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Succinic acid has emerged as one of the most competitive bio-based chemicals.
Present study intended to isolate potential strains for the production of succinic acid. More
than 90 isolates were obtained from various sources using anaerobic techniques. All the strains
were screened for succinic acid production through bromocresol green media, thin layer
chromatography and HPLC methods. 74 isolates showed colour change in bromocresol green
media indicating the production of organic acids, of which 14 isolates showed succinic acid
production determined by thin layer chromatography which were quantified through HPLC.
The isolates which yielded succinic acid ranged from 0.24g/l (MGC) to 4.69g/l (RFC-P3).
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Succinic acid is a dicarboxylic acid
produced as an intermediate of the tricarboxylic
acid (TCA) cycle and also as one of the fermentation
products of anaerobic metabolism'. It is used in the
manufacture of polymers, fibers, paint, inks, food
additives, cosmetics, automobile bumpers, and
other products. Additional markets include salts,
esters and succinic acid itself. The largest demand
comes from its application in the synthesis of
biodegradable plastics®.

On earlier accounts, non-renewable
petroleum was the sole source of deriving
succinic acid which caused environmental
hazards but, in the recent times the current
fermentative manufacturing procedures have
commenced making use of renewable feedstock
for extracting this vital chemical. This biological
procedure not only helps to escape the economic
volatility associated with limited petroleum-based
feedstock's, also utilizes greenhouse gas carbon
dioxide thus making the process more eco-
friendly. Further sustainability associated in the
biological pathway has led to major developments
in fermentative production of succinic acid from
renewable biomass (Bio-based succinic acid) in
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last few decades. Due to its versatile applications
and increasing demand for bio-based chemicals,
the market for bio-based succinic acid is expected
to reach $1.1billion by 2020 by a CAGR 0f 45.6%
(Allied Market Research Report). As a result, there
is a growing interest towards discovering a more
efficient and economical way for its fermentative
production.

Several bacteria like Actinobacillus
succinogenes, Mannheimia succiniciproducens,
Anaerobiospirillum succiniciproducens,
Clostridium thermosuccinogenes, E.coli
Corynebacterium glutamicum, Enterococcus
faecalis, Bracteroids fragilis, Enterobacter
flavencens, Klebsiella pneumoniae etc and
fungi such as Saccharomyces cereviseae,
Yarawo lipolitica, Aspergillus niger, Penicillium
simplicissium etc are reported for the production
of succinic acid®. Among them Actinobacillus
succinogenes, Mannheimia succiniciproducens
and Anaerobiospirillum succiniciproducens are the
most intensively studied strains due to its ability to
produce large amounts of succinic acids*. Further
maximum studies on succinic acid production
using Actinobacillus succinogenes from various
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renewable biomass has been reported®®’®. The
present study is to throw more light on various
sources for their microbial potential and to isolate
many more potent organisms for production of
succinic acid.

MATERIALS AND METHODS

Sample Source

Rumen fluid samples of cow, goat and
sheep from municipal slaughter house in Sarjapura,
Bangalore were used for inoculation. Samples also
included cow dung from wide varieties of cows
from a Goshala, Bangalore; dung from sheep,
goat, buffalo, horse and faecal matter of poultry
birds from local breeders; degrading organic waste,
leachate and biogas slurry from KCDC, Bangalore;
sewage sludge samples; water and soil samples
from lakes in Anekal. .
Culture conditions

The samples collected from various
sources were inoculated in 100ml vials containing
50ml liquid media containing (g/1): glucose 20;
peptone 10; yeast extract 5.0; K2ZHPO, 3.0; NaCl
1.0; (NH,)2S0O, 1.0; CaCl2+2H,0 0.2; MgCl,*6H,0
0.2 and Na2CO, 1.0°. Slight modifications were
made by incorporating bromocresol green (pH
indicator dye) 0.02g/l in the screening media.
The media pH was maintained at 6.5 to 7.0 using
concentrated H2SO,. The liquid media was
sterilized at 15 psi pressure and 121°C temperature
for 20 minutes in bottles sealed with butyl rubber
caps and aluminium crimps. N2 headspace was
replaced by CO, to make the bottle space anaerobic.
Further the bottles were placed in anaerobic jar
and incubated at static 37°C for 24-96 hours with
intermittent shaking. The jar was evacuated using
vacuum pump and flushed with CO, gas every 24
hours.
Enrichment and Isolation

The broth cultures from each vial were
streaked onto solid medium in petri plates having
similar composition to liquid medium further
supplemented with agar 12g/l. The plates were
placed in anaerobic jar and incubated at static
37°C. After 24-96 hours well isolated colonies
were inoculated into fresh autoclaved 100 ml vials
containing 65 ml of liquid media. The bottles were
maintained in anaerobic environment at static 37°C
for 24-96 hours with intermittent shaking. Culture
isolates from all the samples were screened for
succinic acid production.

Screening techniques
Bromocresol green media

Bromocresol green is a dye belonging
to the family triphenylmethane. It is used as a pH
indicator in growth medium and titrations, wherein
decrease in the pH changes the colour of the media
from blue to green, later green to yellow. Organic
acid production decreases the pH of the media
indicated through colour change in the media.
Therefore, succinic acid screening media was
added with bromocresol green (0.02g/1) as indicator
of organic acid production, hereafter referred as
bromocresol green media. Preliminary screening of
all the culture bottles for the production of organic
acids was carried out by observing the colour
change between 24-96 hours.
Thin Layer Chromatography

All the isolates, positive for organic
acid production were resolved through thin layer
chromatography for the detection of succinic acid.
The samples (6ml) from the culture bottles were
aseptically removed using a sterile syringe and
centrifuged at 5000rpm for 20 min. The centrifuged
samples (5Sml) were concentrated by evaporating
on hot plate to be easily detected in TLC. The
evaporated samples were extracted using methanol
(2ml). Silica gel 60 F254 TLC plates (Merck)
were used for chromatographic developments.
The samples and the standard were spotted onto
the plate and resolved using solvent system
comprising Di-isopropyl ether, formic acid, water
(90:7:3) for 20 min!?. The plates were air dried for
30 min and heated in an oven for 10 min at 1100
C. The dried TLC plates were sprayed with the
chromogenic spray reagent (freshly prepared 300
mg CuSO,. SH,O in 20 ml methanol). Faint blue
spots corresponding to the standard indicated the
presence of succinic acid. Samples with positive
results were quantified through HPLC analysis.
HPLC Analysis

Agilent 1260 Infinity Series chromato-
graphic system equipped with C18 column, UV-
Visible detector set at 210nm was used for HPLC
analysis with 0.1 sodium sulphate solution (pH
adjusted to 3.0 with sulphuric acid) as mobile
phase at 1ml/min flow rate and 25°C column
temperature. Standard was prepared by weighing
25mg of succinic acid in 50ml volumetric flask.
25ml of distilled water was added and sonicated for
10 minutes and made upto the mark with distilled
water. Sample preparation was by dilution of 1ml
of sample in 2ml distilled water, which was filtered
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through 0.2u membrane filter. 10 pl of above
prepared standard succinic acid and samples were
used for the analysis.
Fluid Thioglycollate Medium

Fluid thioglycollate media is used to
check the oxygen requirements of microbes. Based
on the growth position in fluid thioglycollate
medium, microbes can be classified in obligate
aerobes, obligate anaerobes and facultative
anaerobes. 29.75¢g of fluid thioglycollate powder
was dissolved in 1000ml of distilled water. Heated
to boil until the contents completely dissolved.
The media was then autoclaved at 15 psi pressure
and 121°C temperature for 15minutes. Freshly
prepared (Freshness indicated by the presence of a
pink colour in the upper one-third of the test tube)
media was aseptically inoculated with the test
organisms into the depths of the media by means
of inoculation loop. The test tubes were incubated
for 24-48 hours at static 37°C.

RESULTS AND DISCUSSION

From the various samples 90 isolates
were obtained. All the isolates were screened for
succnic acid production through bromocresol
green media, thin layer chromatography and
HPLC. Prior to succinic acid detection, organic
acid production was confirmed with the help of
bromocresol green media. The change in the colour
of the media indicated the production of organic
acids. In comparison with other methods, wherein
samples obtained from the isolates were to be used
to carry out preliminary tests {fluorescein test'"!2,
well diffusion method"} to detect organic acid
production, use of bromocresol green media for
preliminary screening could confirm organic acid
production by simple visual observation, without
the need for qualitative detection tests.

Among 90 isolates, excluding 16 all
other isolates showed colour changes due to
organic acid production. Various shades of colour
changes starting from dark blue (initial colour of
the media) to light blue green, dark green, olive

Fig. 1. Various colour changes observed in the
bromocresol green media

green shades, dark mustard yellow ending with
bright yellow were observed in the culture bottles
between 24-96 hours (Fig 1). Isolates showing
positive results in bromocresol green media were
directly used for detecting succinic acid through
thin layer chromatography.

Thin layer chromatography method
used could detect wide range of organic acids
in minimal concentrations. Further the samples
were concentrated to increase the efficiency of
the method. Standard succinic acid showed blue
spot with an Rf value of 0.48. All the 74 isolates
showing colour change in bromocresol green media
gave blue spots in thin layer chromatography
confirming presence of organic acids. But, out of
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Fig. 2. HPLC analysis chromatograms [A] Succinic acid
standard [B] RFC(P3) - 4.69g/1, [C] BS(D) - 4.59¢g/1, [D]
BS(MC) - 3.49¢/1, [E]JCRF(S) - 2.98g/1, [FICRF(Y) -
2.90g/1, [GIRFC(C) - 1.17g/1, [HIRFC(W) - 1.02g/1,[1)]
SG - 0.89g/1, [J] SC - 0.94¢g/1, [K]JASP - 0.71¢g/1, [L]
BS(R) - 0.51g/l, [M] DWH - 0.49¢/1, [J] KCDC(M) -
0.33g/l and [O]MGC - 0.24g/1

Fig. 3. Culture plates of top seven high yielding isolates
positive for succinic acid production

90 isolates screened only 14 isolates gave faint
blue spots corresponding to standard succinic acid.
Further production of succinic acid from these
14 isolates was proved through HPLC. Standard
Succinic acid was eluted at 11.57 minutes (RT). The
chromatogram and yield of the isolates obtained
through HPLC is given (Fig 2).

Out of the fourteen isolates producing
succinic acid, top seven high yielding isolates were
chosen for further study (yield >1g/1). Pure cultures
of the seven isolates [RFC(P3), BS(D), BS(MC),
CRF(Y), CRF(S), RFC(W), RFC(C)] were sub
cultured (Figure 3). Gram staining of the above

Fig. 4. Gram staining images of the top seven high
yielding isolates
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Table 1. Summary of seven high yielding isolates

Sample Source Gram Growth Succinic acid
Staining type yield (g/l)
RFC(P3) Rumen Gram Facultative 4.69
fluid negative anaerobe
of cow
BS(D) Biogas Gram Facultative 4.59
slurry positive anaerobe
BS(MC) Anaerobic Gram Facultative 3.49
digester positive anaerobe
CREF(S) Rumen Gram Facultative 2.98
fluid positive anaerobe
of cow
CREF(Y) Rumen Gram Obligate 2.90
fluid positive aerobe
of cow
RFC(C) Rumen Gram Obligate 1.17
fluid positive aerobe
of cow
RFC(W) Rumen Gram Obligate 1.02
fluid positive aerobe
of cow
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Fig. 5. Test showing growth type of the top seven high
yielding isolates

isolates were carried out (Figure 4). Growth type
of the 7 isolates studied through fluid thioglycollate
medium is shown in (Fig 5) and summary of the
results are shown (Table 1).

CONCLUSION

Incorporation of bromocresol green dye
directly in the fermentation media led to rapid
preliminary screening of all the 90 isolates for the
production of organic acids, making the screening
procedure easier unaffecting the growth of the
anaerobes. 74 isolates positive for organic acid
production were screened through TLC, which
yielded 14 succinic acid producing isolates i.e
RFC(P3) - 4.69¢g/1, BS(D) - 4.59g/1, BS(MC)

- 3.49g/1, CRF(S) - 2.98¢g/1, CRF(Y) - 2.90¢g/1,
RFC(C) - 1.17g/1, REC(W) - 1.02¢g/1, SG - 0.89¢/1,
SC-0.94g/1, ASP-0.71g/1, BS(R) - 0.51g/l, DWH
- 0.49¢/1, KCDC(M) - 0.33g/l and MGC - 0.24¢/1.
Out of 14 isolates, top 7 high yielding isolates
above 1.02g/l (Table 1) have been considered as
positive organisms for further studies. BS(D),
BS(MC), CRF(S) are gram-positive facultative
anaerobes whereas, RFC(C), RFC(W) and CRF(Y)
are gram-positive obligate aerobes. Maximum
yielding isolate RFC(P3) is gram- negative
facultative anaerobe isolated from rumen fluid of
cow.

Among the seven high yielding strains
five were isolated from rumen fluid of cow.
From the study it is evident that rumen fluid
is the best source for isolation of succinic acid
producing strains in accordance with literature,
wherein most of the potent strains (Actinobacillus
succinogenes, Mannheimia succiniciproducens
and Anaerobiospirillum succiniciproducens) have
been isolated from bovine rumen. Further studies
on the high yielding isolates are being investigated
for their industrial applications.
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