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Palm petiolar felt-sheath as a new and convenient material for
the immobilization of microalgal cells
M Iqbal and SI Zafar

Biotechnology and Food Research Centre, Pakistan Council of Scientific & Industrial Research Laboratories, Lahore-
54600, Pakistan

This communication reports the use of the petiolar felt-sheath of palm as a novel biomatrix for the immobilization
of microalgal cells. Immobilized cells, as compared with free cells, were observed to have significantly higher
biomass and polysaccharide production after 27 days of culture growth. Immobilized cells were successfully main-
tained through 12 successive batch cultures over 96 days. Extracellular polysaccharide production during this per-
iod ranged from 382 to 440 mg L −1. The new immobilization material is cheap, stable and easily available, and the
procedure developed for entrapment of the microalga is simple, reliable and practical.
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Introduction genera within the family Palmae [17], was accordingly
tested as an immobilization biomatrix. The petiolar felt-Immobilized biocatalysts such as enzymes, micro-sheath is a reticulate fibrous network found as a dense mat-organisms, organelles, and plant and animal cells haveting around the bases of young leaves of palm [19]. Theadded new dimensions to the application potential of thefelt-sheath used in the present study was obtained from therapidly advancing frontiers of biotechnology [7,9,22]. palm Livistona chinensiswhich is widely cultivated on theAmong these, immobilized whole-cell systems in particularEast African coast and coastal islands, throughout East andhave been well investigated in view of the numerous advan-South-East Asia spreading from Afghanistan, Iran, thetages they can offer [8,21,25]. A variety of matrices haveIndo-Malaya region, China and Japan to the Australian con-been used for cell immobilization, such as natural poly-tinent [17,19].meric gels (agar, carrageenan, calcium alginate) and syn- The present work describes for the first time the use ofthetic polymers (polyacrylamide, polyurethane, polyvinyl). this easily available and cheaper source of biomatrix forEntrapment in natural polymeric gels has become a pre-immobilization and the technique used for entrapment offerred technique for cell immobilization due to the toxicity microalgal cells. Microalgae have great potential in com-problems associated with synthetic polymeric materialsmercial applications as a source of food, pharmaceuticals,[5,10,24,27]. The use of natural gels is, however, limitedindustrial chemicals and a variety of carbohydrates [3].by their mechanical strength and the lack of open spacesMany species of microalgae have been considered forto accommodate active cell growth resulting in their rupturebiotechnological exploitation [20] and among these,Por-and cell release into the culture medium [4,6]. Their
phyridium cruentumused in the present study is one of theefficiency is also limited by diffusion restrictions [28] and most commercially viable.P. cruentumproduces a varietyCa-alginate gels are unstable in contact with various com-of compounds such as extracellular polysaccharides,plexing anions such as phosphate and citrate which are fre-polyunsaturated fatty acid (arachidonic acid) and thequently used in media [2]. proteinaceous coloured pigments phycoerythrin and phyco-The use of the natural structure of vegetable sponge,cyanin [26] which are highly valuable due to their potentialobtained from the matured dry fruit of the dishcloth gourd applications in food, chemical, pharmaceutical and cos-(Luffa cyclindrica, family Cucurbitaceae), for cell entrap- metic industries [3,20].ment has added another dimension to the variety of immo-

bilization matrices [12,13]. The advantages accruable from
such a biostructure are reusability, freedom from toxicity

Materials and methodsproblems, mechanical strength for necessary support, and
open spaces within the sponge for the growing cells thusOrganism and culture mediumavoiding rupture [1,13]. These have suggested the need toThe unicellular red alga,Porphyridium cruentum, strainsearch for other types of structures from diverse plantIAM-R-I, was obtained from the Culture Collection ofsources that may be used for cell entrapment. The petiolarAlgae and Microorganisms, Institute of Applied Micro-felt-sheath common in the Fan-palm, the major group ofbiology, University of Tokyo, Japan. Axenic cultures ofP.

cruentumwere grown in 70 ml artificial sea water (ASW)
medium [14] contained in 250-ml Erlenmeyer flasks shaken
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Immobilizing material and technique
The reticulated fibrous network of petiolar felt-sheaths was
obtained as peelings from the trunk of the palm treeLivi-
stona chinensis. The felt-sheaths were washed thoroughly
with tap water, soaked in boiling water for 15–20 min and
placed in 3–4 changes of distilled water over 24 h. The
washed felt-sheaths (Figure 1a) were cut into pieces
(2 cm2), oven-dried at 80°C for 24 h, individually weighed,
and autoclaved at 120°C for 30 min. For immobilization,
P. cruentumwas cultured in 250-ml Erlenmeyer flasks con-
taining 70 ml ASW medium and four pre-weighed steril-
ized felt-sheath pieces. Cultures were incubated at 25± 2°C
for 14 days on a shaker set at 100 rpm under continuous
illumination with cool white light at an intensity of
50 mE m−2 s−1. The reticulated fibre pieces were then
removed from the culture flasks and given several washings
with sterile 2.5% saline solution. The pieces along with the
immobilized algal cells were inoculated into 70 ml fresh
ASW culture medium in 250-ml Erlenmeyer flasks and the
biomass was measured at periodic intervals for 27 days.
Immobilized cells grown in batch culture for 24 days were
used for sequential batch culture studies. These stationary
phase cells were transferred to 70 ml fresh production
medium (ASW growth medium without nitrogen) and the
medium replaced every 8 days for 12 sequential batch cul-
tures. All experiments were carried out in triplicate.

Analytical methods
Figure 1 Livistona chinensisfelt-sheath piece: (a) slightly magnified; (b)For biomass determination felt-sheath pieces containing
scanning electron micrograph ofPorphyridium cruentumcells immobil-

immobilized cells were washed with distilled water and ized on the fibrous network; (c) immobilized cells aggregated in clumps.
oven-dried at 80°C to constant weight. Levels of extracellu-
lar polysaccharide in the culture medium were determined
using Alcian Blue reagent [18]. For electron microscopy,Batch culture studies

Changes in the dry weight of immobilized and free cellsamples were fixed, dehydrated and dried according to the
method of Lee and Tan [15]. The dried specimens were biomass during batch culture are presented in Figure 2. A

statistically significant difference (Duncan’s new multiplecoated with platinum and viewed by scanning electron
microscopy. range test atP = 0.05) [23] in biomass production by the

immobilized cells, as compared with free cells, was noted
after 15 days of culture and continued until 27 days whenResults and discussion the batch culture growth studies were discontinued. A sig-
nificantly higher amount of extracellular polysaccharideThe immobilization process

Immobilization of algal cells on the felt-sheath was
observed to occur within 5–7 days of initial incubation.
Immobilization at this stage, however, was not stable as
reinoculation of felt-sheath pieces into fresh medium
resulted in free cell suspension of algal biomass. It was
found necessary to extend the entrapment period to at least
14 days so as to obtain a stable immobilized system. This
system on reinoculation did not reveal, even on microscopic
examination, any free algal biomass in the culture medium.

Light microscopy of the immobilized system showed that
the initial entrapment ofP. cruentumcells occurred within
the felt-surface depressions and on the irregularly scattered
fibrous outgrowths. With the passage of time (14–16 days),
however, entrappedP. cruentumcells were observed to
completely cover the felt-sheath pieces. Scanning electron
microscopy of the immobilized system (Figure 1b) revealed
that most of the cells tended to aggregate along the surface
of individual fibrous bundles, and also along the fibrous
outgrowths, resulting in scattered linear cellular clumps onFigure 2 Growth and extracellular polysaccharide production by immob-

ilized and freePorphyridium cruentumcells.the surface of the felt-sheaths.
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