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Abstract — This study was conducted to optimize the medium composition for carotenoid production in Arthrobacter
sp. PAMC 25486 through response surface methodology (RSM). Using a Placket-Burman design, from which yeast
extract, MgSO, and dextrose were identified as the significant factors affecting carotenoids production. RSM studies for
carotenoids production by Arthrobacter sp. PAMC 25486 have been carried out for three parameters of yeast extract,
MgSO, and dextrose concentrations. These significant factors were optimized by experiments and RSM, as 1 g/L yeast
extract, 0.0879 g/L MgSO, and 1 g/L dextrose. The experimentally obtained concentration of carotenoid was 288 mg/L,
and it became 2-fold increase on concentration before optimization.
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it olel W}, ol3] =72 Al 32 57 50 ZHE] carotenoids
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WS- T AR S 0] -85 Arthrobacter sp. PAMC 254862] 7F2E] o] = ahil=] 23} 835
o] g5 11 ) o} Y2 carotenoid?] o] FA7} H 1 it 0.0018
A B 2L Bt Aol s B vAEES of 00016 TS
T TR A2 carotenoidE BAYh= 2 4—i A Qlow, 0.0014 -| ’ ;0:-0;’(;‘;219X
2 oA Ad o] 7Fsete carotenoids®] “YAHH]8-0] A3t
of ek ARiA o= e Hils ‘ﬂh_’_ olt}. x5, o] &3t =% 3k 5 002
A A= | YEE T3 W2 carotenoids 5 =71 AJ% £ ooo
HLF 93l O]%oﬂ B2 AlgkS ¥ gt u;; 0.0008
whgha, B =52 A Lo Mz AAlo] 71531 carotenoidsE A e 00006 |
Abeh= =4 v A EQ1 Arthrobacter sp. PAMC 254868 ©]-8-3}¢7
carotenoids®] AJAHY IS At Arthrobacter BFS] A 31E 4= 0.0004
83T}, ONE facter at a time (OFAT) <& 14} 18] 4 5.4H8-5 & 0.0002
QIgk=tl] oJ&x-°] 31719l carotenoid®] F th RIS HolT= HiX] o ‘
Z/3& HAgsl] 915 WS EERAH (RSM)S: ©1-8351A0H13,14]. 0 1 2 3 4
WESIEHEAL- AP 21 HZA 3 W02 ofe] W5 AE-ato Absorbance (ODgan)
Aol 21& x% HH[15] o)1, ThE WSS shte] W9l Fig. 1. Relationship between dry weight and UV absorbance in R2A
JEAGO R Qe AN Set] HAHO) MrghS AT 5 medium.

FAolt} upebd B =52 grthrobacters ©]4-3F9 carotenoids
Aake] A o) 4 7Fs S ls) 1Y) $15te] v RS
0] 83} carotenoids®] H Ut AT S HolFE= x| o] =4S =
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2-1. #F

A& of] A1-8-3t carotenoids A3 AT WA= Arthrobacter sp. (PAMC
25486y ARESIS o H, A AT ZHE F-F WITE Yeast extract
(Becton, Dickinson and Company, USA) 0.5 g/L, proteose peptone NO.3
(Becton, Dickinson and Company) 0.5 g/L, casamino acids (Becton,
Dickinson and Company) 0.5 g/L, C;H,,O¢ (Junsei Chemical Co., Ltd.,
Tokyo, Japan) 0.5 g/L, soluble starch (Becton, Dickinson and Company)
0.5 g/L, C;H;NaO, (Sigma-Aldrich Co., St. Louis, MO, USA) 0.3 g/L,
HK,O,P (Sigma-Aldrich, Co.) 0.3 g/L, MgSO,7H,0 (Daejung Chemical
& Metal Co., Ltd, Seoul, South Korea) 0.05 g/L, agar (Becton, Dickinson
and Company) 15 g/L Z=/d°l| pH 7.22] WA & ©]-8-5}o 20 °CollA
At vl F3F 21, yeast extract 0.5 g/L, proteose peptone NO.3
0.5 g/L, casamino acids 0.5 g/L, C4H;,0¢ 0.5 g/L, soluble starch 0.5 g/L,
C;H;Na0; 0.3 g/, HK,0,P 0.3 g/L, MgSO,-7H,0 0.05 g/L, =3 ]l
pH 7.28] HiA| 5 AR&-S3ATt

2-2. HIQF HHX| 2 HjQF Z=H

Znl ok -3 B A] = yeast extract 0.5 g/L, proteose peptone NO.3
0.5 g/L, casamino acids 0.5 g/L, C¢H,O4 0.5 g/L, soluble starch 0.5 g/L,
C;H;Na0; 0.3 g/L, HK,O,P 0.3 g/L, MgSO,-7 H,O 0.05 g/L, agar
15 g/L Z7d°l| pH 7.22] uliA]el] FF3to] 20 °Col|A] 73t vljeks}e]
AFE-3FR 0 N A)| v -2 yeast extract 0.5 g/L, proteose peptone
NO.3 0.5 g/L, casamino acids 0.5 g/L, C¢H;,O04 0.5 g/L, soluble starch
0.5 g/L, C3H;NaO; 0.3 g/L, HK,0,P 03 g/L, MgSO,7 H,0 0.05 g/L
ZAJell pH 7.29] HA] & 50 mLA 250 mL triangular flaskoll &
Wtk & 755 HES] 20 °CollA 150 ipmOE W KBl 3017P

A AP AAE 218 A 279 yeast extract 0.5 g/L, proteose

peptone NO.3 0.5 g/L, casamino acids 0.5 g/L, C;H;,0O4 0.5 g/L, soluble
starch 0.5 g/, C;H;NaO; 0.3 g/L, HK,O,P 0.3 g/, MgSO, - 7 H,0
0.05 g/L Z/3°l| pH 7.29] HIA|(R2A) & ARE-3ISITE
}\184 )\47415 Plackett- Burmangl tﬂ—lﬂ KX o]ﬁ_ ].oi' "47:]]0]-03 ou% 16 ,
Z¥7} 50 mLA 250 mL triangular flaske]l W31 Bt & 55 #
Fot0] 20 °CelA 150 ipm 2 WHISe] 37T vijeksto] ARSIt
2= /k164:?-0 3§] H]—H‘g}-@% SHO].OﬂE]_

2-3. Biomass determination

600 nmoll A FFEZ Z4519] OD/dry weight?] A& o] 83}
20°C2] R2A Brotholl ] AFek 1] A E0] S35 9] dry weight?he] A
J?’_}'/\é% Fig. 13'/]- ZELO] Q-C"_lé—]_%]\q_.

2-4. YE =3

Arthrobacter?] 737352 UV /vis spectrophotometer (Mecasys Co,
Optizen POP, Seoul, South Korea) = AF$-519 600 nmelA] S 4 =5
=73ttt wiekeN-S- 200 pL F3ted B R2A medium 800 pLoll
ol sl 34 5te] FYEE S99 7, A H R2A medium S
blank? AR5},

2-5. Carotenoid =& %! HZ¥

Carotenoid =22 HIF-S- 4 °Co| 4] 941421 (14,000 rpm, 10 min)
F 9 H3ES 3]57519] methyl alcohol 59 f7] 8wl 2 AAE ¢
93] =3t o] o]l UV/vis spectrophotometerS- ©]-8-517 474 nmell A
FEE 57933t Carotenoid®] =&~ extinction coefficient =

2,100 8o T 2] eJste] ARSI,

r°"

Elol‘ ™

Vol x Ay, x 10000
E!” (2100) x weight of tissue (g)

% carotenoid (mg/L) =
2-6. A A Y HISEMEM(reponse surface methodology;

ate] Qlaje] e BT HE IAESS 1A QA

Qs FRlsk="H<I ONE facter at a time (OFAT):> QIA} 17
288 gl ell= ofgo] Atk 18]8F] carotenoid] FH
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2-7. S 2XM

HE-S- 3 H 72 -5 $135}0] Statistica version 12 (StatSoft, Tulsa, USA) 2}
MINITAB Release 15 (Minitab Inc., State College, PA, USA), SPSS 21.0
(SPSS Inc., Chicago, IL, USA)S o] £33t} A A5 BAHE
N, B4, FIRA 2 olgie] B wee FEUs) 4
RS A TUER dehlo] S5 EAE 25, olSs
of H2/3} siiet.

ahevl 7P T
1% 915 2 wiseel Wsleh 1 A

- Plackett-Burman®] A A E ©]-8-51] Table 101l AlA]3FSI T
71510] carotenoid A4 T7HAXI = Hal[19]e] wEt MgSO,
TH,0%} 242121 peptone, yeast extract, 12|11 dextroses 217}
SFHSFE 7] carotenoid & =5 5793519 carotenoid &0l
TS T AE BRI

=7 A3 carotenoidE 71 Ho] AAEAI gk vllX] 32712 peptoneC]
A7 = A 931, MgS0,7TH,0 0.1 g/L, yeast extract 1 g/L, dextrose
1 g/L7} 27128 WIS 3L carotenoid ABAFES 225.8 mg/Le] AJAk
& Btk 7HE A A A4 o Hl A = MgS0,-7H,0, peptone,
yeast extract, 12| dextrose”} 27 7R 9 23S 7H A
$-510m o] W carotenoid®] AR 22.1 mg/LS Rt

o] A¥ AL 7K 3L A B3 T8 wiTE RIS A
yeast extract, MgSO,-7H,0, dextrose, peptone] =2 2 t-gto] =7
APekE]] o m Table 201 AASHATE. AlAFe Fhell w2} peptone (0.5 /L),
casamino acids (0.5 g/L), soluble starch (0.5 g/L), C;H;NaO; (0.3 g/L),
HK,O,P (0.3 gL)= 17 A17] 2L MgSO,7H,0, yeast extract, dextrose
9] 25 3HAIE vre] AES AAISIITHTable 3).

o] A3 A= EE RSMe AAe A7 o5} & 2dlA)s
A3ATHA] 2).

Y =0291+0.0114X, + 1.883X,—0.0367X; + 0.966X, X, +0.1554X X,
+0.082X,X; — 0.0204X,2 — 15.78X,2+ 0.032X;2

Y= carotenoid A H 2?1 w29} o] 221 FEolM, X, X,, X5

Table 1. Plackett-Burman experimental design matrix for screening of important variables for carotenoid production

Code Levels Real variables Response value
X, X, X3 X, X, Yeastextract (g/L) X, Peptone (g/L) X; Dextrose (g/L) X,MgSO, (g/L) Y Carotenoid (mg/L)
-1 -1 -1 -1 0 0 0 0 22.1
-1 -1 -1 1 0 0 0 0.1 442
-1 -1 1 -1 0 0 1 0 23.0
-1 1 -1 -1 0 1 0 0 27.8
1 -1 -1 -1 1 0 0 0 83.5
-1 -1 1 1 0 0 1 0.1 425
-1 1 -1 1 0 1 0 0.1 58.9
1 -1 -1 1 1 0 0 0.1 83.5
-1 1 1 -1 0 1 1 0 34.4
1 -1 1 -1 1 0 1 0 122.7
1 1 -1 -1 1 1 0 0 73.6
-1 1 1 1 0 1 1 0.1 126.0
1 -1 1 1 1 0 1 0.1 225.8
1 1 -1 1 1 1 0 0.1 158.7
1 1 1 -1 1 1 1 0 116.2
1 1 1 1 1 1 1 0.1 204.5
0 0 0 0 0.5 0.5 0.5 0.05 160.4
Table 2. Data showing the statistical signicance of the coeffient determination
Model Unstandardized Coefficients ~ Standardized Coeffients Sig. 95% Confidence Interval of the Difference
B Std. Error Beta Lower Upper
(constant) -.043 120 -361 724 -305 218
YeastExtract 527 .108 673 4.879 .000 292 762
Peptone 117 .108 .149 1.082 .300 -118 352
Dextrose 262 .108 334 2.425 .032 .027 497
MagnesiumSulfate 3.369 1.080 430 3.119 .009 1.016 5.722

Dependent variable : Carotenoid

Korean Chem. Eng. Res., Vol. 52, No. 6, December, 2014
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Table 3. RSM data on carotenoid production by Arthrobacter sp. PAMC 25486

Code levels Real variables Experimental value Theoretical value
X, X, X5 X,a Yeast extract (g/L) X,b MgSO, (g/L) X;c Dextrose (g/L) Y Carotenoid (mg/L) Y Carotenoid (mg/L)
-1 -1 0 0 0 0.5 16.4 18.8
-1 0 -1 0 0.05 0 72.0 83.8
0 -1 -1 0.5 0 0 438 29.7
-1 0 1 0 0.05 1 88.4 832
0 -1 1 0.5 0 1 99.8 102.7
-1 1 0 0 0.1 0.5 622 53.35
0 1 -1 0.5 0.1 0 1113 108.5
1 0 -1 1 0.05 0 117.8 123.1
1 -1 0 1 0 0.5 78.5 87.45
0 1 1 0.5 0.1 1 175.5 189.7
1 1 0 1 0.1 0.5 2209 218.7
1 0 1 1 0.05 1 289.6 277.9
0 0 0 0.5 0.05 0.5 127.6 139.1
0 0 0 0.5 0.05 0.5 140.7 139.1
0 0 0 0.5 0.05 0.5 148.9 139.1
Table 4. Analysis of variance of the experimental results of the BBD
DF Adj Sum of squares Adj Mean square F value P value
Regression 9 0.067590 0.007510 32.72 0.001
X, 1 0.000019 0.000019 0.08 0.785
X, 1 0.005188 0.005188 22.60 0.005
X, 1 0.000197 0.000197 0.86 0.397
X, *X, 1 0.002333 0.002333 10.16 0.024
X, *X, 1 0.006037 0.006037 26.30 0.004
X,*X, 1 0.000017 0.000017 0.07 0.798
X, *X, 1 0.000096 0.000096 0.42 0.546
X,*X, 1 0.005749 0.005749 25.04 0.004
X *X, 1 0.000236 0.000236 1.03 0.357
Residual error 5 0.001148 0.000230
Lack-of-fit 3 0.000917 0.000306 2.65 0.286
Pure error 2 0.000231 0.000115
Total 14 0.068737

Table 5. Analysis of variance for the fitted quadratic polynomial model
of carotenoids production
Item S R?
0.0151511 98.33

RzAdj
95.32

RzPred
77.90

Value

712} yeast extract®} MgSO,, dextrose?] -5 =7} coding® #k& LEF
Witk 2443 AGAFR)E 09532 AXRFE I o) A3
S} carotenoid AJAHS A A9} 95.3%2] AEATS HS-S r|sitt.
R¥%EE A2 02} 1ALe]of]) EA8hH, R%L > 0.75 4w vleh=] st 2
AAAE sl & 4= Qi

P value®= 7} AlF2 ToA4ES ERIgH: B2 §2 35S ¥
sh= 2|37t HH, gho] 0.055 Tk 2o R o] frasirial ddst
T Utk F valuew B3] ATA & ddste A golH, e
noise”} A4 FHE-S ERISE = QI 1 ATt A ek AR Aol
P valuet= 02860 % WERE O™, o= ofxl Rello] wul-g- 2 d it
A& oueh= Flo|th(Table 4).

ARAe} AR 1 2 f-aid ) AEAE IS
A& e 5 QITK(Table 5).

)

3-2. 3R 245 12| AR

MgSO,2} yeast extract, dextrose®] -5} carotenoid AJA+HF2}H
AE stelabr] 918 3k 2l s eIt Fig. 2004 ) 12¢]
yeast extract’} 5 7FF5 MgSO, K28 S7Fate] o} carotenoid A
Ado] S7¥8kH, Fig. 39 dextrose =3t yeast extract’} 575
S7FAIATIoF carotenoid A1 d o] T7FEHR= Z1e gl
&A1k Fig. 4014 ¢} 7o) MgS0, 9} dextrose®] #AlE= 474 5%
01%+2] MgSO, H7} Al carotenoid®] AJAHe] F71eHA] o= A1}
= A3t

3-3. RSM Zu0jl 2 carotenoids Z|C{ MAZF =10]
2 carotenoid A4l 71 o] o] &%= <= Rhodotorula
o], o] o] RESIAEHEAE 08319 Rhodotorula gracilis mutant]
carotenoid | T} AAAHA] 22718 2RI 1ol 4] enebose medium®]]
sugar concentration 8%, 24 °C, pH 7.5, 12 2] v k7] 71+2] 710 A
HjF8lS W carotenoid®] F ol A4t 906 mg/L=E 7] enebose
medium} B W3l wf o 2042 w9 52 /RS KRl A7t
SIEH20]. B3t 201053 olli= Rhodotorula= sucrose 4%, diammonium
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Fig. 2. Three-dimensional response surface plot showing the effect

of MgSO, concentration and yeast extract concentration on
carotenoid production at 0.05% dextrose level in the medium.
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Fig. 3. Three-dimensional response surface plot showing the effect
of dextrose concentration and yeast extract concentration
on carotenoid production at 0.005% of MgSO, level in the
medium.
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Fig. 4. Three-dimensional response surface plot showing the effect
of dextrose concentration and MgSO, concentration on carot-
enoid production at 0.05% yeast extract level in the medium.

phosphate 1.5%, yeast extract 1% pH 6.0, 30 °C, 160 rpm 2] =71 o] A

85.3% &S SR 2.45 mg/L] ) carotenoid A 71

Korean Chem. Eng. Res., Vol. 52, No. 6, December, 2014

gl A7} 2= Sl AL, Rhodotorula gracilis strain 11515 ©]
1] YMP v|A] 5 & 23151 3.65 mg/Le] carotenoid?] AYAHS- 3
QI ATE FAISTH21,22].

B Aol = Wk EA 0 2 o9 carotenoid?] ZTh A4
307 mg/LO| 3L o] w] <] yeast extract 2 MgSO,, dextrose?] &%
Z+zt 134 0.0879, 1 g/LO. = LEFRT. o]of whE gl A&
St A7} 288 mg/L2] carotenoidE A/ 3T, 01213t carotenoid®]
Fhes HA A o2 R2A HiA ol Ao F 0 207%2] T
7He Balnk o= oo A5 o] v w2 A T
3lo] s} 7}10]]:]-

B )

o o

[e]

;

]

LT

&=

[}

i

=
—

Carotenoids AHst= =451 Arthrobacter sp.2] carotenoid
B 71 S8l HEe AR S ARgsle] HA 9] viA 2l S
AABFATY. Arthrobacter?] 737 A1 R2A ¥ A& AF--3lo]
carotenoid "4 & 57 A7} 139 mg/L9] carotenoid L5 K
Atk R2A WA 9] 2708 A7) IR ol 7R B Qs T
AJH-S Lol A} yeast extract, MgSO,, 12| 31 dextrose <= 2.2
FEFE vA= A 0= ERIE ST Carotenoid A ol T gt 27|
2]©] R%2 0.953% VFERGkaL, o] o] w2 o) it 307 mg/LE
oA =9 o ojue] MgSO, ! yeast extract, dextrose®] &= 7t
7} 0.0879%} 1, 1 g/LO = YEITE. 5, yeast extract 1 g/L, peptone
0.5 g/L, casamino acids 0.5 g/, CH;,04 1 g/L, soluble starch 0.5 g/L,
C,H,NaO, 03 g/L, HK,O,P 03 gL, MgSO,7H,0 0.0879 gL %4 ]
pH 7.29] 81=]ellA] carotenoid®] FH ] AAtS B Aol gy
St} olef tist 143 A7) 288 mg/LY] carotenoid”} A S
o, iR 2] A gl whet 207% o132 A ST ER1E ST
B ATtof| &l drthrobacter sp.2] HEE F7d 2] R2A vl #] o4 <]
HA B Qs ALY SV ERlel uhal, o oE, FAMRE7HA,
A2 9 AR, A 5] thefst wofell AR =
Hol|x o] go] 758 A o7 Arkdr}.

At
2 AT sHFAEN A 51T 23 Golden
Seed X2 A E Al o] X7} FH) A4 A (PE14070)A| S 2
FEAFUTH

References

1. An, G H., Schumn, D. B. and Johnson, E. A., “Isolation of phaf-
fia rhodozyma Mutants with Increased Astaxanthin Content;
Appl. Environ. Microbiol., 55, 116-124(1989).

2. Bendich, A., “B-Carotene and The Immune Response.’ Proceed-
ings of the Nutrition Society, 50, 363-374(1991).

3. Hong, S. P, “Biological Activity and Prospects of Natural Carot-
enoid, Journal of Food Technology, 9, 127-132(1996).

4. Bauerfeind, J. C., “Carotenoids as Colorants and Vitamin A Pre-
cursors; Academic Press, New York, 1-250(1981).

5. Pierr, A., “Food Carotenoids and Cancer Prevention-An Over-
view of Current Research]’ Trends Food Sci. Technol., 8, 406-



o<
iy

Fe

411(1997).

6. Hussein, G, Sankawa, U., Goto, H., Matsumoto, K. and Watanabe,
H., “Astaxanthin, a Carotenoid with Potential in Human Health
and Nutrition}’ J. Nat. Prod., 69, 443-449(2006).

7. Britton, G., “Carotenoids”, Academic Press, London, Methods in
Plant Biochemistry., 7, 473-518(1991).

8. Kearsley, M. W. and Rodriguez, N., “The Stability and Use of
Natural Colours in Foods: Anthocyanin, B-carotene and Ribofa-
vin} Journal of Food Technology, 16, 421-431(1981).

9. De Hann, A., Burke, R. M. and De Bont, J. A. M., “Microbial Produc-
tion of Food Colorants,’ Med. Fac. Landbouww. Rijksuniv. Gent.,
56, 1655-1660(1991).

10. Chumpolkulwong, N., Kakizono, T., Nagai, S. and Nishio, N.,
“Increased Astaxanthin Production by Phaffia rhodozyma Mutants
Isolated as Resistant to Diphenylamine?’ J. Ferment. Bioeng., 83,
429-434(1997).

11. Suh, I. S., Joo, H. N. and Lee. C. G, “A Novel Double-layered
Photobioreator for Simultaneous Haematococcus pluvialis Cell
Growth and Astaxanthin Accumulation) J. Biotechnol., 125, 540-
546(2006).

12. Lee,J. H.,Kim, Y. S., Choi, T. J., Lee, W. J. and Kim, Y. T., “Paracoc-
cus haeundaensis sp. Nov., a Gram-negative, Halophilic, Astaxan-
thin-producing Bacterium]’ International Journal of Systematic
and Evolutionary Microbiology, 54, 1699-1702(2004).

13. Riter, L. S., Vitek, O., Gooding, K. M., Hodge, B. D. and Julian,
R. K. Jr., “Statistical Design of Experiments as a Tool in Mass
Spectrometry, Journal of Mass Spectrometry, 40, 565-579(2005).

14. Ferdosh, S., Sarker, M. Z. 1., Rahman, N. N. N. A., Akand, M. J.
H., Ghafoor, K., Awang, M. B. and Kadir, M. O. A., “Supercritical
Carbon Dioxide Extraction of Oil from Thunnus Tonggol Head

15.

16.

17.

18.

19.

20.

21.

22.

AW S 0] 83 Arthrobacter sp. PAMC 254862] 7F2E] o= Aahil=] 23} 839

by Optimization of Process Parameters Using Response Surface
Methodology,’ Korean J. Chem. Eng., 30(7), 1466-1472(2013).
BoX, E. P. and Draper, R., “Empirical Model-building and Response
Surface] John wiley & Sons, New York(1987).

Plackett, R. L. and Bruman, J. P, “The Design of Optimum Multi-
factorial Experiments.’ J. Biosci. Bioeng., 33, 305-325(1946).
Yoon, S. J., Shin, W. S., Chun, G T. and Jeong. Y. S., “Optimization
of Production Medium by Response Surface Method and Develop-
ment of Fermentation Condition for Monascus Pilosus Culure
Korean Society for Biotechnology and Bioengineering Journal,
22, 288-296(2007).

Kim, Y. H., Kang, S. W,, Lee, J. H., Chang, H. 1., Tun, C. W., Paik,
H. D., Kang, C. W. and Kim, S. W.,, “Optimization of Medium Com-
ponents for Cell Mass Production of Saccharomyces Cerevisiae
JUL3 Using Response Surface Methodology,” Korean Society for
Biotechnology and Bioengineering Journal, 21, 479-483(2006).
Pringsheim, E. G, “Nutritional Requirements of Haematococcus
pluvialis and Related Species]’ J. Phycol., 2, 1-6(1966).
Vijayalakshmi, G, Shobha, B., Vanajakshi, V., Divakar, S. and Mano-
har, B., “Response Surface Methodology for Optimization of Growth
Parameters for the Production of Carotenoids by a Mutant Strain
of Rhodotorula gracilis, European Food Research and Technology, 3,
234-239(2001).

Chuang, Z., Lianfang, H. E. and Yucang, Z., “Optimization of
Fermentation Conditions for Carotenoid Produced by Rhodotor-
ula} China Brewing, 11(2010).

Chandi, G. K., Singh, S. P., Gill, B. S., Sogi, D. S. and Singh, P.,
“Optimization of Carotenoids by Rhodotorula gracilis? Food
Science and Biotechnology, 19, 881-887(2010).

Korean Chem. Eng. Res., Vol. 52, No. 6, December, 2014





