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Note: Signal profile in figure a was the proton density signal intensity (I)
distribution in the X direction in the image center pixel (Y 109 pixel); Signal
profile in figure b was the signal intensity (I) distribution in the X direction
in the image center pixel (Y 125 pixel).

A1 #eRAARAY A IR(NMR) B R
Fig.1 Nuclear magnetic resonance (NMR) image of
cylindrical carrot sample
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Fig.2 Signal strength distributions and changes of carrot
center layer in radial direction at 40C

Kl 3 LR MRESLLE 70°CIREE TR T 2 h I
MR A 1) B B AR B R R ) vt A
(113 pixel) ZiU% (99 pixel) [HIAN[A]JZ H 55 30
A I A s i S MW A6 S VAT W =R ]
L BEOR,  IX U A Sl ) RO B R 5%
12, K EER, REKDEE; FETLSNE,
TR BT BUEADN, RO TR
M, KA EBAR, A ZRIK DB YRR
THT 7K 43 ok B 14 e o g 7 B G K o AR i B A
non-Fickian A&, WPRIAS [l ) 2 1047 5 50
FERE O IRFEIE X Rl FfE 2 iR A0 s e 7kl
P 7K 23 JER 2 Al 1r) A7 AE 25 [R) 0 AT o I SRR AIE A 15 1
Tl B FRRE N SR R 7K 2k S AR ZR P G R

&l [ £ ¥
Axial distance/pixel

g - 13
= 1.8} - 3
kP — 107
= 1.6f —— 104
= 103
5 14} 0
B ] 8 101
:;::, 0 (/Y NN\ 100
& 99
- 08
EH 06f
bz 04f

02t

0 200 40 60 80 100 120 140

X7 1] #8 # Distance in X direction/pixel

B3 70CTFR2h AT MFSLAe & B 5% E A T
Fig.3 Signal strength distributions and changes of carrot
center layer in axial direction at 70°C

TR T, PRk SR, x—
PEABGEN P fhANE, T H gy B BHK %%
BRS04 nTLUR I, PRI



274 Al TR 2A 3R

2013 4F

KT 42 . TS, —E i i .
WA PR SEAMNE UK I3 BREAT LU, — 22
SRl DU N TR ARS B A S ATUUEH, 48
BT KRR T 7.33 kekg I, HRHE NMR &3k
PR BREETE . (B2 THE IR HAR R
B (R) SYREAZNLS (DD , —FHiTf

G R —IR UK TR RIER I I PR A, %
T AL T o SO B PT e A2 A 7 PP T4
Bro B THRAIHHT, X ERINEN, —FH
OYES e X UL TR S DR EIRL N, YiklER
CZAE “TX” o I BOE PRI E TR B “ T
X7 [AEAE ARl R A g5, MR Rkl 4
IR I HE AR B

26
\\
24 }\:\ —e—40°C L% Diameter
22 AN —o—40°C I Length
20t \g\ ‘\‘\ —4&—T70°C % Diameter
s Y . & TOCIHL Length
= y .
E 16} \\ T
£ o4 \ ‘““*—-.H_
B 12 "a s
10 -
8 L Hhh_""-\-\..
p. T~
L T T
o
2

0 60 120 180 240 300 360 420 480 540 600 660 720 780
[-45 6 1) Drying time/min

B4 RE FHESARNTIRIEFOREAL
Fig.4 Shrinkage phenomena of carrot sample during hot air
drying
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Moisture transport in carrot during hot air drying using magnetic
resonance imaging

Xu Jianguo®, Xu Gang', Zhang Xukun?, Gu Zhen', Zhang Senwang®, Li Huadong™*
(1. Food Engineering Innovation Center of Jiangxi Academy of Sciences, Nanchang 330029 China; 2. Key Laboratory of
Non-destructive Testing of Ministry of Education, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The drying process is one of the most important processes in food engineering. Heat and moisture
transfer in fruits and vegetables during drying is a complex process, and knowledge of the moisture profile is
fundamentally important for industrial processes, because the quality aspects of dried foodstuffs, such as nutrient
content, safety and weight, are related to moisture content. A better understanding of the mechanism of moisture
transfer should help improve product quality and the efficiency of the drying process. Such information will also
help produce realistic computer simulations of drying processes and Fickian and non-Fickian models of moisture
transport. Moisture profiles in foodstuffs can be measured using destructive and non-destructive methods. Slicing
and freezing is not an accurate method because of low precision and moisture loss during cutting process,
although it could give inside moisture distribution. In recent years, the applicability of nuclear magnetic resonance
imaging (MRI) to measure mass transport phenomena in porous systems, especially in foodstuffs and biological
materials, including drying processes, has been demonstrated. NMR imaging as a non-destructive, non-invasive,
promising technique has been used to obtain moisture profiles during drying of vegetables and fruits. In this paper,
the moisture transport in a cylindrical carrot sample was visualized and studied using nuclear magnetic resonance
images obtained from the drying experiments. The transient moisture profile distributions in carrot were measured
during the hot-air drying process with air temperatures of 40 and 70°C, respectively. Experimental results showed
that the moisture profiles moved irregularly toward the center of the carrot sample in both the axial and radial
directions, indicating a muti-dimensional and unsteady-state mass transfer process that has non-Fickian moisture
transport characteristics. In the initial drying stage, a sharp moisture gradient was found indicating significant
moisture flux at the surface of the carrot. With the process of drying, the ratio of the MRI diameter declined faster
than that of the optical diameter, which indicated that the dried layer appeared at the surface and moisture profile
moved inside. The Henderson-Pabis model (MR=1.003¢"""""'* R?=0.9994) achieved better predictive accuracy
than other models and satisfactorily described drying characteristics of the carrot cylinder at 70°C. The maximum
relative error of prediction compared with the measured results was 7.69%, with relative errors during the drying
process at 70°C commonly remaining less than 4%. The moisture transport of the carrot center layer was
simulated by the Henderson-Pabis model (MR=1.005¢"*¢", R?*=0.9978) during the drying process at 40°C .These
results could assist in the optimization of drying process and theoretical simulation on moisture transport
considering shrinkage caused by drying.
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