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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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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 −1) which maximize both the concentration of total carotenoids and that of b-carotene (6.9 mg
L−1 and 1100 mg L−1 of culture fluid, respectively, after 120 h of fermentation). Journal of Industrial Microbiology &
Biotechnology (2000) 24, 41–45.
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Introduction

The pharmaceutical, chemical and food industries have
increased their interest in the use of carotenoids mainly as
provitamin A (b-carotene) or as natural food and feed col-
orants [13,18,24,29]. Due to these widespread uses, the
microbial production of carotenoids, when compared with
extraction from vegetables [7] or chemical synthesis [8],
seems to be of paramount interest mainly because of the
problems of seasonal and geographic variability in the pro-
duction and marketing of several of the colorants of plant
origin [13], and because of the economic advantages of
microbial processes using natural low-cost substrates as
carbohydrate sources. Previous studies have shown the
possibility of synthesising carotenoids from several
by-products and residues of agro-industrial origin
[9–11,19,20,26]. Also, recent world market trends might
lead to a grape must surplus in certain European wine
regions [20,21], suggesting the possibility of using this
cheap raw material (otherwise difficult to dispose of) as
substrate for microbial fermentations [4,20,21]. Even
though the biosynthesis of carotenoids byRhodotorula
yeasts is well known [6,14,15,18,19,22,24,27,29], their
industrial use is restricted mainly because of poor infor-
mation on biosynthetic regulating mechanisms [15,18] and
the lack of studies aimed both at increasing and maximizing
the production of these pigments [13]. In recent years, the
possibility of using multivariate statistical analysis in order
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to obtain a considerable increase in microbial production,
through the mathematical modelling of biological pro-
cesses, has been suggested [2,3].

The main purpose of this work was to perform an optim-
ization study, with respect to several experimental vari-
ables, in order to increase production of carotenoids, over
previous data [5], on the shake-flask scale, byRhodotorula
glutinis DBVPG 3853 from concentrated rectified grape
must.

Materials and methods

Microorganism and culture conditions
A strain ofRhodotorula glutinis(DBVPG 3853) previously
selected as a good carotenoid-producing yeast [5] was
maintained on GMY agar [g L−1: glucose 40, KH2PO4 8,
MgSO4·7H2O 0.5, yeast autolysate 3.0 (ash 11.5%, P2O5

3.2%, total nitrogen 10.5%, soluble nitrogen 4.8%, nic-
otinic acid 1250 ppm, riboflavin 150 ppm, Oxoid, Basing-
stoke, UK), agar 15, pH 5.5] by subculturing every
second week.

Cells grown for 24 h in 250-ml shaken flasks containing
50 ml of GMY, harvested by centrifugation (6032× g for
10 min), washed and resuspended in 10 ml of sterile dis-
tilled water (<107 cells ml−1), were used as inocula (10%
v/v) for fermentation studies.

Fermentation conditions
Flasks (250 ml) containing 50 ml of CGM-MY [concen-
trated grape must, CGM (820 g L−1 of total carbohydrates,
tc) rectified through appropriate technologies [1,12] 49 ml
L−1 (corresponding to g L−1 40 of tc), KH2PO4 8,
MgSO4·7H2O 0.5, yeast autolysate 3.0, pH 5.5], were
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placed on a heated rotary lab-shaker (160 rpm) model LT-
V (Adolf Kuhner AG, Birsfelden, Switzerland) and incu-
bated for 5 days at 30°C. No pH control was used during
the processes. Modifications of medium composition
according to factorial designs are listed in the Results
section.

Analytical methods
Total carotenoids after extraction [19] were measured
spectrophotometrically [9]. The major carotenoids
(torularhodin, torulene,b-carotene) were quantified by
HPLC [23]. Total carbohydrates were measured by a colori-
metric method [16]. Yeast cell dry weight was determined
as reported elsewhere [9].

Statistical analysis
All calculations were made by the computer software pack-
age Systat, ver. 5.03 [28].

Results

A 2(n-k) fractional factorial design was performed to control
five variables at two levels (according to the design matrix)
with eight experiments (2(5-2)): total carbohydrates (tc: 20–
60 g L−1), initial pH (pH: 4.5–6.5), yeast autolysate concen-
tration (ya : 1.5–4.5 g L−1), KH2PO4 concentration (K: 4.0–
12.0 g L−1) and MgSO4·7H2O concentration (Mg: 0.1–0.9 g
L−1) (Table 1). These variables were selected following the
results of a previous study [5] where different media were
used for carotenogenesis.

The measured responses were: C1= total carotenoids
volumetric concentration (mg of torulene L−1 of culture
broth); C2 = total carotenoids cellular concentration (mg
of torulene g−1 of cell dry weight); b-CAR = b-carotene
volumetric concentration (mg L−1 of culture broth) (Table
1).

The information produced by the fractional factorial
design was then converted by use of the Yates algorithm
[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
of carotenogenesis (Table 2). These two variables were then
used to collect further data according to a central composite
design (Table 3).

Table 1 Matrix of fractional factorial design and individual responses

Exp. No. (tc)a (pH)a (ya)a (K)a (Mg)a (C1)b (C2)b (b-CAR)b

1 −1 20 −1 4.5 −1 1.5 1 12.0 1 0.9 3.27 726.7 280
2 1 60 −1 4.5 −1 1.5 −1 4.0 −1 0.1 3.94 1010.3 1190
3 −1 20 1 6.5 −1 1.5 −1 4.0 1 0.9 4.12 1056.4 570
4 1 60 1 6.5 −1 1.5 1 12.0 −1 0.1 3.39 1130.0 260
5 −1 20 −1 4.5 1 4.5 1 12.0 −1 0.1 3.66 488.0 1460
6 1 60 −1 4.5 1 4.5 −1 4.0 1 0.9 2.95 447.0 880
7 −1 20 1 6.5 1 4.5 −1 4.0 −1 0.1 5.33 710.7 890
8 1 60 1 6.5 1 4.5 1 12.0 1 0.9 5.73 764.0 1080

aVariable level;bindividual response.
Variables: (tc) total carbohydrates g L−1; (pH) initial pH; (ya) yeast autolysate g L−1; (K) KH2PO4 g L−1; (Mg) MgSO4 g L−1.
Responses: (C1) total carotenoids mg L−1 culture fluid; (C2) total carotenoidsmg g−1 dry cell weight; (b-CAR) b-carotenemg L−1 culture fluid.

Table 2 Estimated individual effects from the fractional factorial design

Variable Effects on different responsesa

(C1) (C2) (b-CAR)
4.05b 791.64b 826.2b

(tc) −0.0925 92.375 52.5
(pH) 1.1875 247.275 252.5
(ya) 0.7375 −378.425 502.5
(K) −0.0725 −28.925 112.5
(Mg) −0.0625 −86.225 247.5

aEstimated effect of the variable variation (range−1 1) on the mean value
of the individual response.
bMean value.
Variables: (tc) total carbohydrates g L−1; (pH) initial pH; (ya) yeast auto-
lysate g L−1; (K) KH2PO4 g L−1; (Mg) MgSO4 g L−1.
Responses: (C1) total carotenoids mg L−1 culture fluid; (C2) total caroten-
oids mg g−1 dry cell weight; (b-CAR) b-carotenemg L−1 culture fluid.

Table 3 Results of the central composite design

Exp. (pH)a (ya)a (C1)b (C2)b (b-CAR)b

No.

1 −1 4.5 −1 1.5 3.72 442.9 400
2 1 6.5 −1 1.5 0.97 140.6 380
3 −1 4.5 1 4.5 4.59 527.6 1260
4 1 6.5 1 4.5 5.23 758.0 600
5 0 5.5 0 3.0 5.45 789.9 940
6 0 5.5 0 3.0 5.58 744.0 800
7 −1.414 4.09 0 3.0 2.35 559.5 00
8 1.414 6.91 0 3.0 5.16 860.0 1120
9 0 5.5 −1.414 0.88 0.90 157.9 300

10 0 5.5 1.414 5.12 6.85 1037.9 1200
11 0 5.5 0 3.0 5.51 734.7 1180
12 0 5.5 0 3.0 5.56 741.3 920

aVariable level;bindividual response.
Variables: (pH) initial pH; (ya) yeast autolysate g L−1.
Responses: (C1) total carotenoids mg L−1 culture fluid; (C2) total caroteno-
ids mg g−1 dry cell weight; (b-CAR) b-carotenemg L−1 culture fluid.

The composite design was replicated twice, whereas the
central point was replicated four times; the latter resulting
in a total carotenoid production of 5.52± 0.06 mg L−1 of
culture broth (variation degree<2%). C1, C2 andb-CAR
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Coefficient C1 C2 b-CAR

a0 5.52a 752.47a 960.00a

a1 0.23b 44.13b 112.99b

a2 1.69a 243.33a 294.10a

a11 −0.93b −68.00b −198.75b

a22 −0.87b −123.92b −103.75c

a12 0.84b 133.17b −160.00b

r2 0.88 0.83 0.79
SE 0.23 30.16 42.05
F 11.10a 14.57a 11.11a

(C1) total carotenoids mg L−1 culture fluid; (C2) total carotenoidsmg g−1

dry cell weight; (b-CAR) b-carotenemg L−1 culture fluid.
aHighly significant (P , 0.01); bsignificant (P , 0.05); cnot significant
(P . 0.05).
SE, standard error.

Figure 1 Isoresponse diagrams for response C1 (total carotenoids mg
L−1 culture fluid) obtained by a central composite design with two vari-
ables (pH and ya). Curve numbers indicate response level as a function
of initial pH and ya concentration (g L−1).

Table 5 Fermentation parameters of carotenoid production byRhodotorula glutinisDBVPG 3853 under optimized conditions

Parameter Days

1 2 3 4 5

Total carotenoids
volumetric production (mg L−1) 0.73± 0.05 3.19± 0.1 4.88± 0.2 6.15± 0.4 6.97± 0.4
produced carotenoids (%) 10.4 45.7 70.1 88.4 100.0
volumetric production rate (mg L−1 day−1) 0.73 2.46 1.69 1.27 0.82
cellular production rate 221 1295 3380 4233 2733
(mg g−1 cell dry weight day−1)
yield (mg g−1 sugar day−1) 60.3 543.4 528.1 1587 1025

Cell growth
produced dry cell weight (%) 52.2± 2.1 83.7± 3.5 90.5± 5.2 95.1± 4.8 100.0
dry cell weight production rate (g L−1 day−1) 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−1 sugar day−1)

Total carbohydrates
converted carbohydrates (%) 40.4± 3.7 56.1± 6.8 66.7± 5.4 69.2± 6.1 71.9± 7.1
carbohydrate utilization rate (g L−1 day−1) 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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Figure 2 Isoresponse diagrams for response C2 (total carotenoidsmg g−1

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
pH and ya concentration (g L−1).

Figure 3 Isoresponse diagrams for responseb-CAR (b-carotenemg L−1

culture fluid) obtained by a central composite design with two variables
(pH and ya). Curve numbers indicate response level as a function of initial
pH and ya concentration (g L−1).
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responses (Table 3) were then converted in a second-order
polynomial equation [30]:

y = a0 + a1x1 + a2x2 + a12x1x2 + a11x1
2 + a22x2

2

wherey = response,x1 and x2 = the considered variables,
and aij a generic coefficient.

The equation coefficients and the ANOVA for all
responses examined are given in Table 4. The levels of
significance of the coefficients were evaluated and classi-
fied as reported elsewhere [25]. Isoresponse diagrams, cal-
culated from the polynomial equations [2], were plotted as
a function of initial pH and yeast autolysate concentration
(Figures 1, 2 and 3).

The optimal conditions which maximize both C1 and C2
ranged from 6.35 to 6.75 and from 4.65 to 5.70 g L−1 for pH
and ya, respectively (Figures 1 and 2), whereas the optimal
conditions which maximize both C1 andb-CAR ranged
from 5.67 to 5.90 and from 4.15 to 5.20 g L−1 for pH and
ya, respectively (Figures 2 and 3). No interval range was
found to simultaneously maximize all three responses
(Figures 1, 2 and 3).

In order to confirm the validity of these findings, the
time course of total carotenoid andb-carotene production
(responses C1 andb-CAR) was followed for a time span
of 120 h in GCM-MY medium at pH and ya levels fixed
within the above reported intervals (5.78 and 4.67 g L−1,
respectively). The results of triplicate experiments are
reported in Table 5.

Maximum carotenogenesis was observed within 24–72 h
(maximum volumetric production rate within 24 and 48 h)
whereas the highest dry cell weight production was meas-
ured in the course of the first 48 h (Table 5).

The ratio among the major carotenoid pigments was also
quantified. At the steady-state conditions torularhodin was
the major pigment synthesised (73% of total carotenoids)
while torulene andb-carotene showed significantly (P ,
0.01) different concentrations (7 and 17.9%, respectively).

Discussion

The main conclusion that can be made by observing data
of fractional factorial design is the great importance of the
initial pH and of the concentration of the yeast autolysate
on carotenogenesis.

All linear and quadratic coefficients of polynomial mod-
els, obtained as a result of the central composite design (pH
and ya as variables) showed statistically significant values
(at least to the 95% confidence level), with the only excep-
tion of a22 for b-CAR (Table 4). Both linear termsa1 anda2

positively affected all examined responses; on the contrary,
termsa11 anda22 showed negative values (Table 4). A posi-
tive influence was estimated only in the first two responses
(C1 and C2) for the last terma12 (Table 4).

The polynomial models and isoresponse diagrams of C1,
C2 andb-CAR were considerably different. The possibility
of pin-pointing the optimal conditions to simultaneously
maximize both total carotenoids andb-carotene volumetric
concentration would be very interesting, as the great econ-
omic importance of the latter compound, currently used as

natural yellow food colorant as well as provitamin A in
pharmaceutical and food industries, is well known [18,24].

The concentration of both total carotenoids andb-caro-
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
agro-industrial origin [9,19,26] or in more conventional
substrates [6,15,22,27].
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