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Table 1 Regression models for color parameters

Reference Mathematical equation Model Model No.
[17] C=(ast+ay) First order 1
[24] C=a,t’+a,t+ a, Second order 2
[15] C=a,exp(-a,t) Exponential 1 3
[24] C=(ast+ay)exp(-ast) Exponential 2 4
[24] C=a;exp(-a,t)+as Exponential 3 5

Table 2 Regression models for shrinkage parameters

Reference Mathematical equation Model Model No.
[17] Dg = K1X+ K- Linear 1
[24] Dg = K; + KX+ K;X2 + K X*? Third order 2
[15] Dg = Kq(1 + xF2) Power 3
Dr= (Kit+Ky) exp(-KzX) Pz Exponential 1 4
[17] Dy = Kyexp(—K.X) + K X Exponential 1 5
[17] Dy = exp(KX + K;) Exponential 1 6
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Fig 1 Brightness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze

5 omPl OAE (sloggd Sl iSTs 5 LaliS ) 55 5 4 s
ey b gl slse Lo gl ole wlas s o LSNJ.;B:;
OB LS das e 0L S aman LS| e Gl s
S Wl e Sl Ol csdS LA b Oluss Ol Lo
b glos 1l xeS glales s a8 sl ol el s
6‘@;@5 J:“SUWJAJ°:JJJ:JL5>"IGM'J3’LJCLAJ‘)‘J‘~
Oy 03 S glos il &8 clils g al Jb-
Lo 53 bk gl Lle Oloj Sl 5 o3l EalS 1) 05 S
Oel 05 SSis los Sl eslaal b o a8 SSES

O o5 Ll esls falS 1y 5,5 4 58 3 slaaluss, 4 S Kal

drying

a K, jarls ol i -2-1-3
Sy olly L (6303) 80K pasls o 2 g5
e gla gy 0 A sdar bl LA
Sl s 5l sdel s @l e e Ol 0 S
Sl s sby Sl alS L aS ol 0l 2 IS0 Cilass
AN s o bl nl Sless L, DA Ol

QAJS&;P.- &j‘) DL j‘j‘s L5<‘) u,a;'-LL B Q‘j:‘:""" d‘j‘:‘

S o3 St Ol e ioml 5O s e S Sl Ol r

132

S Df Sler 0L 05 S iy 5o &S Sl (]



1398 L) c16 092 ‘95a)l.o..i

DOI 10.29252/fsct.16.10.11

b mlo 5 o5l

dlj:ﬁ g:“-i‘ﬁ] L; 9 aAﬁ YL Jra;uﬂ CE.,: “ LfL": 6LA4._;.‘}} )]
O35 ol s 4 sbesil 03 SSE 5, 5l eslinad
Gk @3l spd B e 3 sl w5l
e 5o A ISad sl 3 eyl pl Slss Lgy 5 e S
2 Uiy ple =B L el ol s e

ol cillas [ 35534 ] 5 3 e slaaY 05 SKis

= a ~8—50°C
N’
» —4—70°C
3
P —8—90°C
=
D
&~
50 100 150 200 250 300 350 400
Time (min)

0.8

0.6
=
& c —=—90 W
% 0.4 =180 W
] —0—600 W
=
]
~ 0.2

0 . . . . . .

0 50 100 150 200 250 300 350 400

Time (min)

Ll o bl (S Lo 53 bid el Lbe Ol ke JI-
et w2l g3 S0, Slpd g e U 8 el s
S oy Vo 5 ae ol L, Gl e e
Aol aS bl Sl ibe of 5 Jdos als K
sy bl Ul b g3 i sbadd,s DaaSis
Aol p o 55 Jpams Sughy 45 CiS Wl 38 ks 348
sy bl L5 e Jgames (5 5l Sl GUESUES
Cs o OAESES gl e 53 oS bl 5lss S oo 35k
Casby S 5 b W s b 5l usb) 2

0.8
= ~—50°C
N’
@ ——70°C
]
= —0—90°C
<
[
~
0 . ; 3 : : : :
0 50 100 150 200 250 300 350 400
Time (min)
0.8
—i—_50°C
PR
=
N’
n
3
04 |
S d
3 4
&~
02 |
& 2 A——a
i
0 3 3 :
0 50 100 150 200 250 300 350 400

Time (min)

Fig 2 Redness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze
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Fig 3 Yellowness changes of sugarbeet samples during drying, (a) hot air, (b) vaccum (c) microwave and (d) freeze
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Table 4 Coefficients and indices of the best fitted model (Exponential model, No. 1) on the shrinkage

b a L
Microwave method
RMSE SSE R® RMSE SSE R® RMSE SSE R®
0.00099 0.00024  0.9826  0.00019 0.00031 0.9867 0.00176 0.000219  0.9965 W180
0.00981 0.01591 0.9889  0.01241 0.00384 0.9681 0.02716 0.01033 0.9894 W360
0.00993 0.05514  0.9565 0.01136 0.00318 0.9781 0.03155 0.00099 0.9878 W600
Hot air drying method
0.0014 0.03571 0.9855  0.00634 0.008496  0.9693 0.03443 0.001893  0.9871 50 °C
0.0078 0.0091 0.9711  0.00636 0.008507 0.9794  0.06225 0.05037 0.9641 70 °C
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Vacuum drying method
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Freeze drying method
0.0087 0.01584  0.9588  0.00645 0.8831 0.9350 0.00514 0.01323 0.9714 -50°C
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Drying is one of the most important post-harvesting processes with the aim of increasing the storage time.
The present study investigates and compares color changes and shrinkage of red beetroot thin layers in
four different drying methods (hot air flow, microwave, vacuum and freeze drying). The process of
changing these two parameters was simulated by fitting to different models. The experiments were carried
out in hot air and vacuum air dryers at three temperature levels (50, 70 and 90 °C), in microwave dryer at
a power level of 180, 360 and 600 W, and in a freeze dryer at -50 °C.The results showed that the changes
in the brightness index (L) and yellowness (b) relative to the time were increasing and the trend of
changes in the red index (a) was decreasing. The slightest changes in the parameters of brightness,
redness and yellowness occurred in freeze drying, microwave and vacuum, respectively. The overall
results showed that the highest amount of color change (AE) was 1.59 in drying by microwave and at 180
W, and the lowest drying rate was 0.76 in freeze drying. Also, shrinkage changes in sugar beet samples
showed that the use of freeze dryer reduced the amount of shrinkage by 10-25% compared to the other
three methods of drying. Also, modeling of color parameters and shrinkage showed that exponential
models have higher ability to predict the process of color variation and shrinkage.

Keywords:Color indices, Shrinkage, Mathematical model, Red beetroot, Drying
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