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Abstract
To solve the high-cost production of natural microbial carotenoids, we sought to use coffee processing of low-cost solid waste, as

well as high productivity. In this sense, coffee pulp extract (PE) and coffee husk extract (HE) supplemented were used as substrate to
carotenoids production by two yeast strain Rhodotorula mucilaginosa CCMA 0156 and CCMA 0340, and one bacteria strain, Derma-

coccus nishinomiyaensis CCMA 0685. Three different solvents were used for the extraction and recovery of intracellular carotenoids.

The productivity was evaluated employing Plackett-Burman design and Central Composite Design. Maximum specific carotenoids
production (361.29 ± 36.0 µg g-1) was obtained in maximum pulp extract and peptone concentration (6.68% e 10.04 g L-1, respec-

tively) and middle concentration of yeast extract (3 g L-1) by CCMA 0156. Both the pulp and the husk supplemented were suitable

substrates to produce carotenoids with maximum production of 361 and 296 μg g-1. The supplementations shall be carried out;

however, it is possible replace pure chemical for by-products. After the optimization process, carotenoid production in PE and HE
increased 4.43-fold and 3.08-fold, respectively. The best extract process was using acetone: methanol (7:3, v/v). To reduce the cost

of carotenoids production the use of solid waste from coffee processing is a good alternative without lose the productivity by yeasts.
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Abbreviations

Nowadays, the carotenoids are desirable compounds in several

PE: Coffee Pulp Extract; HE: Coffee Husk Extract; DM: Dry Matter;

industries such as chemical, pharmaceutical, food and cosmetics

DMSO: Dimethyl Sulfoxide; DNS: 3,5-dinitrosalicylic Acid

ture antioxidant properties. Carotenoids are natural antioxidants

AOAC: Association of Official Agricultural Chemists; CCMA: Culture
Collection of Agricultural Microbiology; YM: Yeast Malt Extract;

Introduction

The carotenoids are a group composed of liposoluble natural

pigments responsible for the yellow, orange and red found in many
plants, animals and microorganisms [1-3].

[4]. These pigments have attracted the attention of industry and
researchers because they can act as vitamin A precursors and fea-

that can relieve chronic diseases, retard aging, and reduce various
disease stages [4,5].

Industrially, the pigments used are extracts from plants or al-

gae. However, there are disadvantage as low productivity, high
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costs production and climate dependent production [6,7]. These

Pretreatment

tion system with low cost and high yield that also, include adequate

distilled water containing KOH 0.06% (w/v) and sterilization was

can be solved by fermentation since microorganism species naturally synthesized pigments [8,9]. The challenge is finding producpigment extraction.

One alternative is used inexpensive substrates such as agro-

industrial waste in optimized process [7]. Different agro-industrial

waste already used to biotechnological proposes as biocarotenoids
production like waste flour, fermented radish brine, whole stillage,

grape juice, wheat straw, parboiled rice water, crude glycerol, molasses, and cheese [10]. Others like husk and pulp coffee should be
considered.

The principal microorganisms cited as pigments producers are

yeasts (Rhodotorula, Xanthophyllomyces dendrorhous, Cryptococcus), bacteria (Rhodobacter, Streptomyces, Mycobacterium), alga

(Dunaliella) and filamentous fungi (Penicillium oxalicum, Blakeslea

trispora, Aashbya gossypii) [11]. The pigments for microorganisms
chemoorganotrophic represent protection against UV rays avoiding photo-oxidative damage [7]. Therefore, pigments are synthe-

sized and stored inside of the cells and needs to recovery for industrial application representing a big challenge [12,13].

The extraction can be carried out using organic solvents such as

acetone, petroleum ether, hexane, chloroform, ethanol, and metha-

nol [14,15] showing synergistic interactions which results in higher yields of carotenoids [16]. In this way, in view of the challenge

of environmentally friendly process join to natural products of the

consumers, this work proposes the use of pulp and coffee peel for
bioproduction of carotenoids.

Materials and Methods
By-products

Coffee husk and pulp from dry and semi-dry process, respec-

tively, of the coffee beans (Coffea arabica L., variety red Catuaí 99)

was supplied by a coffee-producing unit located in the southern
area of the state of Minas Gerais (21° 14' 45'' S, 44° 59' 59'' W)

(Brazil). The by-products were immediately frozen at -20°C. Before
the use, the husk and pulp coffee were dried at 65°C, separately,

until them reached a constant weight [17], ground in Willey mill
(1.0 mm) and stored in plastic ﬂasks.

To correct the pH of each substrate, a pretreatment was carried

out. For this, 50 g, the pulp, or husk, was resuspended in 1 L of
carried out at 121℃/30 min [18]. The extracts were filtered with
Whatman Nº1 and used for fermentation medium.
Physicochemical analysis of solid waste

Crude protein and dry matter (DM) content were done accord-

ing to AOAC [17]. Total soluble carbohydrates were determined
by phenol-sulfuric method [19], with modifications, and pH was
determined by using a digital potentiometer (Digimed analytical,
Model DM22).

Screening of microorganisms to carotenoids production in
waste coffee
Two orange color yeasts, Rhodotorula mucilaginosa CCMA

0156 and CCMA 0340, and one yellow color bacteria, Dermacoccus

nishinomiyaensis CCMA 0685 were selected for production of carotenoids. The strains belonging to the Culture Collection of Agri-

cultural Microbiology (CCMA) of Biology Department, Federal Uni-

versity of Lavras, Brazil. The strain has been highest carotenoids
production was submitted to experimental design.

To test the isolates would be able to grow and producing carot-

enoids from husk extract or coffee pulp extract as substrate (50 g

L-1 each one), we use firstly, the fermentation without addition of
any nutrients. To compare synthetic medium YM (Yeast Malt Ex-

tract) (g L-1): 3.0 yeast extract, 3.0 malt extract, 5.0 peptone and
10.0 glucose) was also used.

For this, initially, each isolate was reactivated in 1 mL of YM me-

dium and growth for 24h. Whole volume was added in tube filled
9 mL YM medium for 24h. The same was carried out in Erlenmey-

er flasks of 250 mL with 90 mL of the YM medium and incubated
for 48h. The cells were centrifuged at 9000 rpm, 4℃/10 min and

washed 2 times with distilled water. The cultivations were carried
out in 500 mL Erlenmeyer flasks containing 300 mL of medium
(YM, PE, or HE) inoculated with 107 CFU mL-1 and incubated at

28℃, 160 rpm/4 days in the dark. The experiments were conduct-

ed in triplicate, totalized 27 assays. After of 4th day, the carotenoid
was extracted, recovered, and quantified.
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Optimization of carotenoids production

The different medium composition and the fermentation con-

three different extraction methods [20]. The solvent mixtures used

ditions were assessed by a Plackett-Burman Design (Screening

tate: petroleum ether (1: 1, v/v). The cell disruption step was simi-

in table 1.

were as follows: Method 1 - acetone: methanol (7: 3, v/v); Method
2 - acetone: petroleum ether (1: 1, v/v); and Method 3 - ethyl ace-

larly for all three methods. The microbial biomass recovered from
the fermentation medium was centrifuged (9,000 × g, 4℃/10 min)

and dried in oven at 65℃/24h. After the drying step, the biomass
was macerated in liquid N2 and added 2 mL of dimethyl sulfoxide

(DMSO), heated in a water bath at 55°C/30 min. After this time,

2 mL of each mixture of solvents (method 1, 2 or 3) were added
and centrifuged (5,000 × g, 4°C, 10min). The supernatant was sep-

arated, and successive extractions were carried out until biomass
remains colorless. The solvent was evaporated in nitrogen gas atmosphere and pigment was solubilized in 5 mL methanol (99%)
from method 1, and 5 mL of petroleum ether from method 2 or 3.
Quantification of total carotenoids

The concentration of total carotenoids was estimated from

each sample, after the extraction and recovery, by the maximum

absorbance at 450 nm, using the equation described by Davies
(1976). The coefficient of absorbance used was referent to beta

(β)-carotene: E1%1cm= 2592, for petroleum ether solution and E1%1cm

= 2550, for methanol solution [21]. Concentration of carotenoids
was expressed in total carotenoids (μg L-1) and specific production

of carotenoids (μg g ). This represents the total concentration of
-1

Design) with twelve assays and three central points [24]. Experi-

mental variables and their corresponding levels are summarized
Levels

Variables

Codes

-1

0

+1

pH

X1

4

6

8

X4

0

1

3

Glucose (g L-1)

Yeast extract (g L )
-1

Malt extract (g L )
-1

Ammonium sulfate (g L-1)
Tween 80 (%)

Peptone (g L )
-1

Pulp extract or husk extract
(%)

X2

X3

X5

X6
X7

X8

0
0
0
0
0
1

2
1
1

0,5
2
3

4
3
2
1
5
5

Table 1: Variables and levels used in the Plackett-Burman

planning type for the screening means design with coffee pulp
extract and husk extract for carotenoids production by
Rhodotorula mucilaginosa CCMA 0156.

The isolate showed best carotenoid production (described pre-

viously) was used in optimization design (CCDR), 23 design, being

carotenoids (μg) in relation to the biomass of dried yeast or bacte-

three replications of the center points, and six axial points (Table 2

Determination of biomass, reducing sugar, pH, and cell count

RSM was employed to obtain the theoretical optimum condition.

ria obtained in 1L of a fermented medium [22].

After carotenoids extraction, the cells were washed with dis-

tilled water and centrifuged at 5,000 × g at 4℃/10 min. The bio-

and 3). Total carotenoid (µg L-1), specific carotenoid production (µg

g-1) and biomass (g L-1) were the dependent variables. After that,
The preparation of the Rhodotorula mucilaginosa CCMA 0156

mass was quantified drying at 65℃ until a constant weight. Re-

inoculum was done, as described in the previous section, with in-

was measured by spectrophotometer (Biospectro, Model SP-220)

dium and incubated at 28°C, 160 rpm/5 days in the dark.

ducing sugar was measured by DNS (3,5-dinitrosalicylic acid)
methodology as described by Miller [23] and the staining intensity

at 540 nm. The pH of culture media was determined using a digital pH meter (Digimed analytical, Model DM22). Cell growth was
evaluated by counting in Neubauer Chamber (yeast) and counting
in plate (bacteria).

oculum size of the 10.0% (w/v) at 107 cel mL-1. The assays were

carried out in 250 mL Erlenmeyer flasks containing 150mL of meValidation of the experimental design

The validations experiment carotenoids production was per-

formed both for coffee pulp extract (PE) and coffee husk extract

(HE). The validation was carried out under the optimized condi-

tions indicated by the STATISTICA 8.0 software. The model was
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Assays Pulp extract X1

Peptone X2

Yeast extract X3

1

-1 (3%)

-1 (2 g L )

-1 (1 g L )

1 (7%)

1 (8 g L )

2

1 (7%)

3

-1 (3%)

6

1 (7%)

4
5

7

-1

-1 (2 g L-1)

-1 (1 g L-1)

0 (5%)

17

0 (5%)

8

1 (5 g L )

0 (3 g L )

11

1 (5 g L )

7

0 (5 g L-1)

0 (3 g L-1)

-1

0 (5 g L )

-1

-1

-1,68 (0.04 g L )
0 (5 g L )
-1

0 (5 g L-1)
-1

0 (5 g L )
-1

0 (5 g L )
-1

0 (3 g L )
-1

-1

-1

0 (3 g L )

1 (5 g L )

-1,68 (0.36 g L )
-1

1,68 (6.36 g L-1)
0 (3 g L )
-1

0 (3 g L )
-1

0 (3 g L )
-1

Table 2: CCDR matrix (real and coded values) of three variables

(pulp extract, peptone, and yeast extract) used in the production

-1 (3%)

-1 (1 g L-1)

1 (7%)

1 (3 g L )

-1 (3%)
1 (7%)

-1

1 (5 g L-1)
-1

-1

1 (3 g L )
-1

-1

-1 (1 g L )

-1 (3%)

-1

-1

1 (3 g L )

1 (7%)

-1

9

-1,68 (0.36 g L )

12

0 (3 g L )

10

-1
-1

-1 (1 g L )
-1

6

-1

0 (5 g L )

16

1 (5 g L )

1 (8 g L )
-1

0 (5%)

15

-1 (1 g L )

1 (5 g L )

1,68 (10.04 g L )

0 (5%)

-1 (3%)

-1 (1 g L )

1 (5 g L-1)

1 (8 g L )

0 (5%)

-1 (1 g L )
-1

5

-1 (2 g L-1)

-1

0 (5%)

14

-1 (1 g L )

4

-1

12
13

1

-1 (1 g L )

1 (7%)
0 (5%)

Husk extract X3

3

-1

-1,68 (1.64%)

11

Peptone X2

-1

-1 (1 g L-1)

-1 (1 g L )

-1

-1 (2 g L )

1,68 (6.36%)

Glucose X1

2

-1

9

10

Assays

1 (5 g L-1)

1 (8 g L )
-1

-1 (3%)

-1 (3%)

8

-1

128

-1

1,68 (6.36%)

1 (3 g L )

1 (7%)

-1

0 (2 g L )
-1

0 (2 g L-1)

0 (3 g L )

-1,68 (0.32 g L )

14

0 (3 g L-1)

0 (2 g L-1)

17

0 (3 g L )

13

15

16

-1
-1

0 (3 g L )
-1

0 (3 g L )
-1

0 (3 g L )
-1
-1

-1

1,68 (3.68 g L )
0 (2 g L )
-1

0 (2 g L )
-1

0 (2 g L )
-1

0 (2 g L )
-1

-1

0 (5%)
0 (5%)

0 (5%)

0 (5%)

-1,68 (1.64%)
1,68 (8.36%)
0 (5%)
0 (5%)
0 (5%)

Table 3: CCDR matrix (coded and real values) of three variables

(glucose, peptone, and husk extract) used in the production of ca-

of carotenoids by Rhodotorula mucilaginosa CCMA 0156 in coffee

rotenoids by Rhodotorula mucilaginosa CCMA 0156 in coffee husk

tested in triplicate assays using 150 mL of culture medium, at 160

(Stat soft. Inc.®, Tulsa). The statistical significance of the model was

pulp extract (PE), 28 ℃, 160 rpm in the dark for 5 days.

rpm, pH 5.28, 28℃/ 120 h in the dark. The medium composition
using pulp extract was X1- pulp extract (6.68%), X2- peptone (10.04

extract (HE), 28 ℃, 160 rpm in the dark for 5 days.

determined using Fisher’s test. The fit of the regression model was

checked by the adjusted coefficient of determination R2. Response

g L-1), X3 - yeast extract (3 g L-1) and glucose (2 g L-1) and tween 80

surface plots were generated by the same software. Finally, the lo-

as fixed factor.

Results and Discussion

(0.5%) as fixed factors. In husk extract X1 -glucose (6.36 g L ), X2 -1

peptone (3.68 g L-1), X3 -husk extract (8.36%) and tween 80 (0.5%)
Statistical analysis
The results obtained from all experiments were subjected to

cation of the optimum condition was calculated by differentiation
of the quadratic model.

Characterization of by-products
The pulp and husks coffee were naturally acidic, ranged from

analysis of variance (ANOVA), applying entirely randomized de-

4.5 to 4.7, pulp and husk coffee, respectively. After the pretreat-

test was used to determine significant effects of the treatments and

position of these by-products was similar both in natura and pre-

sign, with factorial arrangement 3x3 (3 extraction methods and 3
culture media), using Sisvar® 4.5 (Lavras, Brazil) software. The F-

Scott-Knott test was used to compare the average of replicates at
a 5% level of significance. The results obtained from experimental

design were analyzed using the statistical software Statistica 8.0

ment with KOH, the pH of the extracts was slightly changed to 5.0
(pulp extract) and 5.7 (husk extract) (Table 4). The chemical com-

treated (Table 4), except to dry matter content that in pretreated
there was lost after pretreatment (80 and 69%), as expected.
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In natura
Parameters
pH

Dry matter (g Kg-1)

Crude protein (g Kg-1
MS)

Total soluble
carbohydrates (g Kg-1
MS)

Pretreated

Coffee
pulp

Coffee
husk

Coffee
pulp

Coffee
husk

4.5

4.7

5.0

5.7

1181.64
173.7
156.8

982.39

137.23
136.15

242.11

171.07
120.09

305.07

133.79
100.7

Table 4: Physicochemical composition of pulp and coffee husk in
natura and after pretreatment.

The great commercial demand for natural carotenoids has

drawn attention to the development of appropriate and inexpen-

sive biotechnology techniques, including the use of agro-industrial

waste as sources of carbon and/or nitrogen [25,26]. The coffee

pulp and husk are the first by-products obtained during processing
of the coffee fruit, representing 29% and 12% of the dry weight of

the whole berry, respectively [27]. Many alternatives to use these
by-products have been proposal like production of biofuel, mush-

room, and fertilizer, besides extraction of enzymes, dietary fiber

and bioactive compound [28], but is the first time these by-products were used to bio-carotenoids production.

These by-products have similar chemical composition. Cof-

fee pulp and husk are rich in carbohydrates (32-35%), proteins

(7-15%) and mineral (10.7%), indicating that these residues are
very promising for use in many biotechnological processes [29,30].
However, the application of coffee by-products in bioprocess with
microorganisms can be limited due to their content of toxic sub-

stances, such as phenolic compounds and caffeine. Therefore, pretreatment of pulp and husk coffee with KOH is necessary for detoxifying these by-products and allow microbial growth [28].

In our study, the use of coffee by-products, pulp, and husk, for

obtaining extracts of a culture medium for production of carotenoids by yeast and bacteria as an excellent alternative. As with

other agro-industrial waste they are cheap and easily available pro-

duced and their use contributes to a reduction in production cost
[13,31]. The nutrients supplemented as glucose, peptone and yeast
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extract could be replaced for other alternatives cheaper like molasses and soy meal extract.

Specific carotenoids production from the screening
The carotenoids production from microbial and condition me-

dia screening were recovery with three different solvents combinations (Table 5). All tested combinations of solvents showed to be

suitable and statistically significant (p < 0.05) in the extraction of
carotenoids. However, the combined solvents were different in the
efficiency on production (Table 5).

From R. mucilaginosa CCMA 0340 the production was higher in

Husk extract, 74.3 µg g-1 to 119.6 µg g-1, than in pulp extract, 57.2 µg

g-1 to 80.9 µg g-1. The best efficiency was in husk using by acetone/

petroleum ether extraction representing double productivity.

R. mucilaginosa CCMA 0156 stood out for the highest biomass

production in pulp extract but higher specific production in husk

extract (79.4 to 96.2 µg g-1). However, the maximum production of

specific carotenoids was not accompanied by maximum production biomass (2.64 g L-1).

Considering the conditions of screening and fermentation pa-

rameters (see item 3.3), is possible to discard D. nishinomiyaensis
CCMA 0685 for carotenoid production since showed 17 times lower production.

Fermentation parameters in the screening
In general way, total carotenoid production was accompanied

by the increase in biomass production and simultaneous decrease
of reducing sugars. However, the higher biomass production did
not have direct correlation with the higher carotenoid production
and was dependent of strain e media composition as well the total
carotenoid production.

This is clear in R. mucilaginosa CCMA 0156 at 96 h fermenta-

tion producing maximum of carotenoids (154.29 µg L-1) and largest

biomass production (5.64 g L-1) in pulp extract (Figure 1B). Oppo-

site, R. mucilaginosa CCMA 0340 showed 84.83% (23.4 µg L-1) carotenoid production less than R. mucilaginosa CCMA 0156, in pulp
extract (Figure 1E).

The strains R. mucilaginosa CCMA 0156 and R. mucilaginosa

CCMA 0340 consumed faster the reducing sugar in synthetic me-
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Total Carotenoid (µg L-1)
R. mucilaginosa CCMA 0156

Solvent combination*

YM

1

PE

251.3aA 331.2aA

2
3

Specific Carotenoid (µg g-1)

184.7aA 269.0aA
195.2aA 259.2aA

HE

255.0aA
215.0aA
250.4aA

R. mucilaginosa CCMA 0156
Solvent combination*
1

2

3

YM
57.0bA

Biomass (g L )
-1

74.3aA

62.7aA

PE
81.4aA

69.2aA

70.4aA

HE

1

2
3

YM

306.5aA
421.9aA
128.8aB

96.2aA

79.4aA

86.1aA

PE

HE

90.8aA

130.3aA
42.61aB

D. nishinomiyaensis CCMA 0685
YM

160.5bA 137.6bA 16.1aA
106.2bB 218.2abB 16.2aA
186.8aA 105.9aA

R. mucilaginosa CCMA 0340
YM

R. mucilaginosa CCMA 0156
Solvent combination*

R. mucilaginosa CCMA 0340

PE
62.4aA

57.2bA
80.9aA

30.0aB

PE

HE

41.6bA

9.3aA

19.0aB

50.8aA

11.2aA
3.4bB

D. nishinomiyaensis CCMA
0685

HE

YM

PE

HE

74.3aA

7.0aA

17.6bAB

8.0aA

119.6aB

6.5aA

81.7aAB 13.1aA

R. mucilaginosa CCMA 0340

13.2aA

26.9bB

7.4aA
3.5aB

D. nishinomiyaensis CCMA
0685

YM

PE

HE

YM

PE

HE

YM

PE

HE

4.4aA

4.0aA

2.6bA

3.3aA

2.5aA

1.8aA

2.3aA

2.3aA

1.1bA

2.4aB
3.1aB

3.8bA
3.6aA

2.7abA
3.0aA

3.2aA

3.0aA

1.8bA
2.3aA

1.8bA
1.3bA

2.4aA
2.3aA

1.4bA
1.8aA

1.5bA

1.0bA

Table 5: Concentration of total carotenoids, specific and biomass produced by strains Rhodotorula mucilaginosa CCMA 0156, Rhodo-

torula mucilaginosa CCMA 0340 and Dermacoccus nishinomiyaensis CCMA 0685 in different culture medium (YW, PE and HE) and three
different extraction methods.

Means followed by the same capital letters, in columns, and means with the same lowercase letters, in rows, do not differ by the Scott
Knott test (p < 0.05).

YM - Synthetic medium; PE - coffee pulp extract; HE - coffee husk extract.

*Method 1- acetone: methanol (7: 3, v/v); method 2 - acetone: petroleum ether (1: 1, v/v); and method 3 - ethyl acetate: petroleum
ether (1: 1, v/v).

dium, where consumption was 84% and 87%, respectively, then in
pulp extract and husk extract where the sugar consumption was

around 70%. In the same way, D. nishinomiyaensis CCMA 0685 had
higher consumption in synthetic medium (44%) than in pulp extract (22%) and husk extract (18%).

The pH was monitored throughout the fermentation (Figure 1).

The pH evolution during production of carotenoids was similar to
three strains. The first 48h there was a decrease from pH initial and

during intense cell carotenogenesis phase pH increased (Figure 1).
Carotenoid yeast and bacteria accumulate in lipid particles in

the cell and therefore can be extracted using various organic sol-

vents (e.g. acetone, petroleum ether, hexane, ethyl ether, dichloro-

methane, methanol). The efficiency of the method varies depending on the characteristics of the microbial cells like the presence of

a cell wall and the influence of the cell surface [32]. However, there

is still no standard technique to ensure maximum efficiency of extraction for any microorganism [32]. Recovery of carotenoids of
cells R. mucilaginosa CCMA 0156, R. mucilaginosa CCMA 0340 and

Dermacoccus nishinomiyaensis CCMA 0685 was tested using three
different methods of extraction with chemical solvents. All solvent

combinations were effective in the extraction of carotenoids, but
with differences in performance of recovery. Studies report that

mixtures of solvents are more efficient than a pure solvent on recovery of intracellular synergistic effect due to carotenoids [33].

The carotenoids production in three different media culture

and recovery extracted by the three solvent organic combination

were statistically significant. The differences are associated with

each studied strain due their cell characteristics, the way of mac-

eration of the cells and the degree of rupture with liquid nitrogen,
among others [16]. In our study, the maximum production of ca-

rotenoids by Rhodotorula mucilaginosa CCMA 0156 was observed

during the stationary phase (data not shown) at 96h of fermentation. In addition, the maximum yield was accompanied by maximal

production of biomass, as reported in the literature. The accumulation of carotenoids in most yeast cells and bacteria starts in the
late log phase and continues in the stationary phase [34]. Valduga.,

et al. [35], studying yeast Sporidiobolus salmonicolor (CBS 2636),
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Figure 1: Kinetics of the fermentation, pH, biomass, and total carotenoids production and reducing sugar during 96 h in three culture

media: Synthetic medium - YM; Extract pulp - EP and Husk extract - HE. Rhodotorula mucilaginosa CCMA 0156 (1A, 1B, and 1C); R. mu-

cilaginosa CCMA 0340 (1D, 1E, and 1F) and Dermacoccus nishinomiyaensis CCMA 0685 (1G, 1H, and 1F). (
) Reducing sugar (mg L-1); (

) Biomass (g L-1); (

reported that carotenoid formation was associated with the end of
exponential growth phase. The maximum total carotenoid produc-

tion (3.426 µg L ) and biomass (11.2g L ) were observed at 90h of
-1

-1

fermentation during the stationary phase.
Plackett-Burman design

After analysis of the Plackett-Burman (PB) experimental design

observed the seven variables tested. When the pulp or hush extract

was used influenced differently each experiment. The analysis of
the PB to pulp extract showed that at 90% significance level, yeast

extract, peptone and pulp extract were significant (p < 0.10) in the

production of specific carotenoids by Rhodotorula mucilaginosa
CCMA 0156. In the experiment with husk extract, among the vari-

ables tested that at 99% significance level, glucose, peptone, and

husk extract were statistically significant (p < 0.01) in the produc-

Mean/Interc. *

325,52

(X2) Peptone (L)

13,45

(X1) Pulp extract (L) *

when pulp and husk extract was used (Table 6 and 7).

50,26

(X1) Pulp extract(Q) *

(X2) Peptone (Q)

(X3) Yeast extract(L)

(X3) Yeast extract (Q)
X1L by X2L

*

13,43

1,00

13,43

-12,17

3,74

0,0000*

0,0072*

-3,53

0,0095*

13,43

-0,90

0,3946

17,54

-0,52

14,79

-35,56

14,79

14,73

17,54

-9,13

X2L by X3L

11,38

14,79

1,50

t value p value

28,58

-52,34
-2,83

X1L by X3L

17,54

-0,19

0,3498
0,8535

-2,4

0,0472*

0,84

0,4285

0,08

0,9341
0,6186

Table 6: Model coefficients estimated by linear and quadratic

regression multiples (significance of regression coefficients) of
the evaluated factors (pulp extract, peptone, and yeast extract)

to specific carotenoids production by Rhodotorula mucilaginosa

Optimization of carotenoid production by DCCR design
between the variables studied for specific carotenoids production

) pH.

Regression Pure
coefficient error

tion of specific carotenoids.

The results observed that there were significant relationships

) Carotenoids (µg L-1); (

CCMA 0156 responses in the central composition design in coffee
*

pulp extract (PE).

Significant (p < 0.05). R = 0.82. (L) linear effect and (Q) quadratic
2

effect.
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Mean/Interc. *

(X1) Glucose (L)

(X1) Glucose (Q)

(X2) Peptone (L)

(X2) Peptone (Q)

*

(X3) Husk extract
(L) *
(X3) Husk extract
(Q)
X1L by X2L

X1L by X3L *
X2L by X3L

Regression
coefficient

Pure
error

t value

p value

213,72

19,52

10,94

0,0000*

22,11

9,17

2,41

0,0467

19,86
12,94
0,36

64,33

-14,39
3,43

-30,43
4,33

9,17

10,10

10,10
9,17

2,16
1,28
0,03

7,01

10,10

-1,42

11,98

-2,54

11,98
11,98

0,28
0,36

variables were built using the significant parameters (Equation 1
and 2).

0,0671
0,2410

*

0,9725

0,0002*
0,1974

0,7829

0,0386*
0,7280

(1)

(2)

Where, YPE stands for specific carotenoids production in pulp

extract: X1 is pulp extract and X3 represents yeast extract. YHE, carotenoids production in husk extract: X1 is glucose, X2 peptone, and

X3 represents husk extract. The fits of the models were confirmed
by the coefficient of determination (R2) Being for pulp extract, R2 =

0.82 and husk extract, the coefficient of determination value is R2
= 0.91.

Three-dimensional response surface plots and was used to visu-

Table 7: Model coefficients estimated by linear and quadratic

alize the interaction effects of the variables related to specific carot-

produce specific carotenoids by Rhodotorula mucilaginosa CCMA

carotenoids coffee extract pulp and coffee extract husk production.

regression multiples (significance of regression coefficients) of

the evaluated factors (husk extract, peptone, and yeast extract) to
0156 responses in the central composition design in coffee husk

*

132

extract (HE).

Significant (p < 0.05). R2 = 0.91. (L) linear effect and (Q) quadratic
effect.

From that was determined the regression coefficients for the

specific carotenoid response. The following models with codified

enoid production and to determine their optimum ranges for maxi-

mum production. Figure 2 shows the response surface of specific
Plot 2A reveals higher specific carotenoids production for higher
peptone (10.04 g L-1) concentration and average amount (center

point) of yeast extract (3 g L-1). Plot 2B illustrates that higher pig-

ment production occurred at higher peptone (10.04 g L-1) concen-

tration associated with pulp extract (6.68 g L-1) concentration near

center point. Plot 2C shows higher production when pulp extract

(6.68 g L-1) concentration near center point was associated with
average amount (center point) of yeast extract (3 g L-1).

Figure 2: Surface plots of the responses in specific carotenoids production by Rhodotorula mucilaginosa CCMA 0156 in coffee pulp

extract and coffee husk extract. (A) Specific carotenoids production as a function of yeast extract and peptone. (B) Specific carotenoids
production as a function of concentration of coffee pulp extract and peptone. (C) Specific carotenoids production as a function of con-

centration of coffee pulp extract and yeast extract. (D) Specific carotenoids production as a function of peptone and glucose. (E) Specific
carotenoids production as a function of concentration of coffee husk extract and peptone. (F) Specific carotenoids production as a function of concentration of coffee husk extract and glucose.
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The maximum content of specific carotenoids was obtained

used. As observed in our results, the production of biomass and

8.36 g L-1 husk extract). Husk extract and peptone concentration

mentation medium (YM, PE and HE). YM being a synthetic medium,

in the tests corresponding to the axial point (1.68) so the highest
value of each variable (6.36 g L glucose, 3.68 g L peptone and
-1

-1

influenced positively the response. Plot 2D-2F show that specific
carotenoids production was affected by the independent variable

peptone and glucose, husk extract and peptone, husk extract and
glucose, respectively.

The production of carotenoids by R. mucilaginosa CCMA 0156,

carotenoids by R. mucilaginosa CCMA 0156, R. mucilaginosa CCMA
0340 and D. nishinomiyaensis CCMA 0685 was different in each fer-

there were three different sources of nitrogen (3 g L-1 yeast extract,
3 g L-1 of malt extract and 5 g L-1 peptone) and 10 g L-1 of glucose as
a source of carbon, already in natural medium (PE and HE), carbon
source was carbohydrates and nitrogen source was proteins.

In addition to the different sources of carbon and nitrogen

R. mucilaginosa CCMA 0340 and Dermacoccus nishinomiyaensis

which are associated with the microbial production of carotenoids,

microorganisms to ferment carbon sources of the substrate and

Rhodotorula mucilaginosa CCMA 0340, R. mucilaginosa CCMA 0156

CCMA 0685 was tested by two naturals medium (pulp extract and

husk extract) without addition of nutrients to assess the ability of
synthesize carotenoids. Simultaneously, a complex synthetic me-

the pH is one of the most important physical parameters for consideration. In this study, during the production of carotenoids by

and Dermacoccus nishinomiyaensis CCMA 0685 In coffee pulp ex-

dium (YM) was used as control. The results demonstrate that the

tract and husk extract, remained constant until 48 h of fermenta-

thus reducing the operation costs. Moreover, many other factors

more acidic than the synthetic medium (pH 6), whose pH is close

extract of pulp and husk coffee can be used in the production of ca-

rotenoids and replace the synthetic means in industrial processes,
involved in the processes can affect the yields and operation costs
[13].

One of the most important factors to consider is the carbon

tion. After this period, all crops increased the pH around 7 until the
end of fermentation. The coffee pulp extract and husk extract are
to 5, this fact may explain why the pH remained stable in the media

in the early hours of fermentation. The strong influence of pH in
product and cell yield was evidenced being. The highest yields (YP⁄X

= 1.74 mg g-1 and YP⁄S = 0.36 mg g-1) were found with pH control set

source. Carbon source is the most studied parameter to influence

at 6.0 up to 80 h and then set to 4.0 up to the end of bio-production

bon sources most used in the production of carotenoids [20]. In our

Validation of the experimental design

carotenogenesis. Metabolism of yeasts acts depending on the kind
of carbon source in the medium [36]. Sucrose and glucose are car-

study, the synthetic YM medium was used as a control to compare

[39].

Thus, the optimal conditions of the culture medium (PE) were

the growth and accumulation of intracellular carotenoids among

as follows: pulp extract 6.68%, peptone 10.04 g L-1, and yeast ex-

sumed the sugars faster than D. nishinomiyaensis CCMA 0685 in

of the culture medium (HE) were as follows: glucose 6.36 g L-1, pep-

coffee, besides of glucose, others sugar such as sucrose, fructose,

(Eq. 2). To confirm the model’s adequacy in predicting the high-

ing sugars by the microorganisms.

tion of specific carotenoids obtained from these validation experi-

strains with natural means (coffee pulp extract and husk extract).

R. mucilaginosa CCMA 0156 and R. mucilaginosa CCMA 0340 con-

different medium tested, whereas in synthetic medium the glucose
was consumed almost totally. Already in extracts of pulp and husk

arabinose, galactose, maltose, and polysaccharides could be pres-

ent [37], which may have slowed down the consumption of reducMarova., et al. [25], used an agro-industrial waste as a substrate

for production of carotenoids and biomass by yeasts Sporobolo-

myces roseus, Rhodotorula glutinis, Rhodotorula mucilaginosa. The

best production of biomass (45 g L-1) and β-carotene (56 mg L-1)

tract 3 g L-1. The model predicted that the production of carotenoids

could reach a value of 347.54 µg g-1 (Eq. 1). The optimal conditions

tone 3.68 g L-1, and husk extract 8.36%. The model predicted that

the production of carotenoids could reach a value of 325.29 µg g-1

est specific carotenoids yield, three additional experiments were
performed using these optimized conditions. The mean produc-

ments was 361.29 ± 36.0 µg g-1 (PE) and 296.58 ± 13.2 µg g-1 (HE),

in agreement with the predicted values. The results verified the
models and the optimal points.

Figure 3 shows the fermentation parameters monitored during

was obtained in a medium containing whey with cultivation of R.

the time carotenoids production (0, 48 and 120h) by Rhodotorula

supplemented with two nitrogen sources. The intracellular ca-

once the production of carotenoids was accompanied by increased

glutinis. Banzatto., et al. [38], studied the production of biomass

and carotenoid by Rhodotorula rubra in molasses and cane syrup

rotenoid production was increased in all studied media without

supplementation (0.329 mg g-1). According to the authors, biomass

production and pigment differs according to the type of substrate

mucilaginosa CCMA 0156 in validation assays in pulp extract and

coffee husk extract. The yeast had similar behavior in both medium

of biomass and consumption reducing sugars. However, the production of biomass in the fermentation was relatively higher in
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husk extract (HE) (6.6 g L ) than pulp extract (PE) (4.5 g L ) 120h

mentation. Consequently, the production of total carotenoids was

sumption of reducing sugar HE was higher than in PE coming to

the first 48 h and then had a slight increase of about 5.6 (PE) and

-1

-1

of cultivation, whereas the concentration and consumption was

greater in husk extract. This may have occurred because the conthe reduction of 72.65% and 50%, respectively, at the end of fer-

3.2 x higher in HE (114.02 µg L-1) than PE (44.39 µg L-1) (Figure 3).
The initial pH in both medium was about 4.5, remained constant in
6.7 (HE).

Figure 3: Fermentation profile of Rhodotorula mucilaginosa CCMA 0156 during the production of total carotenoids. (A) Coffee Pulp

extract and (B) Coffee husk extract in the validation experiments on 120h at 28 °C, 160 rpm in the dark. (
) Reducing sugar (mg L-1); (

R. mucilaginosa CCMA 0156 was the strain that showed the best

results in the production of carotenoids using coffee pulp extract

and husk extract compared with R. mucilaginosa CCMA 0340 and

) Biomass (g L-1); (

) pH.

) Carotenoids (µg L-1); (

(oats, wheat, barley, corn, rice, rye), lipids and related substances,

glycerol, cellobiose, sugar cane molasses, grape must, and cheese
whey by different strains in shake flask fermentation [25,42,43].

D. nishinomiyaensis CCMA 0685. The production of carotenoids by

Conclusion

authors reported that in general, the increase in sugar concentra-

for use as culture media to produce microbial carotenoids. Future

was used the carbon source. Similarly, Aksu and Eren [41], studied

trial use.

R. mucilaginosa using agro-industrial substrates (sucrose lactose

whey and molasses) was also studied by Rodrigues., et al. [40]. The
tion increased the growth of yeast and the total carotenoids pro-

duction (89 mg L ) was obtained when 20 g L sucrose molasses
-1

-1

The coffee processing residues proved potential by-products

work can be focused on the functional and structural characterization studies of these molecules can be utilized for possible indus-

the carotenoid production by Rhodotorula glutinis concluding that
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