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Air-water interface interaction of anionic, cationic, and nonionic surfactants with a coagulant protein extracted from
Moringa oleifera seeds studied using surface tension probe
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Abstract
The interaction of coagulating protein extracted from Moringa oleifera seeds with the anionic surfactant sodium bis (2ethyl-1-hexylsulfosuccinate (AOT), the cationic surfactant hexadecylpyridinium chloride (HDPC) and non-ionic surfactant
Triton X-100 (TX-100) were investigated by surface tension measurement. The protein extract interacts strongly with anionic
surfactant AOT suggesting that the former is cationic under conditions studied. HDPC exhibits mild interaction with protein
extract whereas the interaction with Triton X-100, if any, could not be detected by this technique.
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Introduction
Coagulation-flocculation followed by sedimentation and disinfection is used worldwide in the water treatment industry.
Aluminium salts, iron salts and synthetic polymers are the most
common used coagulants in water treatment worldwide. The
cost and environmental side effects of these compounds are
their two main disadvantages (Martyn et al., 1989; Broin et al.,
2002). For instance, several serious drawbacks of using aluminium salts have been pointed out, particularly concerning health
problems related to residual aluminium in treated waters, such
as Alzheimer’s disease (Martyn et al., 1989; Fatoki and Ogunfowokan, 2002). Therefore, it is desirable to develop other costeffective and more environmentally acceptable coagulants/flocculants. There has been increased interest in the use of organic
derived plant materials, such as Moringa oleifera (MO) seeds
(Jahn and Dirar, 1979, Grabow et al., 1985; Jahn, 1986; 1988;
Olsen, 1987; Muyibi and Evison, 1995a;b; Ndabigengesere et al.,
1995; Ndabigengesere and Narasiah, 1998; Folkard, 1999; Sajidu
et al., 2006).
MO is a tropical plant belonging to the family Moringaceae.
The plant grows quickly even on soils having relatively low
humidity. It is known to be non-toxic to humans or animals.
MO seeds extracts have been shown to have large effects on
turbidity removal (92 to 99% reduction) (Jahn, 1986; Muyibi
and Evison, 1995a;b). Seed extracts have also been reported to
dramatically decrease clay and bacteria contents in raw water
(Grabow et al., 1985; Madsen et al., 1987; Muyibi and Evison,
1995). Moreover, it has been suggested that crushed MO seeds
could be as efficient as aluminium salts for coagulation of raw
water impurities. Water treated with MO seed extract produces
less sludge volume compared to alum (Ndabigengesere and Nar* To whom all correspondence should be addressed.
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asiah, 1998). An additional benefit of using coagulants derived
from MO is that a number of useful products may be extracted
from the seed. In particular, edible and other useful oils may be
extracted before the coagulant is fractionated. Residual solids
may be used as animal feed and fertiliser, while the shell of the
seed may be activated and used as an adsorbent. The coagulant
is thus obtained at extremely low or zero net cost.
The main concern in using MO seeds for water treatment
is the significant increase in organic load (Ndabigengesere and
Narasiah, 1998; Okuda et al., 2001a;b). Jahn (1988) reported that
water treated with crude MO seed extracts should not be stored
for more than 24 h. The crude extract is therefore not generally suitable for large water supply systems where the hydraulic
residence time is very high. Two approaches may allow the use
of MO seeds in such systems. Adsorption can be used to remove
the organic load from the crude seed extracts. Alternatively, the
active coagulating component may be extracted from the seed
and used in pure or semi-pure form, thus reducing the total
amount of organic material added to the treatment process. In
this paper, we have chosen the latter approach.
The extraction and purification of the active component from
MO seeds has been described previously by a number of authors
(Ndabigengesere and Narasiah, 1998; Broin et al., 2002; Ghebremichael et al., 2005), although there have been conflicting
reports as to the nature and properties of the protein compounds
extracted. However, several of the reports have described the
main water-extractable component as proteinaceous. It was
described as a water-soluble protein with a net positive charge
(Ghebremichael et al., 2005), as dimeric cationic proteins with
molecular mass of 12-14 kDa and isoelectric point (pI) between
10 and 11 (Ndabigengesere et al., 1995). Others reported a molecular mass of 6.5 kDa and pI greater than 10 (Gassenschmidt et
al., 1994). Furthermore, the mechanism of coagulation by Moringa seeds is not well understood and different authors have
attributed it to existence of proteins and non-proteins flocculating agents (Gassenschmidt et al., 1994; Ndabigengesere et al.,
1995; Okuda et al. (2001a,b). The varying reports on the nature,
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