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Abstract 

Technical enzyme preparations can be used as processing aids in the olive oil industry to 
obtain a higher yield and a better quality of the oil. These technical enzyme preparations 
degrade the plant cell wall, thus enhancing the permeability for oil. However, still very little is 
known about the specific role of the various constituent enzymes present in the preparations 
towards the polysaccharides in the plant cell wall. This study deals with this subject and 
describes the structural characteristics of the polysaccharides in the cell wall of olive fruit in 
relation to processing for oil extraction. 

The major polysaccharides in the cell wall of olive fruit were found to be the pectic 
polysaccharides and the hemicellulosic polysaccharides xyloglucan and xylan. The pectic 
polysaccharides were highly methyl esterified and rich in arabinose. The xyloglucans had a 
backbone with three out of four glucose residues substituted with xylose residues and had a 
very specific substitution pattern, because galactose as well as arabinose residues could be 
linked to the xylose residues. The presence of arabinose residues linked to xylose residues is a 
common feature of xyloglucans produced by solanaceous plants, but has not been 
demonstrated for other dicotylodonous plants. Incubation of the cell wall material from olive 
fruit with pectin degrading enzymes in combination with endo-glucanases revealed that 
O-acetyl groups were not only linked to pectic material in olive fruit but also to xyloglucan. It 
was established that the arabinose residues of the xyloglucan could carry one or two O-acetyl 
groups. The cell wall material of olive fruit contained besides xyloglucan also considerable 
amounts of the hemicellulose xylan. These xylans appeared to be very low in substitution. 
Less than 10% of the xylose residues were mono substituted, mainly with 4-O-methyl-
glucuronic acid residues. 

The use of technical enzyme preparations during processing affected only a relatively small 
part of the polysaccharides in the cell wall. About 8-10% of the cell wall polysaccharides were 
extracted with cold and hot buffer and appeared to be modified during enzymatic processing. 
The changes of the buffer soluble pectic material were reflected by an increase in yield, a 
change in molecular weight distribution, a decrease in methyl esterification and a degradation 
of the (l->4)-linked galactan chains. No differences were observed in the composition of the 
arabinan chains during enzymatic processing. Analysis of the olive oil revealed that the use of 
enzyme preparations increased the concentration of phenolic compounds in the oil. Especially, 
the contents of secoiridoid derivatives such as the dialdehydic form of elenolic acid linked to 
3,4-dihydroxyphenylethanol and an isomer of oleuropein aglycon increased significantly. 
These two phenolic compounds have high antioxidant activities. 

The effect of enzyme treatment during the mechanical extraction of olive oil depends on 
the stage of maturity of the olive fruit. From this perspective the structural characteristics of 
the cell wall polysaccharides during ripening have also been investigated. During ripening the 
degree of methyl esterification and acetylation decreased and the solubility of the pectic 
polymers in buffer markedly increased. No distinct differences could be noticed with regard to 
the sugar composition and the profile of the molecular weight distribution of the pectic and 
hemicellulosic polymers during fruit development. 
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Chapter 1 

Background 

Olive fruit has been cultivated for thousands of years in the countries surrounding the 
Mediterranean Sea and has played an important role in the diet of the people in this area as 
well as their economy and culture (Boskou, 1996). Currently, more than 95% of the world's 
olive trees grow in the Mediterranean Basin with Spain, Greece and Italy as leading producers 
of olive fruit (Macrae et al, 1993; Ensminger et al, 1995; Firestone et al, 1996). The annual 
olive fruit production is about 9.4 million tonnes and approximately 90% of the production is 
used for the extraction of olive oil. The remaining 10% is consumed as table olives (Macrea et 
al, 1993). Most of the world olive oil is consumed in the producer countries themselves. This 
is due to economic factors as well as dietary habits and preferences acquired through tradition 
since olive oil is a native product (Boskou, 1996). However, consumption of olive oil is 
increasing in non-Mediterranean areas such as the United States, Canada, Russia, Australia 
and Japan because of the growing interest in the Mediterranean diet (Visioli & Galli, 1998). 
Epidemiological evidence shows that the Mediterranean diet, which is rich in olive oil and 
fresh fruit and vegetables, is associated with a lower incidence of coronary heart disease and 
certain tumours (prostate and colon cancer). The high intake of oleic acid (18:1(9)) from olive 
oil and the concomitant low intake of saturated fat has been proposed as an important factor 
for the beneficial effect of the diet. Recent findings also suggest that phenolic compounds 
found in olive oil are endowed with several biologic activities that may contribute to the lower 
incidence of coronary heart disease in the Mediterranean area (Visioli et al, 1998; 
Trichopoulou et al, 1999; Parr & Bolwell, 2000). In addition to the biological role, phenolic 
compounds give olive oil a particular resistance to the development of rancidity and are 
important for its unique flavour and taste (Boskou, 1996; Galli & Visioli, 1999). 

In the olive oil industry technical enzyme preparations can be used as processing aids to 
increase the extraction output of the oil. This favourable effect of enzymatic treatment on the 
extraction of olive oil has already been observed in the 1950s. Furthermore, enzymatic 
treatment can have a beneficial influence on quality in particular as far as the phenolic content 
and stability by oxidation are concerned (Christensen, 1991; Servili et al, 1992; Di 
Giovacchino, 1993; Montedoro et al, 1993a; Dominguez et al, 1994; Ranalli & Serraoiocco, 
1995; Ranalli & De Mattia, 1997). The technical enzyme preparations developed to be used 
for the extraction of olive oil degrade the plant cell walls, thus enhancing the permeability for 
oil. However, although several studies have been carried out on the effect of enzymatic 
treatment on the yield and the quality characteristics of oil from olive fruit, very little is 
known about the effect of these enzyme preparations on the plant cell wall structure. This 
thesis deals with this subject and describes the structural characterisation of polysaccharides 
from olive fruit cell walls in relation to processing for oil extraction. In addition to this, 
ripening related changes in the structure of the cell wall polysaccharides have been studied, 
because knowledge of this aspect is still limited and, because the ripening stage of the olive 
fruit is very important in relation to olive oil quality. A short overview of the processing of 
olive fruit and the structure of plant cell walls is given in this chapter. 
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The olive 

Olive oil is obtained by mechanical extraction from the fruit of the Olea europaea (family, 

Oleaceae) tree. The olive fruit is a meaty, intensely bitter, stoned fruit. Its shape is round and 

generally elongated. The colour of fresh green olives is due to the presence of chlorophylls. 

As ripening progresses, olives become pink to purple or black. This colour change is due to 

the formation of anthocyanins. The physical and chemical characteristics of olive fruit 

depends on many factors, including variety, ripeness at the time of harvest, geographical 

location, type of cultivation, etc (Garrido Fernandez et al, 1995). Table 1.1 gives an overview 

of the composition of the fruit, which consists of a pericarp and an endocarp. The pericarp 

includes an epicarp (skin) and a mesocarp (pulp) surrounding the endocarp (woody pit) in 

which the seed is enclosed (Fernandez Diez, 1992; Firestone et ai, 1996). 

Olive oil 

The processing of olive fruit for the extraction of oil is mainly performed in large modern 

plants but small traditional oil mills are also still in use. The extraction of the oil from the 

olive fruit requires several processing steps (Fig. 1.1). The olives are first washed to remove 

dirt and agricultural contaminants. Then the process of releasing oil from the olive fruit begins 

by crushing the olives into a coarse paste. The objective of this step is to tear flesh cells to let 

the oil run out of the vacuoles, thus permitting the formation of larger drops that can be 

Table 1.1 
The composition of the fruit of the olive tree and of the fresh pulp (Fernandez Diez, 1992) 

Weight (%) 

Fruit 

Pericarp i Epicarp r 
1— Mesocarp Pulp 70-90 

Endocarp 1 Stone 9-27 

• Seed 1-3 H\ 
Pulp 

Moisture 50-75 

Lipids (oil) 6-30 

Reducing sugars, soluble 2-6 

Non-reducing sugars, soluble 0.1 -0.3 

Crude protein (N x 6.25) 1 -3 

Fibre 1-4 

Phenolic compounds 1 -3 

Organic acids 0.5-1 

Pectic substances 0.3-0.6 

Ash 0.6-1 

Others 3-7 
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Olives 

Washing-
leaf removal 

Crushing 

Mixing (malaxation) 

1000 kg Composition: 

220 kg oil 

300 kg solids 

480 kg water 

Pomace •* 

400 kg 

oil: 9% 

water: 56% 

Extraction system 

Oil 

180 kg 

— • Oil + water 

I 
* Centrifugation 

I 
Vegetation water 

1220 kg 

oil: 0.33 % 

Fig. 1.1. Diagram of the extraction of olive oil including a mass balance. During the process diluting 
water (paste/water ratio 1:1 (w/v)) is added (Garrido Fernandez et al, 1995; Boskou, 1996; Firestone 
etal, 1996). 

separated from other phases. After it is crushed, the olive paste is mixed during 30-60 min 

(called malaxation), a process that entails stirring the paste slowly and continuously. The 

objective of this stage is to increase the amount of oil that is released; first, by helping the 

droplets to merge into large drops that can be separated into a continuous liquid phase and, 

second, by breaking up the oil/water emulsion. Finally, the oil is separated from the other 

phases in the paste by pressure, centrifugation or percolation. In addition to oil, a solid residue 

(pomace) and vegetation water are produced during the extraction. The oil yield per 100 kg of 

fruit is about 18 kg (Boskou, 1996; Firestone et al, 1996; Williams & Hron, 1996). 

The oil obtained from sound fruit by pressing without further treatment is called virgin 

olive oil. After the first pressing, the residual pulp is still rich in oil and is usually re-crushed 

or re-pressed. Oils obtained from the second pressing tend to have a more intense colour and a 

higher acid content, as well as a weaker aroma. This latter oil together with inferior virgin oil 

is further subjected to refining treatments such as neutralisation, deodorisation and bleaching; 

resulting in removing acid, odour and colour. The oil so obtained is called refined olive oil 

and is largely used for mixing with the first extraction to produce edible grades. If olive oil is 
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used as a salad oil, it is also winterised. Meaning that the oil is cooled to a low temperature 
and any crystallised material is removed from the liquid oil (Abraham & Hron, 1992; Macrea 
etal, 1993). 

As mentioned in the first section of this chapter, enzymatic treatment can be used to 
enhance the oil recovery from olive fruit. The enzymes act upon the plant cell walls, thus 
favouring the permeability for oil. The increase of the oil yield depends on the variety and 
ripeness of the olive fruit, the enzymes used, the temperature, the pH and the dosage of 
enzyme applied. Typically there is a 5-10% increase in the oil yield. The effect of the enzymes 
is most pronounced during processing of unripe or less ripe olives early in the harvest 
(Christensen, 1991; Di Giovacchino, 1993; Dominguez et al, 1994; Olsen, 1995). The use of 
technical enzyme preparations during processing can also increase the content of phenolic 
compounds, which is related to the sensory quality and the oxidative stability of the virgin 
olive oil. Among the phenolic compounds identified in olive oils are the hydroxycinnamic 
acids (caffeic acid, vanillic acid, p-coumaric acid, syringic acid and ferulic acid) and the 
phenyl alcohols, /?-hydroxyphenyl-ethanol (p-HPEA) and 3,4-dihydroxyphenyl-ethanol (3,4-
DHPEA) and oleuropein aglycon (Gutfinger, 1981; Tsimidou, 1998). However, the prevalent 
phenolic compounds in the virgin olive oil are secoiridoid derivatives, such as the dialdehydic 
form of elenolic acid linked to 3,4-DHPEA (3,4-DHPEA-EDA) orp-HPEA (p-HPEA-EDA) 
and an isomer of the oleuropein aglycon (3,4-DHPEA-EA) (Montedoro et al, 1993b). 

The contribution of individual phenols to oil stability and the importance of the presence of 
phenolic compounds to the sensory quality of the oil have not been fully investigated 
(Tsimidou, 1998). The most important compound for the high oxidative resistance of the oil 
seems to be 3,4-DHPEA (Gutfinger, 1981), but also 3,4-DHPEA-EDA and 3,4-DHPEA-EA 
show important antioxidant activities (Servili et al, 1996). Although phenolic compounds 
have important antioxidant activities, enrichment of an olive oil with these compounds has 
also some limitations due to their adverse contribution to the sensory quality of the oil. A very 
high load of phenols may result in an excessive and unpleasant bitterness and may not be 
acceptable by the consumers (Tsimidou, 1998; Galli & Visioli, 1999). 

Structure of plant cell walls 

The enzymes used to enhance oil recovery and quality act upon the plant cell walls. Cell 
walls are a major component of plant material and are composed of complex polysaccharides 
and structural proteins (Carpita & Gibeaut, 1993; McCann & Roberts, 1994). Cellulose is the 
most abundant plant polysaccharide and forms the microfibrillar foundation. Cellulose is an 
assembly of several dozen unbranched (1 —»4)-linked (i-D-glucan chains that are hydrogen 
bonded along their length to form paracrystalline cables. In the primary cell wall of 
dicotyledonous and non-graminaceous monocotyledonous plants xyloglucan is thought to be 
capable of hydrogen-bonding to cellulosic microfibrils and thus cross-linking them together 
(Fig. 1.2). Xyloglucans are linear chains of (1—»4)-linked (3-D-glucose residues, but, unlike 
cellulose, they have D-xylose residues attached to C-6 of the D-glucose residues. The 
framework of cellulose microfibrils and xyloglucan polymers is embedded in a matrix of 
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Middle lamella pectin 

Middle lamella 

Primary wall 

Plasma membrane 

Pectin 

Cellulose 

Hemicellulose 

Fig. 1.2. An extremely simplified and schematic representation of the onion parenchyma cell wall. 
There are two main interpenetrating networks, one of cellulose and hemicellulose and one of pectin. 
No protein is shown as onion has very little protein in its cell wall (McCann & Roberts, 1991). 

pectic polysaccharides (McCann & Roberts, 1991; Carpita & Gibeaut, 1993). Pectic 

polysaccharides are rich in D-galacturonic acid, L-rhamnose, L-arabinose and D-galactose and 

form a very complex group of heteropolysaccharides. In essence, they comprise two families 

of covalently interlinked acidic polymers; these are galacturonans and highly ramified 

rhamnogalacturonans (Voragen et ah, 2001) and will be discussed later. In some cells a third 

interactive network of structural proteins such as the hydroxyproline-rich glycoprotein 

extensin might be present (McCann & Roberts, 1991; McCann & Roberts, 1994). 

The main experimental approach used to study the cell wall involves the purification of the 

cell wall followed by the extraction of specific polymers from the cell walls with chemical 

solvents. The isolated polymers are subsequently analysed for sugar and glycosidic linkage 

composition and by size-exclusion or ion-exchange chromatography and nuclear magnetic 

resonance (NMR) spectroscopy (Brett & Waldron, 1990; Selvendran & Ryden, 1990; McCann 

et ah, 1995). Plant-cell-wall-degrading enzymes can also be used as valuable analytic tools in 

the elucidation of the fine structure of polysaccharides. Pure and well-characterised enzymes 

can cleave large polysaccharides to yield characteristic oligomers. Subsequent chemical 

analysis of the released fragments gives a reasonable idea of the general sequence and 

conformation of very large polymers (Carpita & Gibeaut, 1993; Voragen et ah, 1993; Schols 

& Voragen, 1996). Microscopic techniques can be used to obtain information on the overall 

appearance and morphology of the cell wall. At the light microscopy level, the distribution of 

particular components is seen by the use of histochemical stains and probes such as 

antibodies. Antibodies coupled to colloidal gold can be used at the electron microscope level 

to show the distribution of components within a single wall. The architecture of the cell walls 

can also be directly visualised in the electron microscope (Brett & Waldron, 1990; McCann et 

ah, 1995). Fourier transform infrared (FTIR) microspectrometry can be used to detect specific 
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chemical bonds within the wall, and in combination with polarisers, to detect their orientation 
(transversely or longitudinally with respect to the long axis of the cell). Fourier transform 
Raman (FT-Raman) microspectroscopy provides complementary spectral information 
(McCann etai, 1995). 

Composition and structure of pectic polysaccharides 

The primary cell walls of dicotyledonous plants contain a high proportion of pectic 
polysaccharides. The composition of the pectic polysaccharides is very complex and varies 
with the conditions of extraction, the type of plant tissue and the state of development of the 
wall (Selvendran, 1985). Despite of the structural diversity, pectin can be described by the 
structures schematically presented in Fig. 1.3. In this model the pectin molecule consists of 
unsubstituted ("smooth") regions containing almost exclusively D-galacturonic acid residues 
and blocks of more highly substituted ("hairy") rhamnogalacturonan regions (Voragen et al, 
1995). 

The smooth galacturonan regions consist of linear chains of (1—>4)-linked a-D-galacturonic 
acid residues. Other sugars are absent or present only in low amounts (Brett & Waldron, 1990; 
O'Neill et al, 1990). The galacturonic acid residues in the galacturonan regions can be methyl 
esterified at the carboxyl group and O-acetylated at C-2 and/or C-3 (Voragen et al, 1995; Ishii 
etal, 1997). 

The hairy regions include rhamnogalacturonan I and II. Rhamnogalacturonan I is a major 
component of the middle lamella and the primary cell wall of dicotyledonous plants. The 
backbone of rhamnogalacturonan I is composed of repeating (1—>4)-a-D-galacturonosyl acid-
(1—>2)-a-L-rhamnosyl units. The galacturonic acid residues in the rhamnogalacturonan parts 
of the pectic molecule can be O-acetylated at both C-2 and C-3 and methyl esterified 
(Komalavilas & Mort, 1989; Brett & Waldron, 1990; Ishii et al, 1997). About 20% to 80% of 
the rhamnose residues are substituted at C-4 with arabinose- and galactose-rich side chains 
depending on the source of the polysaccharide. These side chains are often quite large and are 
similar in structure to the arabinan, galactan and arabinogalactan type I and II molecules 
described later (Brett & Waldron, 1990; Carpita & Gibeaut, 1993; Albersheim et al, 1996). 

Rhamnogalacturonan II is a low molecular, structurally well-defined, complex pectic 
polysaccharide and is composed of a backbone of at least seven (1—>4)-linked a-D-
galacturonic acid residues. Rhamnogalacturonan II has four structurally well-defined 
oligosaccharide side chains that are attached to the galacturonic acid residues of the backbone 
at C-2 and/or C-3. Characteristic for rhamnogalacturonan II is the presence of unusual or 
unique sugars like apiose, 3-C-carboxy-5-deoxy-L-xylose (aceric acid), 3-deoxy-D-/na«no-
octulosonic acid (KDO) and 3-deoxy-D-/yxo-2-heptulosaric acid (DHA) and also the seldom 
observed methyl-esterified sugars 2-O-methyl-L-fucose and 2-O-methyl-D-xylose, besides the 
more common sugar residues L-rhamnose, L-fucose, L-arabinose, D-galactose, D-galacturonic 
acid and D-glucuronic acid (McNeil et al, 1984; O'Neill et al, 1990; Whitcombe et al, 1995; 
Pellerineffl/., 1996). 

Another structural element of pectin is xylogalacturonan. Xylogalacturonan consists of a 
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Fig. 1.3. Schematic structure of the pectin molecule. Occurrence, amount and chemical fine structure 
of the individual segments may vary significant depending on the origin of the pectin (Voragen et al., 
2000). 

(l-»4)-a-D-galacturonan backbone with some L-rhamnose inserted and single unit side chains 
of D-xylose residues linked to part of the D-galacturonic acid residues at C-3 (Voragen et al, 
1993). Part of the galacturonic acid residues is methyl esterified (Schols et al., 1995). 

Composition and structure of hemicellulosic polysaccharides 

In contrast to the pectins, the hemicelluloses vary greatly in different cell types and in 
different species. In most cell types one hemicellulose predominates with others present in 
smaller amounts. For example, xyloglucan is the principal hemicellulose of the primary cell 
walls of dicotyledonous plants, while the primary walls of monocotyledonous plants include, 
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as a major hemicellulose, arabinoxylan (McNeil et al, 1984; Brett & Waldron, 1990). 
Generally, xyloglucans comprise as much as 20-25% of the primary walls of 

dicotyledonous plants. It consists of a backbone of P-(l—>4)-linked glucose residues in which 
up to 75% of the glucose residues can be substituted at C-6 with xylose residues (Fig. 1.4). 
Some xylose residues are further substituted at C-2 with a monosaccharide (galactose or 
arabinose) or disaccharide (fucose-(l—»2)-galactose). Species and tissue specific differences 
occur in the distribution of the side chains. In addition, O-acetyl groups can present on the 
galactose and arabinose residues of the side chains and on the glucose residues of the 
backbone (McNeil et al, 1984; Fry, 1989; Hayashi, 1989; Vincken et al, 1997; Pauly et al, 
2001). The primary cell walls of monocotyledonous plants contain small amounts of 
xyloglucan, with in general a lower xylose to glucose ratio compared to dicotylodonous 
plants. Xyloglucans are also found as storage polysaccharides in some seed endosperm cell 
walls. In these tissues, the structure generally lacks fucose (Brett & Waldron, 1990). 

Xylans have a backbone of P-(l—»4)-linked xylose residues. The xylose residues of the 
backbone can be substituted at C-2 or C-3 with arabinose residues, glucuronic acid residues 
(or its 4-O-methyl derivative) and acetyl esters. Other, longer side chains containing xylose, 
arabinose and galactose have also been reported. The absolute and relative amounts of these 
substituents is species and tissue specific. The principal hemicellulosic polysaccharide of the 
primary cell walls of monocotyledonous plants is an arabinoxylan, while acidic xylan is 
generally present in the lignified tissues of both monocotyledonous and dicotyledonous plants 
(McNeil et al, 1984; Brett & Waldron, 1990). 

Arabinans are branched polysaccharides with a backbone of a-(l—»5)-linked arabinose 
residues substituted at C-2 and/or C-3 with arabinose. They are present in the cell wall either 
as independent molecules or as side chains attached to rhamnogalacturonan I (Beldman et al, 
1997). 

Arabinogalactans occur in two structurally different forms. Arabinogalactan type I is a 
linear chain of P-(l—>4)-linked galactose residues with 20 to 40% arabinose residues (1—>5)-
linked in side chains connected in general to C-3 of the galactose residues. Arabinogalactan 
type II is a highly branched polysaccharide with ramified chains of galactose residues joined 
by P-(l—>3)- and P-(l-»6)-linkages. The (1—»3)-linkages predominate in the interior chains 
and the (1—»6)-linkages occur mainly in the exterior chains. Most of the side chains are 
terminated with arabinofuranosyl residues and to some extent arabinopyranosyl residues occur 
(Beldman et al, 1997). Arabinogalactans type I and II can be present in the cell wall as 
covalently linked side chains of rhamnogalacturonan I or as separate polysaccharides. In 
addition, type II arabinogalactans are also often found to be associated with hydroxyproline 
containing proteins (O'Neill et al, 1990; Voragen et al, 1995). Some primary cell walls also 
contain p-(l—>4)-linked galactans with little or no additional sugar material present in the 
molecule, but they are relatively rare (Brett & Waldron, 1990). 

Other types of hemicellulosic polysaccharides are mannans, which are present in a wide 
range of cell walls and P-(l—>3)-, P-(l—»4)-linked glucans present in the cell walls of the 
Gramineae (McNeil et al, 1984; Brett & Waldron, 1990). 
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O-Acetyl 

Fig. 1.4. An overview of different branching patterns of xyloglucan. • , P-D-Glcp-(1—»4)-; O, a-D-
Xyh?-(l->6)-; A, P-D-Gah>(l->2)-; and • . a-L-Ara/:(l-»2)-. Position Q can be substituted with an o> 
L-Fuc/>-(l—>2)- residue or an a-L-Galp-(l-»2)-. Position Y can be substituted with a P-D-Xyh>(l->2)-
an a-L-Ara/-(l—>2)-, or an a-L-Araf-(l—»3)-P-D-Xyh?-(l—»2)- side chain. Z can be substituted with a 
P-D-Xylp-(1—>2)- residue. O-acetyl groups are indicated by closed half circles (Vincken et al, 1997). 

Aim and outline 

The aim of the study described in this thesis is to obtain more information about the 

structural characteristics of the polysaccharides present in the cell walls of olive fruit in 

relation to ripening and enzymatic processing for olive oil extraction. Pectin is a major 

polysaccharide in the cell walls of olive fruit and the structural characteristics of this 

polysaccharide are the subject of research in chapters 2 and 6. The pectic polysaccharides 

were isolated from the cell wall by sequential extraction with specific solvents and sugar 

(linkage) analysis and degradation studies with specific enzymes were performed to obtain 

information about their structural characteristics. In addition to the pectic polysaccharides the 

cell wall contains significant amounts of xylan and xyloglucan. A more detailed study of these 

hemicellulosic polysaccharides is described in chapter 3. The results indicated a xyloglucan in 

olive fruit with a specific substitution pattern. So, xyloglucan oligosaccharides were prepared 

by endo-glucanase digestion of the alkali-extractable xyloglucan from olive fruit and the two 

most abundant oligosaccharides were isolated and their structure characterised by NMR 

spectroscopy and mass spectrometry. This research is described in chapter 4 and revealed that 

olive fruit xyloglucan is mainly built from two novel arabinose-containing oligosaccharides. 

Ripening related changes in the composition of the cell wall material from olive fruit are 

described in chapter 2. Olive fruit was harvested at four specific moments during the season 

and cell wall material was isolated and sequentially extracted to yield four pectin-rich 

fractions and two hemicellulose-rich fractions. Subsequently, the ripening related changes in 

the cell wall material and the pectic and hemicellulosic fractions were examined. 

Processing related changes in the composition of the cell wall material from olive fruit 
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were investigated in order to obtain more insight in the mechanisms by which the use of cell-

wall-degrading enzyme preparations lead to a higher yield of the oil (chapters 5 and 6). In 

addition to the effect of processing on the composition of the cell wall polysaccharides, the 

effect of processing on the composition of the phenolic compounds has been studied. This, 

because cell-wall-degrading-enzyme preparations are not only used as processing aids in the 

olive oil industry to improve the extraction yield but also to improve product quality, which is 

directly related to the content of phenolic compounds in the olive oil. 

Finally, in the concluding remarks (chapter 7) an overview of the thesis work is given and 

the implications of our work are discussed. 
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Chapter 2 

Isolation and characterisation of cell wall material 
from olive fruit (Olea europaea cv koroneiki) at 
different ripening stages 

Abstract 

Olive fruit {Olea europaea cv koroneiki) were picked at the immature green, 
green, turning and purple ripening stages and cell wall material was isolated. 
During ripening the sugar compostion changed and the level of methyl esters 
and acetyl groups of the cell wall decreased. The cell wall material of green and 
purple olives was fractionated by successive extractions with 0.05 M NaOAc 
buffer, 0.05 M cyclohexane-fra«5-l,2-diaminetetra-acetate (CDTA) and 0.05 M 
NH4-oxalate in 0.05 M NaOAc buffer, 0.05 M NaOH, 1 M KOH, 4 M KOH 
and 6 M NaOH. The amount of pectic material extracted with NaOAc buffer 
increased considerably during ripening. The molecular weight distribution and 
the sugar composition of the pectic polymers hardly changed. The yields and the 
sugar composition of the hemicellulose-rich fractions showed little change 
throughout development. The molecular weight profiles of the hemicellulosic 
fractions were similar. 

For further study, the hemicellulose-rich fractions were fractionated by 
anion-exchange chromatography. The fractions had similar elution behaviours 
and all contained a xyloglucan-rich pool and four xylan-rich pools. The yields 
of the subpopulations differed for the 1 and 4 M KOH fractions. During 
ripening no detectable changes in the sugar composition and the molecular 
weight distribution of the xyloglucan-rich and xylan-rich fractions were found. 

This chapter has been published in Carbohydr. Polym. 43 (2000) 11-21 by the authors 
Esther Vierhuis, HenkA. Schols, Gerrit Beldman &Alphons G.J. Voragen. 



Chapter 2 

Introduction 

Ripening associated changes of the cell wall have been studied for many fruits often in 
relation to textural changes. Changes to the pectic polymers are the most common and can 
involve an increased solubility, depolymerisation, de-esterification and a loss of neutral sugars 
associated side chains. In some cases a decrease in the molecular mass of hemicelluloses has 
also been reported (Seymour & Gross, 1996). Knowledge about the composition of cell wall 
material from olive fruit and about changes in the cell wall material during ripening is limited. 
Sequential extraction of cell wall material shows that the major components of the cell wall 
from olive fruit are pectic polysaccharides rich in arabinose (Coimbra et al., 1994; Huisman et 
al., 1996). Besides pectins the cell wall also contains significant amounts of acidic xylans and 
xyloglucans (Gil-Serrano et al., 1986; Gil-Serrano & Tejero-Mateo, 1988; Coimbra et al, 
1994). 

Ripening related changes in the composition of olive fruit cell wall have been studied by 
Heredia et al. (1993). They have studied the neutral sugar composition of the cell wall 
material during the development and ripening of olive fruit but did not sequentially extract the 
material for a more detailed analysis. Huisman et al. (1996) have also studied the overall 
composition of the cell wall material. The ripening associated changes of the cell wall sugars 
they have described were less pronounced compared to the results of Heredia et al. (1993). 
This may be due to the use of a different variety but may also originate from the fact that 
Huisman et al. (1996) have used olive fruit harvested at one moment and re-divided this batch 
on basis of their colour in mature green olives, turning olives and purple olives. For our 
research we will use, as Heredia et al. (1993), olive fruit harvested at specific moments during 
the season. The objective is to examine changes in the cell wall material and the pectin and 
hemicellulosic fractions during ripening. The fractions are compared on the basis of yield, 
sugar composition and molecular weight distribution. A more detailed characterisation of the 
hemicellulose-rich fractions isolated from different ripening stages will be described in the 
last part of the paper to complete previous work of our group described by Huisman et al. 
(1996) on the characterisation of pectin-rich fractions from different ripening stages. 

Experimental 

Materials 

Olive (Olea europaea cv koroneiki) fruit of four stages of ripening were kindly supplied by 
Dr. E. Stefanoudaki, Institute of Subtropical Plants and Olives, Chania, Greece. Fruit from 
each ripening stage was selected for uniformity of colour and size and the damaged fruit was 
discarded. Classes: Immature green (small, underdeveloped olive fruit, FO), green (FI), turning 
(FII) and purple (Fill). 

Isolation of alcohol insoluble solids (AIS) 

Olives (2000 g) were boiled in water (10 min) and destoned. The pulp was freeze-dried and 
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defatted by Soxhlet extraction with petroleum ether (40-60). Subsequently, the lipid free 
material was extracted with 70% (v/v) ethanol at 40°C for 1 h and centrifuged. The extraction 
with 70% (v/v) ethanol was repeated until the extracts were free of sugars as monitored by the 
phenol-sulphuric acid test (Dubois et al., 1956). The residue (AIS) was dried by solvent 
exchange (96% (v/v) ethanol and acetone) at room temperature and ground (particle size < 1 
mm). 

Sequential extraction of AIS 

The AIS prepared from olive pulp was sequentially extracted with various solvents as 
described by Huisman et al. (1996). The extraction procedure was extended with an extraction 
with 1.5% (w/v) sodium dodecylsulphate (SDS) in 10 mM 1,4-dithiothreitol (DTT) to remove 
proteins. AIS (20 g) was sequentially extracted with 0.05 M NaOAc buffer, pH 5.2 (three 
times 600 mL) at 70°C for 30 min (Hot Buffer Soluble Solids, HBSS); 1.5% (w/v) SDS in 10 
mM DTT (three times 300 mL) at room temperature for 3 h (Sodium Dodecyl Soluble Solids, 
SDSS); 0.05 M CDTA and 0.05 M NH4-oxalate in 0.05 M NaOAc-buffer, pH 5.2 (two times 
600 mL) at 70°C for 30 min (Chelating agent Soluble Solids, ChSS); washed with distilled 
water; extracted with 0.05 M NaOH (two times 600 mL) at 4°C for 30 min (Dilute Alkali 
Soluble Solids, 0.05 M NaOH); 1.0 M KOH + 20 mM NaBH4 (two times 600 mL) at room 
temperature for 2 h (1 M Alkali Soluble Solids, 1 M KOH); 4.0 M KOH + 20 mM NaBH4 

(600 mL) at room temperature for 2 h (4 M Alkali Soluble Solids, 4 M KOH); 6.0 M NaOH + 
20 mM NaBH4 (600 mL) at room temperature for 2 h (6 M Alkali Soluble Solids, 6 M 
NaOH). After each extraction, solubilised polymers were separated from the insoluble residue 
by centrifugation. The supernatants were filtered through a G3 glass sinter (those containing 
alkali were neutralised by adding glacial acetic acid), ultrafiltrated (nominal molecular weight 
cut-off 30 kDa) and freeze-dried. The final residue was dialysed and freeze-dried. 

Ion-exchange chromatography 

Ion-exchange chromatography was performed on a DEAE Sepharose Fast Flow column (50 
x 2.6 cm) equilibrated with 0.005 M NaOAc (pH 5.0). After loading with sample the column 
was washed with the same buffer (380 mL) and eluted successively with a NaOAc buffer 
gradient and NaOH (0.005 M ^ I M NaOAc (1600 mL), 1 M NaOAc (300 mL), 1 M ^ 2 M 
NaOAc (300 mL), 2 M NaOAc (300 mL), 0.005 M NaOAc (380 mL), 0.25 M NaOH (1000 
mL) and 0.5 M NaOH (1500 mL)). During the elution with NaOAc and NaOH fractions of 20 
mL were collected and analysed for neutral sugar and uronic acid content as described. The 
alkali fractions were neutralised before analysis. 

Analytical methods 

Total neutral sugar content 
Total neutral sugar content was determined colorimetrically by the automated 

orcinol/sulphuric acid assay (Tollier & Robin, 1979). Xylose was used as a standard. 
Corrections were made for the interference of uronic acids in the samples. 
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Total uronic acid content 
Total uronic acid content was determined colorometrically by the automated w-hydroxy-

diphenyl assay (Thibault, 1979). Galacturonic acid was used as a standard. Corrections were 
made for the interference of neutral sugars in the samples. 

The neutral sugar composition 
The neutral sugar composition of the AISs and the fractions was determined by gas 

chromatography according to Englyst & Cummings (1984) using inositol as an internal 
standard. The samples were treated with 72% (w/w) sulphuric acid for 1 h at 30°C prior to 
hydrolyses with 1 M sulphuric acid for 3 h at 100°C. The released constituent sugars were 
analysed as their alditol acetates. Cellulosic glucose in the residue was calculated as the 
difference between the glucose contents determined with and without pre-treatment with 72% 
(w/w) sulphuric acid. The sugar composition of the xyloglucan-rich and xylan-rich pools were 
determined by direct hydrolyses without a pre-treatment with 72% (w/w) sulphuric acid 
because no cellulose was expected in these soluble samples. 

The uronic acid composition 
The uronic acid composition of the xylan-rich pools was determined using methanolysis 

combined with trifluoroacetic acid hydrolysis as described by De Ruiter et al, (1992) 
followed by an enzymatic hydrolysis of incomplete hydrolysed aldobiuronic acids. The xylan-
rich pools were heated for 16 h at 80°C with 1 mL anhydrous 2 M hydrochloric acid in 
absolute methanol. After cooling to room temperature the liquid was evaporated by a stream 
of air. The remaining carbohydrates were hydrolysed further with 2 M trifluoroacetic acid (1 
h, 121°C), which was removed again by evaporation (air stream, at room temperature). Two 
times, 1 mL of methanol was added and evaporated to dryness to remove residual acetic acid 
from the samples. Subsequently, the samples were dissolved in distilled water and (4-0-
methyl)-ct-glucuronidase was added to enzymatically hydrolyse residual aldobiuronic acids (4-
O-MeGlcA-Xyl and GlcA-Xyl). The incubation was performed at 40°C for 24 h. The (4-0-
methyl)-a-glucuronidase was purified from a commercial enzyme preparation from 
Trichoderma viride (Kroef et al., 1992). A standard mixture of galacturonic acid, glucuronic 
acid and (4-0-methyl)-glucuronic acid-xylose was treated likewise. The response of 
glucuronic acid was used to calculate the (4-0-methyl)-glucuronic acid content because no 
standar for (4-0-methyl)-glucuronic acid was available. Standards and samples were analysed 
by HPAEC. 

Protein content 
Protein contents of the AISs were determined by a semi-automated Micro Kjeldahl assay 

(Roozen & Van Boxtel, 1979). All nitrogen (N) was assumed to be of protein origin and the 
protein content was calculated as 6.25 x N. 

Degrees of methylation and acetylation 
Degrees of methylation and acetylation of AISs were determined by HPLC after 

saponification with 0.4 M NaOH according to Voragen et al. (1986) and expressed as mol 
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methyl esters or acetyl groups per 100 mol uremic acid. 

High-performance anion-exchange chromatography 
High-performance anion-exchange chromatography (HPAEC) was performed using a 

Dionex BIO LC GMP-11 gradient module equipped with a CarboPac PA-1 column (250 x 4 
mm) in combination with a CarboPac PA guard column (25 x 3 mm) of Dionex. Elution took 
place at 20°C at a flow rate of 1.0 mL/min. The gradient was obtained by mixing solutions of 
0.1 M NaOH, 1 M NaOAc in 0.1 M NaOH and distilled water. The uronic acids were 
analysed with the following gradient: 0—>26 min, isocratic with 15 mM NaOH; 26—»33 min, 
linear gradient of 15—>100 mM NaOH; 33—>95.5 min, linear gradient of 0—>100 mM NaOAc 
in 0.1 M NaOH. After each run the column was washed for 5 min with 100 mM NaOH 
containing 1 M NaOAc, for 5 min with 100 mM NaOH and subsequently equilibrated for 15 
min with the starting eluent. Solvents were degassed and stored under helium using a Dionex 
eluent degassing module. The column effluent was monitored using a Dionex pulsed 
electrochemical detector (PED) in the pulsed amperometric detection (PAD) mode. A 
reference silver/silver chloride electrode was used containing a gold electrode using the 
following pulse potentials and durations: £ | 0.1 V and 0.4 s, Ej. 0.7 V and 0.2 s, £3 -0.1 V and 
0.4 s. 

High-performance size-exclusion chromatography 
High-performance size-exclusion chromatography (HPSEC) was performed on a SP8810 

HPLC (Spectra Physics) equipped with three Bio-Gel TSK columns (each 300 x 7.5 mm) in 
series (40XL, 30XL and 20XL; Bio-Rad Labs) in combination with a TSK XL guard column 
(40 x 6 mm). Elution took place at 30°C with 0.4 M NaOAc (pH 3.0) at a flow rate of 0.8 
mL/min. The column effluent was monitored using a refractive index detector (Shodex RI SE-
61). Calibration was performed using dextrans (Mw 4-500 kDa). 

Results and discussion 

Composition of the Alcohol Insoluble Solids (AIS) 

The AIS from olive fruit (O. europaea cv koroneiki) contained glucose, arabinose and 
xylose as the major neutral sugars (Table 2.1). Rhamnose, mannose and galactose were 
present in relatively small amounts (a total maximum of 10 mol%). During ripening the yield 
of AIS expressed as % of fresh weight of destoned olive pulp decreased from 8.9 to 4.7%. The 
carbohydrate content of the AIS was only 32-37%, which is relatively small but agrees well 
with the findings of other workers (Heredia et ah, 1993; Huisman et ah, 1996). In addition to 
polysaccharides the AIS contained 18-24% of proteins. The remaining part contains probably 
lignin-like material (Coimbra et ah, 1994). 

No distinct differences between the four ripening stages (F0 immature green, FI green, FII 
turning and Fill purple olives) could be found in the sugar composition but some trends could 
be noticed. Arabinose decreased from 20 to 17 mol%, glucose increased from 31 to 34 mol% 
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Table 2.1 
Yield and sugar composition (mol%) of AIS isolated from olive fruit at four ripening stages 

Sample 

AISFO 

A1SFI 

AIS FII 

AIS Fill 

Yield" 

8.9 

6.8 

5.1 

4.7 

Rha 

K5)d 

1(5) 

2(6) 

3(9) 

Ara 

20(65) 

18(57) 

18(52) 

17(47) 

Xyl 

18(57) 

20 (64) 

19(55) 

17(46) 

Man 

2(8) 

2(7) 

2(7) 

2(7) 

Gal 

4(17) 

4(16) 

5(17) 

5(16) 

Glc 

31 (122) 

32(126) 

32(116) 

34(113) 

Uronie 

acids 

23 (99) 

23 (97) 

22 (85) 

23 (83) 

OMe/OAc 

68/72 

67/72 

69/72 

59/63 

Carbohydrate 
c 

content 

37 

37 

34 

32 

Protein 
c 

content 
18 

20 

23 

24 

d Expressed as % of fresh weight of destoned olive pulp. 
Expressed as mol methyl esters or acetyl groups per 100 mo I uronic acid. 

c Expressed as % (w/w). 
Expressed as mg/g AIS. 

and rhamnose increased from 1 to 3 mol% during ripening. The amount of xylose first 

increased from 18 (F0) to 20 mol% (FI) and then decreased till 17 mol% (Fill). The amount of 

uronic acid showed no consistent change from the unripe to ripe stage. The differences 

described were relatively small but they were good reproducible and consistent. 

The sugar composition of the AISs isolated from four different stages of ripeness show a 

good resemblance with the previous reported results of Coimbra et al. (1994) and Huisman et 

al. (1996) who have worked on the varieties douro and frantoio, respectively. Small 

differences in the sugar composition may be due to the different varieties used. 

The amount of each monosaccharide per g AIS is also shown in Table 2.1. The results 

showed that during ripening a loss of arabinose per g AIS could be noticed of about 30%. 

Also, the amount of uronic acid per g AIS decreased. The amount of galactose did not change. 

In general, our results agree rather well with the neutral sugar composition of AIS as 

described by Heredia et al. (1993). However, in contrast to our findings and the findings of 

Huisman et al. (1996), Heredia et al. (1993) have found a considerable decrease of galactose 

per g AIS during ripening (about 60%). A loss of arabinose during ripening as found in the 

present study is mentioned in several other fruits like avocado, pear and apple but even more 

often in fruits a marked decrease in the galactose content is mentioned (References in Voragen 

et al, 1995; Redgwell et al. 1997). 

The degrees of methylation and acetylation were high for all ripening stages. The degree of 

methyl esterification was constant during the first three ripening stages and decreased from 

68% to 59% when the olives became purple. The same trend was observed for the degree of 

acetylation which was also constant in the first three ripening stages and then decreased from 

72% to 63% for purple olives. 

Composition of the fractionated AIS 

The AISs of green (FI) and purple (Fill) olives were sequentially extracted with different 

solvents. To solubilise the major part of the pectic material the AIS was fractionated with hot 

buffer, chelating agent and cold dilute alkali. Subsequently, a fractionation with 1 and 4 M 

alkali was performed to solubilise the hemicellulosic material. A final fractionation with 6 M 
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Table 2.2 
Yield on sugar basis (%) and sugar composition (mol%) of the fractions and the residue of AIS 
isolated from olive fruit of the first ripening stage (FI) (tr = trace amount) 

Sample 

AISFI 

HBSS FI 

ChSS FI 

0.05 M NaOH FI 

1 M KOH FI 

4 M KOH FI 

6 M NaOH FI 

RESFI 

Yield 

100 

9.3 

2.6 

5.7 

7.3 

>4.7 

5.2 

42.3 

Rha 

K5)b 

2(0.6) 

2(0.2) 

3(0.7) 

1(0.2) 

tr(0.1) 

3(0.6) 

1(1.2) 

Ara 

18(57) 

17(4.7) 

25(2.0) 

42(7.7) 

8(2.1) 

8(1.3) 

42(7.2) 

15(20) 

Xyl 

20(64) 

2(0.5) 

1(0.1) 

2(0.4) 

66(17) 

43(6.7) 

7(1.1) 

20(27) 

Man 

2(7) 

1(0.3) 

tr(tr) 

tr(0.2) 

1(0.2) 

10(2.0) 

6(1.2) 

tr(0.8) 

Gal 

4(16) 

12(3.9) 

4(0.4) 

5(1.1) 

5(1.5) 

8(1.5) 

7(1.5) 

2(2.6) 

Glc 

32(126) 

2(0.8) 

1(0.1) 

2(0.4) 

9(2.9) 

26(5.0) 

10(2.0) 

54(90) 

Uronic 
acids 

23(97) 

65(24) 

66(7.0) 

45(11) 

10(3.4) 

4(0.8) 

26(5.8) 

8(15) 

Carbohydrate 
content 

37 

66 

22 

53 

30 

50 

24 

47 

a Expressed as % (w/w). 
Expressed as mg/g AIS. 

Table 2.3 
Yield on sugar basis (%) and sugar composition (mol%) of the fractions and the residue of AIS 
isolated from olive fruit of the third ripening stage (Fill) (tr = trace amount) 

Sample 

AIS Fill 

HBSS Fill 

ChSS Fill 

0.05 M NaOH Fill 

1 M KOH Fill 

4 M KOH Fill 

6 M NaOH Fill 

RES Fill 

Yield 

100 

15.9 

2.2 

4.3 

8.2 

6.0 

4.2 

45.2 

Rha 

3(9)b 

4(1.7) 

4(0.3) 

5(0.7) 

2(0.6) 

2(0.4) 

5(0.7) 

1(1.6) 

Ara 

17(47) 

17(7.1) 

28(1.6) 

39(4.7) 

12(2.9) 

10(1.7) 

31(3.6) 

14(18) 

Xyl 

17(46) 

2(1.0) 

1(0.1) 

3(0.4) 

52(13) 

39(6.8) 

6(0.8) 

19(23) 

Man 

2(7) 

1(0.5) 

1(0.1) 

1(0.1) 

2(0.5) 

8(1.8) 

13(1.9) 

tr(0.7) 

Gal 

5(16) 

10(4.9) 

6(0.4) 

7(1.1) 

6(1.9) 

7(1.5) 

8(1.2) 

1(2.3) 

Glc 

34(113) 

3(1.5) 

2(0.2) 

5(0.7) 

15(4.4) 

27(5.8) 

18(2.6) 

58(89) 

Uronic 
acids 

23(83) 

62(34) 

57(4.4) 

40(6.3) 

11(3.5) 

6(1.3) 

18(2.8) 

6(9.9) 

Carbohydrate 
content 

32 

73 

20 

49 

25 

25 

22 

47 

a Expressed as % (w/w). 
Expressed as mg/g AIS. 

alkali was performed to solublilise residual pectins. Besides pectic material this fraction may 

also contain small amounts of hemicelluloses (Huisman et al., 1996). An extraction with 

SDSS was performed after the extraction of the buffer soluble pectins to prevent 

contamination of the fractions with proteins as much as possible. In Tables 2.2 and 2.3 the 

yields and the sugar composition of the fractions are shown. The recoveries based on total 

sugar contents were 78% and 87% for the fractions of AIS FI and Fill, respectively. Some of 

the material of the 4 M KOH FI fraction was lost during the extraction procedure and is the 

cause of a lower recovery for the total fractions of AIS FI. 

Analysis of the residue fraction showed that the solvents used to extract the AIS were not 

able to solubilise all pectic and hemicellulosic substances. About 50% of the AIS was 

extracted leaving a residue, which consisted of about 58% of cellulose and about 42% of 
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(highly branched) pectic polysaccharides, xylans and xyloglucans. The material which 
remains in the residue is probably tightly bound to the other cell wall components, but the 
possibility cannot be ruled out that the preparation of the AIS may cause some of the material 
to become insoluble (Massiot et al., 1988). In the next two sections the pectin and 
hemicellulose-rich fractions are described in more detail. 

Pectin-rich fractions 

Total pectins as obtained in the HBSS, ChSS, 0.05 M NaOH and 6 M NaOH fractions 
hardly changed during ripening of the olive fruit. However, a shift in the relative amounts of 
the various pectic fractions could be noticed during ripening. The amount of pectic material 
extracted with hot buffer increased markedly from 40% of the total extractable pectin for 
green olive AIS to 60% of the total extractable pectin for purple olive AIS. A solubilisation of 
pectic polymers from the cell wall during ripening has also been described for other fruits 
(References in Voragen et al., 1995; Seymour & Gross, 1996; Redgwell et al, 1997). The 
amounts of pectic material extracted with CDTA, 0.05 M NaOH and 6 M NaOH all decreased 
during ripening. 

Although the yield of the HBSS fraction increased, the sugar composition did not change 
appreciably during ripening. The HBSS fractions contained 62-65 mol% of uronic acids and 
arabinose and galactose were the main neutral sugars in these fractions and represented 17 
mol% and 10-12 mol%, respectively. The ChSS fractions had an uronic acid content of 57-65 
mol% and an arabinose content of 25-28 mol% which was substantially higher compared to 
the arabinose content of the HBSS fractions. The galactose contents were lower compared to 
the HBSS fractions. The carbohydrate contents of the samples are rather low because of 
residual CDTA and other salts (Mort et al., 1991). The pectic polysaccharides solubilised by 
diluted alkali were relatively rich in arabinose (39-42 mol%) and had a uronic acid content of 
40-45 mol%. Also, the 6 M NaOH fractions were relatively rich in arabinose. Besides the 
sugars characteristic for pectins, these fractions also contained significant amounts of glucose, 
mannose and xylose. 

Calculation of the ratio of galactose and arabinose to uronic acid showed that the pectins 
extracted with stronger solvents had a higher ratio compared to the more easy extractable 
pectins. This implied that the degree of branching was higher for pectins extracted with 
stronger solvents or that the arabinose and galactose side chains of these pectins were longer. 
The ratios of galactose and arabinose to uronic acid showed only small differences for ripe 
and unripe olive fruit. 

Calculation of the rhamnose to uronic acid ratios showed that pectins from ripe olives had 
a higher ratio compared to pectins extracted from unripe olives. This agreed with the relative 
increase in rhamnose and the loss of uronic acid in the cell wall material (AIS) during ripening 
(Table 2.1). Assuming that the rhamnose residues are partly substituted, a higher rhamnose to 
uronic acid ratio might indicate that the pectins in ripe olive fruit were more highly branched. 

The HPSEC-elution patterns of the pectin fractions of green and purple olive fruit are 
shown in Fig. 2.1. The HBSS fraction showed a broad molecular weight distribution for both 
ripening stages. The profile of the HBSS fraction extracted from purple olive fruit showed two 
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Fig. 2.1. HPSEC-patterns of the pectin-rich fractions from olive fruit. A: HBSS FI (a), HBSS Fill (b), 
B: ChSS FI (a), ChSS Fill (b), C: 0.05 M NaOH FI (a), 0.05 M NaOH Fill (b), D: 6 M NaOH FI (a), 6 
M NaOH Fill (b). 

additional populations compared to the HBSS fraction from green olive fruit. No striking 

decrease in the molecular mass was found, even though the extractability of pectins with hot 

buffer increased during ripening. The HPSEC patterns of the CHSS and 0.05 M NaOH 

fractions mainly showed the presence of polymers with a high molecular mass eluting 

between 18 and 22 min. The CHSS fractions from both ripening stages had the same HPSEC 

elution behaviour. The HPSEC profiles of the 0.05 M NaOH fraction extracted from purple 

olives showed a slight shift to a lower molecular mass compared to the pectic material 

extracted from green olives with the same solvent. The elution profiles of the fractions 

extracted with 6 M NaOH showed three populations of polymers of which the relative 

amounts depended on the ripening stage. The molecular weight distribution shifted towards 

lower molecular weight ranges during ripening. However, it was not determined whether this 

shift was due to a degradation of pectic material or due to other polymers which were co-

extracted with 6 M NaOH. 

The increase in the yield of the hot buffer soluble pectins during ripening was accompanied 
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by a decrease in the pectins extracted with stronger solvents. This may implicate that the 
additional pectic polymers extracted with hot buffer from ripe olive fruit cell wall material 
originated from pectic material which needed stronger solvents to be extracted from unripe 
olive fruit. The additional pectins in the HBSS fraction might originate from cleavage of 
cross-linkages or from hydrolysis of large pectin molecules during ripening. However, it 
should be kept in mind that the modification of cell wall material during ripening is a dynamic 
process in which not only degradation is involved but synthesis of polymers also occurs. 

Hemicellulose-rich fractions 

Total hemicellulose as obtained in the 1 and 4 M KOH fractions did not change 
appreciably during the ripening of the olive fruit (Tables 2.2 and 2.3). Also, the amounts of 
material extracted per fraction were about equal for both ripening stages, although because of 
some loss of material of the 4 M KOH FI fraction this cannot be completely certified. 
However, for the variety Frantoio the amounts of material extracted with 1 and 4 M KOH are 
also about equal for both ripening stages (Huisman et al., 1996). 

The most abundant sugar of the 1 M KOH fraction was xylose, which accounted for 66 and 
52 mol% of the neutral sugars for the green and purple ripening stage, respectively. Most of 
the xylose residues probably originated from the backbone of a xylan. The presence of glucose 
residues indicated that xyloglucans were also part of this fraction (Gil-Serrano et al, 1986; 
Gil-Serrano & Tejero-Mateo, 1988; Coimbra et al, 1994). 

The sugar composition of the 4 M KOH fraction hardly changed during ripening. This 
fraction had a low xylose content and a relatively high glucose content compared to the 1 M 
KOH fractions. The 4 M KOH fractions from both ripening stages also contained 8-10 mol% 
mannose, suggesting the presence of glucomannans or galactomannans. 

The size-exclusion patterns of the 1 and 4 M KOH fractions of the two stages of fruit 
development are shown in Fig. 2.2. The elution pattern of the 1 M KOH fractions showed two 
distinct populations: a small population with a high molecular mass which eluted in the void 
of the column and a major population eluting around 23 min. No distinct differences could be 
noticed between the two ripening stages except for small differences in the proportions 
between the first en second population. The HPSEC-elution patterns of both 4 M KOH 
fractions indicated that the fractions were heterogeneous in molecular size. The fractions 
contained a major population which eluted at 23 min, preceded by a small population and a 
shoulder eluting at about 24-25 min. The molecular weight distribution of the 4 M KOH 
soluble fractions did not change during ripening. 

Although in olive fruit no ripening associated modifications of hemicellulosic fractions 
were found by size-exclusion analysis, modifications to lower molecular masses have been 
documented in several other fruits as tomato, pepper, strawberry and melons. The decrease of 
molecular mass may result from the modification of existing polymers, but a synthesis of 
small polymers can also be involved (Fischer & Bennett, 1991; Seymour & Gross, 1996). 

Analysis of the fractions showed no marked differences in the sugar composition and 
molecular weight distribution of the fractions extracted from unripe and ripe olive fruit. Only 
a solubilisation of the pectic polymers from the cell wall during ripening was observed. 
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Fig. 2.2. HPSEC-pattems of the hemicellulose-rich fractions from olive fruit. A: 1 M KOH FI (a), 1 M 
KOH Fill (b), B: 4 M KOH FI (a), 4 M KOH Fill (b). 

Previous work performed by our group has been directed to the characterisation of the pectin-

rich fractions isolated from unripe and ripe olive fruit (Huisman et ah, 1996). We will 

continue our research with the characterisation of the hemicellulose-rich fractions isolated 

from olive fruit of two ripening stages. 

Fractionation of the 1 and 4 M KOH fractions on DEAE Sepharose Fast Flow 

The 1 and 4 M KOH fractions of the green and purple ripening stages were applied on a 

DEAE Sepharose Fast Flow column to be able to distinguish between the various 

polysaccharides. The elution patterns (sugar content) of the 1 and 4 M KOH fractions isolated 

from ripe olive fruit are shown in Figs. 2.3 and 2.4. The material bound to the column was 

eluted with a sodium acetate gradient. However, some material was too strongly bound to the 

column to be eluted with 2 M NaOAc. These populations were eluted from the column with 

0.25 M and 0.5 M NaOH. The 1 and 4 M KOH fractions isolated from green olive fruit had 

similar elution behaviours on DEAE and are, therefore, not shown. The alkali fractions were 

fractionated with good recoveries. Very small amounts of the 1 and 4 M KOH fractions were 

not soluble (c. 1-6%) and removed by centrifugation. Sugar composition analysis revealed that 

these residues contained mainly xylans in addition to some pectic material. The fractions were 

pooled as indicated and the yields and sugar compositions of the main pools of 1 and 4 M 

KOH Fill are given in Tables 2.4 and 2.5. Corresponding pools with almost equal sugar 

compositions could be detected in the 1 and the 4 M KOH fractions, although the yields 

differed. 

The unbound fraction (pool I) represented 12-20% of the sugars present in the 1 M KOH 

fractions and 51-60% of the 4 M KOH fractions. Pool I consisted mainly of neutral 

polysaccharides besides small amounts of pectic material. The presence of glucose, xylose, 

arabinose and galactose gave an indication for arabinogalactoxyloglucans in this pool. Fucose 

was only present in very small amounts (1 mol%). Fucose has been found as a terminal 
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