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Effective moisture diffusivity and thermal property of
shelled corn during drying
JIANG Ping, LI Xing —jun”

(Academy of the State Administration of Grains,Beijing 100037, China)

Abstract: The changes in moisture content of five shelled corn with initial moisture content 27.1% ~34.5% were
determined respectively at 45~75 °C in an electric heated blast oven,and a moisture diffusion equation( MPage)
was modified to fit for the relationship between moisture ratio( MR) of samples and exposed time.A single corn
kernel was considered geometrically to be a finite homogeneous slab shape, and its moisture diffusivity were
given.The effective moisture diffusivity was calculated using a method of slope by plotting the experimental data in
terms of In(MR) versus drying time. MPage fitted well for the relationship between MR of samples and exposed
time with /* >0.94,and MRE < 6.23% .The desorption rates of corn dried at 75 °C initially were 250 x 10 > ~350 x

1

10’ min~",and decreased to minimum within 150 min, but those dried at 45 °C initially were 75 x 10 > ~ 100 x

10 min™'

,and slowly decreased to minimum within 250 min.Among the five corn varieties, at drying temperature
of 45 ~55 °C, cv.Longjiang had the minimum desorption rate, but other four varieties (Zhengdan, Xianyu, Tangkang,
Zhongnuo) had the similar desorption rates. At drying temperature of 65~75 °C, cv. Tangkang had the minimum
desorption rate,but other four varieties had the similar desorption rates. The effective moisture diffusivity of corn
increased with an increase in drying temperature. The effective moisture diffusivity of corn dried at 45~55 °C was
approximate.The effective moisture diffusivity of corn dried at 65~75 °C was 1~2 times higher than that dried at
45 °C. Fast green FCF dye showed that corn kernels of Longjiang variety were significantly broken during drying
140 min at 75 “C, or 170 min at 65 °C. Drying temperature and time had little effect on the onset(T,),peak(T,),
conclusion( T, )temperature as well as temperature ranges( 7, — T, ) of gelatinization, but the drying temperature of
75 °C significantly increased gelatinization enthalpy and thermal power.
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Table 1  The fitting parameters and statistic parameters of modified Page equation on the plot of MR —time of shelled corn during drying

5P S} Y & MPage J5 £ 550 EX/ENIE =

mn (%) A K N B RSS( x107%) SE( x107%) R MRE(% )
T 27.1 0.982 638.538 1.118 3721.899 19.590 5.600 0.9472 6.2244

FR 345 0.995 376.314 0.854 3183.507 4.944 1.902 0.9829 3.2793
SE 344 0.994 479.384 0.909 3343.111 4.102 1.578 0.9863 2.9033
FEBL 337 0.996 502.696 0.844 3275.641 9.473 3.644 0.9672 4.2940
ok 33.1 0.998 292.795 0.927 3221.142 4.841 1.862 0.9837 2.8450
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Table 2 Moisture effective diffusivity of

corn kernels at different drying temperature
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Table 5  Changes in the contents of protein

and amino acids of shelled corn during drying

—_— SR EAR W B
(%) (%) (pg@IE/gTH)

mafP REE(CC) JEEE (mm) D, (m’ min"")
45 4.46 2.16 x107°
-8
it 55 4.46 3.08 x 1078
65 4.46 5.56 x 10
75 4.46 582x107°
45 5.44 258 x107*
-8
. 55 5.41 243 x 1078
65 5.64 591 x10
75 5.25 517 x107*
45 4.94 2.15x10°¢
. 55 5.02 2.83 x 10:2
65 5.02 3.98 x 10
75 5.21 6.11 x10°°
45 5.78 2.88x107°
-8
. 55 5.78 2.17 x 1078
65 5.78 5.11 %10
75 5.78 833 x107°
45 5.44 228 x10°°
-8
ok 55 5.44 2.85 x 1078
65 5.44 4.17 x 10
75 5.44 633 x10°°
R 3 ORNIRIEEE B E KR ARG L e
Table 3 Activation energy of corn kernels
- 5 B E, D,
DLI*FF -1 2 - =1
(C) (kJ+mol ™) (m”+min"")
pAUN 45~75 33.01 5.839 x10
fPep 45~75 27.35 7332 %x107*
fex 45~75 31.82 3472 x107°
FEHL 45~75 36.78 2.406 x 102
rhoe 45~75 31.56 3273 x107°

277.01 £10.12°
313.71 +16.72°
285.23 +10.38"

FB AR bR R 2328 721
45 °C 130 min 1536 8.35
45 C 260 min 1092 829

55 °C 100 min 18.1  7.94 163.81 £9.75°
55 °C 200 min 143  8.08 186.55 +8.49°
65 °C 85 min 11.82  7.76 71.9 +3.88¢
65 °C 170 min 1022 8.78 108.09 +0.41°
75 °C 70 min 151 686 65.33 +7.71¢
75 °C 140 min 877 897 85.94 +7.73"

SeERIAFE 2143 7.83
45 °C 130 min 1235 858
45 °C 260 min 1266  9.08
55 °C 100 min 1529  9.02
55 °C 200 min 9 8.98
65 °C 85 min 1396 785
65 °C 170 min 10.08 899
75 °C 70 min 1396  7.85
75 °C 140 min 794 907
JEBUR IR FE 2459 933
45 °C130 min 1348 10.72
45 °C 260 min 1123  10.88

294.13 £2591°
270.08 £9.94"
25529 +5.33"
102.95 +7.61¢
159.97 +5.45¢
134.10 £2.57"
205.11 £6.05°
143.42 +12.86
186.74 +11.19*
295.51 +18.82°
219.19 +24.61"
248.58 +10.32"

55 °C 100 min 15.04 11.11 112.81 £3.08°
55 °C 200 min 1094 10.81 114.05 +4.75*
65 C 85 min 10.36 10.89 93.21 £2.72°
65 °C 170 min 879  10.62 107.75 +2.37°
75 °C 70 min 154 1034 120.19 +5.81*
75 C 140 min 1036  10.67 124.13 £5.44°

L E,,TEALRE s D, , Arthenius J7 2R FIFE 5UA T

25 FTHREIRPEXREBEAR.GFEIRERSERW
mET

M5 FHH, XFHIUE K4y 21.43% ~24.59% 1) T
K, B TR R R R v AN e e () S, 5 AR R
PR, 2K K 3R I 25 B AIG, AR 1 5T LD BB it 3

26 MR, X IR R F K S0 TR S SR
P KSR T PR ) R 5 i 1h e (B v
(T,)) WIMEEHIRRE(T,) WESE (T, -T,) H W EH ST
EAE TSR (YT R ST R

MK T FH, TR EE A T RS 52 i) oK
T Al TR R RS A (AR SRR e B (R 75 C
Rt M (p < 0.05) £ i HABR AZ RN IR DI
3 itig

X o T PEAT TR TR 92645 Y, S &
K2 T 05 T R A b 35 10 R AU R i R XL
L (S AN S 35, B 25 RORAUTRE B B, ok i+

H AR A 2 AT

ko SRIPE, BOXUIEL BE AR O 50 °C B S o R B i 4
n, Bk 60 °C B A& 2% W BN . ASHF 58 7E H HRVIE
TR KT8 5 HT T 45~75 CXf 5 4~ FE K5 Fh 75~
100 g =Ky (WIAR 5 /K3 27.1% ~34.5% ) F£ 5 i T
Y B TR TR R = B RO B AR BR R & S /K 51 )
A la) B 4608 . AT HOULEE , HE 75 °C T4, K i
2738 250 x 10 7°~350 x 10 7 min ™', 7E 150 min PN ¥
(KB A% 545 °C 45 5 A 1 7 W o S5 de s 75 < 10 °°
~100 x 10 min ', #E 250 min 212 PN FRE T £ /ME o
TE 45~55 C IR, Jo VL i it i 3k 32 i 2R 421G,
FREA e HPL L HORR DA S R A 0 % i 2R A
fBL; 7E 65~75 °C T RRIRRE , FEHT i Pl A 12 19 58 il £ 4%
A, HoAth DU A4~ & P 4 i W o o5 Bl 2R AH L. Bl 05
TR BERSIN , KPR K S 3y B R B i 545 ~55 C K
I T R B AT ,65~T75 C IR AR TR B
JE45 CH2~3 4%, TR 55 °C, i G
WA R B, M 3.08 x 10™° m’ »min ', {E 65~75 C
M 5.56 x10 °~5.82 x 10 * m* -min ', 7E 5 > K K5
PR, EPUER AR 45~55 °C IR IR A 8OK 4y
PECER BN R 2.17 x 10 °~2.88 x 10 m’min"', 7E
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Table 4  The fissure and breakage of shelled corn samples at different drying condition
FHERE §7k;2f;( %) Dy Mﬁig( % )
y RN 27.13 0.281 £0.034° 0
45 °C 130 min 18.28 0.310 £0.014° 0
45 °C 260 min 13.68 0.421 £0.040° 3.07 +1.12°
55 °C 100 min 15.84 0.281 £0.037° 0
55 °C 200 min 12.99 0.561 +0.059" 721 £1.77"
65 °C 85 min 14.87 0.475 +0.048" 467 +141°
65 °C 170 min 12.01 0.801 £0.166° 14.25 +4.87"
75 °C 70 min 14.71 0.314 £0.034° 0
75 °C 140 min 10.25 0.708 +0.002° 11.53 +0.06"
HR LR R R 34.52 0.051 £0.002° 0
45 °C 130 min 20.39 0.085 +0.001" 0
45 °C 260 min 15.47 0.088 +0.001" 0
55 °C 100 min 19.43 0.093 +0.009" 0
55 °C 200 min 15.08 0.096 +0.009* 0
65 °C 85 min 18.31 0.087 +0.004" 0
65 °C 170 min 13.81 0.100 +0.005" 0
75 °C 70 min 16.91 0.098 +0.009*" 0
75 °C 140 min 12.46 0.108 +0.013* 0
e R IARE 34.36 0.059 +0.008° 0
45 °C 130 min 20.03 0.077 £0.013° 0
45 °C 260 min 16.37 0.117 £0.013" 0
55 °C 100 min 19.23 0.067 +0.004° 0
55 °C 200 min 15.41 0.114 +0.006" 0
65 °C 85 min 17.91 0.062 +0.002° 0
65 °C 170 min 13.52 0.195 £0.013* 0
75 °C 70 min 17.53 0.103 +0.027" 0
75 °C 140 min 12.92 0.163 +0.025° 0
FEHL R AR 24.59 0.065 +0.007° 0
45 °C 130 min 13.48 0.060 +0.002° 0
45 °C 260 min 11.23 0.083 +0.005° 0
55 °C 100 min 15.04 0.072 +0.007* 0
55 °C 200 min 10.94 0.087 +0.008* 0
65 °C 85 min 10.36 0.092 +0.006 0
65 °C 170 min 8.79 0.123 +0.008" 0
75 °C 70 min 15.4 0.098 +0.006° 0
75 °C 140 min 10.36 0.174 £0.007* 0

T AR TR 22 57 35 (p <0.05) ¢

RO AL E R TR BRI AL IR R

Table 6 The gelatinization temperature of corn sample at normal moisture content

e, P & T, T, T, U FE JaAE RIS

(%) () (C) () (C) (J/g) (mW/mg)
JBiL 11.1 64.5 +0.3" 70.8 0.3 76.4 £0.2° 9.2 +0.1° 5.507 +0.874" 0.1099 +0.0169*
Hp e 10.8 67.3 £0.5* 72.0 0.2 76.7 £0.5° 7.4 £0.7° 3.109 +0.740" 0.0791 +0.0333*
SeE 11.1 65.1 £0.4" 712 +0.4" 76.1 £0.1° 8.7 £0.5° 3.277 +0.372" 0.0714 £0.0122"
FEdL 10.4 66.5 +0.4" 73.8 £0.5° 78.5 £0.5" 10.9 +0.8" 1.659 +0.668° 0.0302 +0.0088°
ke 11.2 66.8 +0.5° 74.6 £0.5° 79.8 £0.5° 12.8 £0.8" 5.700 =0.965" 0.0862 +0.0139™

T T, MR URILE T I P IR B2, TIPS AR o Al 2 18] LU, ARl /INE B30 p <0.05 K- % 7 MlF].

75 CHI 8.33 x 10™° m’ ~min ™', 7E 5 > E A i i opr
R, FE45~75 °C, HAE K S FOFFRLIE (LR 1L

38 oremmism

JiE 27.35~36.78 kJ-mol ™', D, 254k Bl N 7.332 x
10 7%~2.406 x 10 > m® - min ", H: i 4L it Fb 1 K07 35
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FT TR R AR AL
Table 7 Changes in thermal properties of corn samples during drying
THERE T T,(C) T,(C) T.(C) W55 (C) Ja 2 (1/g) PRI (mW/ mg)

L FIRFE 67.6 +0.3° 72.6 £0.2° 76.8 +0.7° 7.8 £0.7" 4.982 +0.388° 0.0988 +0.0018"
45 °C 130 min 66.6 +0.4* 72.1 £0.4 77.9 £0.6° 9.3 +£0.5° 5.012 +0.661° 0.0995 +0.0054"
45 °C 260 min 67.2 +0.6° 72.8 +0.4° 78.6 +0.4™ 8.8 £0.4® 5.560 +0.542" 0.1175 £0.0062°
55 °C 100 min 66.8 +0.4" 72.3 +0.1° 772 £0.3° 8.9 +0.2° 4.566 £0.195° 0.0949 +0.0042"
55 °C 200 min 67.7 +0.1° 72.5 +0.1° 77.9 £0.1° 8.9 +0.2° 6.024 +0.731" 0.1216 +0.0082°
65 °C 85 min 67.1 +0.1° 71.9 +0.0* 77.6 £0.2° 8.5+0.2" 6.231 +0.268" 0.1364 +0.0023"
65 °C 170 min 68.3 +0.3" 73.6 0.2 79.1 £0.3" 8.8 £0.3" 5.604 +0.680" 0.1187 £0.0086°
75 °C 70 min 68.8 +0.1° 74.0 +0.0° 80.6 £0.4° 9.1 +0.2° 5.956 +0.255" 0.1251 £0.0023°
75 °C 140 min 67.8 +0.0° 72.8 0.0 77.9 £0.0° 83 +0.1° 7.485 +0.096" 0.1634 +0.0007"

Se BRI HE 65.6 £0.4" 70.7 0.1° 76.5 £0.1° 8.9 +0.1° 2418 +0.168° 0.0453 +0.0016'
45 °C 130 min 66.4 £0.3™ 714 +0.5" 77.9 £0.3° 9.1 +04" 2.741 +0.609° 0.0547 +0.0074°
45 °C 260 min 65.9 £0.6" 71.7 0.2 77.4 +0.5" 9.1+0.7" 3.317 £0.442" 0.0691 =0.0061°
55 °C 100 min 65.3 £0.3" 72.0 £0.8" 77.3 0.1 9.9 +0.8" 2.797 +0.103° 0.0551 £0.0055°
55 °C 200 min 64.6 £0.4° 70.9 +0.9™ 74.5 +0.6" 8.5+04" 4.017 +0.623" 0.0527 +0.0052°
65 °C 85 min 64.2 +0.1° 71.5 0.0 77.9 +0.0" 11.6 £0.0° 6.456 +0.058" 0.1041 £0.0004°
65 °C 170 min 66.0 £0.4" 72.5 +0.3° 78.1 0.6 10.6 0.5 5.460 +0.566" 0.1003 +0.0064°
75 °C 70 min 66.9 +0.3" 72.7 +0.1° 77.3 0.1 7.8 £0.1° 4.737 £0.026° 0.1125 +0.0002"
75 °C 140 min 66.1 0.3 73.2 0.6 78.8 £0.6° 11.3 £0.7° 4.119 £0.376° 0.1680 +0.0082°

JEBURLAFE 65.4 £0.3" 72.0 £0.5° 77.3 £0.5° 9.7 +0.4° 2.638 +0.443 0.0493 +0.0058°
45 °C 130 min 67.2 +0.1" 732 +0.3" 79.6 £0.9" 10.9 +0.6" 2.837 +0.509 0.0493 +0.0120"
45 °C 260 min 66.5 +0.8" 72.5 +0.6™ 78.8 +0.8" 10.6 £0.1" 2.709 +0.426" 0.0492 +0.0062°
55 °C 100 min 66.6 +0.5" 73.5 0.2 80.0 £0.7" 11.3 0.3 3.281 +0.262° 0.0563 +0.0050"
55 °C 200 min 66.4 +0.5° 72.3 0.8 76.4 £0.6° 9.3 +0.7° 2258 +0.412° 0.0455 +0.0064°
65 °C 85 min 67.9 +0.3" 733 £0.2" 79.5 +0.5" 12.5 +0.5" 3.871 +0.258" 0.0604 +0.0019"
65 °C 170 min 66.3 £0.6" 73.7 +0.6" 78.6 +0.8" 11.1 0.8 3.627 +0.034" 0.0635 +0.0059*"
75 °C 70 min 67.6 0.9 75.1 £0.1° 81.8 £0.3° 13.8 £0.9° 5.177 +0.405° 0.0733 £0.0082°
75 °C 140 min 65.4 £0.4" 72.5 +0.0° 81.5£0.4" 12.9 +0.1* 5.204 +0.261" 0.0763 +0.0020"

TbBEFN D, B K.

[E4% FCF Jua il R, X T IR vLanfh £k, 5
45 °C T4 130 min £ 260 min L5, fE 75 C T4
140 minfl1 65 °C T-45 170 min, F K 2L 80 % i R HH i
O, 3K AT RE S s IR TR S G o R PR R Y
FELEIR AR A K

i — 20 A3 AT AN [R] i VLB X 6 KoM UE A R 19
S, ARG 2 BH |, TR IR BE R R B[R] AN 5 i) R oK
FADRT Fe 10 3 R A, (W | 2% A RN S8 (R 75 C
TR R e S AR MR ) R, sk s A& g
Bl E TR IR EE B9 T (50~90 °C) , ROKTE M =
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