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8. Global optimization

9. Branch &Bound

10. Simulated annealing

11. Ant colony

12. Tabu search

13. Genetic algorithm

14. Artificial neural networks
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. Decision variables

. Trial-and-Error

. Exhaustive search

. One-variable-at-a-time
. Multimodal

. Iterative

. Gradient-based

NN A WN


https://fsct.modares.ac.ir/article-7-2669-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-03 ]

W'QY' )L@.} c\\ 692 cYY n)l.a.::

S w5 psle wllad

30 (TS)YJS Lol esley andwl A4S (gamsie
3 dyame W5 e peamen 2,5 e 5 L)
6}5@*‘@7 S » HlE o S Cnl s Grain
o 3 ABL S G T lld s o
bty @l o) Sl eslinal b Bl opl (g3loaig
Sophe 2ol e o e GBS
S Olaang polis 5l s b Oldal 51 2 0T s

S e
Pl lwase Gl o glas Sus) 055U
wwd dw o | T 015 oo 45 ol 0l 511 abatis
S sphe 2y S Jold ol s s lupe S
St s wls 51 S 556 bkt o 5 L
Bl S 4 Colaal plas &5 S o Mg 1y S slad
S B 5 0L sl el cpl b e Lo sllae e |
Lo Sy cnl [a]d o lae¥ e oY dle 55 (6,0 S se 5
G3sdowe s ol addivss oS s 5 )8 LB Sl
Bl SAs  tage 0wt 3 AL eal Gla pate
sle s 3y STl s Wl Olge 4 0k S e
23 Ll sl e 30l Jie 5 Cusgime Ol e 4 Sl
S g ay Bdn o e Dbl a1 3 51 (6 5km
S aphe Jola 1y (plas So ) p g 4t 350 el plal
e o |y oo alies e 5,55, G o
o=l s Sy s e Sl LAS LS e SO
D] Pests 8L i) 4 Ol e s
oLl [IY] ool (5,8 AN "L
Wemstlas 2 e slan S 00 ol S8 s e
S a3 S onl L3 el Slal (Sle (g3luaig:
Oljms Ol 4y S 5 o (s 348 Sla il 555
G ol S (e s 0l e Lo llas
Gl s Olical el 6,5 )15 a0 oS el o
g 035 ool e a5 S e AU 0L bl o llas
ol 4 S 13 eslinal 5550 (3luang Sl s3I S
o3 1y Glaal bl 8- bl Sletle 5 S, cnl Ll
Slial ;81 pl b S e s (Sl T3
S b o bl e sl b LAl wen

4. Total solid

5. Desirability function

6. Loss function

7. Multi criteria decision making
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1. High-pressure
2. Variable retort temperature
3.Wheyless
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1.Whey protein
2. Cold holding
3. Hydration

4. Warm holding
5. Incubation

6. Starter
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1.Texture
2. Flavour
3. Signal-to-Noise
4. Utility measure
5. Regret measure
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S (5la piie wity ¢ sla (pnie
LAasdy a6 e T s sk«
bage (|3 g d> e odel s s slas 3l eslizad
w8 s s 5 o Gl a ) e el
Sloged s g mlen S ale Jalge ol sl el
gosm onl Sl eslinal 5 T 51y ja a bg e 55550
ol 5 CALVIKOR asls 05y S sS oS
55 e plassed s L laysSU Gl (6 atg mla
Ll edd a3y Ol Ky Soge 4 £y O Jsld
VoY sl IS8 5 bele so opl 4 by e lalssel

Sl 0l eJ))T

1. Factor plot

70

S 2 sl (SN)INs & i o 5t
o cl}s B]

J&u B [ 4:])\ &_‘:J‘)L&’J‘ )l salaiul L) J&u qu BEl
s I S Sl (5 b 4)VYY
&l SN wls ol ol ¥ Ju s O SRy
L) Yool 3l eslanad b oagse Gaa GU
L Excel Lol 5 5 eslinal b aly 4 Sl
Az el L5 MINITABIS

(Q) grozws a5l (5 alone

J«ﬁq DL oL 4:])\ ja.:lj) )l salaiul l.: AJ?JA qu BLl
IS sl pend el a4 TV
6}:§ V.:a«é_? 6‘}’ 6)L:&A u..a;-Llr dJl el 0 eJ))T

.;ﬁmlpwéuﬁméwcj@wb}&);


https://fsct.modares.ac.ir/article-7-2669-en.html

G (godd Lol Cele a5 AuT b pslie (g laang: O 5 o3l W BIS 01l L,

[ Downloaded from fsct.modares.ac.ir on 2024-12-03 ]

Sua g 5l SN s anlos ¥ ke

Experiment SNrs SN scidiey SNerper
1 23.1887 41.3870 -58.1267
2 23.5003 41.6782 -58.3396
3 23.9433 42.2979 -62.0829
4 24.2336 42.5174 -62.2185
5 23.6481 42.1891 -60.7086
6 24.0514 42.4303 -60.8672
7 22.7169 41.8679 -59.6454
8 23.3159 41.9360 -59.8245
9 23.2469 40.9316 -59.6454
10 23.6483 41.0856 -59.8245
11 22.4351 42.2193 -60.5470
12 22.8995 42.8598 -60.7086
13 22.9573 41.5569 -61.5036
14 23.3007 41.8904 -61.6485
15 22.3410 42.5198 -57.8863
16 22.6469 42.2999 -58.1051

05555 atls b ¥ g

Experiment @

1 0.25798442

2 0.00000000

3 0.735129533
4 0.69674267

5 0.486734268
6 0.702702896
7 0.391351095
8 0.657480445
9 0.523910622
10 0.469665342
11 0.611327852
12 0.557240799
13 0.999999972
14 0.71014311

15 0.855984416
16 0.242874776
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Session
Estimated Effects and Coefficients for vicor ({(coded units) —
Term Effect Coef SE Coef T P
Constant 0.5562 0.04244 13.11 0.000
ankobasion temp.- —0.0192 —0.009& 0.04244 —-0.23 0.828
whey proteln —-0.1966 —0.0933 0.04244 —-2.32 0.060
cold holding time —0.143& —0.0748 O.04244 -1.76 0.128
warm holding time —-0.1032 —0.0514& 0.04244 -1.22 0.270
ankobasion temp.*whey protein 0.0746a 0.0373 0.04244 o.g28 0.413
ankobasion temp.*cold holding time —0.2626 —0.1313 0.04244 —3.09 0.021
ankobasion temp.*warm holding time 0-.0&860 0.0330 0.04244 0.78 0.466
whey protein*cold holding time 0.1494 0.0747 0.04244 1.76 0.129
k:Dld holding time*warm halding time 0-1304 0.0652 0.04244 1.54 0.175
5 = 0.169768 R-Sg = &1.49% R-Sg{adj) = 53.72%

Bnalysis of Variance for vicor (coded units)

Source DF Seqg 55 Adj 55 Adj MS F P

Main Effects 4 0.2883 0.2883 0.07208 2.30 0.152 EI
2-Way Interactions 5 0.4728 0.4728 0.09457 3.28 o.030

Residual Error 6 0.1729 0.1729 0.02882

Total 1s 0.9341
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Robust optimization of whey less yoghurt process based on
design of experiments and multi-criteria decision making

Baradaran kazemzadeh, R. ! *, Salmasnia, A. 2, Kouhestani, B. 3

1. Associate Professor, Department of Industrial Engineering, Tarbiat Modares University
2. Ph.D Student of Industrial Engineering Department, Tarbiat Modares University
3. M.Sc. Student of Industrial Engineering Department, Tarbiat Modares University
(Received: 89/12/23 Accepted: 90/8/3)

One of the most important researches areas in food industry is setting parameters in an optimal
level to improve process functions. A literature research in food science and technology
databases reveals that in recent years many optimization methods have been developed to
improve food processing. However, most of these methods have only dealt with a single
objective problem. In many situations the quality of a manufactured product is often evaluated
by several quality characteristics and multiple objectives must be optimized simultaneously. In
this article we propose a method that integrates design of experiments, response surface
technique and Signal-to-Noise (SN) ratio concept for optimization of a kind of yoghurt, called
Whey Less, with three objectives: TS, Acidity and cost per unit. The proposed method considers
both the mean and the variation of quality losses associated with several objectives, and ensures
a small variation in quality losses among the objective functions, along with a small overall
average loss. Moreover, this method can be used for both kinds of decision variables (discrete
and continuous) and its implementation is easy.

Key words: Multi-objective optimization, Design of experiment, Signal to noise ratio, Response
surface methodology, Whey Less yoghourt.
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