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Aim. Search of healthy and edible alternative oils from algae. Such oil provides many health benefits
mainly because of docosahexaenoic acid (DHA) form of omega-3 fattyacids and some other micro nutri-
ents in smaller amounts.

Methods. Soxhlet extraction method was used to extract the oil with n-hexane as the solvent. The
proximate composition was determined by AOAC methods, while the mineral contents were determined
by AAS. FTIR and UV-Visible spectra of the oil were run using Agilent-FTIR Spectrometer and UV-Visible
Spectrophotometer respectively.

Results. The oil yield was very low (1.05% ). The proximate composition reveals carbohydrate as the
major nutrient in the residue (79.18%), others include lipid (8.03%), crude protein (5.00% ), moisture
(2.78%), crude fibre (3.01% ) and ash (2.00%). The mineral composition reveals high amount of potas-
sium (1602.5 mg/100 g) and calcium (632.5 mg/100 g) with low levels of phosphorous (14.9 mg/100 g)
and sodium (12.8 mg/100 g). The FTIR spectrum of algae oil is similar to the normal vegetable oil.
Stretching vibrations at 2922.2 em™ and 2855 cm™! are attributed to methylene (-CH,-) and methyl
(-CHjy) groups while absorption bands at 1710 cm ! and 1744 cm ™! showed carboxylic groups for algae oil
and vegetable oil (control) which was attributed to C=0 stretching vibrations (esters). The UV-Visible
spectrum of algae oil showed two peaks at 408 nm and 660 nm for carotenoids and chlorophyll A respec-
tively, which corroborate with previous studies.

Conclusions. We conclude that the oil and cake characterized from Spirogyra porticallis has great
potential for medicinal and nutritional usage.

Key words: Spirogyra porticallis; Algae, Docosahexaenoic acid; Carotenoid; Chlorophyll; Soxhlet
extraction; Agilent- FTIR Spectrometer.

Algae have received a lot of attention as
new biomass source for the production of
renewable energy due to their photosynthetic
nature, fast growth rate, biomass and lipid
production efficiency [1]. They can be
produced through autotrophic or heterotrophic
cultivation under photo heterotrophic or
chemo heterotrophic conditions by using solar
energy or artificial light source [2]. Most of
their essential nutrients can be supplied by
waste water and CO, from the atmosphere;
leading to high productivity and an associated
high lipid content making them a very
attractive option [3, 4].

Algae yield per unit area does not
require agricultural lands, promoting their
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photosynthetic nature, utilizing atmospheric
CO,, have the ability to adapt to any hostile
condition and maintain productivity [5].
Under favorable conditions, the growth rate is
very high and they are harvested daily or every
few minutes due to the fact that most of them
divide every 1-2 days or once every 3—4 hours
which serves as a basis for their potential
biomass producers [6, 7].

The use of edible oil to produce biodiesel
in the developing countries is not feasible
in view of a big gap in demand and supply of
such oils in developing countries [8]. Algae
contain lipid and fatty acids as membrane
component, storage products, metabolites and
sources of energy. The lipid and fatty acids
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contents of algae vary with culture conditions.
Algae stimulated under environmental stress
[9]. Algae are rich in high value compounds
and specially lipids, including; astaxanthin,
neurotoxins, -3 long chain polyunsaturated
fatty acids (PUFAs) and beta carotene [10].

Algae can be channeled into more useful
forms such as feeds for animals. It is also
interesting to know that algae comprises of
lipids which can be used in the production
of biofuels, and edible oil which this work is
targeting [8]. The aim of this research is to
extract oil from algae (Spirogyra porticallis),
characterize the oil, and determine the
proximate and mineral composition of the
algae cake.

Materials and Methods

Chemicals and reagents

The following chemicals and reagents
which are of analytical grade were used;
n-Hexane (Sigma-Aldrich, USA), Hydrogen
Tetraoxosulphate (iv) Acid (Sigma-Aldrich,
USA) Sodium Hydroxide (Thermo Fisher
Scientific Inc, USA), boric indicator,
Hydrochloric Acid (Sigma-Aldrich, USA),
Ammonium Sulphate (Thermo Fisher
Scientific Inc, USA), Distilled water.

Equipment and apparatus

Fourier Transformed Infrared spectroscopy
(FT-IR) (PerkinElmer L160000A, USA),
Soxhlet extractor (DWK Life Sciences 2400540,
USA), Oven (Thermo Scientific ™ 510288113,
USA), Muffle furnace (Thermo Scientific ™
FD1530M, USA), Ultraviolet-Visible (UV-
Visible) Spectroscopy (LAMBDA 1050, USA),
Kjeldahl apparatus (PYREX™ 3340500,
USA), Fume hood (Thermo Scientific ™
1323, Series Class II), Titration apparatus
(PYREX™), distillation apparatus (PYREX™
C362220), desiccator (PYREX™),

Sample collection

The algae sample was collected from an
open pond located at Narayi, Kaduna state
during the raining season in the month of
June.

Identification

The algae sample was identified in the
Department of Biological Sciences, Kaduna
State University with a voucher number 311.

Sample preparation

The algae were dried at a room temperature
for two weeks. The algae were grinded into fine
homogenous particle.

Extraction of algae oil

510 g of the sample was weighed, wrapped
with a filter, and then fixed into the thimble.

The boiling flask was then filled with 2 litres of
n-hexane, the soxhlet apparatus was assembled
and set at a temperature of 40 °C and allows to
reflux for 7 hours. The cake was allowed to dry
in an open air, while the extract was fixed in a
water bath to evaporate the n-hexane present
in the extract. After extraction, the algae oil
was weighed to determine the oil yield in grams
and in percentage.

% yield of oil = —Weight of oil %100
Weight of sample used (510 g)

Determination of moisture content (AOAC
1994).

Aluminium or plastic dishes were washed
and dried to a constant weight in an oven at
100 °C. They were later removed and cooled
in a desiccator and weighed (W;). 2 grams of
the grinded (powdered) sample was placed
in the weighed moisture dish (W,). The dish
containing the sample was kept in an oven for
about 3 hours, the sample were removed and
cooled in the desiccator and weighed W.

W, —~ W;
Wy - W,

Moisture content = x 100.

Determination of Ash content

Crucibles were cleansed and dried in
the oven, after drying; they were cooled in
the desiccator and weighed (W;). 2 g of the
powdered sample was placed in the crucibles
and weighed (W,). They were transferred
into the muffle furnace for about 550 °C,
then removed and cooled in the desiccator and
weighed (W3).

Ws =W,y

27 1

Percentage of ash = x 100.

Determination of fibre

2 g of the sample was placed in a beaker
containing 1.2 ml of H,SO, per 100 ml of
solution and boiled for about 30 min, the
residue was filtered and transferred to a
beaker containing 1.2 g of NaOH per 100 ml
of solution and boiled for about 30 min, the
residue was washed with hot water and dried in
an oven and weighed (C,), the weighed sample
was incinerated in a furnace for at 550 °C,
removed and allowed to cool, and weighed
again (Cy).

Cy =~ Cs

Percentage of fibre = x 100.
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Determination of lipids (fat)

250 ml boiling flask was cleaned and
dried in an oven, transferred into desiccator
and allow to cool. An empty filter paper was
weighed (W;). 2 g of sample was weighed
into labeled thimbles (filter paper) W,. The
boiling flask was filled with petroleum spirit
or n-hexane. The soxhlet apparatus was
assembled and allowed to reflux for 8 hours.
It was then removed and transfer to an oven
to dry, from the oven it was transferred into
a desiccator and allowed to cool and was then
weighed W.

Percentage of fat = Mx 100.
2~ Wy
Digestion

2 g of sample was weighed into a kjeldahl
flask, a catalyst was added (copper) and 15 ml
concentrated sulfuric acid (H,S0,), was kept in
a fume cupboard, and was heated till solution
assumed green colour. It was cooled and black
particles showing at the mouth and neck of
the flask was washed down with distilled
water. After cooling, the digested sample was
transferred with several washings into 100ml
with distilled water.

Distillation

The sample was steamed through the
Markham distillation apparatus for about
15 min, under the condenser was placed a
100 ml conical flask containing 10 ml of boric
indicator. 10 ml of the digest was pipetted into
the body of the apparatus via the small funnel
aperture; was washed down with distilled water
followed by 10 ml of 40% NaOH solution. The
digest was steamed through for about 5—7 min
to collect ammonium sulphate (about 40 ml),
the receiving flask was then removed and the
tip of the condenser was washed down into the
flask.

Titration
The solution was titrated in the receiving
flask using N /100 (0.01 N) hydrochloric acid
and the nitrogen content was calculated and
hence the protein content of the sample.
A blank was always run through along with
the sample.

Final reading — Initial reading —
— Blank (0.2) x Standart reading

0, £ S —
o of protein Initial weight (0.5) x
Standart number of protein

x 100.
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Determination of carbohydrate (CHO )
(AOAC 1994)

By difference, in this method carbohydrate
content was obtained by calculations having
estimated all other fractions by proximate
analysis.

% of Carbohydrate =100 — (% of moisture + % Ash +
+ % Protein + % Fat).

Identification using infrared spectroscopy
(FT-IR)

Infrared spectroscopy is a technique
used to identify various functional groups
in Unknown substances through the
identification of different covalent bonds that
are present in the compound. By identifying
the different covalent bonds that are present
in a compound, one can establish the types of
functional groups present. By comparing the
absorption seen in an experimental spectrum to
the literature absorptions in various functional
groups, one can determine a list of possible
identities for the bond present as previously
described [4].

Determination by Ultraviolet-Visible (UV-
Visible ) Spectroscopy
The wultraviolet-visible spectroscopy
utilizes light to determine the abundance or
transmission of a chemical species in either
solid or aqueous state.

Results and Discussion

The algae oil from Spirogyra porticallis
was extracted using soxhlet apparatus with
n-hexane and the oil yield was 1.05% (Fig. 1).
The absorption peaks were found at specific
bands characteristic of triglycerides. Band at
3011.7 cm ™! was attributed to the stretching
vibration of =C-H. Strong band absorption was
observed in the region of 3000 to 2800 cm™*
due to C-H stretching vibrations. The spectra
of algae oil are similar to that of vegetable oil.
Bands at 2922.2 cm ! and 2855 cm ™! attributed
to methylene (-CH,_) and methyl (-CHj3) groups
due to stretching vibrations while absorption
bands at 1710 cm ™! and 1744 cm™ ! showed
carboxylic groups for algae oil and vegetable
oil (control) which could be attributed to C=0
stretching vibrations (esters)as seen below
(Fig. 2).

The absorption spectra for chlorophyll
A and carotenoids were found to be present
at 408 nm and 660 nm respectively as
shown in Fig. 3. The mineral content of the
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Fig. 1. Oil extract with n-hexane
from Spirogyra porticallis

algae cake was analyzed and found to be
rich in the following minerals: potassium
1602.5 mg/100g, calcium 632.5 mg/100 g,
phosphorus 14.9 mg/100 g and sodium
12.7mg/100 g respectively (Table).

The nutritional composition of the residue
(cake) was analyzed and these include the
following: ash with 2.18%, moisture with
3.78%, lipid 8.83%, crude protein 6.02%,
crude fiber 3.22% and carbohydrate 79.18%
respectively (Fig. 4).

The characteristics of infrared spectra
for algae oil is shown in Fig. 2. The spectra
look very similar and showed a typical
characteristics of absorption peaks for
common tryglycerides; Band at 3011.7 cm ™! is
attributed to the stretching vibration of =C-H
[10, 11]. Strong band absorption was observed
in the region of 3000 to 2800 cm ' due to C-H
stretching vibrations [11]. The stretching
vibrations of methylene (-CH, ) and methyl
(-CH3) groups can be seen at frequencies
of 2922.2 and 2855 cm™!, respectively [11,
12]. Methylene and methyl groups are also
observed at 1461 cm™! and 1379 cm™ due
to their bending vibrations. The band at
1606 cm ™! is attributed to the stretching
vibrations of =C-C. The peak around 1710 cm™
is due to C=0 double bond stretching vibration
[18]. Deformation and bending of C-H and

Mineral composition of Algae residue
of Spirogyra porticallis after oil extraction

Mineral Concentration mg/100 g
Ca 632.5
K 1602.5
Na 12.7
P 14.9

stretching vibration of C-O result in peaks in
the 1500-650 cm ! region [18]. The spectra
of algae oil is similar to that of vegetable oil
as seen in Fig. 2, the differences between the
spectra of algae oil and that of vegetable oil
was found at peak intensity of 1710 cm !, due
to the C=0 stretching vibrations (carboxylic
group) for algae oil and 1744 cm™* for vegetable
oil attributing to the C=0 stretching vibrations
(esters) [10, 4]. The UV-Vis spectrum of algae
oil showed two peaks at 408nm and 660nm.
These peaks are likely to be carotenoids and
chlorophyll A respectively which corroborate
with previous studies [8]. The oil was extracted
using the solvent n-hexane, the percentage
of oil gotten from the soxhlet extraction was
1.05% shown in Fig. 1.

The proximate composition result of the
algae residue of Spirogyra porticallis after oil
extraction is shown in Fig. 3 revealed average
moisture of 2.78% [13].The low moisture
content of the algae residue showed that the
residue is less prone to deterioration since
food with high moisture contents are prone to
perishability [14]. The percentage ash content
was 2.00% which gives an indication of the
mineral elements present. Dietary ash has
proved helpful in establishing and maintaining
acid-alkaline balance of the blood system
[15] as well as in controlling hyperglycemia
condition [13]. The percentage lipid was
8.03% . Dietary lipids are important not only
because of their high energy value but the
fat soluble vitamins and essential fatty acids
contained in the fats of natural foods [15-17].
Lipids help to regulate blood pressure and play
useful roles in the synthesis and repair of vital
parts[16, 17].

The percentage protein was 5.00%.
Proteins are important in the body for the
production of hormones, enzymes and blood
plasma. They are immune boosters and can
help in cell division as well as growth [18]. The
average percentage fibre was 3.01% . Fibres
are parts of plants and vegetables which can
neither be digested nor absorbed by the human
system [19].

Generally, dietary fibre function in the
body to slow down the rate of glucose absorption
into the blood stream thereby reduces the risk
of hyperglycemia [13, 14]. They also reduce
the levels of plasma cholesterol and prevent
colon cancer and cardiovascular diseases [19].
The percentage carbohydrate was 79.18% and
is the major nutrients in the algae residue.
They are consumed by man and animals as
the major source of energy. Carbohydrates
are hydrolyzed in the body to yield glucose
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Fig. 2. FTIR spectrum of oil extracted from Spirogyra porticallis

Fig. 3. UV-Visible absorption spectrum of oil extracted from Spirogyra porticallis
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Fig. 4. Proximate composition of Algae cake

which can be utilized immediately or stored as
glycogen in the muscle and liver for future use
[19]. These nutrients in the algae residue make
it a good source of energy for animal feeds [20].

The mineral analysis as shown in Table,
has potassium (K) serving as the major
mineral in the algae residue with a value of
1602.5 mg/100 g. Potassium is a mineral
and an essential nutrient needed for a wide
range of vital functions. There are incredible
amounts of benefits in eating a potassium
rich diet [20]. The human body needs 4700 mg
everyday because it does so much for the body.
Some of the roles played by potassium include
brain health support, osmotic balance between
cells and the interstitial fluid. Calcium (Ca)
is the second major mineral contained in the
algae residue with a value of 632.5 mg/100 g.
Calcium is essential for bone formation and
development [13].

Phosphorous (P) has a wvalue of
14.9 mg/100 g. Phosphorous plays a role
in the formation of bones and teeth, it also
plays important role in how the body uses
carbohydrates and fats. It is also essential
to all living things as it forms the sugar-
phosphate backbone of DNA and RNA [19]. It
is equally important in energy transfer in cells
as part of ATP (adenosine triphosphate), and
is found in many other biologically important
molecules [14]. The mineral with the least
value/composition is sodium (Na) with a value
of 12.7mg/100 g. Sodium helps with the
body’s function of nerves and muscles; it also

helps to keep the right balance of fluids in the
body.

The results of analysis carried out on
algae oil and the residue after extraction has
shown that algae have potentials for wider
usage. However, it is pertinent to subject the
algae oil and residue for further nutritional
and toxicity screening to ascertain safety
levels. The infrared analysis of the oil studied
is in agreement with those of conventional
vegetable oil. This research work shows that
great potentials exist for the use of algae
instead of considering them as waste or
pollutants.
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Mema. ITomryk 3mopoBoi Ta icTiBHOI aybTepHa-
TUBHOI 0J1i1 38 BogmopocrTeii. Taka oJris mae 6araTo
mepesar AJis 340POB’ s, TOJIOBHUM UYNHOM 3aBAAKHU
dopwmi morosarekcaenopoi Kucsoru (DHA) ome-
ra-3 JKUPHUX KUCJOT Ta JeAKNX iHIITUX MiKpoeJie-
MEHTiB Y MEHIIIUX KiJTbKOCTAX.

Memoodu. Byio 3acToCOBaHO METOM, eKCTPAKIIil
Cokciera AJisT BUJIYUYEHHS OJii 3 H-TeKCaHOM fAK
posunmHHUKA. [I[pubausHuii CKJIaJ BU3HAYATIUA Me-
rogamu AOAC, a BmicT minepasiB — AAS. Crexk-
tpu FTIR ta Buammi yabrpagdioseroBi mpodu 3Hi-
MaJu 3a gonomMorom cuekrpomerpa Agilent-FTIR
Ta coeKTpodoToMeTpa BUAUMOTO yJabTpadiose-
TOBOT'O BUIIPpOMiHIOBaHHA. Buxiz oxaii 6yB ay:xe
HusbKuM (1,05%).

Pesyavmamu. IlpubausHUii CKIa] BUABUB BYT-
JIEBOJI AK OCHOBHY ITOKUBHY PEUOBUHY Y SAJTUIIKY
(79,18%), iurmi BKrouaroTs Jimimu (8,03% ), cupuit
npoteiu (5,00% ), Bosory (2,78% ), cupy KJIITKOBHU-
uy (3,01%) ta 3oy (2,00% ). Minepanbuuii cKJaz
BUABUB BeJIMKY KigbKicTs Kagito (1602,5 mr/100
r) Ta Kaubliio (632,5 mr/100 r) 3 HUBbKUM piBHEM
dochopy (14,9 mr/100 1) Ta mHaTpito (12,8 mr/100
r). CuexTp FTIR osii BomopocTeii moaiOHMIT 10 3BU-
yaiHoI PoCJIMHHOI 01ii. Po3TaryBaibHi Bibparrii mpu
2922,2 cm ! ta 2855 cm ! IPUIINCYIOTh METUJIEHOBI it
(-CH,_) Ta meTnIOBi# (-CH%) rpymam, TOAi K CMyTH
nornuHasHA npu 1710 e ta 1744 e mokasamm
KapOOHOBI IpyIIu /I BOMOPOCTEH Ta POCIUHHOI OJTil
(KOHTPOJIB), ITI0 TTOACHIOBAIN PO3TATYBAJIHLHUMU KO-
auBaHHAMH (edipu) C = 0. YP-BugmmMmii cHeKTp OJIii
BOZIOpOCTei ToKasas ABa miku mpu 408 am Ta 660 HM
IS KAPOTUHOIAIB Ta xJjopodinsy A Bigmosimmo, 1110
TiITBEPAKYE TIOTIEPEIHI TOCITiIFKeHHS.

BucHnoskxu. Mu gifimnam BUCHOBKY, IO OJIis
Ta MaKyxa, II[0 XapaKTepusyoTbca Spirogyra
porticallis, Mar0Th BeJIMKUII IOTEHITiA AJIs JIiKap-
CHKOTO Ta XapYy0BOT'O BUKOPUCTAHHS.

Knrwouwoei croea: Spirogyra porticallis; BOZopocTi;
IOKO3areKCcaceHoBa KMCJI0Ta; KaPOTUHOII; XJI0PO-
din; excrpariia Cokciera; CIEKTPOMETP
Agilent-FTIR.
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Ienw. IToucK 3M0POBBIX U MUIEBLIX aJIbTEpP-
HaTHUBHBIX MaceJ u3 BojgopocJeii. Takme maciaa
OUeHb I10JIE3HBI [IJIA 340POBbsA, INIABHBIM 00pa3oM,
O6saromaps (popMe HOK0O3areKCaeHOBOM KMCJIOTHI
(DHA), omera-3 }KUPHBIM KUCJIOTAM 1 HEKOTOPHIM
IPYTUM IUTATEeJIbHBIM MUKPO3JIEMEHTaM B MEHb-
X KOJIUYECTBAX.

Memo0dvi. BplT MCcoIb30BaH METO[ 9KCTPaK-
nuu CoKcieTa s 9KCTPAKIIMU Macja H-TeKca-
HOM B KauecTBe pacTBopurejs. [IpumepHbIi
cocras 0bL1 onpegesieH merogamu AOAC, a comep-
JKaHne MuHepagsoB — meromoMm AAS. CreKTpsl
FTIR u Y®-BuguMoro Macja CHIMAJIN C UCIOJIb-
soBaHueM Agilent-FTIR-cnekTpomerpa u Y P-
BUAMMOIO CIIEKTPOGOTOMETPA COOTBETCTBEHHO.

Pesyavmameut. Beixon macsia 6611 OUeHb HUSKUM
(1,05%). IIpumepHBI COCTAB IIOKA3BIBAET YIJIEBO-
bl KAK OCHOBHBIE IIUTATEJILHBIE BEIIIECTBA B OCTAT-
ke (79,18%), apyrue BKarouaor unngsl (8,03%),
ceIpoii 6esok (5,00%), Baary (2,78%), chIpyio
kaetuaTky (3,01%) u soay (2,00% ). Munepaib-
HBIA COCTaB COMEPIKUT OOJIBITIOE KOJIMUECTBO KaJIVA
(1602,5 mr/100 1) u kKaabmusa (632,5 mr/100 1) ¢
Hu3KUM ypoBHeM docdopa (14,9 mr/100 r) u HaTpus
(12,8 mr/100 r). Cuexrp FTIR macisa u3 Bomopoc-
Jieli aHaAJIOTMUeH CIIEKTPY OOBIYHOT'O PACTUTEIHLHOTO
macia. KomeGauus pacrssxenns mpu 2922,2 cm '
2855 cM ! IIPUIIMCHIBAIOTCS METHIEHOBBIM (-CHy) m
metmiibHBIM (-CHj) rpynmam, B To BpeMs KaK IOJIOCHI
norsomerns mpu 1710 em ' u 1744 v ! nokassiea-
0T KapOOKCUJIbLHBIE TPYIIIEI IJIA Macjia BOJOPOCIei
¥ PacTUTEJHLHOrO Macja (KOHTPOJIB ), KOTOpoe GBLIO
MIPUIKCAHO BaJleHTHBIM Kojebanusam C = O (ci1ox-
HbIe 9upbI). ¥ P-BUINMBIN CIEKTP MacJja BOJOPOC-
Jen nokasas aBa nuka npu 408 um u 660 HM 15
KapOTUHOUIOB U XJIOpOo(hUIa A COOTBETCTBEHHO,
YTO TOATBEPIKIaeTCA pe3yIbTaTaMU TPeIbIAYIITNX
HWCCJIEJOBAHUA.

Bv1800bt. M bl IPUIILIN K BBIBOAY, UTO MACJO U

JKMBIX, IIOJIyUYeHHBIe U3 Spirogyra porticallis, 06-
JIamatoT GOJIBIIINM IIOTEHI[NAIOM IJIS UCIIOIb30Ba-
HUS B JJeUeOHBIX U MUIIEBBIX IMEIIX.
Knrwouesvte cnoea: Spirogyra porticallis; Bomo-
pociin; JOKO3areKcaeHoBasl KUCJIOTa; KapOTUHO-
un; xaopoduiii; skcTpakmus Cokeiera; ClIeKTPo-
metp Agilent-FTIR.
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