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Abstract: The aim of this study is to maximize the biomass and lipid accumulation in microalgae by using
various hydrolysates of fruit wastes as growth medium. Chlorella vulgaris was cultivated in fruit hydrolysates
medium pre-treated by enzymatic, aqueous and acid hydrolysis. The potential of carbohydrate and nutrient rich
fruit waste for biomass and biofuel production by microalgae was investigated based on the hydrolysis
approach. Hydrolyzed fruit wastes from three different pre-treatment methods were compared for microalgae
cultivation for growth and lipid production. The results clearly showed that fruit waste hydrolysates pretreated
with enzymes was more suitable than acid and aqueous hydrolysates and could be able to increase growth and
lipid accumulation in microalgae.
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1. INTRODUCTION

Today’s world is highly dependent on fossil resources as a supply of energy and depletion of finite
fossil fuels would result in a global concern. It is estimated that major portion of world population
depends on the energy derived from fossil fuels [1] and development of alternative energy sources
from plants and microbial origin is necessary [2, 3] as the existing fossil reserves only for few
decades. Biofuels substitute to fossil derived fuels due to similar physicochemical properties [4].
However, sustainability of biofuel depends on the land use, competing with food crops, water and
fertilizer demand [5. Microalgae have advantages than terrestrial oil crops due to their high oil content
and rapid biomass production [6, 7]. Commercialization of microalgae derived fuels is expensive due
to the cost of heterotrophic growth nutrient. Replacing the chemical medium with low cost raw
materials could reduce the problems associated with large scale cultivation of microalgae. Focusing
on organic waste resources as feedstock for biodiesel production by microalgae is one effective
method to produce economically viable biofuel. Agro-industrial wastes that are rich in sugars,
proteins, lipids, vitamins and minerals are used as raw materials for the production of high-value
products by microorganisms [8]. About 30-50% fruit portion is discarded as waste which contain
carbohydrates as major components. Fruit wastes such as peels, pomace and seeds could be a good
feedstock [9] and contains higher reducing sugar values. Pre-treatment of fruit wastes alters the
physio-chemical-biological characteristics resulting in release of sugars and nutrients [10]. Growth
medium influences the growth rate, biomass and lipid production in microalgae and selection of
appropriate pre-treatment is necessary to produce a growth medium from fruit wastes.

Biomass and lipid content of microalgae could be increased by choosing the optimum nutrient regime.
Use of natural wastes as source of growth medium will not only fulfil the nutrient requirements of
microalgae but also reduce the cost of growth medium. Microalgae are being cultivated in various
culture media [11, 12, 13]. Hydrolysates prepared from fruit wastes could serve as suitable nutrient
source due to the presence of carbohydrates and other nutrients. Pre-treatment methodologies can be
categorized into physical, chemical and biological treatments or any combination of them [14].
Various hydrolysis methods are used and selection of suitable method for higher biomass and lipid
accumulation could reduce the cost of biofuel production. Another reason for selection of pre-
treatment methods is that efficiencies depend on the organic waste characteristics [15]. Maximizing
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the bioavailability of nutrients is an important factor in pre-treatment as loss of carbohydrates occurs
during conventional methods.

This study aimed to investigate the integrated microalgae cultivation process consisting of hydrolysis
of fruit wastes and microalgae growth on the resulting hydrolysate using Chlorella vulgaris for
biomass and lipid accumulation. Effects of three different pre-treatments (enzyme, aqueous and acid)
of fruit waste hydrolysates on growth and lipid production were investigated and results are discussed.

2. MATERIALS AND METHODS
Enzyme hydrolysates (EH)

The fruit wastes were collected from the local markets of Bangalore, Karnataka, India and washed to
remove the extraneous matter. Fruit wastes were mixture of wastes from banana, sapota, sweet lime,
orange, apple, mango, pomegranate, watermelon, musk melon and papaya. The peels were separated,
oven dried at 40°C, ground and sieved through mesh screen. The samples thus prepared were treated
with cellulase and pectinase (w/v) followed by placing in a water bath at 50°C for 1 hour. The
enzymatic hydrolysates of the fruit wastes were diluted using sterile distilled water, autoclaved and
used as growth medium.

Aqueous hydrolysates (AQH)

The fruit peels were sun dried, ground into fine powder using a electric blender to obtain a fruit peel
with particle size of 80/100 mesh. Hydrolysates were prepared by dissolving 10 g of ground fruit
peels in 100 mL of distilled water, sterilized and filtered using Whatman’s filter paper (No.1). The
filtrates were diluted in sterile distilled water and used for algae cultivation.

Acid hydrolysates (ACH)

Fruit wastes were added with 6% sulfuric acid solution (50:50 w/v) and incubated at 50°C for 1 h.
After being cooled, the hydrolysate was centrifuged at 5000 rpm for 10 min and then the supernatant
was diluted at varying concentrations and autoclaved for 121°C for 15 mins for microalgae
cultivation.

Batch cultivation

Batch cultivation was carried out in a 500 mL flask containing 150 mL of various concentrations of
enzymatic, aqueous and acid hydrolysates of fruit wastes. The pH of the medium was adjusted to 6.8,
and the alga (~5% v/v) was inoculated and cultivated in an orbital shaker with shaking (120 rpm) at
25°C. A 12/12-h on/off light cycle (200 umol m™s™) was applied for a period of 14 days.

Specific growth rate and Biomass productivity
Specific growth rate p (d™) of the microalgae was calculated according to the following formula [16].
_In (N/No)
Ti-To
Where, N, and N are the dry cell weight concentration (g L™) at the end (T,) and start (T,) of log
phase respectively.

Biomass (g L™) of C. vulgaris grown in fruit hydrolysates medium was determined by measuring the
optical density of samples at 600 nm (ODgy) using UV-Vis spectrophotometer. Biomass
concentration was then calculated by multiplying ODgg Values with 0.6, a predetermined conversion
factor obtained by plotting ODsggo Vversus dry cell weight (DCW). DCW was determined
gravimetrically by centrifuging the algal cells (3,000xg, 10 min) and drying and the biomass yield
was calculated from the Eq.(2)

Biomass yield (g/l) = (B-By) x Volume of culture .. Eq. (1)
where B; was the biomass concentration at the end of cultivation period (T,) and By is the initial
biomass concentration at the beginning of the cultivation period (To).

Biochemical characterization of the isolates

Total proteins were extracted using alkali method and estimated using Bovine Serum Albumin as
internal standard [17]. Total carbohydrates were extracted using hot alkaline solution [18] and
estimated by anthrone method [19].
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Total photosynthetic pigments were estimated by centrifuging the algal cells at 8000 rpm for 10 mins.
The pellets were treated with 100% acetone (5 mL) and kept it overnight at 25°C in dark condition.
After the incubation, the sample was centrifuged and the optical density of the supernatant was
measured at 644, 661 and 470 nm. The levels of pigments were quantified by using the following
formula [20].

Chlorophyll a (mg/L) = 11.24 X Ager6 — 2.404 X Aguss

Chlorophyll b (mg/L) = 20.13 x Agass — 4.19 X Age16

Total chlorophyll (mg/L) = 7.05 % Ags1s + 18.09 X Aguss

Total carotenoids (mg/L) = 1000 % A4z — 1.9 x Chl a - 63.14 x Chl b/214
Lipid extraction

The algal cells were harvested by centrifugation, dried and the total lipids were extracted by solvent
extraction method [21]. A 2:1 mixture of chloroform and methanol was added to the biomass and
sonicated for 10 min. Chloroform layer containing lipid fraction was separated using a separating
funnel and 2 g anhydrous Na,SO, was added for removing moisture. The lipid fraction was taken in a
pre-weighed round bottom flask and the lipid weight was determined after evaporation of chloroform
in a rotary evaporator. Lipid yield was expressed as percentage of the dry cell weight of algal biomass
(% DCW).

Fatty acids extraction and analysis

Fatty acids were extracted from 50 mg dried algal cells with 1 mL of NaOH-CHs;OH. To each aliquot,
0.1 mL of an internal standard of 10 g/L tridecanoic acid (C13:0) dissolved in chloroform was added
for fatty acid quantification. The mixture was shaken for 10 min at 75°C in a waterbath and cooled to
room temperature. Then, 2 mL of boron trifluoride-methanol solution (1:2, v/v) was added, and the
mixture was shaken for 10 min at 75°C and cooled to room temperature. Later, 0.3 mL of saturated
salt solution was added to make a layered solution. Subsequently, 2 mL of hexane was added, and the
mixture was centrifuged.

The upper fatty acids layer was subjected to Gas chromatography mass spectrometry analysis on
Thermo Scientific TRACE GC Ultra comprising an Thermo DSQIIl auto-sampler equipped with
Zebron ZB 5 MS column (30 m x 0.25 mm x 0.25 pm). Helium was used as a carrier gas at a constant
flow rate of 1.0 mL/min and an injection volume of 1 ulL was employed in a splitless mode with the
solvent delay time of 5 min and injection temperature was 250°C. The initial temperature was 40°C
with a hold time of 2 min and the ramp was 300°C at a rate of 10°C/min for a hold period of 5 min.
Fatty acids were identified by a direct comparison of their mass spectral pattern and retention index
with the NIST 05 mass spectral database. Data are reported as an average of triplicate measurements.

3. RESULTS AND DISCUSSION

Chemical composition of hydrolysates obtained through various pre-treatment methods is presented in
Table-1. Total ash content was highest in acid hydrolysate (4.49%) and the total solids were highest in
aqueous hydrolysate (28.81%). It was observed that total protein and reducing sugar content was
higher in enzyme hydrolysate (6.31% and 26.47%).

Table 1. Chemical composition percentage of fruit waste hydrolysates under various pre-treatment methods

Enzymatic Aqueous Acid
Total Ash 3.83+0.20 2.69+0.17 4.49+0.14
Total Solids 27.59+0.10 28.81+0.50 20.67 £ 0.20
Total dietary fibre 32.56+0.61 33.75+0.20 30.49+0.34
Protein 6.31+0.20 6.14 + 0.01 5.23+0.31
Reducing sugar 26.47 £ 0.03 22.37 £ 0.06 24.86 +0.02

Various concentrations viz., 25%, 50%, 75% and 100% of the hydrolysates were prepared in distilled
water and used as growth medium to cultivate C. vulgaris for a period of 14 days. The effect of fruit
waste hydrolysate medium on the growth of microalgae was determined by calculating specific
growth rate, biomass yield and pigment content (Table-2). Growth rate was varied with type of
hydrolysates and concentration. Enzyme hydrolysates (EH) medium produced highest specific growth
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rate of 0.62 p d* at 75% concentration followed by acid hydrolysates (ACH) medium at the same
concentration whereas, specific growth rate of 0.56 p d™* was observed in 100% aqueous hydrolysate
(AQH) medium. Biomass yield (mg L™) was calculated using the biomass concentration at the end
and initial cultivation period and highest yield was obtained in EH medium (47.6 mg L) which was
8% higher than AQH medium. It was also noted that the biomass yield was reduced with increased
hydrolysates concentration. There was a 5% reduction of biomass yield in EH medium when the
concentration was increased from 75% to 100% whereas 13% reduced yield was observed in ACH
medium. Both total chlorophyll and carotenoid contents were highest in EH medium followed by
ACH medium.

Hydrolysates | Specific Growth Biomass yield Total Chlorophyll | Total Carotenoid Lipid Yield
rate (4 d”) (mgL™) (mg L") (mgL™) (mg L™

EH

25 0.47 £0.05 279+1.31 1.47 £0.04 0.03+0.10 9.06 £ 0.22
50 0.56 £ 0.07 35.6 £0.96 2.19+0.20 0.05+0.02 9.27 £0.03
75 0.62 £0.01 476 %0.10 3.61£0.27 0.09+£0.14 12.57 £0.08
100 0.59 £0.10 451+1.04 2.34£0.07 0.07 £ 0.05 10.34£0.14
AQH

25 0.34+0.10 19.3+0.87 0.94 £0.02 0.03+0.01 7.31+0.18
50 041+0.21 27.9£0.05 121+0.34 0.04 £0.21 7.89+0.27
75 0.49 £0.02 41.2+0.64 1.76 £ 0.05 0.06 = 0.04 8.64 £0.33
100 0.56 +0.08 43.6+0.11 2.89 £0.61 0.05+0.11 9.61 +£0.30
ACH

25 0.31 £0.05 292124 1.98 £0.39 0.04 £0.15 8.32+0.16
50 0.48 £0.12 41.3+0.04 3.01 £0.05 0.08 £0.16 7.96 £0.25
75 0.59 £0.02 459 +2.02 247 +£0.15 0.07 £0.03 11.74 £0.09
100 0.58 +£0.06 39.5+0.87 1.62 +0.07 0.04 £0.32 8.51+0.31

Lipid yield was determined gravimetrically and was highest (12.57 mg L™) in cells grown in enzyme
hydrolysate medium at 75% concentration. No significant change in the lipid yield of cells from acid
hydrolysate medium when compared to EH medium. However the yield was low in aqueous
hydrolysate medium which is 31% and 26.4% lower than EH and ACH respectively. It was also noted
that the lipid yield was decreasing when the hydrolysate concentration was increased from 75% to
100% in the case of EH and ACH media. But there was a 10.1% increase when the aqueous
hydrolysate concentration was increased to 100%. Lipid extracts from highest lipid content cells were
subjected to gas chromatography analysis and the results revealed the presence fatty acid belonging to
the groups of C14:0, 16:0 and C18:0. Myristic acid, palmitic acid, palmitoleic acid, stearic acid and
linoleic acid were found in cells derived from the all three hydrolysates media. The presence of oleic
acid in EH media was noted as additional fatty acid methyl ester.

Low cost and alternative carbon sources are desirable to make commercialization of biofuel viable.
Heller et al., [22] observed the oil production rate of 1.9 g L™ day™ using papaya waste as growth
medium for the cultivation of C. protothecoides. Enzymatic hydrolysates of sweet sorghum have
produced a lipid yield of 535.5 mg L™ day™ by C. protothecoides [23]. Pre-treatment of fruit wastes
disrupts the cell wall and makes the carbohydrates accessible to cellulose degrading enzymes [24]. Li
et al., [25] reported the biomass and lipid productivity by C. pyrenoidosa as 1.10 and 0.62 g L™ day™
when using rice straw hydrolysate medium. Liu et al., (2012) observed biomass productivity of 1.55 g
L™ day™tand 0.71 g L™ day™ by Chlorella zofingiensis while using cane molasses as carbon source. Lu
et al., [26] used cassava starch hydrolysates to cultivate Chlorella species and observed biomass
concentration and oil yield as 53.6 g L™ and 28.4 g L™ respectively. Yan et al., [27] reported biomass
yield and oil yield of 70.9 g L™ and 40.8 g L™ by using molasses hydrolysate medium while
cultivating C. protothecoides. Cane molasses pretreated with cation exchange resin produced 1.55 and
0.71 g L™ day™ of biomass and lipid productivity in Chlorella zofingiensis (Liu et al., 2012) [28]. Park
et al., [29] indicated 3.4 times increase in biomass and 4.5 times FAMEs in C. vulgaris grown in the
presence of orange peel extract. These studies were performed with different agro industrial wastes
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using enzyme and acid hydrolysates. Fruit wastes hydrolysates are additional feedstock in the
mixotrophic cultivation of Chlorella [30].

In this study the effect of various pre-treatment methods on the growth and lipid production of C.
vulgaris was examined in addition to determination of suitable an optimal concentration of fruit waste
hydrolysates. Difference among the growth parameters and lipid yield observed among the
hydrolysates indicates the efficacy of using enzymes during pre-treatment process.
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