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An optimization study of carotenoid production by Rhodotorula
glutinis DBVPG 3853 from substrates containing concentrated
rectified grape must as the sole carbohydrate source
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Dipartimento di Biologia Vegetale, Sezione di Microbiologia Applicata, Universita di Perugia, Borgo XX Giugno 74, 06121
Perugia, Italy

A multivariate statistical approach was employed for the optimization of conditions for carotenoid production by
Rhodotorula glutinis DBVPG 3853 from a substrate containing concentrated rectified grape must as the sole carbo-
hydrate source. Several experimental parameters (carbohydrate, yeast autolysate and salt concentrations, and pH)

were tested at two levels by following a fractional factorial design. Carotenogenesis was most sensitive to both

initial pH and yeast autolysate concentration. A Central Composite Design experiment was then performed by
obtaining both second-order polynomial models and isoresponse diagrams where initial pH and yeast autolysate
concentration were considered as variables. In this way it was possible to determine the conditions (pH =5.78, yeast
autolysate =4.67 g L™*) which maximize both the concentration of total carotenoids and that of B-carotene (6.9 mg
L™ and 1100 pg L™ of culture fluid, respectively, after 120 h of fermentation). Journal of Industrial Microbiology &
Biotechnology (2000) 24, 41-45.
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Introduction to obtain a considerable increase in microbial production,

The pharmaceutical, chemical and food industries hav(gghrough the mathematical modelling of biological pro-

. - . . . esses, has been suggested [2,3].

increased their interest in the use of carotenoids mainly a The main purpose of this work was to perform an optim-
provitamin A (B-carotene) or as natural .fOOd and feed COI'i ation study, with respect to several experimental vari-
orants [13,18,24,29]. Due to these widespread uses, th '

microbial production of carotenoids, when compared witharé(\a/féu'g g;?aer[;f :)nnciﬁzsshgrk%?#ggs r;ctz‘lgarot(cajg%(:jl,aover
extraction from vegetables [7] or chemical synthesis [8],p : Riyo

seems to be of paramount interest mainly because of th lutinis DBVPG 3853 from concentrated rectified grape

problems of seasonal and geographic variability in the pro- ust.

duction and marketing of several of the colorants of plant

origin [13], and because of the economic advantages ofaterials and methods
microbial processes using natural low-cost substrates as
carbohydrate sources. Previous studies have shown tl}g
possibility of synthesising carotenoids from several
by-products and residues of agro-industrial origin” """ .
[9-11,19,20,26]. Also, recent world market trends mightmagg’“rfdoo% SMY aggar [,? |1‘ gtluce?%e 4Oh Tilps% 8,
lead to a grape must surplus in certain European wim%/Ig % 7Hy -5, yeast autolysate 3.0 (as SYOP

regions [20,21], suggesting the possibility of using thiso,'[izr:)i/(o:’ ;gtglllgggogepn 1r?6i(;f)év?n0|fgée n:;ro%ir;ig.Sé’géiglc_—
cheap raw material (otherwise difficult to dispose of) 8S¢toe UK) ag:frp 1;5 oH 5.5] b pguk,)culturin,g eve?
substrate for microbial fermentations [4,20,21]. Evensecon’d weék ' ' y y
though the biosynthesis of carotenoids Bjhodotorula :

; . Cells grown for 24 h in 250-ml shaken flasks containing
yeasts is well known [6,14,15,18,19,22,24,27,29], the|r50 ml of GMY, harvested by centrifugation (6032 for

industrial use is restricted mainly because of poor infor- . . . .
mation on biosynthetic regulating mechanisms [15,18] angl/l0 min), washed and resuspended in 10 mi of sterile dis

; 10V 1 i 0
the lack of studies aimed both at increasing and maximizin }I\(/e)dft\)/\ﬁfrrrn(er}gtigi”ztlﬂrigé were used as inocula (10%
the production of these pigments [13]. In recent years, the '

possibility of using multivariate statistical analysis in order

icroorganism and culture conditions
strain ofRhodotorula glutinifDBVPG 3853) previously
selected as a good carotenoid-producing yeast [5] was

Fermentation conditions

Flasks (250 ml) containing 50 ml of CGM-MY [concen-
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Sezione di Microbiologia Applicata, Universitdi Perugia, Borgo XX tC_) rectified thrOL!gh appropriate teChn0|09leS [1’12] 49 ml
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42 placed on a heated rotary lab-shaker (160 rpm) model LTTable 2 Estimated individual effects from the fractional factorial design

V (Adolf Kuhner AG, Birsfelden, Switzerland) and incu-

bated for 5 days at 3C€. No pH control was used during Variable Effects on different responses
the processes. Modifications of medium composition D 2 B-CAR)
ggggg:]lng to factorial designs are listed in the Results 409 201 64 826>
) (tc) -0.0925 92.375 52.5
Analytical methods (pH) 1.1875 247.275 2525
Total carotenoids after extraction [19] were measuredya) 0.7375 -378.425 502.5
spectrophotometrically [9]. The major carotenoids (K) :g-gggg :gg-ggg ;}ég
(torularhodin, torulene,B-carotene) were quantified by 9 ' ) )

HPL.C [23]. Total carbohydrates were measured by a C(.)IO”E’Estimated effect of the variable variation (range1) on the mean value
metric method [16]. Yeast cell dry weight was determineds e individual response.
as reported elsewhere [9].

"Mean value.
Variables: (tc) total carbohydrates g* (pH) initial pH; (ya) yeast auto-

it i lysate g % (K) KH,PO, g L™, (Mg) MgSO, g L™.

iﬁatlsltlc‘la/ ‘?na/y SIS de by th f I(Responses: (C1) total carotenoids mg tulture fluid; (C2) total caroten-
calculations were made by the computer software packygg ng gt dry cell weight; 3-CAR) p-caroteneug L™ culture fluid.

age Systat, ver. 5.03 [28].
Results Table 3 Results of the central composite design
A 21 fractional factorial design was performed to control Exp. (pHy (yay (C1p (C2P (B-CAR)

five variables at two levels (according to the design matrix)N°:
with eight experiments (22): total carbohydrates (tc: 20—

60 g L™), initial pH (pH: 4.5-6.5), yeast autolysate concen- ; _i g'g :1 ig g'g ‘112%'2 ggg
tration (ya : 1.5-4.5 g 1), KH,PQ, concentration (K: 4.0- 3 45 1 45 459 5276 1260
12.0 g L'Y) and MgSQ-7H,0 concentration (Mg: 0.1-0.9g 4 1 6.5 1 4.5 523 7580 600
L™ (Table 1). These variables were selected following the 5 0 5.5 0 3.0 545 7899 940
results of a previous study [5] where different media were © _f 14 i%g % %% 5253% 75‘;‘;% 8%%
used for carotenogenesis. § 1414 691 0 30 516 8600 1120

The measured responses were: €%otal carotenoids o 0 55 -1.414 0.88 0.90 157.9 300
volumetric concentration (mg of torulene™Lof culture 10 0 55 1.414 512  6.85 1037.9 1200
broth); C2 = total carotenoids cellular concentratiopng 11 0 55 0 30 551 7347 1180
of torulene g* of cell dry weight); B-CAR = B-carotene 12 0 55 0 3.0 556 74ls 920

H : -1
\1/())Iumetr|c concentrationgg L™ of culture broth) (Table aVariable level:tindividual response.

. . . . Variables: (pH) initial pH; (ya) yeast autolysate g'L
The information produced by the fractional factorial responses: (C1) total carotenoids nd tulture fluid; (C2) total caroteno-

design was then converted by use of the Yates algorithmis pg g dry cell weight; 3-CAR) p-carotenepg L™ culture fluid.

[3,17] into data for evaluating the relative importance of

each variable. Initial pH and yeast autolysate concentration

appeared to be the most relevant in determining the level The composite design was replicated twice, whereas the
of carotenogenesis (Table 2). These two variables were therentral point was replicated four times; the latter resulting
used to collect further data according to a central compositén a total carotenoid production of 5.320.06 mg L* of
design (Table 3). culture broth (variation degree2%). C1, C2 and3-CAR

Table 1 Matrix of fractional factorial design and individual responses

Exp. No. (tcy (pH)? (yay (K= (Mg)® (cry (cay (B-CAR)
1 -1 20 -1 45 -1 15 1 120 1 0.9 3.27 726.7 280
2 1 60 -1 4.5 -1 15 -1 4.0 -1 0.1 3.94 1010.3 1190
3 -1 20 1 65 -1 15 -1 4.0 1 0.9 4.12 1056.4 570
4 1 60 1 65 -1 15 1 120 -1 0.1 3.39 1130.0 260
5 -1 20 -1 45 1 45 1 120 -1 0.1 3.66 488.0 1460
6 1 60 -1 45 1 45 -1 4.0 1 0.9 2.95 447.0 880
7 -1 20 1 6.5 1 45 -1 4.0 -1 0.1 5.33 710.7 890

8 1 60 1 6.5 1 45 1 120 1 0.9 5.73 764.0 1080

aVariable level;Pindividual response.
Variables: (tc) total carbohydrates g4 (pH) initial pH; (ya) yeast autolysate gt (K) KH,PQ, g L™; (Mg) MgSQ, g L™.
Responses: (C1) total carotenoids mg tulture fluid; (C2) total carotenoidgg g* dry cell weight; 3-CAR) B-caroteneug L™ culture fluid.
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Table 4 Regression coefficients of the second-order polynomial equa- 2 / // / 43
tions
1100
- 1000 c— —
Coefficient C1 Cc2 B-CAR 900 Ne—
AN ———=

a 552 752.47 960.00
a 0.2% 4413 112.99
a 1.69 243.33 294.10
. -0.9% -68.00 -198.7%
s -0.87 -123.92 -103.75
s 0.84 133.17 ~160.00
r2 0.88 0.83 0.79
SE 0.23 30.16 42.05
F 11.10 1457 11.1F

(C1) total carotenoids mgt culture fluid; (C2) total carotenoidsg g*
dry cell weight; 3-CAR) B-caroteneug L™ culture fluid.
aHighly significant P < 0.01); "significant P < 0.05); °not significant
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Figure 2 Isoresponse diagrams for response C2 (total carotepajds*
dry cell weight) obtained by a central composite design with two variables
(pH and ya). Curve numbers indicate response level as a function of initial

(P > 0.05).
SE, standard error.
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Figure 1 Isoresponse diagrams for response C1 (total carotenoids mgigure 3 Isoresponse diagrams for respofs€AR (B-caroteneug L™
L culture fluid) obtained by a central composite design with two vari- culture fluid) obtained by a central composite design with two variables

ables (pH and ya). Curve numbers indicate response level as a functiopH and ya). Curve numbers indicate response level as a function of initial
pH and ya concentration (g7b.

of initial pH and ya concentration (g7B).

Table 5 Fermentation parameters of carotenoid productiorRhpdotorula glutinisDBVPG 3853 under optimized conditions

Parameter Days
1 2 3 4 5
Total carotenoids
volumetric production (mg t%) 0.73+0.05 3.19+0.1 4.88+0.2 6.15£ 0.4 6.97£ 0.4
produced carotenoids (%) 104 45.7 70.1 88.4 100.0
volumetric production rate (mgt day™) 0.73 2.46 1.69 1.27 0.82
cellular production rate 221 1295 3380 4233 2733
(ng g cell dry weight day?)
yield (ug g sugar day) 60.3 543.4 528.1 1587 1025
Cell growth
produced dry cell weight (%) 5222.1 83.7£ 3.5 90.5£5.2 95.1+ 4.8 100.0
dry cell weight production rate (gt day™?) 3.3 1.9 0.5 0.3 0.3
specific growth rate 0.27 0.40 0.16 0.37 0.37
(g dry cell weight g* sugar day')
Total carbohydrates
converted carbohydrates (%) 4&8.7 56.1+ 6.8 66.7£5.4 69.2£ 6.1 719+7.1
carbohydrate utilization rate (g"L day™) 12.1 4.7 3.2 0.8 0.8
pH 5.77 5.91 6.02 5.99 6.13
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responses (Table 3) were then converted in a second-ordeatural yellow food colorant as well as provitamin A in

polynomial equation [30]: pharmaceutical and food industries, is well known [18,24].
The concentration of both total carotenoids gdaro-
Y= 8o+ Xy + AXe + Ay XgXe + gXe? + ApX? tene in the cultural broth was about 116 and 200% respect-

ively of that previously obtained [5]. Furthermore, these
productions were considerably higher than those observed
for Rhodotorulayeasts either in other raw materials of

The equation coefficients and the ANOVA for all agro-industrial origin [9,19,26] or in more conventional

responses examined are given in Table 4. The levels 0§ubstrates [6,15,22,27].
significance of the coefficients were evaluated and classi-
fied as reported elsewhere [25]. Isoresponse diagrams, cdhcknowledgements
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