
Effects of Corn Steep Liquor on Growth Rate and Pyrene
Degradation by Pseudomonas strains

Oluwafemi S. Obayori • Sunday A. Adebusoye •

Matthew O. Ilori • Ganiyu O. Oyetibo •

Ayodele E. Omotayo • Olukayode O. Amund

Received: 12 May 2009 / Accepted: 15 November 2009 / Published online: 5 December 2009

� Springer Science+Business Media, LLC 2009

Absract The growth rates and pyrene degradation rates

of Pseudomonas sp. LP1 and Pseudomonas aeruginosa

LP5 were increased in corn steep liquor (CSL) supple-

mented. On pyrene alone the highest specific growth rate of

LP1 was 0.018 h-1, while on CSL-supplemented pyrene

MSM, the value was 0.026 h-1. For LP5 the highest

growth rate on CSL-supplemented pyrene-MSM was

0.034 h-1. Conversely, on pyrene alone the highest rate

was 0.024 h-1. CSL led to marked reduction in residual

pyrene. In the case of Pseudomonas sp. LP1 values of

residual pyrene were 58.54 and 45.47%, respectively, for

the unsupplemented and supplemented broth cultures,

showing a difference of 13.09%. For LP5 the correspond-

ing values were 64.01 and 26.96%, respectively, showing a

difference of 37.05%. The rate of pyrene utilization by LP1

were 0.08 and 0.11 mg l-1 h-1 on unsupplemented and

supplemented media, respectively. The corresponding

values for LP5 were 0.07 and 0.015 mg l-1 h-1, respec-

tively. These results suggest that CSL, a cheap and readily

available waste product, could be very useful in the bio-

remediation of environments contaminated with pyrene.

Introduction

Pyrene is a peri-condensed four-ring polycyclic aromatic

hydrocarbon (PAH). It is a high molecular weight (HMW)

PAH. PAHs are hydrophobic compounds and their persis-

tence within ecosystems is due in part to their low water

solubility. This is because PAHs are composed of fused

rings whose biochemical persistence arises from dense

clouds of p-electrons on both sides of the ring structures,

making them resistant to nucleophilic attack [18].

Hydrocarbons generally are weak sources of nutrients

such as nitrogen and phosphorus which are essential

building blocks of structural macromolecules like proteins

and nucleic acids as well as enzymes and coenzymes.

These nutrients are therefore highly limiting in petroleum

polluted environments [22]. Consequently, the growth of

hydrocarbon-degrading bacteria and hydrocarbon degra-

dation can be enhanced by fertilization with inorganic

nutrients. This has proven effective in bioremediation

treatment on several petroleum-contaminated sites [13, 29].

It has been demonstrated that the addition of nitrogen to

either continuously mixed slurry or field-wet soil incuba-

tions increased the rate and extent of mineralization of

pyrene [19]. In static microcosm it was also discovered that

nitrogen amendment decreased the lag period before sig-

nificant pyrene mineralization occurred.

The demand for micro- and macronutrients including

growth factors depend on the species or strain. While a

pyrene degrader, Mycobacterium PYR-1 [16] had require-

ment for growth factor and Mycobacterium CH1 [10] had

no such growth factor requirements. Vitamin solution,

yeast extract, peptone, and yeast extracts are presently

some of the growth supplements in use [16, 17, 20].

However, in spite of stimulation of hydrocarbon degrada-

tion by nutrient amendments, there have been some failures

and conflicting reports are available in literature. Non-

effect of inorganic nutrient sources on PAHs biodegrada-

tion has been demonstrated previously [7, 17]. Seklemova

et al. [30] found that added nutrients had no effect on the

decontamination of polluted forest soils. Similarly, Chai-

neau et al. [8] reported inhibition of aromatic fractions of
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crude oil at high nutrient levels. Some of the nutrients,

depending on the source and concentration, may have

direct toxic impact on indigenous microorganisms or may

not be bioavailable. The use of cheap alternative sources

such as corn steep liquor (CSL) might help circumvent

these problems.

Corn steep liquor is a liquid mixture consisting entirely

of the water soluble components of corn steeped in water.

It has been shown to be very rich in nutrients required by

most microorganisms [1, 14]. Its composition depends on

the corn variety, steeping condition and age of the corn

kernel [27]. CSL is used in the production of vitamins,

peptides, antibiotics, and several other industrial fermen-

tation products [2]. In the western world, it is primarily

used as a nutrient for ruminant animals [24]. In Nigeria,

however, it is essentially a waste stream product of

domestic or cottage industry production of ogi (corn meal

slurry). Only a small amount of this is used in medicinal

preparation of concoctions and decoctions. A number of

workers, however, have tried to explore its high nutritive

value in improvement of media for culture and biotech-

nology. Omidiji et al. [28] produced a-amylase in corn

steep liquor soya bean meal medium by a strain of Bacillus

stearothermophilus. No study has focused on the possible

enhancement of pyrene biodegradation in medium fortified

with CSL. Since the goal of any bioremediation protocol is

the destruction of the pollutant using cheap available

nutrient sources, encouraging results from such study

would present CSL as a powerful bioremediation tool for

cleanup of PAH-contaminated matrices.

Materials and Methods

Microorganisms and Culture Conditions

Isolation and characterization of the organisms used in this

study, Pseudomonas sp. LP1 and P. aeruginosa LP5 has

been described elsewhere [24]. The isolates were main-

tained in glycerol nutrient broth (1:1) at -20�C. Colonies

growing on Luria–Bertani agar with very low percentage of

PAH (0.005%) were harvested with sterile inoculating

loop, pooled and transferred to screw-capped bottles con-

taining 5 ml of physiological saline (0.9% NaCl). Enough

culture was transferred to achieve an OD600 of approxi-

mately 1.5.

The organisms were grown in mineral salts medium

(MSM) previously described by Kästner et al. [20]. The pH

of the medium was adjusted to 7.2. Trace elements solution

(1 ml/l) described by Bauchop and Elsden [3] was steril-

ized separately and added aseptically to the medium.

Unless otherwise stated, incubation was performed at room

temperature (29 ± 2.0�C).

Preparation of Corn Steep Liquor

Corn steep liquor was prepared using a method modified

from Omodiji et al. [28] by soaking 500 g of well-washed

healthy maize grains in 1 l of water for 48 h, grinding in a

well-washed blender and allowing this to stand further at

room temperature. After another 48 h, the suspension was

mixed thoroughly and strained in a domestic sieve. The

liquor obtained was made up to 1 l with more water and

allowed to sediment for 2 h. The resultant supernatant was

decanted and used in degradation studies.

Determination of Physico-Chemical Parameters

of Corn Steep Liquor

The ash content, total organic carbon, total nitrogen con-

tent, and available phosphorous were determined as

described previously [4, 6, 9] using solid residues (0.98 g)

obtained after drying of 100 ml of sample in the oven at

80�C. The Black–Wakley method was used for the deter-

mination of total organic carbon (TOC). The carbohydrate

content was estimated according to the method of Spiro

[31] using 1 ml of the wet sample. The protein content was

determined from diluted sample using the method of

Bradford [5].

Growth on Pyrene Corn Steep Liquor Supplemented

Medium

Replicate flasks (three at each time point) of 20 ml MSM

containing 100 ppm of pyrene and 1.5% corn steep liquor

were inoculated with LP1 and LP5 incubated. Total viable

counts (TVC) and residual pyrene were determined at 3-

day interval for 21 days. Total viable counts were deter-

mined after plating out aliquots of appropriate dilutions

onto nutrient agar and incubating in the dark for 24 h at

room temperature (29 ± 2�C). Inoculated flasks without

CSL fortification, inoculated flasks with pyrene only and

flasks amended with both pyrene and CSL but inoculated

with heat attenuated cells all served as controls. The entire

content of each flask was sacrificed to minimize error at

each time point.

Analytical Method

Residual pyrene was extracted by liquid–liquid extraction

using hexane as solvent. After two extraction cycles, the

solvent was vented off in a preheated oven overnight and

the pyrene residue was reconstituted in 2 ml acetone.

Control flasks were handled similarly.

Hexane extract (1.0 ll) were analyzed with Hewlett

Packard 5890 Series II gas chromatograph equipped with

flame ionization detector (FID) and 30 m long HP-5
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column (internal diameter, 0.25 mm; film thickness,

0.25 lm) as described recently [26].

Results and Discussion

Table 1 shows the nutritive composition of the corn steep

liquor used in this study. The total dry weight solid was

0.98%. Of this, 12.09% was ash, 42.87% total organic

carbon, nitrogen 0.15%, and protein 0.94%. The available

phosphorus was 0.004 mg/l and carbohydrate was 8 mg/l.

Higher growth rates were observed when the pyrene

MSM was fortified with CSL. Pseudomonas sp. LP1

showed similar pattern of growth on CSL alone and CSL-

supplemented pyrene up till day 15 (Fig. 1). In both cases

the highest population densities were attained on day 6,

viz., 3.4 9 108 and 4.2 9 108 cfu/ml, respectively. Popu-

lation densities dropped in both cases between days 6 and

9, and then rose to peak on day 12 before dropping on day

15 to 1.26 9 108 and 1.52 9 108 cfu/ml, respectively.

Between days 15 and 21, there was no noticeable increase

in the population density in CSL culture but the CSL

amended pyrene medium showed marked increase in

population density to 3.25 9 108 cfu/ml. On pyrene alone

the highest specific growth rate of LP1 was 0.018 h-1

(t = 15–21 days), while on CSL-supplemented pyrene

MSM, the value was 0.026 h-1 (t = 0–6 days). On CSL

MSM alone growth rate was also highest in the first 6 days.

Pseudomonas aeruginosa LP5 grew on CSL and CSL-

supplemented pyrene medium with an exponential growth

pattern. On CSL alone the organism also grew without a

lag phase and stationary phase was attained in 9 days at

population density of 5.7 9 108 cfu/ml. The highest

growth rate of 0.044 h-1 was recorded in the first 3 days of

incubation but subsequently the rate fell below 0.020 h-1.

But on CSL-supplemented pyrene, after an initial lag phase

of 3 days (72 h) growth continued at exponential rate up till

day 15 when it reached 1.07 9 109 cfu/ml (Fig. 2). How-

ever, the highest growth rate was attained between days 3

and 6 (0.034 h-1). Conversely, on pyrene alone, the

highest rate was 0.024 h-1, attained within 15 days after an

initial 6-day lag phase.

The effect of supplementation of pyrene medium with

CSL on amount of residual pyrene in the cultures as

determined by gas chromatography after 21 day of incu-

bation with organisms is shown in Table 2. Fortification

with CSL resulted in marked reduction in residual pyrene.

In the case of strain LP1, values of residual pyrene were

58.54 and 45.47%, respectively, for the unsupplemented

and supplemented broth cultures, showing a difference of

13.09%. For LP5 the corresponding values were 64.01 and

26.96%, respectively, showing a difference of 37.05%. The

rate of pyrene utilization by LP1 was 0.11 and

0.08 mg l-1 h-1 (Table 2).

In media amended with or without CSL, respectively,

the corresponding values for LP5 were 0.015 and

0.07 mg l-1 h-1.

Microorganisms generally require mineral (inorganic)

nutrients sources for growth. If any of the required nutri-

ents is lacking or becomes limiting, particularly the mac-

romineral elements, pollutant degradation reaction may be

slow even though carbon and energy sources required for

growth are available [15, 23, 32]. Higher growth rates were

observed when the pyrene mineral medium was supple-

mented with CSL. This may not be unconnected with the

fact that CSL is a rich source of nutrient, particularly

organic nitrogen, essential minerals, and co-factors [11],

which may have helped in boosting initial biomass. This

Table 1 Nutritive composition of the corn steep liquor used in this study

Ash (%) TOC (%) Nitrogen (%) Phosphate (mg/l) Protein (%) Carbohydrate (mg/l)

12.0 42.87 0.15 0.004 0.94 8

TOC total organic carbon

Fig. 1 Growth curve of Pseudomonas sp. strain LP1 on pyrene (filled
circle), pyrene and corn steep liquor (filled square) and corn steep

liquor (1%) alone (filled triangle). Data are means of replicate

determinations (n = 3); error bars represent the standard deviation;

error bars on control (filled circle) are not visible because of close

proximity of triplicate values
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was reflected in the similarity in patterns of growth

exhibited on CSL alone and CSL-supplemented pyrene

medium particularly by LP1 in the early period of incu-

bation. Furthermore, it is a well-established fact that

growth rate is often not dependent on a single substrate in a

multi-substrate system [21]. The effect on CSL was further

reflected in the fact that in both isolates, upsurges in growth

were observed in CSL-supplemented pyrene medium at the

same time as stationary phase was attained on CSL alone.

The differences observed in the effect on CSL supple-

mentation on LP1 and LP5 could be a function of differ-

ential utilization of the nutrient supplements. Biochemical

analysis recently conducted on the two organisms showed

LP5 to be positive for urea utilization, malonate, and lipid

hydrolysis [25]. Furthermore, LP5 produced pyoverdin on

nutrient agar. The biochemical versatility of LP5 may thus

mean a more resourceful utilization of the additional

nutrient provided in CSL by this organism than LP1. For

instance corn steep liquor is a source of lipid, which can be

readily utilized by LP5 but not LP1.

The higher degradation of pyrene in the presence of CSL

could be attributed to enhanced hydrocarbon utilization as

certain minimum biomass is required to establish degra-

dation. The additional energy and carbon source provided

by CSL must have played a major role in this regard. Fava

et al. [12] similarly observed faster and more complete

removal of PAHs in soya lecithin (SL) amended

bioreactors.
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