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Abstract: Fat factories both in Poland and in the world produce a great of waste – spent bleaching earth

(SBE). This waste is a source of pollution of natural environment. The utilization of SBE is difficult because

of complex chemical compounds which change in time. The physicochemical methods used in utilization are

non effective because of high energy and costs. The autochthonous lipolytic microorganisms used both in

natural or modified environment may be the future alternative methods of fat biodegradation (biostimulation,

bioaugmentation).
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Due to diverse composition, the utilization of industrial waste depends on its physical

and chemical properties and therefore presents many difficulties. Over the years,

attempts were made to dispose of this waste using various costly physical and chemical

methods, but biological methods seem to be the most promising in the long run. They

are economically viable and do not introduce additional chemical contaminants to the

ecosystem.

The development of effective methods of waste management is contingent on the

knowledge of interactions between microorganisms of a given ecosystem and the

structure of chemical compounds, which are the main components of the waste, as well

as possible decomposition products. The biotechnological processes of waste manage-

ment use the adaptability of microorganisms, especially autochthonous microorganisms,

adapted to large concentrations of major chemical contaminants. These compounds are

a source of nourishment and energy for such microorganisms, and thus are used in

catabolic processes, reducing at the same time the amount of contaminants.

Waste fat introduced into the environment in the form of spent bleaching earth (SBE)

is one of the largest sources of energy and nutrients for microorganisms. In Poland, the

oil and fat industry plants generate annually approximately 40,000 Mg of SBE,
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similarly as in Great Britain [1]. In Japan, the amount of this waste generated each year

ranges from 50,000 to 80,000 Mg [2–4]. SBE is formed as the result of the oil refining

(bleaching) process, where various types of bleaching earth (BE) are used as an

adsorbent.

Bleaching earth

The bleaching earth (BE), also known as the Fuller’s earth, is formed from

bentonites, which are in 80 % composed of hydrated aluminum silicate (montmoril-

lonite or kaolinite), a natural clay mineral containing aluminum, silicon, oxygen and

hydroxyl groups [5, 6].

The bleaching earth purifies and stabilizes vegetable oils, mineral oils and animal

fats against oxidation. It also accelerates coagulation and then adsorbs on its surface the

contaminants dissolved in fat [3, 7, 8].

Factors that account for the bleaching and clarification properties of BE include the

following: the layer spatial structure, a large specific surface, adsorbate particle sizes of

20–50 #m_#m, a significant affinity to contaminants by forming chemical bonds with

external chemical groups, such as OH and SH [2, 3, 9].

Kaolinite has the simplest structure. It is composed of one tetrahedral layer and one

octahedral layer. Due to this structure, hydrogen bonds are formed between oxygen

atoms present in the tetrahedral layer and OH groups present in the octahedral layer,

thus making it possible for other groups and cations to enter between the layers. Thanks

to the exchange of H+ ions from hydroxyl groups present on the surface of the mineral,

kaolinite has low sorption and ion-exchange properties.

Montmorillonite is composed of three layers in a 2:1 ratio. The three-layer spatial

structure manifests itself in overlapping of tetrahedral [SiO4] and octahedral [AlO6]

forms – two tetrahedral layers of silica are separated by an octahedral layer of

aluminum oxide. As the result, no hydrogen bond between the layers is formed and

oxygen charges are not saturated, which increases the adsorption properties of the

carrier. Water molecules and cations (K, Na, Ca, Fe, etc.) can penetrate the layers

without being involved in an ion exchange reaction [10].

A large specific surface of BE, which is conducive to the adsorption of contaminants,

is the property that accounts for its suitability for the fat refining process. This process

may be physical, where the Van der Waals forces appear between the adsorbate and

adsorbent (at the temperature below 60 oC), or chemical (chemisorption, activated

adsorption) with the involvement of forces of a chemical bond formed at the place of

contact between the adsorbate and adsorbent phases (at approx. 100 oC).

Two types of bleaching earth are used in the oil and fat industry [11]:

– natural earth (neutral, Fuller’s earth), which is used in the process of refining oils

containing trace amounts of chlorophyll and a small amount of phospholipids, soaps and

metals,

– acid-activated earth (the earth activated by means of sulfuric or hydrochloric acid),

which is used in the process of refining rapeseed oil containing a significant amount of

chlorophyll.
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The activation of BE involves grinding of the material, formation of an aqueous

suspension and adding to this suspension concentrated hydrochloric acid in the amount

of approximately 30 % of the weight of the material [8, 9] or sulfuric acid [2, 4]. The

obtained mixture is then filtered on presses, washed with water, dried by exhaust gases

and ground. As the result of this treatment, the structure and physical and chemical

properties of bentonite change, leading to the increased adsorption capacity (the

increased specific surface, micropore volume, fineness of the grains and oil absorbency

properties). After chemical activation, the bleaching earth has the composition and

properties depending on the type of mineral [2].

The highest activity of the bleaching earth is achieved by complete leaching of Al2O3

from the octahedral layer by Mg(II) and Fe(II) ions with insignificant amounts of

Zn(II), Ni(II), Li(I) or Cr(III). As far as the tetrahedral layer is concerned, up to 15 % of

the silicon is replaced by aluminum ions [9, 10].

In addition to the montmorillonite-based bleaching earth, the oil and fat industry uses

other types of adsorbents (active at 90–110 oC, 10–90 min), such as Engelhard F-105,

Jeltar-100 and Tompsin Optimum 214 FF [12].

In the fat bleaching process, it is usually sufficient to add 0.5–1 % of the bleaching

earth. Larger amounts cause greater losses of oil, which is also adsorbed. Oil is usually

mixed with the adsorbent at 60–100 oC, using vacuum and protecting it against

oxidation. At higher temperatures (above 120 oC), the content of free fatty acids

increases and the structure of polyunsaturated fatty acids changes, leading to the

formation of conjugated polyenes that are more prone to oxidation and polymerization

[11].

The efficiency of the bleaching process can be improved by using two different

adsorbents:

– Trisyl synthetic silica, used before the adsorbate contacts BE, adsorbs phospho-

lipids and metals, increasing the absorption of dyes by BE,

– activated carbon, used before using BE, adsorbs polycyclic aromatic hydrocarbons,

trace amounts of soaps, phospholipids and proteins.

The objective of the bleaching earth used in the processing of oil is to remove the

following: [3, 7, 8] gossypol, anthocyan, chlorophyll (which causes rancidity of oil),

mucus, ingredients having peroxidative properties, sulfur and phosphorus compounds,

undesirable components formed during deacidification, substances responsible for bad

taste, residues of soaps, phospholipids, macromolecular alcohols (sterols, tocopherols),

polycyclic aromatic hydrocarbons (anthracene, benzopyrene, phenanthrene), pesticides

and heavy metals (Fe, Cu, Cd, Hg, Pb), and to keep the carotenoids (natural

antioxidants).

The disadvantage of this type of adsorbent is the surface acidity, which contributes to

acidification of oils, increasing the amount of free fatty acids formed as the result of

hydrolysis of triacylglycerols (TAG), adsorption of sodium ions from soaps and

isomerization of alkyl chains of TAG. Attempts were made to eliminate this dis-

advantage by developing a mixture of Filtrom Grade 105 activated bleaching earth and

the Y zeolite substituted with magnesium ions, adsorbing free fatty acids, and by

conducting the oil bleaching process at temperatures not exceeding 105 oC [11].
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Spent bleaching earth

The spent bleaching earth (SBE) is non-standard waste that contains, apart from an

inorganic substance – the adsorbent (the bleaching earth), also significant amounts of

organic compounds. Depending on the refining technology and the type of processed

oil, SBE contains 25–40 % of oil and water-insoluble substances, vegetable dyes,

macro- and micronutrients and traces of toxic metals [2, 8, 13–17]. In Poland, the fat

substance content in SBE ranges from 8–28 %, in Canada 28–34 %, in Iraq 41 % and in

Japan 40 % [4, 18].

SBE is waste with a natural acidic pH of 3.8–4.2 and a high content of oleic acid,

which determines the microbiological composition and the direction of fat trans-

formations. Due to diverse chemical composition, lack of permeability to water and air

and strong adsorption properties, it is difficult to manage. The system of interactions:

the diatomaceous earth – adsorbed fat – metals – microorganisms capable of growing in

the presence of fat or using fat for their vital functions as the only source of carbon,

constitutes another problem.

Utilization of the spent bleaching earth

The spent bleaching earth management includes its direct utilization or oil recovery,

adsorbent recovery and recycling.

So far, no cost-effective method, making it possible to reuse SBE in the fat refining

process, has been developed. After being used once, its activity strongly decreases and

the process of removing oil and contaminants requires the use of large amounts of

solvents.

Also treating SBE as a source of oil in combination with fresh oleaginous seeds did

not bring satisfactory results, since it resulted in an increase in the content of mineral

substances in the extracted meal and bad oil aftertaste. Therefore, the attempts to

recover the fat-containing adsorbent to be reused in the oil refining process were

abandoned. This has led to intensified research into alternative ways of SBE utilization,

especially since storing SBE outdoors leads to caking and hardening, poses a self-

-ignition risk [19] and involves penetration of contaminants into groundwater and even

water-bearing layers [20].

Most SBE utilization methods consisted in using physical and chemical processes

(displacing of oils by water or saponification of fats and soap separation and the

recovery of the carrier itself).

Fat was recovered as the result of extraction by means of organic solvents or CO2 at

the pressure of 300–700 atm at 20–80 oC [7, 8, 21, 22], displacement of oil by water,

heat treatment, saponification of fat, soap separation and annealing in a rotary kiln in

a nitrogen atmosphere [8, 23]. The result of these processes was the oxidation of

unsaturated fatty acids present in SBE and their isomerization, leading to the formation

of technical fats. The recovered oil was used for the production of surfactants,

biodegradable polyesters, lubricants, antirust products or biofuels.
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The adsorbent was recovered by heating at 300–400 oC and activation by HCl [5, 6,

8, 24]. The recovered adsorbent was used to remove organic compounds, particularly

petroleum products, from water and wastewater and to remove dyes and heavy metals

from effluents [24–29] as a binder for soil stabilization in the road building industry

[30] and for soil conditioning and fertilization [31].

The above-mentioned methods required large amounts of solvents and high costs,

which made them unprofitable.

Also direct utilization of SBE as a small additive to compound feedingstuffs [18, 19,

32], coal briquettes (boiler fuel) [5, 6, 33] and in the production of ceramic building

materials (cement clinker) [34] failed to solve the problem because of high costs and

low level of utilization of this waste.

In recent years, several reports have been published regarding the biological

recycling of SBE involving microorganisms. However, the processes of decomposition

of contaminants with the participation of autochthonous microorganisms are very slow

or are completely inhibited due to high saturation of SBE with water-insoluble

substances. To make the biodegradation process effective, it is necessary to improve

physical properties of the waste, usually by the addition of sawdust, straw, peat,

manure, brown coal [13, 31], and to increase pH by using CaCO3 and by adding

bio-activators [31] or microbial vaccines [16, 35] or by using earthworms [36]. The

obtained mixture is loose, is not prone to caking and is more susceptible to

biodegradation.

The optimum use of this waste in the biodegradation process is dependent on its

chemical composition, which varies over time [35].

Biological decomposition of organic contaminants by microorganisms is one of the

most important and most effective ways to remove them from the environment.

Biodegradation of these compounds in the natural environment (in situ) is usually

a multi-step process that occurs with the participation of synergistically acting

autochthonous microorganisms. Determinants of this process include the following: the

composition and activity of microorganisms, the presence of antagonistic micro-

organisms, the properties and the “age” of contaminants, the presence of other

compounds, temperature, oxygen supply, the content of nutrients and physical and

chemical properties of the environment.

Biological treatment occurs in the presence of aerobic heterotrophic microrganisms,

which use the contaminants as a source of energy and cell synthesis leading to the

increase in the biomass and reduction of fat content in the waste.

Fat adsorbed on SBE is converted in the process of bioconversion by lipolytic

microorganisms, including the following: Candida utilis, Candida rugosa, Candida
curvata, Geotrichum candidum, Aspergillus niger, Penicillium roqueforti, Penicillium
citrinum, Penicillium sp., Galactomyces geotrichum, Mucor sp., Apiotrichum curvatum,

Bacilus subtilis and Streptomyces sp. [16, 35, 37, 38]. They have the ability to

biosynthesize many exoenzymes affecting the water-insoluble substrates [39–42].

The bioconversion of fat from SBE occurs with the participation of lipases produced

by microorganisms and activated on the fat-water interphase surface [43, 44]. Lipases

can occur in two main groups: carboxylesterases (EC3.1.1.1), which hydrolyze
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short-chain substrates that are partially soluble in water, and true lipases (EC3.1.1.3),

which show the activity in relation to long-chain, poorly water-soluble substrates,

resulting in the formation of emulsions or colloids. Microorganisms can produce

various groups of enzymes, eg in the case of bacteria, 47 types of lipases have been

identified [45, 46]. Lipases have a wide range of properties, depending on a source of

nourishment, taking into account the positional specificity, fatty acid specificity, the

optimum pH value and thermostability [43].

The bioconversion of fatty substances can be carried out for the following:

a) processing of SBE into the form of fertilizer assimilable by plants [19, 30] and the

production of biocompost [13, 31], which, however, due to the presence of hydro-

carbons, should not be widely used [47] and should be used only as a top cover of

landfill sites for planting;

b) production of biogas in the fermentation processes;

c) composting in combination with vegetable waste or straw and sewage sludge [48];

d) production of specific compounds, such as:

– fatty acid methyl esters (FAMEs) with the participation of Candida cylindracea [2,

3, 49, 50], used for the synthesis of hydroxy acids, surfactants, biodegradable

polyesters, lubricants, antirust products and biofuels as alternative energy sources [3,

17, 22, 51, 52];

– riboflavin (by fermentation) with the participation of the Ashybia gossypii strain [2,

3] and Bacillus subtilis [53], which accounts for approximately 80 % of the annual

production and results in complete recovery of the adsorbent with the possibility of

being reused in the vegetable oil refining process. A high content of riboflavin was

achieved, while the content of palm oil in SBE was reduced five times, accompanied by

the bleaching effect [54]. Similar experiments were performed using waste from the

production of rapeseed oil and equally good results were obtained [4, 54, 55];

– oxalic acid in the acid environment by a Aspergillus niger mutant [56–58];

– single-cell proteins (SCP) [37, 38, 59–61];

– secondary metabolites, mainly in the citrate fermentation process [62].

The enzymatic fat hydrolysis methods used in these processes, as compared to their

chemical hydrolysis, allow for the optimum utilization of fat, make it possible to obtain

products with a specific configuration, do not cause the formation of by-products

(ecologically clean processes), are applied in energy-saving conditions (hydrolysis

temperature: 30–40 oC) and reduce capital expenditure [63].

The majority of research on bio-utilization of SBE was conducted in the neutral or

slightly alkaline environment in the presence of vaccines of lipolytic microorganisms

whose activity in this environment was the highest. The hydrolysis of fat of various

compositions is possible thanks to low substrate specificity lipases [64], active within a

broad range of pH values and temperatures (ranging from 4–6 oC to 75 oC) [65–67].

They demonstrate the highest activity with the pH value of 8–9 and at 30–40 oC [68].

For most bacteria, the optimum pH value of the medium is neutral or alkaline and

ranges from 7.0 to 9.0. Since SBE is characterized by a natural acidic reaction, during

research this waste was neutralized by chemical substances, which increased the cost of

the process and resulted in additional contamination of the environment. Currently,

648 Teresa Krzyœko-£upicka



more and more attention is paid to microbial lipases, whose activity is the highest in the

acidic environment [67, 69–71], therefore, the bioconversion of fat in these conditions

should take place without any obstacles. For the majority of Pseudomonas bacteria, the

pH of the medium plays a minor role, since they produce lipase in a wide range of pH

values. For example, Pseudomonas fluorescens produces extracellular lipase in the pH

range from 4.0 to 10.0 [73], in contrast to lipase of Pseudomonas nitroreducans active

in strongly alkaline environments [74]. Lipases of Kurtzmanomyces I-11 and Kluyvero-
myces lactis are active in the pH range from 1.9 to 7.2 [67, 72]. Given the unique ability

of microorganisms to adapt to conditions in the environmental and to use fat as a source

of energy and nourishment, the extent of bioconversion will depend on biological,

physical and chemical properties of the waste in which the process occurs. An attempt

to transform waste fat in SBE in its natural acidic environment using autochthonous

lipolytic strains and stimulators that speed up decomposition of fat opens new prospects

for SBE utilization [16].
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ZAOLEJONA ZIEMIA BIEL¥CA

– POWSTAWANIE I KIERUNKI ZAGOSPODAROWANIA

Samodzielna Katedra Biotechnologii i Biologii Molekularnej, Wydzia³ Przyrodniczo-Techniczny

Uniwersytet Opolski

Abstrakt: Zak³ady t³uszczowe zarówno w Polsce, jak i na œwiecie produkuj¹ znaczne iloœci odpadów pod

nazw¹ zaolejonej ziemi biel¹cej (ZZB). Odpad ten jest Ÿród³em ska¿enia œrodowiska naturalnego. Jest on trud-

ny do utylizacji ze wzglêdu na z³o¿ony sk³ad chemiczny zmieniaj¹cy siê w czasie. Stosowane fizykoche-

miczne metody zagospodarowania nie przynosz¹ spodziewanych efektów i s¹ energo- i kosztoch³onne.

Perspektywiczn¹ alternatyw¹ s¹ metody biologiczne z wykorzystaniem w warunkach naturalnych (in situ)

autochtonicznych mikroorganizmów o aktywnoœci lipolitycznej w procesie samorzutnej biodegradacji

i w procesach sterowanych (biostymulacja, bioaugmentacja).

S³owa kluczowe: ziemia biel¹ca (ZB), zaolejona ziemia biel¹ca (ZZB), utylizacja, mikroorganizmy

autochtoniczne
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