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Table 1- L16 Taguchi design for optimization of lipid production .

(rpm)asisr PH L5 S s oS 059 4 b 4yl
aeration Time Temperature Carbon Nitrogen Arrays
150 6 24 25 55 0.5 1 <l (Aray 1)
200 5.5 48 25 75 0.5 2 ¢ w1l (Amay 2)
150 6 72 35 95 0.5 3 ¢ «l,] (Aray 3)
200 6.5 96 35 115 0.5 4 < &1, (Array 4)
200 6 96 25 55 1 5 < 4|, (Array 5)
150 6.5 72 25 75 1 6 < w1, (Aray 6)
200 5 48 35 95 1 7 < 1, (Array 7)
150 5.5 24 35 115 1 8 < «|, (Array 8)
150 6.5 48 35 55 15 9 <« (Array 9)
200 6 24 35 75 1.5 10 ¢ «|,1 (Array 10)
150 5.5 96 25 95 1.5 11 ¢ “-.’.\)T (Array 11)
200 5 72 25 115 1.5 12 ¢ « 1,1 (Array 12)
200 5.5 72 35 55 0.5 13 ¢ «|,1 (Array 13)
150 5 96 35 75 0.5 14 1, (Array 14)
200 6.5 24 25 95 0.5 15 «,1 (Array 15)
150 6 48 25 115 0.5

16 « 1, (Array 16)
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Table 2: Results of lipid production by the one factor at a time optimization method.

e 55 2, . e
K503y O SES e (@) st
* i *Dry biomass *Amount of lipid Conditions
Peacr%né %fn!gps'sd to production
@O/L) 059 s o (Nitrogen source)
35.78 1757 6.29 (1) 5 po1 s 5 jasis o L
Ammonium sulfate & yeast extract
3435 179 6.15 (1) psisol o JS 5 a2
Ammonium chloride & yeast extract
3437 1768 6.11 (L) ol S 5 055
Ammonium sulfate & peptone
3455 17,88 6.18 (L) pisol 418 5 0 5%
Ammonium chloride & peptone
(@/L) ¢S g«(Carbon source)
36.1 17.45 6.3 glucose(50) ;5 ,\S
30 17.16 5.15 xylose(50) ;b 13
(Ammonium sulfate concentration)
558 12.36 6.0 05
56.3 12.78 7.2 1
54 124 6.7 15
Glucose concentration ¢(g/L) S $8° clale
35 1242 4.35 35
40.2 16.21 6.52 55
53.2 10.79 5.84 75
56.1 12.7 7.13 95
50 1142 5.71 115
Temperature ¢(°C) s
56.2 12.86 7.23 25
541 11.73 6.35 35
Aeration ¢rpm) sl s
56.28 13.04 7.34 150
54 12 .64 6.83 200
Incubation time ¢(h)J sl sSI 0Ly e
48 9.58 4.6 24
52 1159 6.03 48
56.2 1414 7.95 72
575 1539 8.85 96
pH
57 1549 8.83 5
574 1454 8.35 55
58.2 15.29 8.9 6
57.8 1484 8.58 6.5

* The data in the columns are means of three replicates b o 1S5 4w :Kle g 5 0dd &1 o

YYo
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Table 3: Lipid production in different arrays as designed by Taguchi method.

(OIL)SKis o g (/L) dend A 55 O350 b al,l
Dry biomass Amount of lipid production Arrays
13.17 4.15 1< «l,l (Array 1)
16.98 5.98 2 <« (Array 2)
14.88 5.12 3 < «l,l (Array 3)
15 4.83 4 s 5l (Array 4)
16.62 5.82 5 < |, (Array 5)
18.84 10.97 6 < «!,l (Array 6)
13.12 4.13 7 <« (Array 7)
14.95 5.16 8 < « )l (Array 8)
14.86 5.1 9 ¢ «!,l (Array 9)
12.93 4.01 10 « 1, (Array 10)
16.82 6.36 11«1 (Array 11)
16.59 6.14 12 ¢« (Array 12)
12.93 4.03 13 «1,f (Array 13)
16.82 5.89 14 ¢ «|,1 (Array 14)
15.34 5.34 15 « ;i (Array 15)
14.67 4.71 16 ¢ « 1.l (Array 16)
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Table 4- Factor interaction effects in Taguchi method.

Interacting Factor Pairs SI (%) Opt*
Nitrogen xrpm 51.12 (1.2
Carbon xrpm 49.08 (21

Nitrogen x Temperature 47.81 (2:1)

Carbon x Temperature 39.7 (2.1

Nitrogen x Carbon 23.74 (2.2
Temperature xpH 20.05 (1,4)
pH xrpm 13.94 (4,9
Nitrogen xTime 11.7 (29
Nitrogenx  pH 7.5 (2.4)
Temperaturex rpm 4.39 (LY
Carbonx Time 7.32 (2.3
Temperature xTime 7.16 (1.3
Time xpH 6.03 (3.4)
Time xrpm 1.91 (3.9
Carbon xpH 1.5 (2.4)

1 SI: Interaction Severity Index;  Opt: the Factor Levels Desirable for the Optimum Condition

VYA
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Table 5- Results of Variance analysis.

Lol s 6T s -5 Jyas

Yk m s eds sl e

o LRI Caca Fows obols € 4y Jole
ke LAl F-Ratio  Variance (S)ln o sl Factor
Percent of (S )l e Sum of DOF
factor effect squares
Pure sum
14.65 6.028 52.478 3.072 6.145 2 035 25 (Nitrogen)
20.45 8.415 48.905  2.863 8.59 3 4,5 (Carbon)
18.91 7.781 133.891 7.84 7.84 1 ls (Temperature)
20.486 8.43 48.989  2.868 8.605 3 5l e (Incubation time)
15.68 6.452 37.732 2.209 6.628 3 pH
7.687 3.163 55.025 3.221 3.221 1 23152 (Aeration)
2137  _____ _____ 0.058 0.116 2 (b) ]:* J“j’;' (EITOI’S)
100 - oo oo 41.149 15 ¢ (Total)
i 2
Xoead R e e P X o il
“a, SRR PN TR 13, T i
e o _.:.:i e e i,y _""w..,__\_;::_\. : jr - ﬂ,-‘{i_-.-"-____,_.,—" \H.\'\-\.‘ —_— f
g ~ 7 EE : - - g o
3 ¢ A Hiltngan B // ",
= =0 roarnnn
41 1 4.1 : 1 ]
i 2 1 { T o . 1
__,.-‘-_,.F.-'C___J-_..\.:J_- gl e gl st U o paaddill e,
71 PR |
1.; G FTe K oaa 4
4 e T . ,-4’/
.:! &7 g e F ooy T
-J : ____H;..-_' _________ -% ___:___—Tq______"f___
3‘ LT -""_:-: -l Imig = -',.f-:-:'"‘::_—_—_ X e _—"J‘*'.":___ %
= s = uH
4, ! ; & : ; ]
_‘_.ﬂ-_nfli e CEE R P \.ﬂ'-fu T 32 e il
T 717
%4 Lo "f 5.41
:? .-,;r.:_h-_“—h‘_"‘--—__ $ arl T
_}% = N e S T -:'i —————— e .-_____:___‘____:t it
:'.r 50 Termaralue R s ;_:5' =l Rpm R
43 i 4.3 i

e i g i
AT e et ]

S b 5o ded g U el 31 SS S b slaylagei -1 S
Figure 1- the effect of different factors on lipid production by Taguchi method.
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Figure 2- percentage effect of different factors on the amount of lipid produced in
Taguchi method.
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Abstract

In this study, the factorial optimization method and designing of experiments by the
Taguchi method were applied for optimization of lipid production by a native oleaginous
yeast Rhodotorula spp. strain Yr2. The factors investigated were temperature, aeration,
nitrogen source, carbon source, pH and incubation time. Based on results obtained by factorial
optimization method, maximum production (8.9 g/L) was achieved with ammonium sulfate
(1g/L) as nitrogen source, glucose (90g/L) as carbon source, at 25 C, aeration speed of
150rpm, incubation time of 96h and at pH 6. Whereas using the Taguchi method, the
predicted optimal conditions were ammonium sulfate (1g/L) as nitrogen source, glucose
(75¢/L) as carbon source, at 25 C, aeration speed of 150rpm, incubation time of 72h and at pH
6.5. The amount of lipid production predicted by the software under these conditions was
11.052 ¢/L. and in the predicted case, 95% of the predicted value was achieved (10.49 ¢/L).
The ANOVA results obtained with the Taguchi design showed that time; the amount of
carbon, temperature, pH and nitrogen levels, respectively had the highest effects on lipid
production in descending order. In conclusion, the application of the Taguchi method in
compared with one factorial method led to increased lipid production by 1.59 g/L. or 18%.
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