MR ERRH Modern Food Science and Technology 2014, \Vol.30, No.6

SERRNWES A TREERAFRE

RREx, BT, EER
GLAZIXFRLEIAZERSAFEFR, LR 255049)

WE: HTHLILFY HEOFTERAR LRG0, AR TERRAZ AT R A LS R, ATERREANH &
B AR A KBRS A A A A B, U R E | RS R M A KR RN AR, AT TERRGRATE, 35T
TERRET BT EEY: REAHHEE %-T%, ALK 15%ILiF0 BE G, BEH 1%R T AL 4F 4, B E 20 min,
FRTARRE (55, 65, 75 °C) A=Az (0075, 0.0%5MPa) TEERM FIRMFE, TERRTREFME BE AT AN
B3, BAR AL A LAY TE RANL, AELIE RF M T FIRIEAL T 69H BOK DY MR B HIK T B, RS TR K
B TR E . 45487 TIRIE . A TRE S ER A ZIERT R LT AR A Midillietal £ 2

K. TER: JUESBFG: RN Ax T FHRAR: Jpua

NEZS: 1673-9078(2014)6-131-139

Drying Characteristics and Mathematical Modeling. of Yacon Pulp by

Vacuum Foam Mat Drying

SHI Qi-long, ZHAO Ya, PAN Wang-ying
(School of Agricultural Engineering and Food Science, Shandong University of Technology, Zibo 255049, China)

Abstract: The purpose of the present study was to illuminate the effect of whey protein isolate on the foam properties of yacon pulp and
determine the dry ing characteristics and mathematical model of vacuum foam-mat drying. Effects of total solid content of yacon pulp, types and
mass fractions of foaming agent, and whipping time on the foam expansion, foam stability and foam density were investigated. The optimum for
stable foam formation was yacon pulp with total solid content of 5%~7%, with 15% whey protein isolate as foaming agent and 1%
carboxy methy Icellulose sodium as foam stabilizer, and whipping time of 20min. Drying characteristics of foamed yacon pulp a different
temperatures (55, 65 and 75 “C) and vacuum degrees (0.075 and 0.095MPa) were investigated. Drying rate increased with increasing drying
temperature and vacuum degree. Compared with non-foamed pulp , foam mat treatment significantly increased the effective moisture diffusivity
coefficients and decreased the activation energy for the diffusion of the moisture associated with yacon pulp and therefore increased the drying
rate and lowered the drying time of yacon pulp. Midilli et al. model achieved the best fit and can be used to describe the foam mat vacuum
dryingprocess of yaconpulp.
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Fig.1 Effect of solid content on the foam expansion of yacon
pulp
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Fig.2 Effect of whipping time on the foam expansion of yacon
pulp
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treatment at different vacuum degrees
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foamed treatment at different vacuum degrees
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FIAFTEZMT MR, SRR 1 Fis 8 i il and Singh #58Y, HAHE Fl5 % 9 0.0414~0.0505;
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Table 2 Model fitting constants of vacuum foamed mat dried yacon pulp

A - Hﬁé%ﬁ A A% R? a RMSE
BEISC A% EIMPa

75 0.095 k=0.826 0.975 0.0033.0.0545

65 0.095 k=0.699 0.975. 0.0031 0.0536

_ 55 0.095 k=0.416 0.970 0.0033 0.0558

Lewis 75 0.075 k=0.596 0.974 0.0031 0.0536

65 0.075 k=0.456 0.972 0.0031 0.0540

55 0.075 k=0.313 0.965 0.0035 0.0578

75 0.095 k=0.741, n=1.338 0.990 0.0017 0.0372

65 0.095 k=0.585," n=1.300 0.988 0.0018 0.0391

55 0.095 k=0.336, n=1.194 0.977 0.0029 0.0500

Page 75 0.075 k=0.522, n=1.179 0.980 0.0030 0.0496

65 0.075 k=0.370, n=1.204 0.980 0.0025 0.0470

55 0.075 k=0.245, n=1.177 0.971 0.0032 0.0534

75 0.095 k =1.053, n=0.785 0.975 0.0040 0.0575

65 0.095 k =0.713, n=0.979 0.975 0.0038 0.0559

M odified 55 0.095 k=0.957, n=0.435 0.970 0.0038 0.0577

Page 75 0.075 k=0.733, n=0.814 0.974 0.0038 0.0562

65 0.075 k=0.585, n=0.778 0.972 0.0036 0.0560

55 0.075 k=0.656, n=0.477 0.965 0.0039 0.0593

75 0.095 k=0.851, a=1.036 0.977 0.0038 0.0558

65 0.095 k=0.720, a=1.035 0.977 0.0036 0.0544

Henderson 55 0.095 k=0.421, a=1.013 0.970 0.0038 0.0575

and Pabis 75 0.075 k=0.603, a=1.012 0.974 0.0038 0.0560

65 0.075 k=0.463, a=1.018 0.972 0.0036 0.0556

55 0.075 k=0.314, a=1.003 0.965 0.0039 0.0593

75 0.095 a=1.082, ¢=-0.059, k=0.735 0.984 0.0033 0.0489

65 0.095 a=1.077, ¢=-0.056, k=0.627 0.983 0.0031 0.0485

Logrithmic 55 0.095 a=1.098, ¢=-0.115, k=0.322 0.983 0.0025 0.0446

75 0.075 a=1.071, ¢=-0.076, k=0.502 0.983 0.0031 0.0485

65 0.075 a=1.109, c=-0.123, k=0.348 0.986 0.0021 0.0407

55 0.075 a=1.091, c=-1.237, k=0.234 0.980 0.0025 0.0462

TR
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HET
75 0.095 a=-111.900, ko=0.682, b=112.900, k;=0.684 0.979 0.0057 0.0600
65 0.095 a=-65.300, ko=1.224, b=66.290, ki:=1.211 0.988 0.0029 0.0440
T 55 0.095 a=-29.500, ko=0.661, b=30.460, ki=0.649 0.980 0.0034 0.0506
WO term
75 0.075 a=-11.480, ko=0.326, b=12.470, k;=0.342 0.985 0.0035 0.0483
65 0.075 a=-23.980, ko=0.668, b=24.960, ki=0.656 0.980 0.0035 0.0509
55 0.075 a=-77.950, ko=0.456, b=78.900, ki=0.454 0.975 0.0035 0.0534
75 0.095 a=-0.507, b=0.059 0.972 0.0045 0.0610
65 0.095 a=-0.438, b=0.044 0.973 0.0041 0.0586
Wang and 55 0.095 a=-0.288, b=0.020 0.986 0.0017 0.0385
Singh 75 0.075 a=-0.399, b=0.038 0.982 0.0023 ~0.0476
65 0.075 a=-0.315, b=0.024 0.989  0.0014 0.0348
55 0.075 =-0.217, b=0.011 0.982 0.0020 0.0426
75 0.095 a=0.978, b=-0.003, k =0.677, n=1.353 0.991 0.0025 0.0400
65 0.095 a=0.972, b=-0.002, k=0.546, n=1.334 0.989 0.0026.-0.0414
Midillietal 55 0.095 a=0.943, b=-0.006, k=0.273, n=1.228 0.984 . 0.0028 0.0456
idillietal.
75 0.075 a=0.966, b=-0.005, k=0.479, n=1.182 0.983 0.0038 0.0505
65 0.075 a=0.957, b=-0.008;, k=0.330, n=1.183 0.987 0.0024 0.0423
55 0.075 a=0.907, b=-0.004, k=0.168, n=1.322  0.981 0.0026 0.0456
a 100 65 C.0.005 MPa EMYP Lt TIPSR U PR MR B2
o L LS A, -
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Fig.8 Comparison of predicted and experimental MR from
midilli et al. model at different temperatures and vacuum

degrees
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e 4 34.0 F1131.6 ki/mol, DXl oAb FRAE B3 %
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Table 3 Moisture effective diffusion coefficients and activation energy of vacuum foamed mat dried yacon pulp

T A A KDY # R B Derl(mM?s) FE LA Eal(kd/mol)
BEIC A= EIMPa FM-YP YP FM-YP YP
75 0.095 3.607>10"° 3.380>10"°
65 0.095 2.683x10"° 2.608x101° 27.0 27.0
55 0.095 2.039>10" 1.915x107%°
75 0.075 2.888x10%° 2.740x107%°
65 0.075 2.261x10%° 1.948x10°0 316 34.0
55 0.075 1.486x10°1° 1.339x10°2
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