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Abstract

Poultry manure (PM) was decomposed under high and
low aeration-agitations and the digestates were supplemented
in mixotrophic cultivation of microalga Chlorella vulgaris.
High aerobic decomposition was recommended for faster
mineralization. The study was conducted to find out the
effect of poultry manure digestate (PMD) on cell biomass
and lipid yield in C. vulagris. The cultivation were con-
ducted ‘with’ (single and two-stage feeding strategy) and
‘without’ PMD feeding. Cultivation ‘without’ PMD at 120
h, dry cell weight (DCW) of 8.2g/L. was reached, by 180 h,
lipid yield of 2.1 g/L. (45%) was reached. In single-stage of
adding varied PMD, at 120 h, DCWs of 8.48, 9.39 and
10.45 g/L. were achieved for PMD of 20, 30 and 40 ml/L,
respectively. By 180 h, lipid contents were 45, 43 and 40%
giving yields of 2.4, 2 and 1.8 g/L, respectively. In two-
stage feeding (0-120 h and 120-180 h), at 120 h, DCWs
were similar to single-stage but improved when supplement-
ing with 2 g/L glucose reaching DCW of 12.6, 13.14 and
14 g/L achieving lipid yields of 2.9, 3.8 and 4.9 g/L, re-
spectively, after 180 h. The addition of glucose seems to
assist nitrogen depletion which in turn resulted in rapid in-
crease in cellular lipid. It was obvious that addition of glu-
cose at stationary phase maybe a novel method to improve
lipid yields. The algal biomass PMD dependent accumula-
tion showed that PM is an attractive waste which means
that PM is potential waste for algae biofuels.
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Introduction

Poultry manure (PM) is rich in nutrients especially the much
needed nitrogen and phosphorus, and even cells growth promoter
like glycine is released from PM on decomposition (Schefferle,
1965). According to the study by Magid et al. (1995), some
common nutrients in PM by composition included (g/Kg)
potassium 37.5, phosphate 25.5 and nitrogen 55.7. Nitrogen is
normally in the form of uric acid (Nahm, 2003) and about 66%
can be available on decomposition (Ruiz Diaz et al., 2008. In
addition, studies indicated that other trace elements, such as
magnesium, calcium, iron, copper, zinc, nickel, lead and
chromium existed in digested PM (Bao et al., 2008; Ortiz Escobar
and Hue 2008; Faridullah et al., 2009; Vu et al., 2009). In brief,
PM has been a traditional organic fertilizer and is an attractive
source eve today from which much needed nutrients can be
retrieved and reutilized.

The use of nutrients-rich PM can be extended to algal
cultivation provided the conducive conditions (light intensity,

pH, temperature, equipments) to enhance algal biomass
production. This approach of using PM maybe novel if it
enhances high cell density which in turn can increase more
biofixation of carbon dioxide (Jacob-Lopes et al., 2008; Jacob-
Lopes et al., 2009) under an autotrophic or mixotrophic culture
condition. The later mode of cultivation (mixotrophic)
comparably had shown a proven feasibility in production of high
yields of algal biomass according (Liang et al., 2009).

Algae biomass as one of the suitable feedstock for biofuel
production is not new given the recent studies, researches and
soaring developments which are primarily due to energy crisis,
climate change and environmental. As the focus on algae as the
fuel of the future increases, the need to make algae biofuel more
sustainable falls into a handful of categories from economic
assessment to engineering. One such category is converting waste
(industrial and housewhole ‘liability’) to microalgae biomass,
converting housewhole or industrial waste being a ‘liability; to
profit center is an attractive method to promote algae biofuel at
large. PM is one such waste and the focus of this study was
using PM to see if microalga Chlorella vulgaris currently used
in algae biofuel can enhance algae biomass, that is cell
concentration and cellular lipid yields. The PM, an organic
matter (form) needs biodigestion to release absorbable nutrients
that can be fed to the algae in culture cultivation. Simple aerated
biodigestion (decomposition) can be engaged to produce PMD
after filtration (aqueous).

Accordingly, the aim of the study was to investigate effects of
PMD supplementation photosynthetic microalga Chlorella
vulgaris currently used in algal biofuel to see if can enhance
algal biomass, which is cell concentration and cellular lipids
cultivation under mixotrophic condition. The study seeks to
broaden the application of PM in algal biofuels.

Materials and Methods
Microorganism, culture media and PM

Microalga Chlorella vulgaris was obtained from Charles
University (Prague, Czech Republic). Fresh PM (from Galus
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. . N in solid
Shaking speed Major nutrients (/L) Total carbon Total solids (mg/L) residue pH
(mg/L)
(mg/L)
N P K
50 rpm (in 4L/min air) 1.1967 0.57 2.89 34 64 55 45
100 rpm (in 6L/min air) 0.462 0.625 2.98 23 47 38 5.1

Table 1: Average contents of the major nutrients in PM from two repeated digestions of a 650 g PM sample for each set investigated.

rpm Time rpm Time

NO:-N (mg/L) NH4-N (mg/L) (h) NOy’ NH,* (h)
mg/L mg/L

50 500g 50 1000g
4.6 47 24 12 19 24
5.1 51 48 22 21 48
5.7 58 72 2.8 25 72

100 500g 100 1000g
5.9 57 24 8 55 24
6.8 59 48 9.8 59 48
7.28 61 72 10 68 72

Table 2: N mineralization (NO, and NH,) in low (50 rpm) and high (100 rpm) aeration-agitation decomposition of two varied quantities (500 and 1000 g) of PM. N

mineralization was monitored during 72 hours into decomposition.

Time (h) CO, addition (ml) pH Absorbance PM addition (ml) Biomass (g/L)
0 0.09 6.98 0.308 20 0.01
24 0.09 6.96 0.249 40 0.036
48 0.12 6.76 0.288 60 0.072
72 0.12 6.78 0.339 80 1.12
96 0.12 6.82 0.757 100 1.09
120 0.15 6.88 1.015 120 1.27
144 0.15 6.88 1.753 140 1.38
168 0.18 6.43 2.055 160 1.67

Table 3: Autotrophic cultivation (without glucose supplementation): Algal biomass optimization using table 1 result, simultaneous (daily) addition of PMD (20 ml/L/d)
and CO, addition by air aeration (assuming CO, in air at 0.03 % concentration. Light intensity initially steadied at 150 then increased to 200 pmolphotons m?s™ after 48
h under standard condition (temperature, agitation) and maintained until day seven (168 h).

domesticus) was collected from nearby poultry farm, Jiangnan
University, China. The PM was from a meat producing chicken
facility, the collected sample was observed to have fallen on the
floor and was held in collecting pit until such time for removal
and cleaning. The feces had been mixed with beddings, feed
particles and feathers which have been considered as part of
PM.

Bold’s basal media (Watanabe, 1960) component used were
(grams per litre): NaNO, 0.5, CaCl2H,0 0.05, MgSO,-7H,0
0.15, K,HPO,-3H,0 0.15, KH,PO, 0.35, NaCl 0.05, glycine 0.1,
yeast extract 0.1 and glucose 10. PM supplementations were
applied according to PM nitrogen replacing BBM nitrogen by
percentage. Seed culture was prepared in a 500 ml flask
containing 200 ml medium for 180 h. Flask culture experiments
were performed in 500 ml flasks each containing 200 ml medium
after inoculating with 10% (v/v) of seed culture (Xu et al., 2006).
Temperature, agitation, and growth period were fixed at 27°C,
150 rpm and 180 h, respectively. It was continuously cultured
and kept in shaker with in-built fluorescence irradiance at 35
umol photon m?s'. Air flow rate in all fermenter cultivations
were kept constant at 5 L air/min.

PM decomposition

Water was added twice to the mass of PM (by volume) and

uniformly mixed, digestion was done in 7 L fermenters
(Bioengineering, AG, Wald, Switzerland) the same used for
mixotrophic algal cultivation with 3 L working volume. Two
varied aerated digestions (repeated twice) were done in following
manner as shown,

Low aeration-agitation: Air aeration of 4L/min and agitation
of 50 rpm

High aeration-agitation: Air aeration of 6 L/min and agitation
of 100 rpm

Decompositions were aborted when pH and temperature were
constant indicating the end of decomposition. The samples were
decanted and centrifuged at 8000 rpm for 10 min, and then
sterilized in bottles for 15 min at 121°C and stored at 4°C for
later use.

Analytical procedures

PM analysis for N, P and K: Each sample of PM was analyzed
for total potassium (K) and total phosphorus (P) concentrations
by microwave digestion.

For the analysis of potassium, a sample of 2.0 ml was added
to 3.0 ml HNO, and cold digested for 1.0 h. The solution was
transferred to a 50 ml volumetric flask and distilled water added
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to the calibration. Potassium concentration was obtained by
calibration curves using Spectr 220 atomic absorption
spectrometer, Varian American at wavelength of 766.5 nm. For
the analysis of phosphorus, 2 ml sample was microwave digested
and diluted to 50 ml. 4.0 ml of the solution was taken and added
to equal amount of 2.5 ml ammonium molybdate and sulfuric
acid. Using 2-3 drops of stannous chloride and glycerol as
indicators and the absorbance was read at 380 nm.

Total nitrogen and carbon in the aqueous PMD were
determined by diluting 10 ml aqueous PMD to 100 ml distill
water. The sample was analyzed using High Temperature TOC/
TNb Analyzer LiquiTOC II (Elementar Analysensysteme GmBH,
Hanau,Germany). Nitrogen in solid digestates were determined
by Kjeldahl method (Spanjers et al., 2006). NH,*-N, and NO,-
N were determined according to standard procedures (MAFF,
1986). Total solids in the digestates were measured directly by
placing a measured quantity (by weight) of sample into a beaker
and drying it in an oven at 115 °C to a constant weight.

Culture growth: The optimized conditions for maximum
biomass such as light, pH, and temperature were adopted from
studies by Xu and Soletto (Xu et al., 2006; Soletto et al., 2008).
Seed culture of 10% by volume was inoculated in working volume
of 3 L fermenter for all fermentations. Cell growth was measured
by optical density at 540 nm using UV visible spectrometer. For
all cultivations, initial light intensity was maintained at 150
pmolphotonsm?s then increased to 250 umolphotonsm?s” at
exponential growth phase (Jacob-Lopes et al., 2008) as measured
by light meter TES 1332A for all sets.

Glucose was monitored by SBA-40C biosensor analyzer (Ding
and Tan, 2006). The growth performance were monitored by
using the regression equation according to method by Xu et al.
(2006). Dry cell weight (DCW) was determined according to
Chen and Johns (1991). Culture broths were centrifuged at 8000
rpm for 10 min and cells were washed twice with distilled water
and freeze dried (Xu et al., 2006). Total lipids was extracted by
soxhlet extraction method (Saydut et al., 2008) after pulverizing.
All values are average of double trials in the experiments.

Results and Discussion
PM decomposition

Two repeated batches of PM mineralization were investigated.
The two sets of decomposition were applied under low (50 rpm
in 4 L/min air) and high (100 rpm in 6 L/min air) aeration-
agitation as shown in Table 1. The results showed that with low
aeration-agitation, total nitrogen, phosphorus and potassium
levels reached 1.19, 0.57 and 2.89 g/L, respectively. In
comparison, the high aeration-agitation achieved 0.46, 0.62 and
2.98 g/L, respectively.

Clearly, differences in amounts can be seen of total nitrogen,
phosphorus, and potassium which were due to varied treatments
(high and low aeration-agitation) in decomposition. Firstly, the
difference in nitrogen can be due to ammonia volatility (Hansen,
2004) and mechanics of uric acid decomposition (Faridullah et
al., 2009), while the increase or decrease of levels of phosphorus
and potassium indicates that mineralization had progressed.
Noticeably, the differences in the total carbon (34 mg/L in 50
rpm comparing to 23 mg/L in 100 rpm) and total solids (64 mg/
L in 50 rpm and 47 mg/L in 100 rpm) further confirm that

aeration and agitation were governing factors in the yields of
nutrients.

Two varied quantities of PM (500 and 1000 g) were digested
(see Table 2) with daily observations of the N-mineralization
from 24-72 h. The N-mineralization values (as indicated by levels
of NO, and NH,") show the direct influence of volume and
oxygen distribution. The ratio of dilution in both remained the
same (as described in the Method section), but volume increased
— indicating that the concentration and availability of oxygen
may govern efficiency of digestion and mineralization. This
would mean that the volume of the substrate requires sufficient
aeration and agitation to achieve improved levels of NO,and
NH,* during PM digestion. Variations in the levels of NO,and
NH,* were observed (Table 2) which can be seen as corresponding
to the varied aeration-agitation that governed microbial activity.
For example during the 24-72 h decomposition, NO, remained
steady in 500 g of 50 rpm (low volume) aeration-agitation (4.6,
5.1 and 5.7 mg/L) and 100 rpm aeration-agitation (5.7, 6.8 and
7.28 mg/L). Comparing these to NH,* levels in 50 rpm (47, 51
and 58 mg/L) and 100 rpm (57, 59 and 61 mg/L) showed a
similarly sluggish mineralization.

Even though the levels of NO, and NH,* varied (which may
due to nature of substrates and initial microbial load), the trend
of mineralization agreed with the Table 1 results that aeration
and agitation facilitated PM mineralization.

This finding can be supported by a comparison (Table 2) of
the N-mineralization values (NO,” and NH,*) such as the PM
1000 g sample (increased in volume). Nitrate levels (NO,’) were
lower (1.2, 2.2, 2.8 mg/L) in 50 rpm aeration-agitation but
showed significant increase (8, 9.8 and 10 mg/L) in 100 rpm
aeration-agitation. As expected, the NH,* also improved from
(19, 21 and 25 mg/L) in 50 rpm aeration-agitation to (55, 59
and 68 mg/L) also in 1000 rpm aeration-agitation.

It is clear from the results that aeration and agitation must be
sufficiently controlled based on the volume of substrates in order
to facilitate sufficient and rapid mineralization in the production
of PMD.

The following work will discuss the study using the filtrated
PMD in mixotrophic cultivation of microalga Chlorella vulgaris.

PMD and atmospheric carbon dioxide in autotrophic culture

The initial investigations of PMD in supplemental feeding
were performed in autotrophic cultures (CO, and nutrients only)
to support conclusions in the mixotrophic cultivation
(atmospheric CO, supplied and glucose). PMD of 20 ml/L/day
was daily added and carbon dioxide fed was increased by altering
inlet aeration inlet to get the values indicated (see Table 3)
assuming atmospheric CO2 at 0.3% concentration was steady.

According to the result, the cell accumulations linearly related
to the PMD addition, the resultant algal biomass showed
noticeable increment as a result of the previous addition. Even
though the data was not statistically evaluated, the raw data
showed a general trend of growth curve was depicted showing
growth phases (lag, exponential, if graphed).

As noted, the array of data (cell biomass, CO,, PMD) showed
that biomass accumulation was governed by PMD addions under
the steady favorable condition (light intensity, temperature,
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Figure1: (a) Cultivation ‘Without’ supplementation showing glucose depletion (¢), DCW(@) and lipid yield (0), (b) Nitrogen levels (m) depletion, (c) single feeding
of digestate from PMD20, 30, 40, 50 and 60 ml/L (indicated as PMD) and (d) respective lipid yields (corresponding to colors).

feeding, aeration and agitation). Further study and statistical
analysis will be needed to measure the significance of PMD on
the algae growth and to what level of extends. Our repeated
cultivations of the autotrophic microalga in PM supplemental
feed bring us to an assumption that PMD processed under
described method can be potential for algae cultivation and that
was the prerequisite of the following strategic mixotrophic mode
of cultivation.

Cultivation of microalga ‘with’ and ‘without’ PMD

Under the culture condition prescribed (light, temperature
agitation), at 120 h, algal cultivation ‘without’” PMD
supplementation indicated residual glucose and DCW of 1 and
8.2 g/L, respectively, lipid content then raised to 2.1 g/L at 180
h (Figure 1a). The levels of nitrogen depletion (Fig 1b) showed
the relation between cell growth and the lipid yield.

However, upon adding single-feed of varied PMD in volumes,
glucose depleted at varied rate resulting in varied biomass as
shown in Figure lc. The following were observed at 120 h;
cultivations with 20, 30, 40 and 50 ml/L digestates (represented

as PMD20, PMD30, PMD40, and PMD50) achieved DCW of
8.48,9.39, 10.45 and 10.72 g/L, respectively. After 180 h, DCWs
had reached 9, 10.5, 12.5 and 13.52 g/L, respectively. The lipid
contents were 45, 43, 40, 37% and (not shown) giving lipid
yields of 2.4, 2, 1.8 and 1.5 g/L, respectively, as shown in Figure
1d.

However, the cultivation PM60 (60 ml/L digestate addition)
achieved DCW of 10.5 g/L (lowest in comparison) with lipid
yield less than 1 g/L (Figurelc and Figure 1d) indicating that
increasing further PMD addition was not applicable under the
parameters investigated meaning other conditions must be
addressed . Moreover, PM50 indicated higher DCW but lower
in lipid yield, possibly due to higher nitrogen levels.

In brief, there is a clear difference in DCWs and lipid yields
between the ‘with’ and ‘without” PMD supplementations.
Increasing PMD addition between 20-40 ml/L clearly increased
the biomass yield considerably (comparing ‘with’ and ‘without’
PMD which is 8.2 g/L) and maintained lipid content within
40% (not shown) after 180 h.

Concisely, PMD is feasibly potential for application in both
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Figure 3: Comparative lipid contents in cultivation ‘with’ (single and two-stage) and ‘without’ PM digestate feeding.

cell growth and lipid content in appropriate feeding
concentrations. The following work further investigated the
discussed methods to improve cell concentration and lipid yield
in two-stage feeding strategy.

Two-stage PMD feeding to enhance biomass

Based on the single-stage feeding cultivations (‘with’ and
‘without’ PMD assessed in section 3.3), in this method we studied
two-stage feeding. These method of feeding was based on the
growth model of ‘without” PMD (using standard media)
discussed in figure la knowing the initial, exponential and
stationary growth phases (not detailed in this study) of the
microalga under this condition. For the first 5 days during the
initial-exponential phase (0-120 h) in three separate fermenters,
we added the following (added daily) PMD of 20, 30 and 40 ml/
L (based on enhanced biomass in figure 1c¢ and d), respectively,
then reduced (PMD) in feeding by one fifth (1/5) respectively,
for each cultivation at stationary phase (120-180 h).

The following results were achieved as shown in figure 2a, at
120 h; DCWs of 8.7, 9.8 and 10.8 g/L were reached by 20, 30

and 40 ml/L (shown as PMD20, PMD30 and PMDA40),
respectively. By 180 h, DCWs of 12.6, 13.4 and14 g/L (Figure
2a) and lipid yields of 1.9, 2.9, and 3.6 g/L (Figure 2b) were
achieved, respectively. In comparison to ‘without” PMD
supplementation (that achieved 8.2 g/L at 180 h), the single
(that achieved 13.52 g/L) and two-stage (that achieved 14 g/L)
feedings showed the direct influence of the PMD on the lipid
content (Fig.3a). It is clearly seen that high lipid yield was
achieved in single and two-stage feeding (‘with’ PMD) in
comparison to ‘without’ PMD which showed high lipid content
yet its yield was lower.

The low lipid content in single and two-stage feedings is direct
result of the levels of nitrogen that affect lipid biosynthesis.
However, lipid yields increased at stationary phase showing that
PMD had impact on cells (comparing Figure 2a- Figure 2b).
There are two reasons; firstly as a cell growth enhancer
(comparing the lag times of ‘with’ and ‘without’ PMD, not
detailed in this study) and as noted at stationary phases where
nitrogen being readily used, cells increased in lipid yield (as
seen with Figure 2b). Secondly, the promoting of the residual
glucose to storage metabolites (residual glucose and lipid yield
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changes in levels), therefore, the residual glucose analyzed at
stationary phase (120-180 h) was seen decreasing as lipid
increased in yield. More significantly, this increase was enhanced
by adding one fifth (1/5) of the digestate volume (of the previously
used from 0-120 h). Adding PMD (1/5) and the raise of lipid
yield do not agree knowing the fact that nitrogen will suppress
cellular lipid production (Widjaja et al. 2009), the level of residual
glucose (during stationary phase) depleting with significant lipid
yield increase is a phenomena that prompted the next
investigation. Clearly, adding adequate amount (1/5) of PMD
seems to reasonably assist biosynthesis of lipid that soared
(during stationary phase). Considering the glucose levels, it
seemed that appropriate that residual glucose depletion increased
lipid levels which meant nitrogen was lowered as it was utilized,
thus lipid soared. Accordingly, in the following, we supplemented
glucose at stationary phase to see if it can increases lipid at
quicker pace.

Enhancement of algal lipid for with PMD and glucose

Cellular lipid content can be increased by nutrient limitation
(Yan and Quin, 2005; Yanqun and Lan, 2008; Meng et al., 2009)
of which nitrogen deprivation is widely used. However, more
nitrogen level will increase cell concentration but less in lipid
content (Widjaja et al., 2009). Moreover, cells are known to
convert available carbon sources such as glucose to generate
lipid as storage metabolites (Livne and Sukenik, 1992). In
addition, based on our study that lipid increased during stationary
phase, the following work was to find out if a combination of
PMD and glucose addition at stationary phase (120-180 h) would
improve lipid yield for the production of algal biodiesel.

The method applied for Figure 2 was replicated, but only
during the stationary phase (120-180 h) instead of feeding only
a fifth (1/5) of the PMD, we also incorporated 2 g/L glucose
supplementation and feed together daily during the stationary
phase (120-180 h).

The results obtained are as shown in Figure 4; at 120 h, the
cultivation PM20, PM30 and PM40 achieved DCWs similar to
results of Figure 2a, therefore, 8.8, 9.8 and 10.9 g/L, respectively.
However, after 180 h, DCWs (Figure 4a) improved to 13.14,
13.4 and 15.5 g/L reaching lipid yields (Figure 4b) of 2.9, 3.8
and 4.9 g/L, respectively.

Based on these figures, it can be considered that appropriate
quantities of digestate supplementation directly governed lipid
yield output. In addition, it has just demonstrated that an
increased glucose dosage and would require increased PMD but
appropriate amount to improve final lipid yields.

Given the daily supply of the digestate supplemented with
glucose, the sudden raising of lipid yields based on the result
can be again concluded that PMD not only enhance algal cell
growth and concentration but also support in lipid enhancement
by utilizing residual glucose to generate more cellular lipid in
quantity. This observation would agree with study by Livne and
Sukenik (1992) whose study indicated converting metabolites
and cellular residues to storage metabolites (such as lipids). The
additional glucose supplementation during stationary phase (120-
180 h) is more likely to support lipid yield. This is because as
glucose was made available(at stationary phase), any nitrogen
residue in the medium was quickly used, culture medium being
depleted in nitrogen, cellular lipid content was increased.

The results of the study strongly convinced that PMD being
sufficiently digested if correctly utilized in algal cultivation can
enhance algal biomass and that is attractive not only for algae
biofuel but also for the poultry farmers as PM waste is resourceful.

Study by Natarajan and Varghese (2003) indicated that PM
waste used in plankton production had achieved highest yield
against other livestock waste, moreover, recent study by
Chinnasamy et al. (2010) in a similar fashion strongly pointed
that wastewater, municipal waste and other related waste are
potential to promote and commercialize algae biofuels.

Based on these studies, our present work agreed with these
studies that PM would broaden its application in algal biofuel.
This is not only to enhance algal cell density but also to improve
lipid yields of microalgae and to promote algae biofuel
sustainability.

Conclusion

The potential of PM as biofertilizer normally used in plant
cultivation unmistakably demonstrated a potential for algal
biodiesel by two-stage feeding strategy under mixotrophic
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condition. High nitrogen and phosphorus content would enhance
and promote sustainable, waste to bioenergy opportunities with
algae. Application of PMD can promote high cell density culture,
addition of carbon source such as glucose at stationary phase
can promote higher lipid yield. Adding carbon source (glucose)
seem a way to get rid of nitrogen at stationary phase that in turn
can cause cells to synthesis more lipid content increasing lipid
yield.

Acknowledgement

The study acknowledges the support in grant from the Key
Program of National Natural Science Foundation of China (No.
20836003).

References

1. BaoY, Zhou Q, Guan L (2008) Allantoin-N concentration changes and analysis
of the influencing factors on its changes during different manure composting.
Bioresourc Technol 99: 8759-8764. » CrossRef » PubMed » Google Scholar

2. Chen F, Johns MR (1991) Effect of C/N ratio and aeration on the fatty acid
composition of heterotrophicChlorella sorokiniana. J Appl Phycol 3: 203-209.
» CrossRef » PubMed » Google Scholar

3. Chinnasamy S, Bhatnagar A, Hunt RW, Das KC (2010) Microalgae cultivation
in a wastewater dominated by carpet mill effluents for biofuel applications.
Bioresourc Technol 101: 3097-3105. » CrossRef » PubMed » Google Scholar

4. Ding S, Tan T (2006) L-lactic acid production by Lactobacillus casei
fermentation using different fed-batch feeding strategies. Process Biochem 41:
1451-1454. » CrossRef » PubMed » Google Scholar

5. Faridullah IM, Yamamoto S, Honna T, Eneji AE (2009) Characterization of
trace elements in chicken and duck litter ash. Waste Manage 29: 265-271.
» CrossRef » PubMed » Google Scholar

6. Hansen MN (2004) Influence of Storage of Deep Litter Manure on Ammonia
Loss and Uniformity of Mass and Nutrient Distribution following Land

Spreading. Biosyst Eng 87: 99-107. » CrossRef » PubMed » Google Scholar

7. Jacob-Lopes E, Ferreira Lacerda LMC, Teixeira Franco T (2008) Biomass
production and carbon dioxide fixation by Aphanothece microscopica Nageli in
a bubble column photobioreactor. Biochem Eng J 40: 27-34. » CrossRef » PubMed

» Google Scholar

8. Jacob-Lopes E, Scoparo CHG, Ferreira Lacerda LMC, Teixeira Franco T (2009)
Effect of light cycles (night/day) on CO2 fixation and biomass production by
microalgae in photobioreactors. Process Intensification 48: 306-310. » CrossRef

» PubMed » Google Scholar
9. Kaikake K, Sekito T, Dote Y (2009) Phosphate recovery from phosphorus-rich

solution obtained from chicken manure incineration ash. Waste Manage 29:
1084-1088. » CrossRef » PubMed » Google Scholar

10. Liang Y, Sarkany N, Cui Y (2009) Biomass and lipid productivities of Chlorella
vulgaris under autotrophic, heterotrophic and mixotrophic growth conditions.
Biotechnol Lett 31: 1043-1049. » CrossRef » PubMed » Google Scholar

11.Liang Y, Sarkany N, Cui Y (2008) Effects of nitrogen sources on cell growth

and lipid accumulation of green alga Neochloris oleoabundans. Biotechnol Lett
31: 1043-1049. » CrossRef » PubMed » Google Scholar

12.Livne A, Sukenik A (1992) Lipid Synthesis and Abundance of Acetyl CoA
Carboxylase in Isochrysis galbana (Prymnesiophyceae) Following Nitrogen

Starvation. Plant Cell Physiol 33: 1175-1181. » CrossRef » PubMed »Google Scholar

13.MAFF (1986) Analysis of agricultural materials. MAFF/ADAS, Reference Book
427, 3rd ed, HMSO, London. » CrossRef » PubMed » Google Scholar

14.Magid HMA, Abdel-Aal SI, Rabie RK, Sabrah REA (1995) Chicken manure as
a biofertilizer for wheat in the sandy soils of Saudi Arabia. J Arid Environ 29:
413-420. » CrossRef » PubMed » Google Scholar

15.Meng X, YangJ, Xu X, Zhang L, Nie Q, et al. (2009) Biodiesel production from
oleaginous microorganisms. Renew Energ 34: 1-5. » CrossRef » PubMed » Google

Scholar

16. Natarajan M, Varghese TJ (2003) Studies on the effects of poultry manure,
digested sewage sludge cake and cow-dung on the growth rate of Catla catla
(Hamilton) and Cyprinus carpio var. communis (Linneaus). Agri Wastes 2: 261-
271. » CrossRef » PubMed » Google Scholar

17.Ortiz Escobar ME, Hue NV (2008) Temporal changes of selected chemical
properties in three manure - Amended soils of Hawaii. Bioresourc Technol 99:
8649-8654. » CrossRef » PubMed » Google Scholar

18.Saydut A, Duz MZ, Kaya C, Kafadar AB, Hamamci C (2008) Transesterified
sesame (Sesamum indicum L.) seed oil as a biodiesel fuel. Bioresourc Technol
99: 6656-6660. » CrossRef » PubMed » Google Scholar

19. Schefferle HE (1965) The Decomposition of Uric Acid in Built Up Poultry Litter.
J Appl Bacteriol 28: 412-420. » CrossRef » PubMed » Google Scholar

20. Soletto D, Binaghi L, Ferrari L, Lodi A, Carvalho JCM, et al. (2008) Effects of
carbon dioxide feeding rate and light intensity on the fed-batch pulse-feeding
cultivation of Spirulina platensis in helical photobioreactor. Biochem Eng J 39:
369-375. » CrossRef » PubMed » Google Scholar

21.Spanjers H, Bouvier JC, Steenweg P, Bisschops I, van Gils, et al. (2006)
Implementation of in-line infrared monitor in full-scale anaerobic digestion

process. Water Sci Technol 53: 55-61. » CrossRef » PubMed » Google Scholar

22.Vu V, Prapaspongsa T, Poulsen H, Jgrgensen H (2009) Prediction of manure
nitrogen and carbon output from grower-finisher pigs. Ani Feed Sci Technol
151: 97-110. » CrossRef » PubMed » Google Scholar

23. Watanabe A (1960) List of algal strains in the collection at the Institute of Applied
Microbiology, University of Tokyo. J Gen Appl Micro 6: 283-292. » CrossRef
» PubMed » Google Scholar

24.Widjaja A, Chien CC, Ju YH (2009) Study of increasing lipid production from
fresh water microalgae Chlorella vulgaris. J Taiwan Instit Chem Eng 40: 13-
20. » CrossRef » PubMed » Google Scholar

25.Xu H, Miao X, Wu Q (2006) High quality biodiesel production from a microalga
Chlorella protothecoides by heterotrophic growth in fermenters. J Biotechnol
126: 499-507. » CrossRef » PubMed » Google Scholar

26.Yan Li, Quin JG (2005) Comparison of growth and lipid content in three
Botryococcus braunii strains. J Appl Phycol 17: 551-556. » CrossRef » PubMed

» Google Scholar

J Microbial Biochem Technol

Volume 2(2) : 051-057 (2010) - 057

ISSN:1948-5948 JMBT, an open access journal


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4ST4C9V-1&_user=10&_coverDate=12%2F31%2F2008&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4ac6ee0486620f49bf6f4cf06f8d9e7c
http://www.ncbi.nlm.nih.gov/pubmed/18571401
http://scholar.google.co.in/scholar?hl=en&q=Allantoin-N+concentration+changes+and+analysis+of+the+influencing+factors+on+its+changes+during+different+manure+composting&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/e83522210410544m/
http://scholar.google.co.in/scholar?hl=en&q=Chen+F%2C+Johns+MR+%281991%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4Y3K130-4&_user=10&_coverDate=05%2F31%2F2010&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=9909e64ae21d8e94ee2acc65d553064e
http://www.ncbi.nlm.nih.gov/pubmed/20053551
http://scholar.google.co.in/scholar?hl=en&q=Chinnasamy+S%2C+Bhatnagar+A%2C+Hunt+RW%2C+Das+KC+%282010%29+Microalgae+cultivation+in+a+wastewater+dominated+by+carpet+mill+effluents+for+biofuel+applications.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www3.interscience.wiley.com/journal/113453636/abstract?CRETRY=1&SRETRY=0
http://www.ncbi.nlm.nih.gov/pubmed/17089436
http://scholar.google.co.in/scholar?hl=en&q=Ding+S%2C+Tan+T+%282006%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VFR-4SNXT4M-1&_user=10&_coverDate=01%2F31%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=09878927a68d7e62c4f172e82c34e316
http://www.ncbi.nlm.nih.gov/pubmed/18538557
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXV-4B22W71-3&_user=10&_coverDate=01%2F31%2F2004&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326241685&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=acb5c263f29bfaf9ccd69206d622af8a
http://scholar.google.co.in/scholar?hl=en&q=Influence+of+Storage+of+Deep+Litter+Manure+on+Ammonia+Loss+and+Uniformity+of+Mass+and+Nutrient+Distribution+following+Land+Spreading&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5N-4R7J67F-2&_user=10&_coverDate=05%2F15%2F2008&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326247095&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=933a2939b020216cbeb853f925a6bc63
http://scholar.google.co.in/scholar?hl=en&q=Jacob-Lopes+E%2C++%282008%29+&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TFH-4SB7TPT-1&_user=10&_coverDate=01%2F31%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326251235&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=0ecce5207e3168366577bf2199bc0148
http://scholar.google.co.in/scholar?hl=en&q=Jacob-Lopes+E%2C++%282009%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6VFR-4TY4MS2-1&_user=10&_coverDate=03%2F31%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=c512ab0217488033e97b8333dc2077b0
http://www.ncbi.nlm.nih.gov/pubmed/19014880
http://scholar.google.co.in/scholar?hl=en&q=Kaikake+K%2C+Sekito+T%2C+Dote+Y+%282009%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/k6712q0642620302/
http://www.ncbi.nlm.nih.gov/pubmed/19322523
http://scholar.google.co.in/scholar?hl=en&q=Liang+Y%2C+Sarkany+N%2C+Cui+Y+%282009%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/3301562k0463654r/
http://www.ncbi.nlm.nih.gov/pubmed/18795284
http://scholar.google.co.in/scholar?hl=en&q=Effects+of+nitrogen+sources+on+cell+growth+and+lipid+accumulation+of+green+alga+Neochloris+oleoabundans.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://pcp.oxfordjournals.org/cgi/content/abstract/33/8/1175
http://scholar.google.co.in/scholar?hl=en&q=Livne+A%2C+Sukenik+A+%281992%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Analysis+of+agricultural+materials.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WH9-4G959J7-F&_user=10&_coverDate=03%2F31%2F1995&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326279846&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=637b1220ea9a535df55ad82737d41956
http://scholar.google.co.in/scholar?hl=en&q=Chicken+manure+as+a+biofertilizer+for+wheat+in+the+sandy+soils+of+Saudi+Arabia.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V4S-4SYD9N6-4&_user=10&_coverDate=01%2F31%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326284825&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a58c3d1ce36e23d5c6fb899c5ce499cb
http://scholar.google.co.in/scholar?hl=en&q=Biodiesel+production+from+oleaginous+microorganisms&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://scholar.google.co.in/scholar?hl=en&q=Biodiesel+production+from+oleaginous+microorganisms&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B75CB-48XK3J6-25&_user=10&_coverDate=12%2F31%2F1980&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326294658&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=3adc578d38ff2c019b5afa94f1b71d6c
http://scholar.google.co.in/scholar?hl=en&q=Natarajan+M%2C+Varghese+TJ+%282003%29+&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4SR6FR3-3&_user=10&_coverDate=12%2F31%2F2008&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b56ac8315fd2e985cce79140a9f23e10
http://www.ncbi.nlm.nih.gov/pubmed/18550367
http://scholar.google.co.in/scholar?hl=en&q=Ortiz+Escobar+ME%2C+Hue+NV+%282008%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-4RWJVTC-7&_user=10&_coverDate=09%2F30%2F2008&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=d521ba16d171436c61a30b05889d7937
http://www.ncbi.nlm.nih.gov/pubmed/18178427
http://scholar.google.co.in/scholar?hl=en&q=Saydut+A%2C+Duz+MZ%2C+Kaya+C%2C+Kafadar+AB%2C+Hamamci+C+%282008%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www3.interscience.wiley.com/journal/119918064/abstract
http://www.ncbi.nlm.nih.gov/pubmed/5852359
http://scholar.google.co.in/scholar?hl=en&q=Schefferle+HE+%281965%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V5N-4PYYV17-1&_user=10&_coverDate=04%2F15%2F2008&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326303764&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=a6a6fc1cc0b309f0e6bcafc4b5032bdb
http://scholar.google.co.in/scholar?hl=en&q=Soletto+D%2C+Binaghi+L%2C+Ferrari+L%2C+Lodi+A%2C+Carvalho+JCM%2C+et+al.+%282008%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.ncbi.nlm.nih.gov/pubmed/16722055
http://scholar.google.co.in/scholar?hl=en&q=Implementation+of+in-line+infrared+monitor+in+full-scale+anaerobic+digestion+process.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://linkinghub.elsevier.com/retrieve/pii/S0377840108003490
http://scholar.google.co.in/scholar?hl=en&q=Vu+V%2C+Prapaspongsa+T%2C+Poulsen+H%2C+J%C3%B8rgensen+H+%282009%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.journalarchive.jst.go.jp/english/jnlabstract_en.php?cdjournal=jgam1955&cdvol=6&noissue=4&startpage=283
http://scholar.google.co.in/scholar?hl=en&q=Watanabe+A+%281960%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B94TY-4V9S0RH-4&_user=10&_coverDate=01%2F31%2F2009&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1326317955&_rerunOrigin=scholar.google&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=f8c84b28bdaf8160a8d529473ce9a96e
http://scholar.google.co.in/scholar?hl=en&q=Widjaja+A%2C+Chien+CC%2C+Ju+YH+%282009%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T3C-4JXXR4T-2&_user=10&_coverDate=12%2F01%2F2006&_rdoc=1&_fmt=high&_orig=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=265c6a127a65b2d0046a7456064afc27
http://www.ncbi.nlm.nih.gov/pubmed/16772097
http://scholar.google.co.in/scholar?hl=en&q=Xu+H%2C+Miao+X%2C+Wu+Q+%282006%29&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0
http://www.springerlink.com/content/y11622721634n500/
http://scholar.google.co.in/scholar?hl=en&q=Comparison+of+growth+and+lipid+content+in+three+Botryococcus+braunii+strains.&btnG=Search&as_sdt=2000&as_ylo=&as_vis=0

	Title

	Authors

	Affiliations

	Corresponding author
	Dates

	Citation
	Copyright

	Abstract

	Keywords
	Introduction
	Materials and Methods
	Microorganism, culture media and PM
	PM decomposition
	Analytical procedures
	PM analysis for N, P and K
	Culture growth


	Results and Discussion
	PM decomposition
	PMD and atmospheric carbon dioxide in autotrophic culture
	Cultivation of microalga ‘with’ and ‘without’ PMD
	Two-stage PMD feeding to enhance biomass
	Enhancement of algal lipid for with PMD and glucose

	Conclusion
	Acknowledgement
	Tables

	Table 1

	Table 2

	Table 3


	Figures

	Figure 1

	Figure 2

	Figure 3

	Figure 4


	References



