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Chlorella vulgaris, isolated from scums of efluent sludge produced by palm oil mill-
refinery, has already been reported to overcome the significant pollution load of this agro-
based industry in Malaysia and it has considerably met the requirements of the established
environmental standards. From the viewpoint of economic viability of this SCP, Chlorella
vulgaris, by-product was found to be fairly high in protein; 43.9%, phosphate; 6,000 ppm,
K; 19,600 ppm, Na; 56,000 ppm, Ca; 9,600 ppm, Mg; 13,500 ppm and Fe; 450 ppm, contents.
Fatty acids of total lipids, 2.83%), are also comparable to those reported for unicellular algae,
Dicrateria inornata and Isochrysis galbana. The amino acids composition are also com-
parable to Chlorella vulgaris F & M cultured in the liquid phase of pig slurry for recycl-
ing of nutrients. Steroidal component was 0.019%), and it was composed of three unknowns,
viz. A, B & C, of which unknown C is the predominant species while cholesterol, ergosterol
and S-sitosterol prevailed at 1.722, 123.45 and 111.64 ngs. mg-! crude extract, respectively.
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effluent sludge.

“Palm Oil”, the Malaysian golden crop is
expected to increase its annual production
of 3 million tonnes to four million tonnes by
1985, subsequently surpassing the production
of natural rubber. On the contrary, as of
last year approximately 7.5 million tonnes of
effluent valued at $ 56 millions was indis-
criminately discarded into the aquatic eco-
system creating a facet of agro-waste pollu-
tion problems. If properly managed, these
could be reprocessed into fertilizer, animal
feed, biogas or single-cell proteins.

The production of biogas, based on the
above mentioned figures, is estimated to pro-
bably meet 7% of the national electricity
output at a cost of 14 cents per unit when
compared to the current rate of 17 cents.
Conversion into fodder, on the other hand,
could produce 100,000 tons of beef minimiz-
ing $ 80 millions per year in importing beef.
From the viewpoint of pollution control,

under the Environmental Quality (Sewage
and Industrial Efluent) Regulation of 1979,
factories are supposed to have proper treat-
ment plants, but unfortunately many do not
adhere to this rule and have ultimately de-
stroyed the biota of most local rivers.

The biological approach of propagating
single cell proteins, Chlorella vulgaris, in
palm oil refinery mill sludge as a feasible
means of lowering the B.0.D. load from
1,080 ppm to 40 ppm had been reported earlier
by the author (SIVALINGAM 1980a & b,
SIVALINGAM et al. 1979). This manuscript
endeavours to illustrate the nutritive values
of the harvested Chlorella vulgaris from the
stance of employing them for human as well
as animal consumption.

Materials and Methods
Isolated Chlorella vulgaris cells (Figs. 1,
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Figs. 1-2. Propagated SCP (Chlorella vulgaris).

2) were analyzed for their general min-
eral contents, protein, lipid and steroidal
components.

Minerals were analyzed employing a Varian
Techtron AAI120 atomic absorption spec-
trophotometer while protein content by the
routine Kjeldahl method. The amino acids
components of the protein moiety were de-
tected using a JEOL-JLC-5AH Automatic
Amino Acid Analyzer. Lipids were extracted
with the Soxhlet apparatus and its fatty acid
components subjected to GLC analysis on
methylation with boron trifluoride in metha-
nol. The steroidal components extracted
according to the methods of IKEKAWA et al.
(1968) and ISABELLE CHARDON-LORIANX et al.
(1976) were determined by direct injection
into a Shimadzu gas chromatograph GC-6A,
attached with a hydrogen flame ionization
detector.

Results

Table 1 indicates the biochemical data of
Chlorella vulgaris. Evidently, the protein
content is high with phosphate, K, Ca, Mg
and Fe contents falling in the same category.
Without a shadow of doubt, this reflects the
possibility of utilizing the cultured unicellular
algae as human food and/or animal feeds.
The amino acid composition of the crude
proteins was, as indicated in Table 2, com-
parable to those obtained for Chlorella vulgaris
F & M cultured in the liquid phase of pig
slurry and recycled for animal feed, indirectly

Table 1 Biochemical Analysis of Chlorella
vulgaris Cultured in palm Oil Mill Sludge

Parameters Values
Crude protein (%) 43.9
Crude lipid (%) 2.83
Ash (%) 8.33
P (ppm) 6,000
K (ppm) 19, 400
Na (ppm) 56, 000
Ca (ppm) 9,600
Mg (ppm) 13, 300
Fe (ppm) 450
Cd (ppm) 1.9
Co (ppm) BDL*
Cr (ppm) BDL
Cu (ppm) 7.0
Ni (ppm) BDL
Pb (ppm) BDL
Zn (ppm) 43

* BDL; Below detectable level.

reflecting the suitability of the present pro-
duct.

The crude lipid’s fatty acid components are
given in Table 3. When compared with
those of unicellular algae, Dicrateria inornata
and [Isochrysis galbana (WATANABE and
ACKMANN 1974) they appear to be related
but only that the palm oil mill sludge cultured
Chlorella vulgaris had the saturated fatty
acid 14:0 as its largest component. Since
Dicrateria inornata and Isochrysis galbana are
eXtremely nutritous as supplement of food to
culture oysters, obviously Chlorella vulgaris
does not seem to be deficient in any es-
sential fatty acid moiety from the viewpoint
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Table 2. Amino acids composition of Chlorella vulgaris grown in palm oil mill
sludge and its comparison with those (Chlorella vulgaris F & N) grown in the

liquid phase of pig slurry*.

e Sl G o ol
no present exp. F &N amino resent exp. F f& N

acids %) %) acids p %) p b

% % (%)
Arg 5.13 5.49 Ala 8.03 10. 07
Cys 0.35 0.31 Asp 9.09 8.24
Gly 8.75 6. 82 Glu 9.90 15.16
His 0.89 2.44 Pro 4.93 7.94
Ileu 5.35 3.66 Ser 5.32 4,48
Leu 8.79 7.94 NH,¢ 9.87 —
Lys 3.46 10.89
Met 2.20 0.61
Phe 1.55 3.46
Thr 5.61 4,27
Try 1.64 1.42
Tyr 3.26 2.95
Val 5. 86 3.87

* Cited from:

Kerry Garett, M., John J. Strain and Marion M.B. Allen (1976).
Composition of the product of algal culture in the liquid phase of
animal slurry. J. Sci. Fd. Agric. 27: 603-611.

Table 3. Fatty acids components of the total
lipids of Chlorella vulgaris cultured in palm oil
mill sludge as compared to that of Dicrateria
inornata* and Isochrysis galbana*.

Percent
Fatty
acids Chlorella Dicrateria Isochrysis
vulgaris inornata galbana
12:0 1.5 — —

? - 0.2 — —

? 0.3 — —
14:0 40.5 1.9 10.6
14:1 3.2 — —
15:0 1.5 3.7 1.3

? 1.5 — —
16:0 8.3 30.9 22.2
17:0 — 0.6 1.1
18:0 0.5 2.4 2.3
16:1W9 — 1.5 1.4
16: 1W7 30. 3** 10.2 14.3

? 0.3 — —
18:1W9 3.0** 10.1 3.8
18:1W7 — 4.5 9.3
20:1 1.1 — —
20:1W11 — NSA*** 0.3
20:1W9 — 3.5 TRA
20:1W7 — 0.4 0.9
22:1W13&11 — 1.2 TRA
22:1W9 — 0.5 NSA
22:1W7 — 0.1 NSA

22:4W9 0.1 — —

16:3W3 - 5.8 0.4
18:2W6 1.6 2.5 2.3
18:3W6 0.3 TRA**** 0.2
18:3W3 0.3 3.1 0.4
18:4W3 0.2 0.3 8.0
20:2W9 0.3 —_ -

20:3W9 0.1 — -

20:4W6 — 0.2 0.1
20:5W3 — 0.5 7.2
22:6W3 — TRA 4.3

* Cited from Watanabe and Ackman, 1974.
** Small amounts of other moncenes were in-
cluded.
*** NSA : non-saponificable acids.

of fatty acid components.

Crude steroidal content was ca. 0.019%
and the steroidal components are as indicated
in the gas chromatogram of Fig. 3. These
components separated are made-up of cho-
lesterol ergosterol and B-sitosterol at 1.722,
123.45 and 111.64 ngs.mg™! crude extract,
respectively, along with three unknown clas-
sified as A, B and C. These unknown com-
ponents are of great interest, especially the
unknown C which appears to exist in the
largest quantity, and should be examined to
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Fig. 3. Gaschromatogram of the steroidal
components of Chlorella vulgaris propagated in
palm oil mill effluent sludge.

clarify whether they possess any biological
activity. It should be noted here that the
cholesterol component being in an extremely
low content favours its easier conversion as
a dietary source.

Discussion

It has already been indicated that via SCP
(=single cell protein) propagation the B.0.D
load of palm oil mill refinery sludge can be
lowered to as low as 50 ppm to meet the
local water quality criteria. Recycling of
Chlorella vulgaris for human/animal feed
depends greatly on its food values. Owing
to its high protein content, certain minerals,
suitable fatty acid components and low cho-
lesterol content, this aspect is very encourag-
ing. Hence, if the plant was properly man-
aged, this algal by-product could turn out to
be a killer for the foreign exchange earners
when exported to countries where the demand
for such an algal source is great. Ultimately,
this by-product could augment the earning
of organizations involved in the palm oil
industry while concurrently eliminating the

headache of environmental pollution.

Further, if the unknown steroidal com-
ponents are identified to be biologically active
the value of this by-product would again be
upgraded.
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P.M. o) HA: v aRERFAHNSOHHSM TR L SCP B Chlorella vulgaris O3

Y UHARHTL L IR BEYIL, < Vv—Y TRV TREFREBATHEEL->TW 5, EEIXZOD
BERBRTL, OB L b L Chlorella vulgaris ¥ Th BT A - ik b, BILEER) &ERL
2o vikBpd LAXARDEPIC L LS L LTERE Tl SDI/7RVIEEVA7HACESR 439
%), BR7 { /BESIVZOBRIBECHAIN TV 728HtBY CRELL /7 n VSIELLTEY, &
BiE (9 AEE, K, Na, Ca, Mg, Fe &) 0&FEL SCP O@»bix+4Thok, ¥h, AT r—1EHY
SR Licdkzh, aVATFr—A@3RIVHES=ATRATFr—AR -7 AT v —AIIHBHIEL, Z0E»
KRIED3IHES (A, B,C) b b, 5H C 3o+ EETHh-7o (School of Biological Sciences, Univer-
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