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Prediction Model for the Extraction Weights
and Extraction Rate of Barley and Cassia Tora Seed Tea
by Different Extraction Conditions
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Dept. of Food Science and Technology, Coll. of Agﬁc.,
Kyungpook Natl. Univ.

Summary

The most important factors among extraction conditions in the extraction process of Barley
and Casia tora seed are particle size, extraction temperature, time and initial concentration. In
this research project, then, the amounts of extracted materials were measured at various condi-
tions of above factors. They were increased as the particle sizes were decreased and were also
ingreased in the proportional to the value of square of temperature. General mathematical pre-
diction models were developed by an optimization technique for the amounts of extracted mate-
rials and extraction rate on the basis of each independent factor. Then, the final prediction
model was obtained upon all the factors. ' .

As the results, it was also found that the values of overall mass transfer coefficients were in-
creased as the particle sizes were decreased.
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Fig. 1. Schematic diagram of barley and cas-

sia tora seeds roaster
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Fig. 2. Schematic diagram of batch system
extractor
1. multi channel temperature indicat
or

2. thermeocouple 3. reflex condens-
or
4. spinbar

6. spinbar rpm controller

5. temp. controller

3. =Y £BY NYEE 5Y

28 29 9o A9Aze] +44 13
Age AOVACHY wat 2izle s
T8 AEdAFEE AAL=Y FHS
i dAZAZEt 4% & o FH(ToYo.
No.2)sled ofoll 20mi2 #3]4] 105Cei 4]
F-A2A0% 2 FALE 3485

of fr fe

4. FEE OE =Y

FEaJd A 2P L vIHE
TR x5, AR, A9l muld s
A EBEoR HH P} gloja 2

R PR

_%_



Foll A= FE2FE ohF3 o] &=, AL
AR, 27X RFY ga2 sk

S&¥=f(2E, A7, ARad], 2748

ol 7 ER4ES T4l 2%
o FAAzHe A 4 Ekdeod &
ZFel adAZE Y3 A eHe
2335 gAEHE §3 R—squares} 7}
Z Ee4E s A SPUSel T F
Aoz Ak o4 olF & FPHs
o 443 FREE A3 HAEHE F9
37t A A Aol A melAg Ay

R 3 EE

1. glAt37| e =& A
2549 2% 70Ca4 A5 %jAE 1.

47, 1.91, 2.56, 3.44m7}=] W BA] 7] w4 F
2L 24351 ol AYAR Fe A
azlel 2o FeRAE 223 W7
e o e AL B ANE
Table 1] v}e}l) S}

Table 1. Values of R—square in each func-
tion at various particle diameters

Funection R—Square
f{D) 95616
f(In D) 8713
f(exp D) 82120
(%) 90556
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Table 2. Coefficient values and R —square for the prediction model of extraction weight on the

change of particle diameter

Barley

N=A11H(D) +Az

Initial Temp. Time Coefficient values R —square
Weight{ g ) (C) (min.) A, A,
5 —0.57571 0.89495 97070
10 —0.73359 - 1.16331 58085
20 —0.78643 1.36294 99417
30 —0.73415 1.42602 99904
4 70 40 —0.68427 1.46389 99521
50 —0.64339 1.48672 199914
60 —0.60666 150277 .99980
80 —0.52571 1.49735 99672
100 —0.47629 1.49197 99621
120 —0.45296 1.49201 .99320
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Fig. 3. Comparison of measured and predict-
ed values of extraction weight at the
various particle diameters of barley at
70°C

N=A,; In(D) 4 Agrererererseess (1)
Where,
N;Extraction weighti(g)
D;Particle diameter(mm)
A, A;;Coefficient values
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Table 3. Values of R—square in each func-
tion at various temperatures

Funection R~ Square
Barley  Cassia tora seed
f{T) 91081 99380
f(InT) 88090 .98301
f{exp T) .86095 67409
(T 93642 89911
N AL (T2) 4 Ageevovornrerians (2)
where,

N;Extraction weight( g’)
T ;Extraction temperature {(Temp./100)
Ay, A;;Coefficient values
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Fig. 4. Comparison of measured and predicted values of extraction weight at the various tem-
peratures

Table 4. Coefficient values and R—square for the prediction model of exiraction weight on the
change of extraction temperature

Barley Cassia tora seed
N=A(T*)*+ A, N=A,(T*)*+ A,
Time Coefficient values R —square Time Coefficient values R —square
{min.) A, A, {min.) A, . A;
5 0.91667 -0.01050 .93642 5 0.06832 -—0.02171 .99911
10 1.00400 0.11606 95781 10 0.18299 —0.04075 .98362
20 1.21922 0.19212 97497 20 0.31190 —0.02600 ,99547
30 1.23357 0.31557 .98946 30 0.38589 0.00623 89696
40 1.30562 0.35362 99425 40 0.45366 0.03081 99654
50 1.35245 0.38335  .99199 50 0.45369 0.08404  .99855
60 1.36163 0.42470 99239 60 0.47302 0.12483  .99998
80 1.37516 0.48576  .89339 80 0.48530 0.19430 99499
100 1.39289 0.50922  .99399 100 0.49883 0.25186  .99170
120 1.40124 0.52409  .99334 120 0.55618 . 0.26421  .99177

T*:Temp./100
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Table 5. Values of R—square in each func-

tion at various times

Fl;mction R —square

Barley  Cassia tora seed
f(t) 83875 94607
f(In t) 99020 98137
flexp(1)) 12128 67447
(M) 901586 99721
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Barley
N=An(t) Ay eesrreeren (3)
Casia tora seed
N=A (LY + Agreererercernnns (4)
Where,

N;Extraction weight( g )
t;Extraction time(min.}
A, A;;Coefficient values
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Table 6. Coefficient valyes and R —square for the prediction model of extraction weight on the

change of extraction time

Barley
N=Aln(W)+A;
Intial Temp. Particle Coefficient Values R —square
Weight(g) (C) Diameter(mn) A A,
3.44 0.24501 —0.26482 87134
4 70 2.56 0.24550 —0.08427 98971
1.91 - 0.24061 —0.10683 99225
1.47 0.18581 —0.47893 95242
Cassia tora seed
N=A(t)'?+ A,
Initial Temp. Particle Cofficient Values R —square
Weight(g) (C) Diameter{mm} A, A,
4 70 3.63 0.06183 —0.13500 .99713
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Fig. 5. The values of measured extraction
weight at the varipus extraction
times of barley at 70C
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®
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Fig. 6. The values of measured extraction
weighi at the various extraction
times of cassia tora seed at 70°C
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Table 7. Values of R—square in each func-
tion at the initial weight

Function R —square
f(Iw) .09934
f(ln Iw) 97319
f(exp Iw) 88546
f(Iw'?) 99568
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N=A(Iw) 4 Agereerseeeenns (5)
Where,

N;Extraction weight( g )

Tw ; Initial weight{ g )

A, Aj;coefficient values
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Table 8. Coefficient values and R —square for the prediction model of extraction weight on the
change of initial weight

Barley Cassia tora seed
N=A (Iw)+ A, N=A(Iw)+ A,
Time Coefficient values R -—square Time Coefficient values R--square
{min.) A, A; {min.) A A,
5 0.12175 0.12450 98474 5 0.02264 —0.45000 .98820
10 0.18432 0.11250 99565 10 0.03686 —0.05200 .99551
20 0.26026 0.10050  .99836 20 0.03850 —0.03680 .99715
30 031614 0.03700  .99897 30 0.09254 —0.06450 .99598
40 0,33286 0.06200 99934 40 0.11096 —0.05450 .99970
50 0.35299 0.05300  .99923 50 D.12968 —0.06750 .99983
60 0.37018 0.03750  .99935 60 0.13671 —0.04400 .99988
80 0.41093 0.03600 59987 80 0.15264 -—0.03300 .99879
100 0.41731 -0.02750 .99965 100 0.16350 —0.00800 .99863
120 0.41979 -0.01800  .99955 120 0.13860 —0.24000 .99948
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Fig. 7. Comparison of measured and predicted values of extraction weight al various initial
weights at 90°C
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Cassia tora seed
N=A1(L) ”2+A;(T)2+A3(Iw) +A4

............... (6)

Barlely
N=Ain(t) + A:In(D) + A.(T?) + A,
(W) 4 Agreveerreraneens (7N

“where,

N;Extraction weight( g }

t;Extraction time(min.) .
T ;Extraction temperature (temp./100)
Tw ;Initial weight (g}

D;Particle diameter(inm)

(6), (A& 3 AF-H 3] Table 9, 10
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Table 9. Coefficient values and R —square for the final prediction model of extraction weight on

Barley
Barley
N=AIn(t) + Adn{D) + Ax(TY+ A (Iw) + A,
Coefficient values R —square
A; Az Aa Al AS
0.31442 —0.5967 1.20852 0.31552 —1.62934 0.94114

Table 10. Coefficient values and R—square for the final prediction model of extraction weight

on Cassia tora seed

Cassia tora seed

N=A|(t) ”2+A2(T)2+A3(IW) +A4

Particle Coefficient values R—squar_e
Diameter{mm} A A, A, A,

3.63 0.08226 0.37943 0.10907 —0.89634 0.90638
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Where,
t;Extraction time(min.)
c;Concentration of solution
Ay, A, Coefficient values
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Table 11. Effect of particle diameter and temperature on extraction rate

Barley
In( x 10%) = A In (V) + A

Intial Temp. Particle Coefficient Values R—square
Weight( g ) ('C) Diameter (mn) A, A,
3.44 —0.87503 2.17069 .88325
70 2.56 —1.13975 3.09120 52782
1.91 —1.38288 -3.92750 97049
4 1.47 —0.83578 5.13925 96536
90 3.44 —1.05716 3.20130 85411
2.56 —1.23717 2.81095 93573
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Where,

x 10% )

=)
T

3.44 mn.

2.56 mm,
1.91 im,

1.47 ma,

o N;Extraction weight (g)

¢ Ky :overall mass transfer coefficient
B, o (em,”min.)

" . A ;Surface area of particles (ent)

B JOeo

In ¢

C;Concentration of solution in the

0 bulk of solution( g /cm®)

-1y Cs;Concentration of the saturated in
contact with the solid( g /cm®)

a t;Extraction time{min.)

I N + N .

1 2 3 4 5 A(9) 5 oj23te glatar|o] = £ o
Rz el A4 a3 R—Squares- Table 12
o Jehligl o

Fig. 8. The changes of extaction rate of bar-
ley during extraction at various parti-
cle diameters.
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Table 12. Effect of particle diameter on overall mass transfer coefficient

Barley

AN =K.A(Cs - ©)

Intial

Temp. Particle Coefficient values R —square
Weight(g) (C) Diameter(mm) K. A
3.44 4.29320 0.0252696 169.8959 97110
4 70 2.56 6.30451 0.0275618 229.7409 05421
1.91 11.52081 0.0421304 273.4557 93351
1.47 19.63548 0.0442620 444 9788 91020
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