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Abstract

The effect of CO> enrichment on the content of minerals, crude proteins, carbohydrate, and
total polyphenols and flavonoids as well as antioxidant, cytotoxic and antibacterial activity of
Arthrospira platensis were studied. A. platensis grown with CO2 enriched medium had less
crude protein but more carbohydrate and phytochemical compounds. Increased calcium and
iron contents were also obtained. CO; seemed to increase polyphenols, flavonoids and
tannins, which in turn increased antioxidant activities using the DPPH assay (ICso = 1.64 ug
mL!). Moreover, CO» enrichment increased antibacterial activity, namely against E. coli and
S. enterica. Cytotoxicity was increased with CO», especially with the OVCAR (ICs50=17.5 ug
mL"') and MCF-7 (ICso = 14.5 ug mL™!) cell lines. GC-MS analysis showed that in CO> free
medium 12 bioactive compounds were found. The most abundant compounds were
hexadecanoic acid, methyl ester and n-hexadecanoic acid. However in CO2 enriched medium
results showed the presence of only 7 compounds. Therefore, the use of CO> in the production
of algae may have a positive environmental benefit to reduce the carbon pollution from the

atmosphere and provide a better Spirulina production and quality.

Key words: Arthrospira platensis, Spirulina, CO2 enrichements, phytochemicals,

antibacterial activity, OVCAR, MCF-7.
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Introduction

Global atmospheric carbon dioxide (COz) concentration has significantly increased since the
industrial revolution (270 to 400 ppm), elevating by about 2 ppm/yr during the past few
decades (Dlugokencky et al., 2018; Moreira & Pires, 2016). Global CO; emissions are about
30 Gt/yr, which creates an imbalance in the natural carbon cycle leading to its accumulation
in atmosphere (IPPC, 2001). This elevated global atmospheric CO> concentration may not
only cause climate warming, but also cause profound impacts on the net primary productivity
of agricultural and natural ecosystems (Zheng et al., 2018).

The reduction of greenhouse gases has become a priority issue (Yoshioka et al., 2013).
Photosynthesis by microalgae using atmospheric CO; is one process that can reduce CO: in
the atmosphere (Jeon et al., 2005; Kim & Lee, 2018; Tarko et al., 2012). Cyanobacterium are
a blue-green algae found in aquatic and terrestrial habitats. Microalgae produce different
compounds, many with bioactivity (Abd El-Baky et al., 2009; Kumari et al., 2014; Wang et
al., 2003). Microalgal production in raceway ponds seems to be the best method for large
scale production. A. platensis is a small spiral-coil shaped blue green algae that grows
naturally in mineral-rich alkaline waters, and is increasingly farmed around the world due to
its many benefits. Many studies have described A. platensis higher productivity with CO>
added to growing medium (Gordillo et al., 1999; Ravelonandro et al., 2011; Singh & Singh,
2014). However, none has qualitatively evaluated the bioactive compounds with a CO
enriched culture media.

Generally, outdoor open raceways have been used in the production of microalgae and
cyanobacteria at the commercial level (Castro et al., 2015; Costa et al., 2003; Richmond et al.,
1999; White & Ryan, 2015).

Several reports dealing with the effects of increasing atmospheric CO2 concentration on the

growth parameters and biochemical composition have been done with plants (Reitz et al.,
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1997; Wang et al., 2003; Yusuke et al., 2007) and algae (Gordillo et al., 1999; Kumari et al.,
2014; Singh & Singh, 2014). Algae have an important role in the carbon cycle and their
response to elevated CO> are of potential benefit (Xu et al., 2010). However, information
about the effects of elevated CO; on the health-promoting phytochemicals in food algae are
limited. This study aims to assess the impact of CO; enrichment on phytochemical levels in A.
platensis extracts: (1) polyphenols, flavonoids and tannins content, and (ii) antioxidant (TAC,

DPPH and FRAP assays), anti-bacterial and cytotoxic activities.

Materiel and Methods

Algae strain, growth medium and culture conditions

The A. platensis strain was obtained from Eden Life (a Tunisian company specializing in the
production of microalgae) located in the south of the country (Kettana, Gabes). The A.
platensis algae were cultivated using the standard Zarrouk medium (containing
macronutrients: NaHCOs: 18.0, NaNOs: 2.5, KoHPO4: 0.5, K2SO4: 1.0, NaCl: 1.0, CaCly:
0.04, Na2EDTA: 0.08, MgS04.7H>0: 0.20, FeSO4.7H20: 0.01 and trace elements: H3BOs:
2.86, (NH4)s M0704: 0.02, MnCl2.4H20: 1.80, CuS0O4.5H20: 0.08, ZnSO4.7H20: 0.22 (g/L))
(Zarrouk 1966). A. platensis cultivation was done in 10 m’ raceway ponds. A raceway is an
oblong and superficial recirculating pond with semi-circular ends. A paddlewheel
continuously circulates (30 cm/s) and mixes and aerates the algal broth in the channel. Ponds
(50 cm depth) were placed in a controlled glass house protected from UV light, using plastic
film. In the open raceway ponds, the volume of the medium was maintained unchanged by the
replacement of the water lost by evaporation. The cultures were illuminated using halogen
spots (Decostar Titan 51, 12V, 35 W; Osram GmbH, Munich, Germany) which provided 52—
55 umol (photon) m~ s and light/dark cycles of 16/8 h at 25 °C and aerated continuously

with liquid CO; at ~50 bar with a flow rate of 0.3 L min'!. The high purity CO2 (99.9%) was
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provided by the Air Liquide Co. (Sfax, Tunisia). The bubbling of the CO: in the raceway pond
is done using an air flow meter diffuser (Air Liquide, HBS 315/8 ¢7 1206) with a pipe in the
form of a T for greater diffusion. The culture was filtered through a fine mesh (about 30 pm)
which collects the Spirulina biomass. The fresh biomass was then dried using a self made
solar panel hot air drier and vacuum stored at room temperature (2343 °C), before extractions

were carried out for a maximum of 10 wk.

Proximate Analysis
Analyses of A. platensis for ash was done using combustion at 550 °C overnight (Woyewoda
et al., 1986). Moisture content was assayed as follows: about 3 L of the algal culture were
collected and filtered through a pre-weighed 30 um mesh filter (Diatex, Laval, France).
Samples were weighed before and after drying for 15 h at 105 °C. Water content is calculated
by the difference between the fresh weight (fw) and the dry weight (dw). Total sugars were
determined using the phenol-sulfuric acid method (Dubois et al., 1956).
Kjeldahl apparatus and method (using a DK8 digester and UDK 129 distillation unit, Velp-
Scientifica, Usmate, Italy) was used to determine the total nitrogen content in A. platensis
samples (AOAC, 1996). After total nitrogen content determination, crude protein contents
were calculated:

N% = V*0.0014*(100/M)

P% = N%%*6.25

(Where V = sulfuric acid volume and M = dw)

Mineral composition determination
Contents of Ca, Cd, Fe, K, Mg, Na, Pb, and Zn were assayed according to the method of

Indrayan et al. (2005). Mineral compositions of the sampled were made as follows: 20 to 25
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mg of dried samples were ashed using 50 mL 1% hydrochloric acid then filtered using a
Whatman ashless filter paper (GE Healthcare, GmbH, Freiburg, Germany). Atomic
absorption spectrometry (Perkin Elmer Model AAS 4100, Boston, MA, USA) was used for

determination of mineral contents. All the analysis were evaluated in triplicate.

Soxhlet lipid extraction

Lipid content was analyzed according to the method of Ramluckan et al. (2014). Briefly, dried
biomass (0.5 g) was extracted in chloroform for 5 h using a solid-liquid extraction system
(Soxhlet extractor CG-1374 GPE Scientific, Ltd., Bedford, UK). The extract was then

concentrated on a rotary evaporator and weighed.

Preparation of methanol extracts

Dried biomass of A. platensis was extracted using methanol with a constant solid/liquid ratio
of 1:10 (w/v). The solid-liquid extraction was done for 2 h, where the suspension was
continuously mixed using a magnetic agitator (AREX Velp-Scientifica, Italy). The extraction
was carried out in the dark at room temperature and then the liquid was separated by
centrifugation (2,200 g) for 10 min at 20°C using a HERMLE Z 513 K centrifuge (Hermle
Labortechnik, Wehingen, Germany). Then, a rotary vacuum evaporator R-200 (Biichi
Labortechnik, Flawil, Switzerland) was used to evaporate the extract. The supernatant

samples were dissolved in methanol (10 mg mL™).

Total polyphenols content (TPC)
TPC was determined spectrophotometrically using the Folin-Cioclateu method (Singleton et
al., 1999). Briefly, 0.1 mL of sample extract was mixed with 0.5 mL of 10-fold diluted Folin-

Ciocalteu’s phenol reagent and allowed to react for 5 min. Then 0.4 mL 7% Na>COs solution
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was added and the final volume was brought to 2 mL with distilled water. After 1 h at room
temperature, the absorbance at 760 nm was measured using a UV-VIS Spectrophotometer
(2005, JP Selecta S.A., Barcelona, Spain). A calibration curve was prepared using gallic acid
(GA) as a positive control. Results were expressed as mg GA equivalents(E)/g of the

Spirulina dw.

Total flavonoids content (TFC)

TFC was done using a colorimetric method according to Dewanto et al. (2002). An aliquot
(500 pL) of algae extract or standard solution of catechin (C, 0 to 500 ug mL!)was added to
1.5 mL distilled water, 150 pL 5% sodium nitrite solution and mixed for 6 min before
addition of 150 pL 10% aluminum chloride. Volume was adjusted with distilled water to 2.5
mL and incubated at room temperature for 6 min. Reaction was completed by adding 500 pL
4% sodium hydroxide. The final absorbance was determined at 510 nm against a blank. The
TFC was reported as mg CE/g dw against the calibration curve of catechin, from 0 to 500

pugmL™!.

Tannins content

Condensed tannins were assayed using the method previously described by Sun et al. (1998).
A. platensis extract (50 uL) was added to, 3 mL 4% vanillin (w/v in methanol) and 1.5 mL
concentrated HCI. Then the absorbance was measured at 500 nm after incubation in the dark
(15 min), at room temperature. The content of total condensed tannins in Spirulina extract is

expressed as mg CE/g dw.

In vitro antioxidant assays

Total antioxidant activity (TAC)
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The TAC was determined using the phosphate molybdate method (Prieto et al., 1999).
Briefly, 0.1 mL of extract was combined with 1 mL of solution composed of sulfuric acid (0.6
M), sodium phosphate (28 mM) and ammonium molybdate (4mM). The mixture was then
incubated at 95 °C for 90 min. The absorbance was measured at 695 nm, after cooling to

room temperature. Results were expressed as mg GAE/g dw.

DPPH radical scavenging assay

The stable free radical scavenging activity was evaluated using the DPPH assay (Shekhar and
Anju, 2014). A methanol extract of A. platensis was mixed, at equal volume, with 2,2-
diphenyl-1-picrylhydrazyl (DPPH, 100 mM), then incubated at room temperature, for 15 min.
The absorbance was determined at 517 nm. Butylated hydroxytoluene (BHT) was used as a
positive control. These measurements were done in triplicate and the percentage of inhibition
of DPPH oxidation (P;) was calculated using the following formula:

Pi = ((Ab-As)/Ab)*100

Where Ay is the absorbance of the control and As is the absorbance of the extract. The 50%
inhibitory concentration (ICsp) was expressed as the quantity of the extracts to react with a
half of DPPH radicals. The 1Cso values were calculated using linear regression analysis and

used to indicate antioxidant capacity.

Ferric Reducing Antioxidant Power assay (FRAP)

The FRAP assay was done according to the process of Benzie and Strain, (1996). The FRAP
reagent was prepared from 0.3 M acetate buffer (pH 3.6), 10 mmol 2,4,6-tripyridyl-s-triazine
(TPTZ) solution in 40 mmol hydrochloric acid and 20 mmol iron (III) chloride solution with
the ratio 10:1:1 (v/v/v). Briefly, 50 uL of sample of phytochemicals (three replicates) were

added to 1.5 mL of the FRAP reagent. Four min after, the absorbance was determined at 593
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nm. The standard curve was constructed using FeSO4 solution (from 50 to 200 pg mL'), and

the results were expressed as ug mL™! Fe (1I).

Gas Chromatography — Mass Spectrometry (GC-MS)

The chemical identification of volatile compounds from the organic extracts was determined
using the method of Kohoude et al. (2017). The gas chromatography-mass spectrometry was
an Agilent Technologies GC systems with a GC-7890A/MS-5975C model (Agilent
Technologies, Santa Clara, CA, USA) equipped with a fused silica capillary DB-5MS column
(5% phenyl-methylpolysiloxane, 30 x 0.25 mm, film thickness 0.25 pm, Agilent
Technologies). Chromatographic conditions were; 50 °C hold for 1 min, up to 250 °C at the
rate of 10 °C min! and then held 1 min at 250 °C. After that, a second gradient was used
going to 300 °C at 50 °C min'and finally a 300 °C hold for 3 min. For analysis reasons, the
samples were dissolved in their principal solvents. Ten uL of each extract was injected (into a
200 °C heated injector) with the ratio of 1:10 in the split mode. The carrier gas used was
helium with a flow rate of 1 mL min!. The mass spectrometer was adjusted for an emission
current of 10 uA and electron multiplier voltage 1400 - 1500 V. Trap temperature was 250 °C
and that of the transfer line was 270 °C. Mass scanning was in the interval of 40 to 650 amu.
The identification of the compounds was done using mass spectra comparison with those
obtained in NISTO08 (National Institute of Standards and Technology, https://www.nist.gov/),
using AMDIS software (Automated Mass Spectral Deconvolution and Identification System,
https://chemdata.nist.gov/dokuwiki/doku.php?id=chemdata:amdis).

AMDIS is a software used for GC-MS data interpretation from NIST. The goal was to find
the maximum similarity, in terms of spectra, between the compounds detected in extracts and
those suggested by the NIST database. Finally, the retention index facilitated certain

assignments.
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Cytotoxicity evaluation

Cytotoxicity of extracts against human breast (MCF-7), ovarian (OVCAR) and colon (HCT-
116) cancer cell lines, ordered from the American Type Culture Collection (ATCC Co.,
Manassas, VA, USA), was estimated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) assay of El Euch et al. (2015). The HCT-116 cell line was grown
in Gibco RPMI 1640 medium (Thermo Fisher Scientific, Paisley, UK),while MCF-7 and
OVCAR cell lines were grown in Dulbecco's modified eagle medium (DMEM) (Thermo
Fisher Scientific) supplemented with 10% faetal calf serum (Gibco, Langley, OK, USA), air
and 5% COaz. Briefly, 100 uL of cells were distributed in 96-well plates at a concentration of
10* cells/well and incubated at 37 °C for 24 h. Then, 100 uL of cells in exponential growth
phase were incubated in a fully humidified atmosphere at 37 °C for 48 h with the addition of
100 uL of the culture medium, supplemented with 2 mM L-glutamine and 50 pug mL™*
gentamycin, containing extracts at a concentration of 50 mg L'!. The medium was removed
and cells were treated with MTT solution, i.e., 50 uL, 1 mg mL"! in phosphate buffered saline
(PBS) and incubated at 37 °C for 40 min. MTT solution was then discarded and dimethyl
sulfoxide (DMSO) (50 puL) was added to dissolve the blue crystals. A microplate reader
(Multiskan Go, F1-01620, Thermo Fisher Scientific, Vantaa, Finland) was used to measure

the absorbance at 605 nm. Tamoxifen (100 pM) was used as a positive control.

Antibacterial activity
The A. platensis extracts were tested individually 9 human-pathogenic microbial strains: 6
Gram positive bacteria (Enterococcus faecalis; Listeria monocytogenes; Bacillus subtilis;

Bacillus cereus; Bacillus thuringiensis; Micrococcus luteus) and 3 Gram-negative ones

10



239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

(Salmonella enterica; Escherichia coli; Klebsiella pneumoniae). The bacteria used were
selected for their involvement in the human skin, oral and intestinal tract.

The antimicrobial activities of Spirulina extracts were assayed using the well diffusion
method according to NCCLS M2-A5 (NCCLS, 1993). Inoculum containing 10° colony-
forming units (cfu) mL"! of each bacterial culture to be tested was spread on Mueller-Hinton
(MH) agar plates with a sterile swab moistened with the bacterial suspension. Subsequently,
wells of 6 mm diameter were punched, using a sterile agar cutter, into the MH agar medium.
The antimicrobial activity of the Spirulina extract was checked by introducing 50 pL of 100
ug mL! concentrations into triplicate wells. An additional wells in each plate was filled with
the solvent DMSO, which served as the negative controls while ampicillin (5 ug mL™') was
used as positive control. The culture plates were allowed to diffuse for 2 h at room
temperature. The plates were then incubated, for 24 h, in the upright position at 37 °C. After
that, the antimicrobial activities of the algae extract and the standard antibiotic were
determined. Zones of the inhibition around each of the extract and the antibiotic were
measured to the nearest mm using a digital caliper (Shanghai Taihai Congliang Ju Co., Ltd.,

Shanghai, China). Three replicates were carried out for each test microorganism.

Statistical Analysis

Data were expressed as the mean value + SD of 3 replicate samples. The statistical analyzes
were done using the one way analysis of variance (ANOVA) procedure with the Statistical
Package for the Social Sciences (SPSS) version 20.0 software (IBM Corp, released 2011,
Armonk, NY, USA). When p < 0.05, differences were considered as statistically significant

according to Fisher's LSD test.

11
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Results

Proximate analysis

The proximate composition parameters of A. platensis with controlled (-COz) or carbon
dioxide enriched medium (+CO,) is reported in Table 1. Results showed low moisture content
with both culture media. Increased COz in the culture medium seemed to decrease protein
content and to increase carbohydrate, while moisture, ash and fats contents remained

unchanged with CO; treatment (Table 1).

Mineral element composition

Results in Table 2 show that A. platensis powder contains high amounts of K, Mg and Na
(more than 1.1 g/100 g dw) followed with Ca than iron. Enhanced CO: in the culture medium
affected the mineral composition differently: No significant trend was detected for K, Mg, Zn
and Na, while a significant increase was seen for Fe (26%) and Ca (21%). Pb and Cd were not

detected with both media.

Phytochemical

Contents of polyphenols compounds expressed as GAE and flavonoids and tannins contents
expressed as CE were measured in A. platensis methanolic extracts (Fig. 1). Elevated CO; in
the culture medium (+CO2) significantly increased the polyphenols, flavonoids and tannins.
Amongst the components detected in the methanol extract of A. platensis, polyphenols
showed the most important increase in COz enriched medium reaching 54%, while flavonoids

reached 36% and tannins only 28%.

Antioxidant activity

12
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The antioxidant activity of A. platensis methanolic extracts was evaluated. Three
complementary experiments were used to estimate the antioxidant activity of A. platensis:
TAC, DPPH free radical-scavenging activity and FARP. It is important to use different
measures of antioxidant capacity, because many factors can influence this capacity. As
summarized in Figure 2, TAC ranged from 25 to 35 mg GAE g™ dw, respectively with CO;
free (-CO») and CO; fed (+CO2) medium The half-maximal inhibitory concentration (ICso) is
an estimation of the efficiency of a substance in reducing a specific biological and/or
biochemical function. It represents the amount of a compound or bioactive molecule that is
required for 50% inhibition in vitro. A. platensis methanol extracts had the capacity to reduce
DPPH. CO; enrichment induced a stimulation of antioxidant activities, the ICso were

increased by 25 and 65% for DPPH and FRAP, respectively.

Antibacterial activity

The antibacterial activities of A. platensis methanol extracts was determined against 6 Gram-
positive bacteria and 3 Gram-negative ones and results are shown in Table 3. A. platensis
methanolic extract showed the highest mean ZOI against the Gram-positive L. monocytogenes
and B. thuringiensis while it showed lower ZOI against the other Gram-positive studied
bacteria. For Gram-negative bacteria, the maximum ZOI was observed against K.
pneumoniae. E. coli showed the minimum ZOI against all the studied bacteria. No ZOI was
found in the DMSO blind control whereas in the positive control ampicillin (5 pg) ZOI
ranged from 15 to 20 mm against all the studied bacteria. Increased COxconcentration level
with culture conditions (+CO.) directly affected responses of A. platensis methanol extract
with both E. coli and S. enterica bacteria by increasing ZOI. The other bacteria showed no

significant trend with elevated COz in the culture medium.

13
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Cytotoxic activity

Anticancer activity of A. platensis methanol extracts with different concentrations were
determined using the cell lines viability assay. Table 4 summarizes cytotoxic effects of A.
platensis methanol extracts on the three cell lines viability and ICso values. With controlled
conditions (-CO), no inhibition was found in the three cancer cell lines. For algae treated
with CO; A. platensis methanol extracts were found to inhibit proliferation of human colon
(HCT-116), breast (MCF-7) and ovarian (OVCAR) cancers. The overall results indicated that
A. platensis methanolic extracts cultivated with elevated CO> concentration showed the

strongest cytotoxic activities towards cancer cells HCT-116.

GC-MS analysis

The A. platensis methanolic extract using GC-MS analysis showed the presence of 12 volatile
compounds. Table 5 shows the compounds with their retention time (RT) and molecular
formula. In the CO> free medium, the methanol extract of A. platensis showed 12 compounds.
The most abundant compound was the hexadecanoic acid, methyl ester. The n-hexadecanoic
acid; 8,11-octadecadienoic acid, methyl ester and phytol were also found at intermediate
quantities as compared to the other compounds. However in CO; enriched medium results
shown in Table 5 showed only 7 compounds. Glycerin; 4:3,6-dianhydro-a-d-glucopyranose;
heptadecane; 4-hydroxy-B-ionone and 3'.8,8'-trimethoxy-3-piperidyl-2,2'-binaphthalene-
1,1',4,4'-tetrone were not detected. The production of the n-hexadecanoic acid was reduced by
80% with the CO> enrichment. The quantities of the other compounds are greater than or
equal for the CO; enriched system. The majority of compounds extracted were fatty acids or

esters of fatty acids.

Discussion

14



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

CO; enrichment did not alter the mineral composition in A. platensis (Table 2). A. platensis
could be considered as good sources of minerals and available carbohydrate with low levels
of fats. Previous studies reported different trends of minerals and proximate composition
(Babadzhanov et al., 2004; Branger et al., 2003; Oluyemi et al., 2006). This could be due to
different growth conditions, locality and culture medium composition.

Enhanced CO: in the culture medium increased carbohydrate content (Table 1). A stimulation
of growth, photosynthesis rate and biochemical composition with elevated CO2 are shown in
most reviews (Bazzaz, 1990; Mattson et al., 2005). Exposure of plants to elevated CO>
usually leads to amplified rates of net photosynthesis which often enhances total non-
structural carbohydrates concentration (Booker, 2000). Enhanced polyphenols, flavonoids and
tannins in A. platensis with CO2 enrichment was found (Table 3). According to the carbon
nutrient balance theory, that with higher atmospheric CO», the increases of the carbon to
nitrogen ratio induces the synthesis of secondary metabolites by carbon allocation to the
secondary metabolism (Tisserat &Vaughn, 2001). CO; enrichment conditions significantly
enhanced polyphenols content (20 mg g!) flavonoids (10 mg g') and tannins (5.4 mg g'!) in
A. platensis, and these high contents were associated with elevated antioxidant activity (Fig.
2). Elevated CO; may allow for the removal of free radicals, which are associated with
increased antioxidant capacity (Wang et al., 2003). The polyphenols contained different
bioactivities, including anti-inflammatory, antiviral, antioxidant, antithrombotic, vasodilatory,
and anticarcinogenic properties (Singh & Patra, 2018). Wu et al. (2005) estimated that the

total polyphenols and other metabolites are linked to antioxidant properties.

The role of dietary antioxidants and their potential health and disease benefits have been
studied (Huang, 2018). Components with antioxidant activity are found in only a few species
of algae (Shanab et al., 2012). Phenolic compounds acquire antioxidant activity in biological

systems (Lin et al., 2016; Pourreza, 2013). Although the accumulation of polyphenols in
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plants is well known, the antioxidant properties of algae are poorly known. These results
suggested that the methanol extracts of A. platensis may be a promising new source of natural
compounds with antioxidant ability. The antioxidant activity of A. platensis extracts appeared
to be related to their high polyphenols content, since the DPPH scavenging activity of the
extracts is correlated with the increase of their polyphenols content. The scavenging activity
of phenols extracts of Spirulina maxima toward DPPH radicals suggested that the antioxidant
activity was carried out by mechanisms that needed electron and hydrogen donors (Abd El-
Bakyet al., 2009; El Jemli et al., 2016). The polyphenols of Spirulina extracts can obstruct the
chain reactions of the lipid peroxidation process by providing hydrogen atom to the free
radicals. The avoidance of the beginning step of the chain reaction by scavenging free radicals

is considered to be an important mode action (Ramdani et al., 2017; Ruberto et al., 2001).

Increased COz in the culture medium ameliorated cytotoxic effects against human ovary
cancer cells (OVCAR) and breast cancer cell lines (MCF-7) while no cytotoxic effects were
detected against colon carcinoma cells (HCT-116) (Table 4).

Some studies reported that tumors were prevented with algae extracts (Abu Zaid et al., 2015;
Farooqi et al., 2012; Martinez et al., 2018), because of their antioxidant properties (Abu Zaid
et al., 2015). Mohd-Syabhril et al. (2012) described the importance of chemo in treating cancer.
Hence, new anticancer agents should be sought from various resources. An important number
of anticancer compounds are natural products or their derivatives, mostly produced by
photosynthetic microalgae (Khan et al., 2018).

Enriching plants with high CO; levels has been shown to increase the bioactive compounds
and their biological activities (Idso et al., 2000; Karimi et al., 2016). Variation of secondary
metabolites and phytochemicals, for example, total polyphenols, flavonoids, fatty acids and

volatile compounds, may result in high anti-cancer activity of algae and or plants.
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Both extracts of A. platensis (-CO2 and +CO2) showed different pattern of antibacterial
activities. The difference in the response between Gram-negative and Gram-positive bacteria
could be due to the difference in their cell wall structure. CO2 enriched medium seems to
enhance the antibacterial effect of A. platensis methanolic extracts on S. enterica, E. coli, and
K. pneumoniae (Table 3). It appears that extracts with important anti-microbial activities
against Gram-negative bacteria do not necessarily exert a high activity against other Gram—
negative bacteria compared to Gram-positive bacteria (Elisha et al., 2017).

The mechanisms of antitumoral, antiviral and antimicrobial effects of A. platensis are due to
its composition of endonuclease and fatty acids (specially high amount of y-linolenic acid),
respectively, as well as to its phycocyanin pigment, a brilliant blue polypeptide (Hoseini et al.,
2013).

The production of volatile compounds was higher without CO; than with CO; enrichment.
This trend can be linked to the production of high molecular weight compounds with CO>
enrichment, and therefore fewer volatiles. These points to the possibility of forming other
antioxidant, antibacterial and cytotoxic compounds in a CO; enriched medium, such as

polysaccharides (Chaiklahan et al., 2013) and/or proteins (Wang & Zhang, 2017).

Conclusion

Elevated CO; is known to have a positive effect on photosynthetic activity, growth, biomass
accumulation and yield. Higher photosynthetic activity can result in carbon accumulation,
which can affect a wide range of metabolic functions including primary and secondary
metabolisms in algae. CO2 enrichment of the culture medium of A. platensis enhanced the
accumulation and distribution of bio-active compounds such as polyphenols and flavonoids,
fatty acids or esters, volatile compounds as well as their antioxidant, antibacterial and

anticancer activities. The results of antioxidant activity of A. platensis indicated a good
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potential, especially when grown with elevated carbon dioxide. A screening fractionation is
planned to identify the most active phenolic compounds in Spirulina extracts. The search is in
progress to find new safe and effective antioxidants for use in foods and pharmaceutical
preparations to replace synthetics. Therefore, the production of algae under CO> enrichment
could be used as one of the solutions of carbon sequestration to achieve permanent removal of
the carbon from the atmosphere. Further extensive experiments will be required to confirm

this approach.

Conflict of interest
The authors confirm that they have no conflicts of interest with respect to the study described

in this manuscript.

Acknowledgments

This work was supported by the Tunisian Ministry of Higher Education and Scientific
Research by funds allocated to 19PEJCO05-13 project and to the Laboratory of Biodiversity
and Valorisation of Bioresources in Arid Zones (LRI18ES36). The authors would like to
express their sincere gratitude to Prof. Chedly Abdelly for being available all the time for
discussion and help. We are very grateful to Hedi Gazbar, general manager of "Eden Life" for

providing Spirulina.

18



430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

References

Abd El-Baky, H., El Baz F.K., & El-Baroty, G.S. (2009). Production of phenolic compounds
from Spirulina maxima microalgae and its protective effects. African Journal of
Biotechnology, 8(24), 7059-7067.

Abu Zaid, A.A., Hammad D.M., & Sharaf, E.M. (2015). Antioxidant and anti-cancer activity
of Spirulina platensis water extracts. International Journal of Pharmacology, 11, 846-851.
AOAC. (1990). Official Methods of Analysis of the AOAC, 15th ed. Methods 932.06,
925.09, 985.29, 923.03. Association of Official Analytical Chemists. Arlington, VA, USA.
Babadzhanov, A.S., Abdusamatova, N., Yusupova, F.M., Faizullaeva, N., Mezhlumyan, L.G.,
& Malikova, M.K. (2004). Chemical composition of Spirulina platensis cultivated in

Uzbekistan. Chemistry of Natural Compounds, 40(3), 276-279.

Bazzaz, F.A. (1990). The response of natural ecosystems to the rising global CO; levels.
Annual Review of Ecology, Evolution, and Systematics, 21, 167-196.

Benzie, LF.F. & Strain, J.J. (1996). The ferric reducing ability of plasma (FRAP) as a measure
of antioxidant power: The FRAP assay. Analytical Biochemistry, 239, 70-6.

Booker, F.L. (2000). Influence of carbon dioxide enrichment, ozone and nitrogen fertilization
on cotton (Gossypium hirsutum L.) leaf and root composition. Plant Cell Environment, 23,
573-583.

Branger, B., Cadudal, J.L., Delobel, M., Ouoba, H., Yameogo, P., Ouedraogo, D., Guerin, D.,
Valea, A., Zombre, C., & Ancel, P. (2003). Spiruline as a food supplement in case of infant
malnutrition in Burkina-Faso. Archives de Pédiatrie, 10(5), 424-31.

Castro, G.F.P.S., Rizzo, R.F., Passos, T.S., Santos, B.N.C., Dias, D.S., Domingues, J.R., &
Lima-Aradjo, K.G. (2015). Biomass production by Arthrospira platensis in different culture

conditions. Food Science and Technology, 35(1), 18-24.

19



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

Chaiklahan, R., Chirasuwana, N., Triratanaa, P., Lohab, V., Tiab, S., & Bunnaga, B. (2013).
Polysaccharide extraction from Spirulina sp. and its antioxidant capacity. International
Journal of Biological Macromolecules, 58, 73-78.

Costa, J.A.V., Colla, L.M., & Filho, P.D. (2003). Spirulina platensis growth in open raceway
ponds using fresh water supplemented with carbon, nitrogen and metal ions. Zeitschrift fur
Naturforschung C, 58(1-2), 76-80.

Dewanto, V.W.X., Adom, K.K., & Liu, R.H. (2002). Thermal processing enhances the
nutritional value of tomatoes by increasing total antioxidant activity. Journal of Agriculture
and Food Chemistry, 50, 3010-3014.

Dlugokencky, E.J., Hall, B.D., Montzka, S.A., Dutton, G., Miihle, J., & Elkins, J.W. (2018).
Atmospheric composition. Bulletin of the American Meteorological Society, 99(8), 46—49.

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A., & Smith, F. (1956). Colorimetric
method for determination of sugars and related substances. Analytical Chemistry, 28, 350—
356.

El Euch, S.K., Bouajila, J., & Bouzouita, N. (2015). Chemical composition, biological and
cytotoxic activities of Cistus salviifolius flower buds and leaves extracts. Industrial Crops
and Products 76, 1100-1105.

El Jemli, M., Kamal, R., Marmouzi, 1., Zerrouki, A., Cherrah, Y., & Alaoui, K. (2016).
Radical-scavenging activity and ferric reducing ability of Juniperus thurifera (L.), J.
oxycedrus (L.), J. phoenicea (L.) and Tetraclinis articulata (L.) Advances in
Pharmacological Sciences, DOI: 10.1155/2016/6392656.

Elisha, I.L., Francien, S.B., McGaw L.J., & Eloff, J.N. (2017). The antibacterial activity of
extracts of nine plant species with good activity against Escherichia coli against five other
bacteria and cytotoxicity of extracts. BMC Complementary and Alternative Medicine, 17,

133.

20



479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

Farooqi, A.A., Butt, G., & Razzaq, Z. (2012). Algae extracts and methyl jasmonate anti-
cancer activities in prostate cancer: Choreographers of ‘the dance macabre’. Cancer Cell
International, 12, 50.

Gordillo, F.J.L., Jimenez, C., Figueroa, F.L., & Niell F.X. (1999). Effects of increased
atmospheric COz and N supply on photosynthesis, growth and cell composition of the
cyanobacterium Spirulina platensis (Arthrospira). Journal of Applied Phycology, 10, 461—
469.

Hoseini, S.M., Khosravi-Darani K., & Mozafari M.R. (2013). Nutritional and medical
applications of Spirulina microalgae. Mini-Reviews in Medicinal Chemistry,13, 1231-1237.
Huang, D. (2018). Dietary antioxidants and health promotion. Antioxidants 2018, 7, 9;

doi:10.3390/antiox7010009

Idso, S.B., Kimball, B.A., Pettit G.R., Garner, L.C., Pettit, G.R., & Backhaus, R.A. (2000).
Effects of atmospheric CO> enrichment on the growth and development of Hymenocallis
littoralis (Amaryllidaceae) and the concentrations of several antineoplastic and antiviral
constituents of its bulbs. American Journal of Botany, 87, 769-773.

Indrayan, A.K, Sharma, S., Durgapal, D., Kumar, N., & Kumar, M. (2005). Determination of
nutritive value and analysis of mineral elements for some medicinally valued plants from
Uttaranchal. Current Science, 89(7), 1252-1255.

IPPC: Intergovernmental Panel on Climate Change. (2001). Climate change 2001:
Contribution of working group I, II and III to the third assessment report of the
intergovernmental panel on climate change, the scientific basis. Cambrige University Press,
Cambrige, England. pp. 398.

Jeon, Y., Cho, C., & Yun, Y. (2005). Measurement of microalgal photosynthetic activity

depending on light intensity and quality. Biochemical Engineering Journal, 27(2), 127-131.

21



503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

Karimi, E., Jaafar, HZ.E., & Ghasemzadeh, A. (2016). Chemical composition, antioxidant
and anticancer potential of Labisiapumila variety alata under CO: enrichment. NJAS -
Wageningen Journal of Life Sciences, 78, 85-91.

Khan, M.1,, Shin, J.H., & Kim, J. D. (2018). The promising future of microalgae: Current
status, challenges, and optimization of a sustainable and renewable industry for biofuels,
feed, and other products. Microbial Cell Factories, 17(1), 36. doi:10.1186/s12934-018-
0879-x

Kim, Y.S., & Lee, S.H. (2018). Quantitative analysis of Spirulina platensis growth with CO>
mixed aeration. Environmental Engineering Research, 23(2), 216-222.

Kohoude, M.J., Gbaguidi, F., Agbani, P., Ayedoun, M.A., Cazaux, S., & Bougjila, J. (2017).
Chemical composition and biological activities of extracts and essential oil of Boswellia
dalzielii leaves. Pharmaceutical Biology, 55(1), 33-42.

Kumari, A., Kumar, A., Pathak, A K., & Guria, C. (2014). Carbon dioxide assisted
Spirulina platensis cultivation using NPK-10:26:26 complex fertilizer in sintered disk
chromatographic glass bubble column. Journal of CO: Utilization, 8, 49-59.

Lin, D., Xiao, M., Zhao, J., Li, Z., Xing, B., Li, X., & Chen, S. (2016). An overview of plant
phenolic compounds and their importance in human nutrition and management of type 2
diabetes. Molecules, 21(10), 1374.

Martinez, A.K.A., Lauritano, C., Romano, G., & lanora, A. (2018). Marine microalgae with
anti-cancer properties. Marine Drugs, 16(5), 165.

Mattson, W.J., Julkunen-Tiitto, R., & Herms, D.A. (2005). CO: enrichment and carbon
partitioning to phenolics: Do plant responses accord better with the protein competition or
the growth-differentiation balance models? Oikos, 111, 337-347

Mohd-Syahril, M.Z., Roshani, O., Nurhasyimah, R., Hafiz, M.S., Sharida, M.D., & Ahmed,

H.Y. (2012). Screening of anticancer activities of crude extracts of unicellular green algae

22



528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

(Chlorella vulgaris) and filamentous blue-green algae (Spirulina platensis) on selected
cancer cell lines. Journal of Academia Universiti Teknologi MARA Negeri Sembilan, 2(1),
38-42.

Moreira, D., & Pires, J.C.M. (2016). Atmospheric CO> capture by algae: Negative carbon
dioxide emission path. Bioresource Technology, 215, 371-379.

NCCLS: National Committee for Clinical Laboratory Standards. (1993). Performance
standards for antimicrobial disc susceptibility tests. Approved standard NCCLS publication
M2-AS5, Villanova, PA, USA.

Oluyemi, E.A, Akilua, A.A., Adenuya, A.A., & Adebayo, M.B. (2006). Mineral contents of
some commonly consumed Nigerian foods. Science Focus, 11, 153-157.

Prieto, P., Pineda, M., & Aguilar, M. (1999). Spectrophotometric quantitation of antioxidant
capacity through the formation of a phospho-molybdenum complex: Specific application to
the determination of vitamin E. Analytical Biochemistry, 269, 337-341.

Pourreza N. (2013). Phenolic compounds as potential antioxidant. Jundishapur Journal of
Natural Pharmaceutical Products, 8(4), 149-150. doi:10.17795/jjnpp-15380.

Ramdani, M., Elasri, O., Saidi, N., Elkhiati, N., Taybi, F.A., Mostareh, M., Zaraali, O.,
Haloui, B., & Ramdani, M. (2017). Evaluation of antioxidant activity and total phenol
content of Gracilaria bursa-pastoris harvested in Nador lagoon for an enhanced economic
valorization. Chemical and Biological Technologies in Agriculture, 4, 1-7.

Ramluckan, K., Moodley, K. G., & Bux,F. (2014). An evaluation of the efficacy of using
selected solvents for the extraction of lipids from algal biomass by the soxhlet extraction
method. Fuel, 116, 103-108.

Ravelonandro, P.H., Ratianarivo, D.H., Joannis-Cassan, C., Isambert, A., & Marson, R.

(2011). Improvement of the growth of Arthrospira (Spirulina) platensis from Toliara

23



552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

(Madagascar): Effect of agitation, salinity and CO: addition. Food and Bioproducts
Processing, 89(3), 209-16.

Reitz, S.R., Karowe, D., Diawara, M.M., & Tumble, J.T. (1997). Effects of elevated
atmospheric carbon dioxide on the growth and linear furanocoumarin content of celery.
Journal of Agricultural and Food Chemistry, 45, 3642-3646.

Richmond, A., Lichtenberg, E., Stahl, B., & Vonshak, A. (1999). Quantitative assessment of
the major limitations on productivity of Spirulina platensis in open raceways. Journal of
Applied Phycology, 2(3), 195-206.

Ruberto, G., Baratta, M.T., Biondi, D.M., & Amico, V. (2001). Antioxidant activity of
extracts of the marine algal genus Cystoseira in a micellar model system. Journal of Applied
Physiology, 13, 403-407.

Shanab, S.M.M., Mostafa, S.S.M., Shalaby, E.A., & Mahmoud, G.I. (2012). Aqueous extracts
of microalgae exhibit antioxidant and anticancer activities. Asian Pacific Journal of Tropical
Biomedicine, 2(8), 608-615.

Shekhar, T.C., & Anju, G. (2014). Antioxidant activity by DPPH radical scavenging method
of Ageratum conyzoides Linn leaves. American Journal of Ethnomedicine, 1(4), 244-249.

Singh, K.S., & Patra, A. (2018). Evaluation of phenolic composition, antioxidant, anti-
inflammatory and anticancer activities of Polygonatum verticillatum (L.). Journal of
Integrative Medicine, 16(4), 273-282.

Singh, N., Meena, M.K., & Patni, V. (2014). Phytochemical profiling and GC-MS analysis of
bioactive constituents of callus of Naringic renulata (Roxb.) Nicolson. International
Journal of Pharmaceutical Sciences Research, 24(1), 29-34.

Singh, S.P., & Singh, P. (2014). Effect of CO: concentration on algal growth: A review.

Renewable and Sustainable Energy Reviews, 38, 172-179.

24



576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

Singleton, V.L., Orthofer, R., & Lamuela-Raventos, R.M. (1999). Analysis of total phenols
and other oxidation substrates and antioxidants by means of Folin-Ciocalteu reagent.
Methods in Enzymology, 299, 152-179.

Sun, B., Ricardo-Da-Silva, J.M., & Spranger, 1. (1998). Critical factors of vanillin assay for
catechins and proanthocyanidins. Journal of Agricultural and Food Chemistry, 46, 4267-
4274.

Tarko, T., Duda-Chodak, A., & Kobus, M. (2012). Influence of growth medium composition
on synthesis of bioactive compounds and antioxidant properties of selected strains of
Arthrospira cyanobacteria. Czech Journal of Food Sciences, 30(3), 258-267.

Tisserat, B., & Vaughn, S.F. (2001). Essential oils enhanced by ultra-high carbon dioxide
levels from Lamiaceae species grown in vitro and in vivo. Plant Cell Reports,20, 361-368.
Wang, Y.S.H., Bunce, A.J., & Maas, L.J. (2003). Elevated carbon dioxide increases contents
of antioxidant compounds in field-grown strawberries. Journal of Agricultural and Food

Chemistry, 51, 4315-4320.

Wang, Z., & Zhang, X. (2017). Isolation and identification of anti-proliferative peptides from
Spirulina platensis using three-step hydrolysis. Journal of the Science of Food and
Agriculture, 97(3), 918-922.

White R.L., & Ryan R.A. (2015). Long-term cultivation of algae in open-raceway ponds:
lessons from the field. Industrial Biotechnology, 11(4), 213-220.

Woyewoda, A.D., Shaw, S.J., Ke, PJ., & Burns, B.G. (1986). Recommended laboratory
methods for assessment of fish quality (Canadian Technical Report of Fisheries and Aquatic
Sciences No. 1448). Fisheries and Oceans Canada. Ottawa, ONT, Canada: 143 p.

Wu, L.C., Ho, J.A.A., Shieh, M.C., & Lu, L.W. (2005). Antioxidant and anti-proliferative
activities of Spirulina and Chlorella water extracts. Journal of Agricultural and Food

Chemistry, 53(10), 4207-4212.

25



601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

Xu, Z.G., Zou, D.H., & Gao, K.S. (2010). Effects of elevated CO2 and phosphorus supply on
growth, photosynthesis and nutrient uptake in the marine macroalga Gracilaria
lemaneiformis (Rodophyta). Botanica Marina, 53, 123-129.

Yoshioka, I., Obata, D., Nanjo, H., Yokozeki, K. Torichigai, T., Morioka, M., & Higuchi T.
(2013). New ecological concrete that reduces CO2 emissions below zero level: New method
for CO; capture and storage. Energy Procedia, 37, 6018— 6025.

Yusuke, O., Tadaki, H., & Kouki, H. (2007). Effect of elevated CO: levels on leaf starch,
nitrogen and photosynthesis of plants growing at three natural CO; springs in Japan.
Ecological Research, 22, 475-484.

Zarrouk, C. (1966). Contribution a I’étude d’une cyanobacterie: Influence de divers facteurs
physiques et chimiques sur la croissance et la photosyntheése de Spirulina maxima (Setchell
et Gardner) Geitler. PhD thesis, University of Paris, Paris, France (in french).

Zheng, Y., Li, F., Hao, L., Shedayi, A. A., Guo, L., Ma, C., Huang, B., & Xu, M. (2018). The
optimal CO> concentrations for the growth of three perennial grass species. BMC Plant

Biology, 18(1), 27. doi:10.1186/s12870-018-1243-3

26



617

618

619

620

621

622

623

624

625

626

627

628

629

630

Figure legend:

Figure 1: Phytochemical composition extract of A. platensis grown in control (without CO2
added) or CO> enriched medium. Total polyphenols is expressed as gallic acid equivalents
(mg GAE g'dw).The total flavonoids and condensed tannin concentration are expressed as
catechin equivalents (mg CE g''dw). Results are mean of triplicate determinations + S.D. The

same letters are not significantly different.

Figure 2: Antioxidant activities of methanol extract of A. platensis grown in control (without
CO; added) or CO> enriched medium, compared to butylated hydroxy toluene (BHT), as a
positive control. A: Total antioxidant activity (mg GAE g'dw); B: DPPH radical scavenging
activity assay (ICso: pg mL!); C: Ferric reducing antioxidant power (FRAP) (ICso: ug mL™).
Results are mean of triplicate determinations + S. D. The same letters are not significantly

different.
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Table 1. Proximate composition of Arthrospira platensis grown in control (-CO2) or CO>
enriched (+CO2) medium. Moisture, ash, protein, fats and total sugars are expressed in %.
Values are shown as meantstandard deviation (n=3). Values with the different superscript

letters (a and b), in the same row, are significantly different at p < 0.05.

% -CO, +CO>
Moisture 3.84+0.8a 3.9+1.5a
Ash 16+2a 20+5a
Crude protein (N*6.25) 67+6a 52+4b
Fats 6.0+1.4a 5.3+20.9a
Total sugars 19+3b 36+6a




10

11

12

Table 2. Mineral composition in g (Mg, K and Na) or mg (Ca, Fe, Zn)/100 g dw of
Arthrospira platensis grown in control (-CO2) or CO; enriched (+CO2) medium values are
shown as mean + standard deviation (n=3). Values with the different superscript letters (a and

b), in the same row, are significantly different at p < 0.05.

-CO2 +CO2

Mg 1.24+0.01a 1.25+0.02a
K 1.14+0.01a 1.03+0.02a
Na 1.12+0.02 a 1.02+0.02 a
Ca 160£10b 190+10a
Fe 27+5b 34+4a
Zn 0.50+0.01 a 0.50+0.02 a
Cd * *

Pb * *

(*: not detected).



Table 3. Antibacterial activity of Arthrospira platensis grown in control (-COz) or CO;
enriched (+CO2) medium. Values are shown as mean * standard deviation (n=3). Values with

different superscript letters (a, b and c), in the same line, are significantly different at p < 0.05.

16

Ampicillin =~ -CO +CO2

Gram-negative bacteria

Salmonella enterica 17.1£0.4a 14.24+0.3b 18.2+0.5a

Escherichia coli 25922 15.3+0.4b 13.4+0.3c 16.3+0.2a

Klebsiella pneumoniae WHO24 18.4+0.3a 16.2+0.3b 16.3+£0.2b
Gram-positive bacteria

Enterococcus faecalis 19.440.1a 15.5+0.2b 14.3+0.2b

Listeria monocytogenes 21+la 19.3+0.2a 19.4+0.4a

Bacillus subtilis 19.5+0.1a 15.2+0.3b 14.2+0.2b

Bacillus cereus 18.2+0.2a 15.4+0.3b 16.5+0.2b

Bacillus thuringiensis 20.6+0.3a 19.6+0.1a 18.3+0.2b

Micrococcusluteus 20.5+0.1a 14.4+0.3b 13.2+0.2b




17  Table 4. Cytotoxicity of methanol extracts of Arthrospira platensis on HCT-116, MCF-7 and

18  OVCAR cell lines. ICso value (ug mL™'). Values are shown as mean # standard deviation

19 (n=3).
Cell lines -CO2 +CO2 Tamoxifen
OVCAR >50 17+1 0.19+0.03
MCE-7 >50 14.5£0.5 0.15+0.02
HCT-116 >50 >50 0.14£0.02
20



21 Table 5: Phytocomponents identified using GC-MS in the methanol extracts of Arthrospira platensis.

Retention Molecular Peak area (x10° arbitrary units)
Formula
time compound name without CO; with CO;
OH
6.35 Glycerin \/‘\/ 5
HO OH
o
1,4:3,6-Dianhydro-
9.64 o) 3
a-d-glucopyranose HO
o]
Phenol, 2,4- OH
13.63 bis(1,1- ﬁ)giﬁ 3 3
dimethylethyl)-

15.77 Heptadecane YA VA VA VAVAVAVYAVAN 9

0]

4-Hydroxy-p- NN
15.81 2

ionone
HO'

9-Hexadecenoic

17.96 acid, methyl ester, WW/\/\)‘\ P 8 7

(2)-

Hexadecanoicacid, 0

18.16 W 110 100
methyl ester o
n- 0

1831 /\/\/\/\/\/\/\)L > !

Hexadecanoicacid OH

Hexadecanoicacid, 0

1882 /\N\M 4 4
N\

ethyl ester

8,11-

19.80 Octadecadienoic MO Y 30 30

acid, methyl ester



19.98 Phytol

3'.8,8'-Trimethoxy-
3-piperidyl-2,2'-
24.07
binaphthalene-

1,1',4,4'-tetrone

25

11

20

22
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