M) S AL AL Atk g, S midiE e
G, T R P SRR RS IR T 1 AR

AR AR R AR P B 1 B S AR R 2 T
2 N T ATk, 1935 FEvLE A Flanzy #2417 —
FMERIZTE (carbonicmaceration, CM), 3L FH T4
ENMERE, JHELHRRI: — 1, CM AbPEs
O SRS SRR, BEINFLRREE, B i i T s
F— T, TR N E TR KA, Wy
KW A BN, FUEALPEREREES LT CM b
P RE DA B EEAE B S8 J B FR R IR, BRATTRE AR
BETK CM T T4t ib2e . PRZraelR] cMm sbzar
8, RKINE CM ALBE 5 AL HR-HXFNLL A f 1B ) 23
4545 65.159%H1 71.95%. Liu Zhp 41 BRAZ: CMAL
BFIATE T, &I CM AR B BARET i 258
e 1.5~1.85 f%, H TG BAT) si Al Ve A4 &7
BTG 40%~60%F1 121%~582%sAn Py — A2z
CM AbH 5 R, CM ACFERERIA = 2L i i 2,
RESAIIBIE R, TR ] AT 455500 40%, SAeH
2. ME. SEERALL A ABTS HiE it s 1
14.91%. 3.95%. 11.10%F12.10%. HAridtEAExT
CM A3 ATl 3l 72 S s 52 M (RIATE ¢

Rl ASSER N CM A FRIEE A AD&MW R A= 24
(T A Rt PR T 98 (LD W 5018 5 o B
) R L ARG i 5 7K AD&MW T Z5 540 (2)
WA E 2R A T /CM X AR T80 22 sem, ek
ITHEHETERFEAA; (3) B9 CM X AEZMW
Jo S SO S RA PR S

1 MRIEREE

11 FER5RA
AT INTT RGN, T 4 CAESRAR.
R, RETE FRME TAERAF.
Folin-Ciocalteu 7!, _Fi#JEM AR ARA

"o eI E P Ak
12 NaE5%%

JJ1000 ¥R, B BTN AR ) s
RX-10ZK UG 5L FHRHL, | PR TV AR B 4
AIRAF]; UV-1800 B0, HAREHEAH];
FS100S ARy #EAL, | N ER AR % & A R A
UltraScan VIS H 3t 2%, 3% Hunter Lab A F]; CO,
R, IR A

B 1 0. ZREE
Fig.1 Laboratory CO, maceration system
i 1-CO, iZiHE; 2-W; 3-CO, iLiks; 4-ENA; 5
AR G- RIA; T-E Ak, 8-CO, KB, 9-F3 % 10-
REATE - 12-aEeAEE,; 13-3IEK; 14
K,

1.3 RIF =

131 Fmse

POEAR ZERH 1 A 225 5 25, Gi— VIR
A2 3.4cm. JEEEA 5 mm (0.5 mm) [ETEE .
1.32 Houdlé

WAt UG 2 R, A B A IR B
o, SRR BN I A BT, JFRE iR,
SR MR H N A TH IR I HE S R TIT
HIZHEREEF 2R £130s 5, RHHSIR, 4k
BEEANTE MR, HREERREEE, FIEEAN
Sk, JHER B

AP 5 e SRR A T AR B BRI B A T 45
SRTIATISEIOHE, FXCTERIIRE N 60 C, Ki#
1.5 m/s, TR 700 W, FHlis T84 1 1H]
ELEA PRY, TETEEEHRES/KRES, S aEk i EE
N PR2, HEATEId R4 DL 60 CHUX . 2438 H (T3
K233 0.13 g H,0/g d.w. (40.02 g H,0/g d.w.) It}
MR, BUHAEH .
1.3.3 K4 tbagmlE

Ko T 3RoR— & TR R khic g 2/

199



MK EmBHL

Modern Food Science and Technology

2018, Vol.34, No.9

KA FMEED, WEH MR #R, HARWF:
M-M,
M,—M,

Kt M- 2469 T RAKE, %; Me-doAted-Hr
FRAKE, %, Medheginds FEEHKE, %; Me AB%tF
nda T HAIKE My RBLREC), TToA L TR,

134 TRk ZenE

T8 28 R TR A v 2k BT N 1) A SR (1) 7K 43
i, KA,

DR = dMmt _ Md,i+1_ Md,i

dt i, =t

KW Mg At 2T ERAKE, g; My 4 82T
2KE, g.

135 FR#HFEAGES
1351 BRI

Vs R — AN R IR AR UL S R, )
I LS PPR OERE A E FI e R,
A FRH T-RseIem 9T, g 7 2. 2k
FRANZ I T HR T AR K 7 A AR
U2, ASCif T 5 i G 2 T x4 2%
AD&MW [P FEFATHEFE, 5 P E TR s 1
Fi7R o

MR =

xR 1 BREETRRE
Table 1 The thin layer drying curves models commonly used

5 AR L A ANRAEEK,
1 Lewis MR=exp(kt)*3!
2 Page MR=exp(-kt")4!
3 Henderson and Pabis MR=aexp(-kt)**
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5 Modified Page MR=exp(-(kt)")*")
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Table 2 Factors and levels in hot airwithintermittent microwave orthogonal experiment
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s T A KE 1 2.50 4
|8 Bk bt PR2 4:(:58/158, to/tos ) 5 (55/208,ton/tof ) 6 (55/258,to/tofr )

7E: PR1 A% —Mrgia skib;, PR2 4 5 — B Bk b,

EECTEREE), (DT), % (DB, Mtz
8 (AE) LAY (TPC) & &l N g45hr, Xt
AD & MW 47 1IEAZE0 774, AD & MW TZIERL
G4 FWAR 3.

M ZE R 1R, PRL. H#bi&/KK, PR2
EARES T AR (DT) AT (DE) 8
A () S R 350 PRI #0555 /K3 >PR2, oA
PRI AN PRL: 58058 (tolter), FEH s T-HE SRR
MC=1, PR2: 5s/25s (totort). PRL. s &7KZK,

PR2 =ANHFEX TR EBZEM (AE) MEk & & (TPC)
SR IR 2 0 380 Ry e e i 2 K % >PR1ISPR2,
ST AE BAIZHE )9 PRL: 58/58 (tonftort)s e ff AT
FEIKE MC=1, PR2: 55/255 (tonftorr), *FT TPC %
REIHAN PRL: 58/58 (toltorr), HdfeiiT3EE/KEK
MC=1, PR2: 5s/20s (toi/toii)o

X PUFE R RR AT 455 b, DI
AN PRL: 58/58 (ton/torr), a4 i T3E5 7KK MC=1,
PR2: 5s/25s (tonftos) o

7 3 AREERUREA & TR I ZMILERRIE %R
Table 3 Orthogonal test of optimization of hot air with intermittent microwave drying process

Index Run A B DT DE AE TPC
1 1(2) 1(1.0) 1(4) 91 3.57 14.47 15.06
HTH
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#LEW
2 1(2) 2(2.5) 2(5) 127 5.25 18.86 13.97
3 1(2) 3(4.0) 3(6) 153 6.02 18.49 12.93
4 2(3) 1(1.0) 2(5) 142 5.70 16.21 14.37
5 2(3) 2(2.5) 3(6) 121 4.64 16.18 12.54
6 2(3) 3(4.0) 1(4) 149 5.80 20.40 11.48
7 3(34) 1(1.0) 3(6) 143 5.47 17.98 13.47
8 3(34) 2(2.5) 1(4) 188 6.96 21.70 10.35
9 3(34) 3(4.0) 2(5) 151 6.11 19.41 12.48
K1 371 376 428
. K2 412 436 420
DT/min A>B>C AB.C;
K3 482 453 417
R 111 77 11
K1 14.84 14.74 16.33
K2 16.14 16.85 17.06
DE/[(kJ/kg) H,0] A>B>C A1B;Cs
K3 18.54 17.93 16.13
R 3.70 3.19 0.93
K1 51.83 48.66 56.57
K2 52.79 56.75 5448
AE B>A>C ABCq
K3 59.08 58.30 52.66
R 7.25 9.64 3.91
K1 41.96 42.90 36.89
K2 38.39 36.86 40.82
TPC/(mg/g) B>A>C AB.C,
K3 36.30 36.89 38.94
R 5.66 6.04 3.93

Z: DT AFJREIE, min; DE AFHacE, kikg HiO; AE*A & & £44; TPC A &84, mglg.
‘ ‘ \ LMIBA, 5 CM AN T 225U 4.
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1.04 —=—Fresh+tAD&MW
N —=—CMI+AD&MW 45%. HXfe% CM5 (40 “C. 0.2 MPa. 30 h) Ab3
R OB ADEMW fURERL. 28 CMIL (40 *C. 0.1 MPa. 10 h) AbBEFRE
E o6t W 1532‘123?% 7K BT BRI g, (RIS EE BRI K 2 BT
2 o4l N ‘ BERER, FARISIAIAEL, X U] CM ALBH AT DU A 2
2 0 AD & MW 7K 73 LR T 8, S0 38 4 o A5 [ o
' _ &4 TE COZHTAIEA RN IZSH
0'00 20 40 60 30 100 Table 4 The process parameters for the different carbonica
Drying time / min maceration pretreatments
2 00, Zi5RALIRE EANBBARUR IR & TR A7k ST EE Ry ®EIC JE #1IMPa i 8] /h
Tk CM1 40 0.1 10
Fig.2 The moisture ratio of different CM treated samples CM2 40 0.2 10
changes over time during AD & MW CcM3 40 0.3 10
ASCEICT 5 A EAREIER CM ALH%E, 5 CM4 30 02 10
SIAFNREE . ) AR AN 4222 AD & MW 3)) CM5 40 0.2 30
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Fig.3 The drying rate of different CM treated samples during
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BTN IIFI TR, FSE R0 — 8. FEFEEM
B, 250 CM AbBEFE S IR0l 2 R e e i e
TR, HZ CM3 (40<C. 0.3 MPa. 10 h) kb
(IR TR TR AR R IR, I UL B CM LB |
VIEHAORSLBR SR, SRR P I A v,
PeEPIEME AL AERE, U OGS TR E IR
FLERGEH, PREEREEHE S, N U SS FAEsL
T CM X Yekdn s v s X — 4518 .

24 TR TFEANE

AL Origin #X:, Wik 5 Fhid =15
RN 2 AD&MW 3 772 T4 & . Wik 5 FiR,
ARG 45 37K, Page A1 Modified Page 1%
T R2 5K YK T 0.98, 42 ¥/ T 1.31x10%, RMSE
BT 0011, RULXPAMER S SCISEHR LA R 1T
PR R® M1%%, i, Modified Page 57 1y
B/, UiAH Modified Page B%Y 7576 4E 22 AD&MW
)15, WEBCER AT
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Table 5 Curve fitting criteria for various models and parameters

£t AR G5 AR R? r2 RMSE
a k c
1 0.04313 0.9847 1.53x10° 0.039
2 0.01656 1.29133 0.9989 1.03x10* 0.010
CM1 3 1.06101 0.04564 0.98794 1.13x10° 0.034
4 1.09096 0.04105 -0.0432 0.99053 8.75x10™ 0.029
5 0.04176 1.29223 0.9989 1.14x10* 0.011
1 0.04992 0.98502 1.54x10° 0.039
2 0.01975 1.29545 0.99861 1.31x10* 0.011
CM2 3 1.05346 0.05246 0.98719 1.22x10° 0.035
4 1.08639 0.04696 -0.0457 0.99027 9.14x10™ 0.029
5 0.04833 1.29651 0.99861 1.31x10* 0.011
CcMm3 1 0.04285 0.98073 1.99x10° 0.045
2 0.01391 1.34259 0.99911 8.63x10° 0.009
3 1.07421 0.04586 0.9856 1.39x10° 0.037
TR
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#EW
4 1.10661 0.04102 -0.0463 0.98846 1.10x10° 0.032
5 0.0414 1.34284 0.99911 8.56x10° 0.009
1 0.04576 0.98561 1.77x10° 0.042
2 0.0183 1.28304 0.99873 1.18x10™ 0.011
CM4 3 1.05769 0.04825 0.98838 1.07x10° 0.033
4 1.08276 0.04403 -0.03645 0.99038 8.79x10* 0.029
5 0.04422 1.28404 0.99873 1.18x10™ 0.011
1 0.0481 0.98464 1.55%107 0.039
2 0.01858 1.29733 0.99937 6.07x10° 0.008
CM5 3 1.06053 0.05081 0.98773 1:15%10° 0.034
4 1.09574 0.04487 -0.05033 0.9914 7.99x10 0.027
5 0.04632 1.29791 0.99937 6.00x10° 0.008

25 CO, 2k AL FE Xt A 2 F I At la] . & K

P&ty % v

H# 6 T, CM AbER S FE S KT 8] 2 251K
TR PR, HAFER CM AFREA: (E .
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CM AbBEFE ST ] 65 min,  FH AT AE 2
K CMGLIERR ) PTRAINR T dEe, SR1 24 it
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P, TR R T R
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CM b3 JEHE it B E*EE R, a™EFFMK, b E TR
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B (IR AR AS SN . CMA ARFE J BE L IR S (B (B AE
WA T BB T IRAE T INAE, 53t A S5 (o b
W Rk, CMFES SR RIGFIRER .

HK G BEoR (R 6), 24 CM AL EREMN IS
IREEB R AR T BT R B K, K2R
CM RbFERR Tk S 14, $8n T 4 i ) FLAR
SER, PEE T ANMRIERIEE N, YRR K RS
TR, L CM ARFEFE S, HHr CM2 (40 C. 0.2
MPa. 10 h) IS K HEELS, T CM5 (40 °C. 0.2 MPa.
30 h) MIERIKMRRZE. PIANTEE M A B % A e
T, CM BESAEYIRIE AN LRS54, PREE T 41
MTERE MG BRLE R, I D XTSI RN, SRR
RER s, T ALERR AR i K, S iiE
B A, dESs R RkG, BRGNS, R
SRR S RO — BT TR .

3R 6 CORFAIEXARB B BURIA & TIREZRIE K, B IR TIREE AR
Table 6 The changes of rehydration ratio, color change and drying time of dried ginger treated by CM

Drying time/min L* a* b* AE Kt
Fresh - 49.0340.92° -1.9946.37¢ 17.6240.64" - -

Fresh+AD&MW 10040% 59.6545.34° 2.3440.25° 23.6742.65° 13.4545.11° 3.8040.40%
CM1-0.1MPa+AD&MW 9545 59.7642.81° 1.860.21° 22.8842.00° 11.2743.26° 3.1840.16°
CM3-0.3MPa+AD&MW 9045° 60.64:+.26" 1.9440,08° 23.58:40.80" 12.7341.43° 3.0440.21°
CM2-40°C+AD&MW 6545° 60.50+1.42°  1.9640.039° 23.9640.89° 12.78+1.60° 3.2740.30
CM4-30°C+AD&MW 856" 61.69+.72° 1.6320.21° 24.2340.84° 13.86:4.77° 3.0240.25
CM2-10h+AD&MW 6545° 60.50+1.42°  1.960.039° 23.9640.89° 12.78+1.60° 3.2740.30
CM5-30h+AD&MW 835" 59.94:+.24° 2.5740.20° 22.800.68° 12.02:4.24° 2.6340.23°

E: abCd MR FEAFTAREWER, REFEMNETHERLEZF p<0.05.
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2.6 CO; 3% it A0 2 i LA B AR BR & T %

EZP A ZHE RN

LR RER (KD, & CM A5 THE%E
(1) 6. 8. 10-Z=MifN 6-FUHMmy I & B3 A R AIFE AL
B, H Young SR Fe KB, FERRVERREI, SEEH
NS 2 ) ZEY RN Z2I Y e AL, T 7E A EBR A 5 e,
LRSIy o R AE R N, AE B WA AR B
Mo DG, MRMEMIEE BT M. ZEMmINER. H
1, CM4 (30 C. 0.2 MPa. 10 h) {1 F &),

LI e, L 6. 8. 10-ZMA 6-ZGImNT
TR R BT S 2.49 5. 1.45 £%. 1.45 £,
1.36 fif, XZHTERWSMET, EEREAT
LA 2 R LA Z G L. CM2 (40 C. 0.2
MPa. 10 h) 5 CM4 (30 ‘C. 0.2 MPa. 10 h) 4%
A, CM AP LR (40 C) 2xff 6. 8. 10-3
T 1 6- 22T (1) 2 B/, (it 1 22 1) 2 (1) 4k,
X5 Young 5§ A (4510 4H—%. CM5(40 'C.0.2 MPa.
30h) 4REIR6. 8-EMETEIK, 6-EEMIE
X ARG AR AR K TRIRET (30h), T3
T LA LRI,

R7 EZEF 6. 8. 10-ZFE), -EBHEAFIZEENRE] CO.RFLIE T S EMENK

Table 7 The changes of gingerols, 6-shogaol and Zingerone contents in dried ginger through CM pretreatments

6-£8(mglgdw) 8-EE(mg/gdw) 10-EE(mglgdw) 6-EHE(mg/lgdw) EE(mglg d.w)
Fresh 5.9140.16° 2.5240.02° 0.4840.02° 0.0920.005' 0.04140.009°
Fresh+AD&MW 3.9840.07° 2.5040.04° 2.5240.07° 0.246.010° 0.0430.010°
CM1-0.1MPa+AD&MW 6.0540.08° 1.8740.09° 1.1240,09° 0.1526.004° 0.02746.002°
CM3-0.3MPa+AD&MW 7.5840.72 3.2140.15° 2.7240.14° 0.1840.001° 0.03640.0024°
CM2-40°C+AD&MW 7.8440.36 3.6140.21° 2:4340.17° 0.180.001° 0.05146.0031°
CM4-30°C+AD&MW 9.9040.80° 3.630.18° 3.6640.69" 0.3340.007° 0.0266.009°
CM2-10h+AD&MW 7.8440.36 3.6140.21a 2.4349.17° 0.1840.001° 0.05146,0031°
CM5-30h+AD&MW 7.6840.28" 3.1540.06 3.7240.13 0.6040.010° 0.05140.001°

Z: a,b,c d MR FEAFTAREMREF, FRFHURTAIERE Z53P<0.05.

2.7 COy 32 it AL 22 3t H 2 SOUL 28 Ay oy o

Wl 4 s, B () BB R B,
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ZERL TSI, TR RALBREE A HHEZEN (18 by c. d. e)o
FT R T T4 0 2l i, MU FLRRES AR 1T
IR B E K T I BTS2

|\

N

E 4 CO.;E%&
Fig.4 Electron micrographs of dried ginger through different

carbonic maceration

JE: Fresh+AD & MW (200x) (a); CM1+AD & MW (500 )
(b); CM2+AD & MW (300%) (c); CM3+AD & MW (200x%)
(d); CM4+AD & MW (500%) (e); CM5+AD &MW (500x) (f).

{H24 CM [ /3 R s (Al A, 3 203 B
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