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Abstract

A cetyl-4, 4‘-diapolycopene-4, 4‘-dioate, a 
C30 carotenoid and secondary metabo-
lite, was produced by the Sporosarcina  
  aquimarina bacteria using a 5.0 L fermen-

tation vessel with a 3.0 L working volume. In the 
presence of tryptone, the biosynthesis of acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate production using a 
batch fermentation process was further improved. 
Production parameters like carbon source, pH, 
and temperature were studied, and maximum 
product was achieved, up to 1.2 g/L, where the 
secondary metabolite yield was 0.07 g/L and 
productivity, 0.00833 g/L/h. The organic constitution 
and significant red color intensity of the acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate molecule can be used 
in the textile industry as a dye, and a coloring addi-
tive in processed foods and pharmaceuticals.

Introduction 
Growing societal concerns about the potential ecolog-

ical effects of synthetic chemical compounds has fueled 
new enthusiasm for naturally derived pigment sources. 
Pigments or colors extracted from vegetation are accepted 
products to be used in textiles, foods, and pharmaceu-
ticals as these are non-lethal, non-cancer-causing, and 
biodegradable in nature.[1] Bacterial pigment generation 
is a growing field of experimentation that is exhibiting 
its potential for different mechanical and chemical appli-
cations.[2] Research should be intensified, particularly in 
discovering suitable development methods which can 
decrease the expense and make it feasible for commer-
cialization.[3]

Since the presentation of synthetic pigments by 
W.H. Perkin in 1856, numerous helpful and modest syn
thetic pigments have appeared, and the utilization of 
natural pigments has diminished because of the rela-
tively lower-cost synthetic dyes.[4] To change the chemical 
approach, an alternate bacterial pigment, prodigiosin, 
an alkaloid secondary metabolite produced by Serratia 
marcescens has been used.[5] The orangish-red strain of 
Sporosarcina aquimarina (S. aquimarina) produces a red 

pigment which has been characterized to be a C30 acyclic 
carotenoid.[6] The carotenoid obtained from S. aquimarina 
shows great promise for future use as a textile dye and 
colorant in processed food and pharmaceuticals. 

Several natural pigment-producing microbial strains like 
S. aquimarina are isolated from seawater.[7] The Sporosarcina 
species, which belong to the family Bacillaceae, was discov-
ered by Kluyver and van Neil[8] and identified as circular 
or oval-shaped microbes with low DNA G+C content 
(40–42 mol %). The Sporosarcina species might be sepa-
rated from other Bacillaceae relatives by its cocco-bacillary 
cells, motility, sporulation, and ownership of MK-7 and A4α 
as the peptidoglycan variation. Sporosarcina was initially 
comprised of two species, S. ureae and S. halophila.[9-10] 
Later on, a third type of Sporosarcina was found, specifi-
cally, S. globisporus.[11] 

Materials and Methods

Media Constituents
Starch (20 g/L), yeast extract (0.2 g/L), KH2PO4 (0.2 g/L), 

MgSO4.7H2O (0.2 g/L), CaCl2.2H2O (0.02 g/L), and tryptone 
(2.0 g/L) were used.

Characterization of Strain 
The S. aquimarina culture was isolated from the sea waters 

on the Gujarat Coast of western India and later characterized 
using Bergey’s Manual of Systematic Bacteriology, vol. 2.[9]

Gram Staining
A thin smear of culture was prepared on a clean glass 

slide under aseptic conditions. Crystal violet was added 
to the smear, which was left for 60 seconds (sec), and then 
washed with distilled water. Gram‘s iodine, a mordant, was 
added to the smear and left for 60 sec, then washed with 
distilled water. The culture smear was dehydrated with 
95% alcohol and after 20–30 sec, it was rinsed with distilled 
water. Safranin was added as a counterstain and left for 40 
sec, then rinsed with distilled water. The slide was air-dried 
and observed under the microscope.

Endospore Staining
A thin culture smear was prepared on a clean glass slide 

under aseptic conditions and placed on a support over a 

http://www.bioprocessingjournal.com


Fall 2016 BioProcessing Journal [Vol.15/No. 3] Since 2002: www.bioprocessingjournal.com45

Eco-Friendly Red Pigment Production by Sporosarcina aquimarina

steam water bath. Malachite green was added to the steam-heated smear 
and allowed to permeate the endospore walls for five minutes (min). The 
slide was cooled and then rinsed with distilled water. Then safranin was 
added as a secondary stain, left for 40 sec, and rinsed with distilled water 
to remove excess stain. The slide was air-dried and observed under the 
microscope. Safranin staining helped to differentiate vegetative cells from 
the green endospores. 

Catalase Test
A drop of H2O2 was placed on a clean glass slide and a pinch of culture, 

taken on a sterile glass rod, was added and mixed. With this test, if the 
mixture produces bubbles or froth, the organism is said to be catalase-
positive, indicating an aerobic bacteria. If no reaction is observed, the 
organism is considered a catalase-negative anaerobe. 

Nitrate Test
Nitrate broth was suspended in distilled water and autoclaved to dissolve 

the medium completely. Culture was then added and the mixture was 
incubated for 24 hours (h). Alpha-naphthol (0.05 g) was prepared in 1 mL of 
alcohol and added to the culture tube. Finally, sulfanilic acid (5–6 drops) was 
dispensed into the mixture and a change in color was observed. The result 
is considered positive, identifying an enteric bacteria, when the medium 
turns red following the addition of all testing reagents. 

Oxidase Test
Bacterial culture taken on a sterile glass rod was rubbed on a portion of 

filter paper where Gordon-McLeod reagent (3–4 drops) had been added. 
The appearance of a purple color indicates a positive result and confirms 
that the bacteria has the cytochrome oxidase enzyme that only aerobes 
produce.

Inoculum Preparation in Shake Flasks
The S. aquimarina culture suspension (1 mL containing ~0.8 × 105 spores) 

was inoculated in 100 mL of starch-yeast extract media and then dispensed 
equally into two 250 mL Erlenmeyer flasks. The flasks were incubated at 
30 °C for 24 h. 

Production of Acetyl-4, 4’-diapolycopene-4, 4’-dioate  
Using a Fermentation System

Batch production of acetyl-4, 4‘-diapolycopene-4, 4‘-dioate was carried 
out in a 5.0 L capacity fermentation system (New Brunswick) with two 
six-bladed impellers mounted on an agitator shaft. The fermenter was 
equipped with temperature, pH, and dissolved oxygen (DO) controllers/
probes. The agitation speed (N) was set at 100 rpm and the temperature 
was maintained at 30 °C during the whole fermentation cycle.

Extraction of Acetyl-4, 4’-diapolycopene-4, 4’-dioate  
from Broth

Cell pellets were separated from the supernatant by centrifugation 
at 10,000 rpm for 15 min. Acetyl-4, 4‘-diapolycopene-4, 4‘-dioate was 
extracted from the pelletized cells using four different solvents: ethanol, 
methanol, ethyl acetate, and acetone to separate out cell-bound pigment. 
Finally, the acetyl-4, 4‘-diapolycopene-4, 4‘-dioate solution was concen-
trated and solvent recovery done by using a rotary vacuum evaporator 
(RVE) operated at 60°C. The full extraction procedure was carried out twice 
to obtain purified compound. All experiments were performed in triplicate.

Characterization of Acetyl-4,  
4’-diapolycopene-4, 4’-dioate 
Crystals Using FTIR

Detailed analysis of the acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate was per
formed using a Perkin Elmer Spectrum Two 
Fourier transform infrared spectrometer 
(FTIR) at a resolution of 4 cm-1 and a range 
of 4000– 450 cm-1. Characteristic peaks 
were matched by the software database.

Characterization of Acetyl-4, 
4’-diapolycopene-4, 4’-dioate 
Crystals Using Mass Spectrometry

Detailed analysis of acetyl-4, 4‘-diapoly-
copene-4, 4‘-dioate was performed using 
a Perkin Elmer Lambda 750 UV/Vis/NIR 
spectrophotometer at a resolution of 4 kV 
and a range of 50–700 m/z. Characteristic 
peaks were matched by the software 
database.

Results

Gram Staining
The cells appeared purple-colored and 

rod-shaped, indicating that the bacteria 
were Gram-positive (Figure 1). Any Gram-
negative bacteria present in the sample 
would have been colored pink from the 
safranin counterstain. 

Endospore Staining
Primar y and secondar y staining 

processes showed that the sample was 
positive for endospores (Figure 2).

FIGURE 1. Gram staining of S. aquimarina.

FIGURE 2. Endospore staining of S. aquimarina.
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Catalase Test
Catalase testing for the bacterial sample 

was positive as O2 bubbling was observed 
(Figure 3). 

Nitrate Test
After a color change from yellow to red 

was observed, the nitrate test outcome 
was positive (Figure 4).

Oxidase Test
The oxidase test on the bacterial sample 

was positive as purple color was obtained 
on the filter paper with Gordon-McLeod 
reagents (Figure 5).

FIGURE 4. Nitrate test of S. aquimarina.

FIGURE 3. Catalase test of S. aquimarina.

FIGURE 5. Oxidase test of S. aquimarina.

FIGURE 6. Time course of S. aquimarina growth and biosynthesis of red pigment.

FIGURE 7. Effects of different carbon sources on pigment formation.

Glucose Mannose

Lactose Starch

Optimisation of Parameters for Acetyl-4, 4’-diapolycopene-4, 
4’-dioate Production in Shake Flask Culture

Shake flask production of acetyl-4, 4‘-diapolycopene-4, 4‘-dioate was 
carried out in 100 mL medium in 250 mL Erlenmeyer flasks to observe the 
bacterial growth cycle. Ammonium ferric citrate was added to the broth 
to increase the density of the red pigment. Figure 6 shows the growth 
curve of S. aquimarina and acetyl-4, 4‘-diapolycopene-4, 4‘-dioate produc-
tion (red pigment). The stationary phase started after 96 hours. Acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate production was high during the late expo-
nential and early stationary phases, and greatly reduced or stopped in the 
late stationary phase.

Effects of Carbon Source, pH, and Temperature on  
Acetyl-4, 4’-diapolycopene-4, 4’-dioate Production 

Glucose, mannose, lactose, and starch were each used as a carbon 
source. Although growth was observed with all carbon sources, pigment 
formation was observed only with starch, which Figure 7 clearly shows. 
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FIGURE 10. Batch production of red 
pigment using a 5.0 L fermentation system.

FIGURE 9. Effects of temperature on pigment formation.

FIGURE 8. Effects of pH on pigment formation.

The ways pH and temperature influenced pigment formation are 
shown in Figures 8 and 9, respectively. Optimum pigment formation 
(1.117 g/L) was observed at pH 7.0 and 30°C.

Production of Acetyl-4, 4’-diapolycopene-4, 4’-dioate  
Using a Fermentation System

The temperature was maintained at 30°C throughout the entire fermen-
tation cycle (Figure 10). It was found that acetyl-4, 4‘-diapolycopene-4, 
4‘-dioate was produced after aeration was stopped, when growth reached 

Table 1. Performance and results of 
fermentation for red pigment production.

Parameters Values

Xmax (g/L) 3.28

Pmax (g/L) 1.2

Xmax /Pmax 0.426

Yp/s (g/g) 0.07

Time (h) 168

Q (g/L/h) 0.00833

µ (h-1) 0.0414

the stationary phase, which confirmed that it 
was a secondary metabolite. There was only a 
trifle amount of acetyl-4, 4‘-diapolycopene-4, 
4‘-dioate produced when aeration was kept 
constant throughout the fermentation 
cycle, indicating that acetyl-4, 4‘-diapolyco-
pene-4, 4‘-dioate production takes place in 
the absence of oxygen. Overall fermentation 
performance is shown in Table 1.
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FIGURE 11. Extraction of red pigment using: (A) ethanol; 
(B) methanol; (C) ethyl acetate; and (D) acetone.

FIGURE 13. FTIR spectral analysis of acetyl-4, 4’-diapolycopene-4, 4’-dioate.

Extraction of Acetyl-4, 4’-diapolycopene-4, 
4’-dioate from Broth

Acetyl-4, 4‘-diapolycopene-4, 4‘-dioate was extracted 
from broth by using four different solvents: ethanol, 
methanol, ethyl acetate, and acetone (Figure 11, A–D). 
Prior to extraction, cell pellet was separated by centrif-
ugation at 10,000 rpm for 15 minutes. Supernatant was 
separated and solvent was mixed with pellet to separate 
out cell-bound pigment from bacteria.

The pigment solution was concentrated and solvent 
recovery was done by using an RVE operated at 60°C 
(Figure 12). The extraction procedure was performed 
twice with each solvent.

Characterization of Acetyl-4, 4’-diapolycopene-4, 
4’-dioate Crystals Using FTIR

Detailed analysis of acetyl-4, 4‘-diapolycopene-4, 
4‘-dioate was done by using FTIR spectrophotometry 
at a resolution of 4 cm-1 and a range selected from 
4000–450 cm-1 (Figure 13). Specific functional classes 
of the compound confirmed the presence of acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate (Figure 13).

 B A

 C  D

FIGURE 12. Extracted red pigment.

Wave 
Number (cm-1)

Functional 
Class

3431.38 OH stretching

2979.97 and 
2902.59 HC–C=CH

1641.91 C=O

1452.84 C–O–O

1394.61 C–O

1082.14 C–OH

1045.50 C=C
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Characterization of Acetyl-4, 4’-diapolycopene-4, 
4’-dioate Crystals Using Mass Spectrometry

Detailed analysis of acetyl-4, 4‘-diapolycopene-4, 
4‘-dioate was done by using a mass spectrophotometer 
at a resolution of 4 kV capillary voltage and a range was 
selected from 50–700 m/z. The collision energy ramp of 
40–80 eV was applied to target masses from 50–500 m/z. 

Acetyl-4, 4‘-diapolycopene-4, 4‘-dioate possesses a m/z 
ratio of 503.22, as shown in Figure 14, which can be directly 
calculated by using the C32H39O5 formula. Fragmentation 
of acetyl-4, 4‘-diapolycopene-4, 4‘-dioate into many 
derivatives and their masses are shown in the spectrum 
(Figure 14). Thus, the molecular weight of the synthe-
sized pigment is 503.22 g/mol and is characterized as a 
C30 carotenoid.

Discussion
In both food and feed industries, isolating a new 

biological strain capable of producing natural colorant 
is important, but it also has to facilitate its industrial 
application.[12] The  natural red pigment derived from 

S. aquimarina is eco-friendly and can be produced in quan-
tity by the fermentation process. It has been observed 
that acetyl-4, 4‘-diapolycopene-4, 4‘-dioate biosynthesis 
takes place in the late exponential and early stationary 
phases, which slowly dwindles at the end of the stationary 
phase, suggesting that it is a secondary metabolite. The 
addition of ammonium ferric citrate to the broth culture 
in the initial shake flask process increased the density of 
the red pigment. 

In this study, intracellular pigment was extracted from 
cell debris in solvent. However, an optimized process 
would involve rupturing the S. aquimarina cells by ultra-
sonic vibration or mechanical cell disintegration to achieve 
maximum extraction. Studies on the effects of pH and 
temperature on growth and pigment production indicate 
that these physical factors influence the organism’s growth 
and ability for pigment production. Goswami and Dutta[13] 
have reported similar observations. Because it is an edible-
grade carotenoid, the best application for the acetyl-4, 
4‘-diapolycopene-4, 4‘-dioate pigment would be as a food 
or pharmaceutical additive.  
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FIGURE 14. Mass spectra of acetyl-4, 4’-diapolycopene-4, 4’-dioate.

Compound Formula m/z
C30H37O4 461.262

C32H37O4 485.280

C30H35O3 443.270

C30H32O2 425.280

C32H39O5 503.270
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