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Abstract The objective of the present investigation was to

identify and characterize the pigment produced by yeast

strain Rhodotorula mucilaginosa (MTCC-1403) using food

industry residues. Onion peel powder and Mung bean husks

were explored as substrate for submerged fermentation at

previously optimized conditions in 3-L bioreactor. The

pigment extraction was followed by quantification and

characterization in terms of UV–visible spectroscopy,

Fourier transform infrared spectroscopy, high performance

liquid chromatography and fluorescence spectroscopy.

Anti-carcinogenic activity of extracted pigment was mea-

sured against MCF-7 breast cancer cells. Furthermore, the

pigment was used for the development of confectionary

products (hard boiled candy and jelly) at different con-

centrations to evaluate its influence on bioactive properties

and functionality. UV–visible spectroscopic reports

revealed that torularhodin, b-carotene, and torulene were

major carotenoids present. In case of anti-carcinogenic

activity, cell inhibition of 21.21% was observed with 40 lg
of the extracted pigment after 72 h of incubation against

MCF-7 cells. Significant influence of extracted pigment on

confectionary products was observed for antioxidant

activity, carotenoid content, color profile and sensory

evaluation.

Keywords Rhodotorula mucilaginosa � Agro-industrial
waste � Carotenoids � Antioxidant activity

Introduction

Color has been referred to as prime parameter to dictate the

quality of any food product. The necessity for food col-

orants arises from the fact that appearance is the funda-

mental attribute to evaluate the quality of any given

product. The objective of food colorants is either to sub-

stitute the color eluded during processing or augment the

one already present. There are plenty of artificial pigments

which are being contrived and exploited in the food

industries (Tuli et al. 2015) that may cause severe harmful

effects on human health. Simulated colors are criticized for

their application in food products due to their neurotoxic,

carcinogenic and genotoxic properties (Hayashi et al.

2000). Positive adaptability and consumers priority

towards the use of natural products is encouraging the

industries to use biological pigments. Although natural

colors are widely distributed in our surroundings, cost of

the extraction and purification is the major constraint. Joshi

et al. (2003) reported that biological colors are not cost

effective due to their expensive market value, lower sta-

bility and lesser potency and intensity.

Pigments of biological origin are rich in bio-functional

compounds having antioxidant capacity owing to their

potential role against free radicals generated through

oxidative stress which may otherwise trigger serious harm

to the cells leading to inception of chronic complications

(Rabeta et al. 2013; Guaadaoui et al. 2014). Thus, antiox-

idant rich compounds are known to have pivotal role in

prevention of several modern lifestyle disorders such as

neurological concerns, cancers and cardiac diseases.
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Carotenoids are a class of phytonutrients comprising of

several bioactive compounds which induce beneficial

effects to the human health. They act as provitamin A and

their antioxidant potential reduces the risk of certain

abnormalities and helps in the enhancement of the immune

system (Kim et al. 1997). They address several other

health-related afflictions such as prevention of CVDs,

inhibition of free radicals and prophylaxis of skin degra-

dation due to the exposure to UV light (Britton et al. 2008).

Although carotenoids have several promising health ben-

efits, the cost-effectiveness of production is still the major

constraint. Microbial synthesis of pigments can be an

economic approach in comparison to the plant sources if

optimum conditions are met.

Yeasts have the ability to synthesize carotenoids when

grown in medium containing refined carbon sources such

as glucose, sucrose, glycerol, and sorbitol (Polulyakh et al.

1991; Parajó et al. 1998; ZHANG WSZX, Kai HL 2001;

Frengova et al. 2004). Recent research trends have focused

on the use of low-cost carbon sources such as grape juice,

legume hydrolysates like mung bean flour and mustard

waste isolates and corn hydrolysates (Martin et al. 1993;

Cruz and Parajo 1998; Kesava et al. 1998; Buzzini and

Martini 2000). Rhodotorula species and Phaffa species are

the most significant classes of yeasts producing microbial

pigments particularly carotenoids. Phaffa rhodozyma have

been reported to produce astaxanthin, a red plant pigment

rarely found in microorganisms (Chreptowicz et al. 2019).

Sporobolomyces roseus has been studied for the production

of tetraterpenoids and a new class of Cystobasidium genus

is also under observation. Basidiomycetes species of yeast

have the ability to utilize urea in contrast to Ascomycetous

yeasts (Chreptowicz et al. 2019). Other yeasts include

Cryptococcus species and Saccharomyces species. Spo-

radic reports are available exploring the potential of R

mucilaginosa for carotenoid production and applications in

food products have not been documented.

Thereby, present investigation was undertaken with two

objectives: a) to identify and characterize the pigment

extracted from R mucilaginosa produced by fermentation

of agro-industrial residues under pre-optimized environ-

mental conditions and b) to study the anti-carcinogenic

activity and functionality of extracted pigment in confec-

tionary products.

Material and methods

Microbial culture and substrate preparation

Rhodotorula mucilaginosa MTCC-1403 (yeast strain) was

obtained from Institute of Microbial Technology, Chandi-

garh, India. The yeast was grown on Yeast Malt Extract

(YME) agar plates and incubated at 25 �C for two days.

Plates were stored at refrigerated conditions and later sub-

culturing was carried out after interval of every fifteen

days.

For economic production of pigment, substrates from

agro-industrial origin were used. Onion peel (OP) powder

and Mung Bean Husk (MBH) were taken as agro-industrial

waste. For preparation of aqueous extracts, equal amounts

of OP and MBH powders (one part) were suspended in

distilled water (five parts) followed by autoclaving. The

slurry was then filtered, and centrifugation was done at

10,0009g for 20 min. The clear supernatant was used as

agro-industrial waste substrate for further fermentation

batches (Nancib et al. 2015).

Fermentation procedure and conditions

Fermentation was done in 3L stirred tank bioreactor

(Biospin 3A Fermenter Bioage Equipments, Mohali,

India). Aqueous extract of OP and MBH were used as the

substrate for fermentation at pre-optimized conditions

(Temperature-26 �C, pH-6.2, agitation- 120 rpm and aer-

ation- 1.0 vvm) (Sharma and Ghoshal 2020). 3% inoculum

was added manually through the inoculum port provided at

top of the flange of the vessel under flame. The fermen-

tation was carried out for 120 h and the sample was taken

out after every 12 h from the vessel for further analysis.

Extraction and estimation of carotenoids

Carotenoids were extracted by method used by Sharma and

Ghoshal (2020). Yeast cell pellets were washed and lysed

in 1 M HCl solution (1:10) in a water bath at 60 �C for

10 min followed by extraction with ethanol. Estimation of

total carotenoids was done by UV–visible Spectrophoto-

metric method as suggested by Cheng and Yang (2016).

The maximum absorbance was observed at 490 nm and the

amount of total carotenoids was estimated using Eq. 1.

Total carotenoids
lg
g
of yeast

� �
¼ Amax � D � V

E �W : ð1Þ

Amax—the absorbance at 490 nm. D—Sample dilution

ratio. V—Volume of extraction solvent (mL). E—Extinc-

tion coefficient of total carotenoids (0.16). W—Dry weight

of yeast (g).

Characterization of extracted pigment

UV–visible spectrophotometer

The extracted pigment was analyzed to confirm the pres-

ence of carotenoids by UV–visible spectrophotometer

(UV-1900model, Shimadzu, Kyoto, Japan) at a wavelength
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ranging between 200 and 800 nm to determine the peaks

and maximum absorbance (kmax) value of the band. The

target region was the fingerprint region of the carotenoids

i.e. 400–500 nm. Measurement was made against solvent

blank base line.

High-performance liquid chromatography (HPLC)

High-Performance Liquid Chromatography (Shimadzu,

Japan) was used to characterize the extracted pigment in

terms of b-carotene. The mobile phase used in the analysis

was methanol: acetonitrile: ethyl acetate (76:12:12, v/v).

The pigment was extracted in ethyl acetate for equilibrium

with the base line. The investigation was carried out iso-

cratically at ambient temperature 25 �C using Merk C-18

column (150 nm 9 4.6 nm, particle size 5 microns). The

mobile phase solvents were initially degassed using bath

sonicator (PCI, Mumbai, India) for 15 min. The flow rate

of the mobile phase was kept constant at 2 mL/minute. The

PDA detector was set at a wavelength corresponding to the

b-carotene (450 nm). 20lL sample was injected into the

instrument. Both the standard b-carotene and extracted

pigment were run under similar conditions. The confir-

mation about the presence of b-carotene was observed by

retention times and spiking of extracted pigment with

standard b-carotene (Jain et al. 2016).

Fourier transform infrared (FTIR) spectroscopy

FTIR Spectroscopy was employed to further characterize

the extracted pigment in terms of functional groups. FTIR

spectrum of standard b-carotene and extracted pigments

were recorded at 28 ± 2 �C using Tensor 27 Spectropho-

tometer (Bruker, Germany) in the range of 600–4000 cm-1

by accumulating 16 scans at 4 cm-1 resolution. For mea-

suring the peak intensity of the sample, ATR (Attenuated

Total Reflectance) from Bruker, Germany was used. A

drop of sample was placed on ATR for measurement of

peak intensity and the entire procedure for obtaining the

FTIR spectrum took one minute per sample. After the

spectrum was obtained, the ATR was cleaned with iso-

propyl alcohol before placing the next sample for analysis.

Fluorescence spectroscopy

Auto-fluorescence of the extracted pigment was measured

using spectro-fluorimeter (Shimadzu, Japan). For the

emission spectrum of the extracted pigment, the excitation

wavelengths of 450 nm, 485 nm, and 490 nm were ana-

lyzed. The bandwidth of 0.6 nm and the step size of 0.2 nm

were set for the emission.

Anti-carcinogenic activity of extracted pigment

The anti-carcinogenic activity of extracted pigment was

analyzed using a method adopted by Andrade et al. (2016)

with MTT [3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenylte-

trazolium Bromide] reduction method. The MCF-7 (breast

cancer) cells were maintained in Roswell Park Memorial

Institute (RPMI) culture medium. The medium was sup-

plemented with 10% fetal bovine serum and 1% antibiotic

solution (Penicillin and Streptomycin). The cells were

maintained in an incubator at 37 �C in an atmosphere

enriched with 5% CO2. The MCF-7 (105 cells/mL) cells

were plated and incubated for 24 h. Pigment extracted from

R mucilaginosa (MTCC-1403) was added to the plates at

concentrations of 10 lg, 20 lg, 30 lg, and 40 lg. After
72 h of re-incubation 25lL of MTT (5 mg/mL) was added

and after 3 h of incubation, the cultivation medium with

MTT was aspirated and 100lL DMSO was added to each

well. The absorbance was measured at a wavelength of

560 nm. The cytotoxicity was observed in terms of % cell

vivality and % MCF-7 inhibition.

Influence on functionality of food products

Preparation of confectionary products

To determine the potential of extracted pigment, it was

incorporated into two different confectionery products

(Hard boiled candy and jelly) at concentrations of 0.1%,

0.15%, and 0.2% (w/w). Hard boiled candy was prepared

by mixing the corn syrup, water and sugar with stirring

until the sugar was dissolved. The mixture was then

brought to boiling followed by further heating without

stirring till 150 �C. It was then allowed to stand until the

bubbles settled. At this stage, the extracted pigment and

flavor were added. The mixture was poured into the molds

and set until hardened. For the preparation of jelly, gelatin

was weighed and soaked in cold water for 20 min followed

by dissolving the soaked gelatin in the boiling water. The

mix was stirred after the addition of sugar and salt until

they dissolved. Mango juice was added for the flavor fol-

lowed by addition of extracted pigment. Hot jelly was

poured into molds and refrigerated until it became firm.

Afterward, it was packed in butter paper lined polypropy-

lene material.

Antioxidant activity (Radical Scavenging Activity, RSA)

by DPPH

Antioxidant activity of Candy and Jelly was determined

by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assay. The

carotenoids were first extracted in 80% acidified methanol.

1 g of Candy and jelly were taken and extraction was done
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in 20 mL of 80% acidified (0.1%) methanolic solution.

0.1 mL of the extract was treated with 3.9 mL of 0.2 mM

DPPH reagent prepared in methanol. The reaction mixture

was kept at 25 �C for 30 min in dark and absorbance was

recorded at 515 nm using UV–Vis spectrophotometer.

Color analysis of confectionary products

The color was measured in terms of standard L*, a*, and b*

values given by the CIE using Hunterlab Spectropho-

tometer (Colorflex Hunter Associate Lab, Reston, Virginia

USA). The Spectrophotometer uses an illuminant D65 at a

10� observer as reference. The samples were filled in the

cup for uniformity at the base of the cup to be pictured

accurately. Color was measured in triplicates by rotating

the sample cup to three varied positions (Ghoshal et al.

2013).

Texture analysis

The texture of jelly was determined by Texture Analyser

TA XT Plus Stable Microsystem, UK. Spreadability is the

major parameter of texture analyzed for jelly. Texture

profile of jelly was analyzed in terms of firmness (N), work

of shear (N. Sec) and Stickiness (kg). The samples were

equilibrated at room temperature before test.

Sensory analysis

Confectionery products containing different levels of

extracted pigment were coded and evaluated on 9-point

hedonic scale for degree of liking ranging from ‘‘like

extremely’’ to ‘‘dislike extremely’’. 15 Semi-trained panel

members were presented with the sample in a random order

and were asked to mark the appropriate category on the

scale. The parameters analyzed under the organoleptic

evaluation were appearance, color, taste, texture, and

overall acceptability (Ghoshal et al. 2013).

Statistical analysis

The values are represented as the average of three repli-

cations and the results are presented as the mean ± stan-

dard deviation (SD). The Analysis of Variance was

conducted whenever required with the statistical package

for the social sciences (SPSS, Inc. USA). Different super-

scripts were added to the values to elaborate the

differences.

Results and discussion

Pigment recovery and color profile

As reported in the earlier study about the optimization of

growth parameters (Sharma and Ghoshal 2020), the highest

concentration of carotenoids obtained in aerobic conditions

was 819.23 lg/g as shown in Table 1. The color of the

extracted pigment was measured in terms of L*, a* and b*

values. A decline in the L* value was observed with

increase in the carotenoid content. This value measures the

intensity or brightness of the color. The L* value ranged

between 2.10 and 3.90. The a* value, an indication of

redness of the color, ranged from 0.24 to 1.39. An incre-

ment in the positive a* value was seen with elevation in the

carotenoid concentration revealing that higher the con-

centration of carotenoids, more was the redness in the

pigment. b* value represented the yellowness of the color

and varied between 0.07 and 1.55. Since carotenoids

exhibit yellow to orange colors, high positive b* values

were noted at higher concentration of carotenoids as shown

in Table 1; however, a* and b* together explained the color

profile of extracted pigment in a better way.

Wavelength scan of extracted pigment

The major sharp peaks in the target region were observed at

450 nm and 480–490 nm. Moliné et al. (2012) also found

similar spectra for pigment extracted from Rhodotorul

mucilaginosa and stated presence of three major car-

otenoids. These carotenoids depicted kmax at 450 nm (b-
carotene), 484 nm (Torulene) and 490 nm (Torularhodin)

as shown in Fig. 1a. Although carotenoid profile remained

identical in different samples, their concentrations were

found to be varying as genera Rhodotorula is able to

synthesize different carotenoids inclding b-carotene, toru-
lene, and torularhodin which are synthesized via the

Mevalonate Pathway (MVA) (Disch and Rohmer 1998).

Initially, transformation of mevalonic acid into isopentenyl

pyrophosphate units occurs and later condensation follows

to form phytoene. Successful transformation of phytoene

results in the synthesis of different carotenoids. However,

the proportion of these carotenoids depends upon the spe-

cies of the Rhodotorula explored and the fermentation

conditions (Buzzini et al. 2007).

Fourier transform infrared (FTIR) spectroscopy

FTIR spectroscopy is based on the vibrational excitation of

bonds by the effect of absorption of infrared light energy.

Functional groups can be associated with a characteristic

infrared absorption band resulting in their fundamental

J Food Sci Technol (July 2021) 58(7):2688–2698 2691

123



vibrations. Different bands and corresponding functional

groups present in extracted pigment and standard b-car-
otene are shown in Table 2. The band present at

2972.4 cm-1 shows the common asymmetric and sym-

metric stretching modes of C–H groups. This generally lies

in the range of 2900–3050 cm-1. The similar peak of C–H

stretching was also found in extracted pigment as shown in

Fig. 1b. According to Moh et al. (1999), the sharp band

present at 1455 cm-1 in standard b-carotene was due to

asymmetric deformation mode and another peak at

1373 cm-1 was representing symmetric deformation mode

of C–H group. Two significant peaks at 956 cm-1 and

727 cm-1 in the lower frequency range corresponded to

trans-conjugated alkenes and CH2 group in rocking mode

respectively. The absorption bands at 1462.5–1447.6 cm-1

in extracted color arose from asymmetric deformation

mode. The peaks at 967 cm-1 and 897 cm-1 in the spec-

trum illustrated the presence of =C–H and –C–H. Guillen

and Cabo (1997) reported critical peaks at 2922 cm-1 and

2862 cm-1 for standard b-carotene representing asym-

metric and symmetric stretching vibrations of CH2 and

CH3. Adhoni et al. (2018) studied FTIR peaks descriptions

of standard b-carotene and fungal pigment and stated that

peak at 1459.6 cm-1 was due to C–H bending of alkane

group. Such resembling peak was seen in the extracted

pigment at 1462.5 cm-1. The intensity at particular peak is

represented as weak, medium, strong and very strong. It

illustrates the power of the mode of the functional group at

that characteristic peak. For instance, at 1744 cm-1, the

intensity of the C=O stretching is very strong while at

722.6 cm-1, the rocking mode of –CH2 is weak and the

results are resemblance to study of Kaur et al. (2019).

High-performance liquid chromatography (HPLC)

It is a well-known fact that properties of the stationary

phase significantly influence the separation of carotenoids

during High-Performance Liquid Chromatography. Two

remarkable peaks were seen in the HPLC chromatogram of

standard b-carotene at a retention time of 0.961 min and

13.439 min (Fig. 1c). In comparison, the extracted pigment

HPLC chromatogram illustrated 9 major peaks out of

which two were in fair resemblance to standard b-carotene
at 0.926 min and 12.552 min (Fig. 1d). Presently, most of

the carotenoid separations are carried out using isocratic

elution of short times of less than 20 min with reverse

phase columns. Non-polar compounds are retarded by

stationary phase and are eluted later. This effect is due to

varied interaction of C18-coated silica with analytes of

different polarity with the non-polar stationary phase. In

such columns, the polar compounds elute first followed by

non-polar compounds such as carotenes. Non-polar com-

pounds have higher affinity towards stationary phase. Kaur

et al. (2019) also characterized pigment extracted from

Blakeslea trispora and reported similar elution time for b-
carotene.

Fluorescence spectroscopy

The inherent sensitivity and accuracy of fluorescence

spectroscopy is an excellent alternative to obtain bands for

fluorescence of carotenoids from the spectral origin. Car-

otenoids exhibit fluorescence and show emission spectrum

at excitation wavelengths corresponding to the kmax of the

UV–visible spectroscopy. The fluorescence emission graph

of extracted pigment at excitation wavelengths of 450 nm,

485 nm, and 490 nm is given in the Fig. 2a. At 450 nm of

Table 1 Total carotenoids and

color values of pigment

extracted at different intervals

Time (h) Total Carotenoids (lg/g) L* a* b*

0 0.00 ± 0.00i 3.89 ± 0.69a 0.25 ± 0.08e 0.07 ± 0.02e

6 42.47 ± 6.93h 3.90 ± 0.38a 0.24 ± 0.20e 0.24 ± 0.11e

12 160.57 ± 16.18g 3.25 ± 0.33b 0.33 ± 0.20e 1.19 ± 0.07bc

24 215.19 ± 19.27f 3.26 ± 0.34b 0.46 ± 0.10de 1.50 ± 0.14a

36 327.07 ± 35.21e 2.91 ± 0.52bc 0.79 ± 0.11cd 1.46 ± 0.21a

48 509.78 ± 49.12d 3.16 ± 0.49b 0.88 ± 0.27bc 1.51 ± 0.23a

60 630.28 ± 31.66c 2.37 ± 0.14cd 1.05 ± 0.37abc 1.40 ± 0.07ab

72 764.37 ± 12.73b 2.46 ± 0.17cd 1.21 ± 0.16ab 1.55 ± 0.07a

84 803.27 ± 12.04a 2.38 ± 0.15cd 1.39 ± 0.11a 1.38 ± 0.13b

96 813.44 ± 10.37a 2.17 ± 0.11d 1.17 ± 0.37abc 1.00 ± 0.20cd

108 813.79 ± 6.08a 2.36 ± 0.17cd 1.28 ± 0.23a 0.98 ± 0.04 cd

120 819.23 ± 8.52a 2.10 ± 0.13d 1.36 ± 0.08a 0.93 ± 0.07d

Results are represented as mean ± standard deviation
*Means with different superscripts in a column differ significantly (p\ 0.05)
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excitation wavelength, a very sharp emission peak at

454.2 nm was observed followed by relatively smaller

peaks at 493.8 and 662 nm depicting the presence of dif-

ferent compounds in the pigment which may include

carotenoids or contaminants. At excitation wavelength of

485 nm and 490 nm, major emission peaks were obtained

at 488–494 and 553–554 nm which may be attributed to

meddling of carotenoids compounds. Despite of the fact

A
bs

or
ba

nc
e 

Wavelength (nm)

500 1000 1500 2000 2500 3000 3500 4000 4500
60

70

80

90

100

110

292
2.9

285
3.8

174
4.2

165
4.9

146
2.5

137
5.9

116
0.5

111
1.6Ca

rot
eno

ids
 in 

Eth
yl A

cet
ate

cm-1

722
.6

0

20

40

60

80

100

Ca
rot

eno
ids

 in 
Ac

eto
ne

(a)

(b)

(c)

(d)

Fig. 1 a Absorbance spectrum

of extracted pigment at different

concentrations. b FTIR

spectrum of extracted pigment.

c Chromatogram of standard b-
carotene. d Chromatogram of

extracted pigment

J Food Sci Technol (July 2021) 58(7):2688–2698 2693

123



that carotenoids do not exhibit fluorescence, weak emission

spectrum around 450–550 nm was noted in the extracted

pigment which is also supported by the findings of Zagh-

doudi et al. (2017). Kleinegris et al. (2010) also studied

emission graph of carotenoids and suggested that peak near

560 nm are most likely to be originated from b-carotene as

it emits green fluorescence. Moreover, with change in the

excitation wavelength, a minor shift in the emission

wavelengths was also observed arising due to interference

or noisiness of other similar compounds in minor concen-

tration. Relative high intensities of emission peaks may be

correlated to higher quantum yield of the respective

Table 2 FTIR peaks (cm-1) of

standard b-carotene and

extracted pigment

Extracted pigment Standard b-carotene Intensity Functional group Mode

2922.9 2972.4 m-s –CH3,–CH2 C–H Stretching

2853.8 2874.9 m-s –CH3,–CH C–H Stretching

1744.2 1717.4 vs –C=O C=O Stretching

1654.9 1717.4 vs –C=O C=O Stretching

1462.5 1447.6 m –CH2,–CH3 Deformation

1375.9 1362.4 m CH3 Deformation

1160.5 1174.6 s C–O Stretching

1111.6 1070.6 m C–C–C Bending

722.6 967.4 w –CH2 Rocking
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Fig. 2 a Emission spectrum of

carotenoids in the extracted
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excitation wavelengths
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and b MCF-7 cells inhibition by

extracted pigment after 72 h
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contaminating compounds (Kleinegris et al. 2010). Few

studies have reported that weak emission spectrum of

carotenoids may be ascribed to the symmetrical structure of

tetraterpene units formed as a result of conjugation of two

geranyl geranyl di-phosphate molecules which is a basic

structural characteristic of various carotenoids (Schoefs

2002).

Anti-carcinogenic activity of extracted pigment

Carotenoids are bioactive compounds which possess anti-

proliferative potential against several destructive cells due

to their pro-oxidant ability to quench singlet oxygen

molecules and to scavenge reactive oxygen species and

reactive nitrogen species. The pigment extracted from R

mucilaginosa was tested for its anti-carcinogenic activity

against human tumor cells MCF-7 (breast cancer) cells. As

shown in Fig. 2b, the extracted pigment containing b-car-
otene, torularhodin, and torulene was inoculated at four

different concentrations (10 lg, 20 lg, 30 lg, and 40 lg)
against MCF-7 cells. The results revealed that pigment was

found to inhibit the viability of cancer cells. Initially, at

10 lg of extracted pigment, an increment of 12.05% in the

viability of the cells was observed which later decreased

significantly by 12.34% at 20 lg of pigment followed by

21.21% cell inhibition at 40 lg of pigment (Fig. 2b).

Fouché et al. (2008) have developed an intensity scale for

evaluation of the cytotoxicity of tested samples of b-car-
otene. According to that scale, pigment from R. mucilagi-

nosa fell under the category of little activity at 40 lg of the

sample. Further increase in this concentration may reach

moderate activity against tumor cells. Andrade et al. (2016)

investigated cytotoxicity of b-carotene by Rhodotorula

glutinis against MCF-7 (breast cancer), HL-60 (promye-

locytic leukemia) and J774.A1 (healthy cells of macro-

phages) and explained that % cell inhibition ranged

between 21.72 and 61.17% against three tumor cells. Thus,

the pigment extracted from R mucilaginosa was found to

be useful and effective against cancer cells.

Bio-functional profile of confectionary products

Hard-boiled confectionary candy is characterized by the

very lower moisture content of nearly 2–3%. Most of the

natural pigments are found to be stable at a very low water

activity of candies. However, thermal stability is still a

major concern since color is added at 110–140 �C. With an

increase in the level of color incorporation, there was rise

in carotenoid content and antioxidant activity of resultant

products as shown in Table 3. The carotenoid concentration

of candies increased from 11.75 lg/g at 0.10% to

23.93 lg/g at 0.20% at p\ 0.05. Similarly, the % radical

scavenging activity ranged between 10.83 and 60.99%. The

high correlation between carotenoid content and antioxi-

dant activity is attributed to the ability of the carotenoid

compounds to scavenge singlet molecular oxygen (1O2)

and peroxyl radicals. Among several categories of car-

otenoids, the most efficient quenchers of singlet oxygen

radicals are xanthophylls and carotenes. The potential of

carotenoids to quench free radicals is dependent on the

number of conjugated bonds which determines their lower

triplet energy level.

The effect of the addition of color at different levels was

clearly visible from the appearance properties of candy.

Higher the concentration of pigment, more was the inten-

sity of the color. The L* value ranged between 14.93 and

38.14 while a* was found to be varying between 0.36 and

17.98 and b*, indicating the yellowness of color, increased

from 15.97 to 30.10 at p\ 0.05. Addition of pigment to

candies resulted in opaque cloudy appearance. This effect

was due to emulsification which occurred due to the lipo-

philic nature of the pigment suggesting that if transparency

is targeted in the final product, the use of water-soluble

pigments is appreciated.

The highest score for appearance was obtained by candy

with 0.1% pigment. Further increase in color made the

candy more intense and cloudier. The color of candy at

0.2% pigment was brownish which exhibited a lowest

sensory score. With respect to taste, the candies with 0.2%

color were slightly bitter in comparison to others at lower

concentration. Johnson and Clydesdale (1982) also

demonstrated the effect of food color on taste perceptions

and found that the addition of color intensified the flavor.

The darker colored samples were 2–10% different from

light-colored samples in terms of taste. However, Maga

(1974) explained the correlation between redness and

sweetness levels in natural foods. Zellner et al. (1991) also

reported that food colors influence perceived flavor iden-

tity. They stated that panelists were able to correctly

identify odors more rapidly than when uncolored. Thus, the

candy with 0.1% exhibited the highest score for overall

acceptability.

Confectionary gels contain high sugar components of

sucrose and glucose syrup, along with gelling components

like gelatin, pectin or starch with added flavors and colors.

Addition of color to jelly imparted a substantial effect on

consumer acceptability. The results revealed that there was

a linear relation between Carotenoids and antioxidant

activity with an increase in concentration of the color. The

addition of color at levels resulted in an escalation in

carotenoids content from 20.27 lg/g at 0.0% to 39.5 lg/g
at 0.20%.

Moreover, the antioxidant activity for jelly increased

from 42.80 to 86.19% at levels of 0.0 to 0.20% color

addition. The carotenoid content and respective antioxidant

activity of control sample was due to the addition of natural
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mango juice as a flavoring agent. The higher antioxidant

activity was due to the ability of carotenoids to quench free

radicals. Also, L* values ranged from 37.88 for control to

18.90 for jelly containing 0.20% pigment. a* also increased

from 7.61 to 15.83 as it expresses the redness of the

sample. However, a decrease in the yellowness i.e. b* was

also observed with increase in color concentration. The

value of b* varied between 31.02 and 43.56 at p\ 0.05.

The texture of jelly was influenced with incorporation of

extracted pigment as significant change was observed in

the firmness of jelly with variation in the level of color

addition. Control sample containing no added color

exhibited firmness of 6.70 N which decreased to 4.262 N at

0.1% added color. A further decrease was noted to 3.60 N

at the level of 0.2% color addition to jelly as shown in

Table 4. There was significant decline in the work of shear

from 6.24 N.sec. to 3.35 N.sec with increment in color

from 0.0 to 0.20%.

Similar to candy, organoleptic profile was affected by

pigment concentration. The highest sensory score for tex-

ture was noted 0.1% pigmented jelly and control. There

was a slightly bitter after taste at a higher level of color

addition. Incorporation of bioactive compounds in food is

often related to increased bitterness at certain concentra-

tions; however, reduction in off taste has been successfully

achieved by techniques such as blocking, suppressing,

masking and inhibiting mechanisms. Certain other

approaches such as encapsulation with improved stability,

bioavailability and bioactivity have been proposed. The

hedonic scores for overall acceptability of jellies with

different concentrations of extracted pigment are shown in

Table 3. The appearance in terms of color also varied with

a change in the concentration of added pigment. Jelly with

0.2% added color was brighter than at lower concentration

of color. The highest sensory score for color and appear-

ance was observed for sample containing 0.1% of added

pigment. A little effect was seen on the texture perception

by panelists. With increase in addition of extracted pigment

to jelly, hedonic score of texture decreased from 7.4 to 6.7.

The sensory scores revealed that the incorporation of color

at 0.1% in jelly was most accepted with overall accept-

ability score of 8.0.

Conclusion

Carotenoids are not only effective radical scavengers

which quench the singlet oxygen molecules reducing the

oxidative stress which would otherwise be responsible for

the onset of degenerative diseases but also act as Pro-vi-

tamin A, an important nutrient for healthy vision and other

metabolic processes in the body. The daily intake of car-

otenoids is highly significant. Production of

stable carotenoids at lower costs is one of the major chal-

lenges today. Therefore, synthesis of carotenoids by

biotechnological means using low-cost Agro-industrial by-

Table 3 Bioactive profile, color description and overall acceptability of pigmented confectionary products

Color (%) Carotenoids (lg/g) RSA (%) L* a* b* Overall acceptability

Candy

0.00 0.00 ± 0.00d 10.83 ± 0.55d 38.14 ± 0.96a 0.36 ± 0.07d 15.97 ± 0.59a 7.6 ± 1.19a

0.10 11.75 ± 0.25c 42.49 ± 1.24c 23.31 ± 0.31b 8.99 ± 0.62c 17.66 ± 0.87b 7.9 ± 0.25a

0.15 18.43 ± 0.22b 55.95 ± 1.77b 17.42 ± 1.05c 15.96 ± 0.53b 28.09 ± 0.83c 7.4 ± 0.49a

0.20 23.93 ± 0.37a 60.99 ± 2.51a 14.93 ± 0.29d 17.98 ± 0.66a 30.10 ± 0.62d 6.2 ± 0.14b

Jelly

0.00 20.27 ± 0.86d 42.80 ± 2.75d 37.88 ± 1.23a 7.61 ± 0.41a 43.56 ± 1.17a 8.3 ± 0.46a

0.10 30.99 ± 1.54c 60.95 ± 2.04c 28.76 ± 1.52b 11.79 ± 0.29b 41.70 ± 1.78a 8.0 ± 0.64a

0.15 35.59 ± 1.73b 74.43 ± 2.04b 27.43 ± 0.92b 12.04 ± 0.18b 36.99 ± 0.50b 7.5 ± 0.51ab

0.20 39.50 ± 1.32a 86.19 ± 1.95a 18.90 ± 0.70c 15.83 ± 0.52c 31.02 ± 0.85c 6.9 ± 0.75b

Results are represented as mean ± standard deviation
*Means with different superscripts in a column differ significantly (p\ 0.05)

Table 4 Effect of pigment concentration on the texture of jelly

Color (%) Firmness N Work of Shear N.sec Stickiness kg

0.00 6.70 ± 0.16a 6.24 ± 0.10a - 0.22 ± 0.03c

0.10 4.36 ± 0.18b 3.05 ± 0.11b - 0.15 ± 0.01b

0.15 3.92 ± 0.12c 2.57 ± 0.08c - 0.10 ± 0.02a

0.20 3.60 ± 0.18d 2.35 ± 0.12d - 0.09 ± 0.02a

Results are represented as mean ± standard deviation

Means with different superscripts in a column differ significantly

(p\ 0.05)
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products seeks to give a higher yield of carotenoids at

lower processing cost with greater stability in comparison

to the plant-based carotenoids. Biocolor produced from R

mucilaginosa is a heat stable mixture of several carotenoids

predominantly torularhodin, b-carotene, and torulene. The

sensory evaluation results revealed that the addition of

color at 0.1% in jelly and candy was acceptable producing

overall acceptability score of 8.0. The biochemical inter-

actions of such pigment in different food systems and their

impact on bioactive and organoleptic properties need fur-

ther exploration in near future.
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