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A R T I C L E  I 

Effect of Extraction Systems on the Quality of Virgin Olive Oil 
L. Di Giovacchino*, M. Solinas 1 and M. Miccoli 
Istituto Sperimentale per la Elaiotecnica, 65013 Citt& S. Angelo (PE), Italy 

Research has been carried out to ascertain the effects of 
different processing systems on olive oil quality. Tests were 
performed in industrial oil mills that were equipped with 
both pressure and centrifugation systems. Results show 
that oils extracted from good-quality olives do not differ 
in free fatty acids, peroxide value, ultraviolet absorption 
and organoleptic properties. Polyphenols and o-diphenols 
contents and induction times are higher in oils obtained 
from good-quality olives by the pressure system because 
it does not require addition of water to the olive paste. The 
centrifugation system requires the addition of warm water 
to the olive paste and helps to obtain oils with a lower con- 
tent of natural antioxidants. Oils obtained from poom 
quality or from ripe olives in continuous centrifugal plants 
are lower in free fatty acids than those obtained by the 
pressure system. 

KEY WORDS: o-Diphenols, olive oil, olive oil extraction systems, olive 
oil quality, polyphenols. 

Olive oil is usually extracted with pressure and centrifuga- 
tion systems in accordance with the diagram shown in 
Scheme 1. However, percolation systems can also be used 
to obtain oil from olive paste by dripping oil from a steel 
blade because there is a difference in surface tension be- 
tween oil and water (1). 

Olive oil extraction systems vary not only in the differ- 
ences in physical forces necessary to separate the oil but also 
in the amount of water used. 

A pressure system does not require addition of water to 
the olive paste~ However, if ripe olives are processed in such 
a system, addition of small quantities of water 13-5 L/100 
kg of olives} during crushing, kneading and washing of the 
tower after squeezing may be required. When the olives are 
difficult to process, and the oily phase does not separate 
easily from other phases, or when ripe olives are processed, 
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it is necessary to add water to the oily must  in the separa- 
tion stage going to a vertical centrifuge. The oily must is 
a brown or black liquid consisting of olive juice {vegetable 
water) and olive oil. 

The centrifugation system requires addition of warm 
water (60-80 L/100 kg of olives) to the olive paste to separate 
the oil from the other phases. 

The percolation system does not require addition of water 
to the olive paste because the extraction of oil is more ef- 
fective when olives have a lower water content (2). 

Phenols present in olive paste are soluble in water and 
oil, depending on their partition coefficients and tempera- 
ture. Addition of water to the paste alters the partition 
equilibrium between liquid phases and causes a reduction 
of phenol concentration through dilution of the aqueous 
phase A coincident lower concentration of these substances 
occurs in the oily phas~ The addition of water to olive oil 
removes water-soluble phenols. 

The occurrence of phenols in virgin olive oil is an impor- 
tant factor in oil stability {3-5} and organoleptic quality t4). 
Natural phenols provide high resistance to oxidation, and 
a relationship between polyphenols content and oxidation 
stability has been reported for virgin olive oil {3-5). 

Few studies have been conducted to evaluate extraction 
systems and their effect on the phenol content of the oil 
(6-10), and the results are conflicting and contradictory. 

Our research was undertaken to determine the effects of 
extraction systems on oil quality parameters, including total 
polyphenols and o-diphenols contents, induction time and 
organoleptic evaluatiorL We also examined the effect of quali- 
tative characteristics and olive ripeness on these parameters. 

EXPERIMENTAL PROCEDURES 

Olive oil extraction tests with pressure, centrifugation and 
percolation systems were performed during the 1991-1992 
harvest  season in an experimental  olive oil mill equipped 
with industrial-size equipment. 

Leafless olives from one lot {Table 1) were crushed with 
either a stone mill {pressure system), a mobile-hammer 
{percolation system) or a fixed-hammer (centrifugation 
system) metal  crusher. 

The following experimental  procedures were followed. 
(i) Pressure: Olive paste was kneaded for 20 min at  22~ 
and then squeezed with a 16" superpress at 400 atm; the 
liquid obtained {aqueous and oily} was separated with an 
automated discharge vertical centrifuge. (ii) Centrifuga- 
tion: Olive paste was kneaded for 60 min at 22~ and then 
diluted with water at 22~ 160-70 L/100 kg of olives}; oil 
was extracted with a horizontal centrifugal decanter and 
liquid obtained was separated with an automated dis- 
charge vertical centrifuge~ (iii) Percolation: Olive paste was 
kneaded for 60 min at 22~ and then percolated for 30 
min; the oily liquid obtained was separated by an auto- 
mated discharge vertical centrifuge. 

Additionally, similar tests  were performed in industrial 
oil mills equipped with both  pressure 116" superpresses) 
and centr ifugation equipment. Olives of the same lot 
{Tables 2 and 3) were processed with these systems at  the 
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TABLE 1 

Characteristics of Virgin Olive Oils Obtained from Good-Quality Olives 
with Three Experimental Extraction Systems 

Determinations System a Mean b Minimum Maximum 

Free fat ty acids (%) 

Peroxide value (meq O2/kg) 

Total polyphenols 
(mg/L as gallic acid) 

o-Diphenols 
(mg/L as caffeic acid) 

Induction time (h) 

Chlorophyll pigments 
(ppm) 

K232 

K270 

Panel test  

A 0.23a 0.18 0.28 
B 0.23a 0.20 0.27 
C 0.22a 0.16 0.28 

A 4.0a 2.8 5.5 
B 4.6a 3.9 5.3 
C 4.9a 4.0 6.3 

A 158a 111 197 
B 157a 103 185 
C 121b 87 158 

A 100a 66 154 
B 99a 62 149 
C 61b 32 92 

A l l . 7a  8.7 16.4 
B 11.2a 8.9 15.0 
C 8.9b 7.4 10.9 

A 5.0a 3.2 8.1 
B 8.9ab 5.7 18.5 
C 9.1b 6.5 13.7 

A 1.93a 1.82 2.11 
B 2.03a 1.89 2.27 
C 2.01a 1.90 2.16 

A 0.120a 0.110 0.132 
B 0.124a 0.110 0.132 
C 0.127a 0.090 0.153 

A 6.9a 6.2 7.4 
B 7.0a 6.7 7.2 
C 7.0a 6.7 7.2 

aA, pressure; B, percolation; C, centrifugation. 
bValues with the same letter are not significantly different (P < 0.05). 

TABLE 2 

Characteristics of Virgin Olive Oils Obtained from Good-Quality Olives 
by Different Industrial Extraction Systems 

Determinations System a Mean b Minimum Maximum 

Free fat ty acids (%) A 0.35a 0.18 0.63 
C 0.29a 0.16 0.57 

Peroxide value A 4.8a 2.8 7.1 
(meq O2/kg) C 5.7a 4.0 9.0 

Total polyphenols A 155a 96 292 
(mg/L as gallic acid) C l14b 74 158 

o-Diphenols A 106a 38 263 
(mg/L as caffeic acid) C 62b 25 237 

Induction time (h) A 12.0a 8.7 16.4 
C 9.5b 7.1 14.5 

Chlorophyll pigments (ppm) A 6.6a 3.2 14.7 
C 9.9b 4.9 21.5 

K232 A 1.91a 1.69 2.11 
C 1.96a 1.65 2.16 

K270 A 0.108a 0.095 0.132 
C 0.122a 0.084 0.155 

Panel test  A 6.9a 6.2 7.5 
C 6.9a 6.6 7.3 

aA, pressure; C, centrifugation. 
bValues with the same letter are not significantly different (P < 0.05). 
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TABLE 3 

Characteristics of Virgin Olive Oils Obtained from Poor-Quality Olives 
by Different Extractiun Systems 

Determinations System a Mean b Minimum Maximum 

Free fatty acids (%) A 1.40a 1.15 1.59 
C 1.03b 0.71 1.19 

Peroxide value A 8.5a 4.6 11.1 
(meq O2/kg) C 11.1a 6.1 13.3 
Total polyphenols A 87a 61 135 
(mg/L as gallic acid) C 91a 77 118 
o-Diphenols A 67a 55 86 
(mg/L as caffeic acid) C 66a 59 70 
Induction time (h) A 5.7a 4.5 9.1 

C 6.5a 5.0 8.8 
Chlorophyll pigments (ppm) A 6.6a 5.4 8.0 

C 4.9a 2.8 8.7 

K232 A 2.09a 1.74 2.39 
C 2.12a 1.80 2.32 

K270 A 0.128a 0.106 0.141 
C 0.140a 0.119 0.171 

Panel test A 6.2a 5.7 6.4 
C 6.5a 6.1 6.9 

aA, pressure; C, centrifugation. 
bValues with the same letter are not significantly different (P < 0.05). 
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same t ime according to the following procedures. (i) 
Pressure: Olives were crushed, with or wi thout  leaves, in 
a stone mill, and olive pas te  was kneaded for 20 min and 
then squeezed at 400 a t m  pressure; the tower was washed, 
and the aqueous and oily liquids obtained were separated 
with an au tomated  discharge vertical  centrifuge. Water 
was added in some instances to obtain a cleaner oil. (ii) 
Centrifugation: Leafless and washed olives were crushed 
with a stone mill or a f ixed-hammer meta l  crusher; olive 
paste  was kneaded for 60-90 min  at 30-35 o C, diluted with 
water  (50-60 L/100 kg  of olives) and then extracted with 
a horizontal  centrifugal decanter; oil f rom the liquid ob- 
tained was separated by an au tomated  discharge vertical 
centrifuge. 

The ripening index (11) for each olive sample was deter- 
mined. 

On the vegetable water  (olive juice) samples, diluted 
with methyl  alcohol (1:4), the total  polyphenols content  
(12), expressed as gallic acid; the o-diphenols content  (13}, 
valued with Arnow's  reagent  (14) and expressed as caf- 
feic acid; and the anthocyanin content  (15-16), expressed 
as cyanidin-3-rutinoside, were determined. 

The following parameters  were determined on olive oil 
samples: free fa t ty  acids, peroxide value and ultraviolet  
(UV) specific absorpt ions (17), total  polyphenols  (18) and 
o-diphenols contents (14), induction t ime with a Rancimat  
679 apparatus  (19}, chlorophyll p igments  (20) and organo- 
leptic evaluation (21}. 

RESULTS AND DISCUSSION 

Analyses  of oils extracted with  the tes ted sys tems  (pres- 
sure, percolation and centrifugation) are shown in Table 
1. No significant difference in free f a t t y  acids, peroxide 
value, UV absorpt ion and organoleptic evaluation occur- 
red, due to the choice of extract ion system. These results 

confirm those reported in other studies (7); these para- 
meters  depend on the qual i ty  of the olives and on possi- 
ble enzymat ic  alteration of olive fruits. 

The natura l  ant ioxidant  content  of virgin olive oil is 
significantly affected by the extract ion sys tem (Table 1). 
Similar results  have been reported in some studies (6-8), 
bu t  others (10) are contradictory. Results show tha t  total  
polyphenols and o-diphenols contents of olive off extracted 
by centrifugation are significantly lower than  those of off 
extracted with either a pressure or percolation system. 
Low ant ioxidant  level in oil ext rac ted with a centrifuge 
occurs because water  is used to dilute the olive pas te  
before extraction with a centrifugal decanter. Water lowers 
the concentration of phenols in the aqueous phase because 
of dilution and diminishes the concentrat ion of phenols 
in the oily phase  because of the par t i t ion equilibrium. In 
either a pressure or percolation system, water is not added 
to olive paste.  

Induct ion t ime is also significantly lower in olive oils 
extracted with  a centr i fugat ion system. Induct ion t ime 
is correlated with total  polyphenols  content,  as shown in 
Figure 1. 

Chlorophyll p igment  content  is higher in oil extracted 
from good-quali ty olives with centrifugation. A fixed- 
hammer  meta l  crusher increases chlorophyll content.  

Results of analyses of oils ext rac ted from good-quali ty 
olives by pressure or centr i fugat ion in industrial  and ex- 
perimental  oil mills are presented in Table 2. These results 
also show tha t  the processing method significantly affects 
natural  antioxidants, chlorophyll p igment  content  and in- 
duction t ime of oils. This resul ts  from the addit ion of 
water to the olive paste  and use of a metal  crusher to crush 
olives prior to centrifugation. 

Analyt ical  da ta  for oils industr ial ly processed from 
poor-quali ty olives by pressure or centr i fugat ion are 
presented in Table 3. Significant differences in free f a t ty  
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FIG. L Relationship between total  polyphenols content (as gallic 
acid) and induction time for 36 virgin olive oil samples obtained from 
good-quality olives. 

acids occur when  oil is ex t rac ted  wi th  cen t r i fuga t ion .  No 
s ign i f ican t  differences were found  in  po lyphenols  and  o- 
d iphenols  con t en t s  or induc t ion  times. These f ind ings  are 
cons i s t en t  wi th  those  of other  s tudies  and  show t h a t  low- 
qua l i ty  olives yield be t te r  qual i ty  oil when  processed wi th  
cen t r i f uga t i on  (6,7). Oils from low-qual i ty  olives have a 
lower phenolic content ,  regardless of the extract ion sys tem 
employed (7). 

To expla in  the  differences t h a t  ex t rac t ion  sys t ems  ex- 
er t  on the  a n t i o x i d a n t  con ten t  ( total  polyphenols  and  o- 
diphenols)  of oils o b t a i n e d  from olives of v a r y i n g  quali ty,  
it  is helpful to compare the concen t ra t ion  ratios of antiox- 
idan t s  in  vegetable  water  and  olive oil. Results, p resented  
in Tables 4 a nd  5, ind ica te  tha t ,  in a pressure  s y s t e m  the  
to ta l  po lypheno l  concen t r a t i on  ra t io  averages 44.7 and  
110.7 for good-qua l i ty  and  poor-qua l i ty  olives, respec- 
tively. S imi lar  differences (31.9 and  54.4} have been  ob- 
served wi th  a cent r i fugat ion  system. Ratios of o-diphenols 

TABLE 4 

Characteristics of Virgin Olive Oils and Vegetable Waters Obtained by Different Sys tems  from Different Varieties of Olives 

Total polyphenols o-Diphenols Anthocyanins 

Vegetable Vegetable Vegetable 
Olive Ripening Olive oil water Olive oil water water 
varieties index System a (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 

Good quality 
Dritta 3.2 A 96 4,275 38 3,900 82 

C 80 2,227 25 2,220 38 

Dritta 3.0 A 136 4,840 75 4,110 48 
C 102 2,560 60 2,250 20 

Peranzana 2.2 A 174 6,255 263 8,700 68 
C 156 5,130 237 6,060 56 

Coratina 2.8 A 292 5,544 227 7,860 132 
C 150 3,555 47 3,810 48 

Coratina 2.9 A 221 6,705 158 8,790 145 
C 146 3,465 35 3,480 42 

Coratina 3.3 A 130 5,810 50 7,130 225 
C 99 3,240 30 2,790 64 

Coratina 3.2 A 135 5,720 45 7,060 210 
C 94 3,398 27 3,090 70 

Mixed 3.2 A 97 6,615 48 6,150 270 
C 74 3,578 40 3,810 109 

Mixed 3.4 A 172 8,865 110 14,100 248 
C 149 4,477 71 4,800 108 

Carolea 2.6 A 98 6,322 88 4,800 172 
C 75 2,853 57 2,520 76 

Coratina 3.5 A 111 6,390 66 7,530 282 
Grossa Cassano C 87 3,105 50 2,910 108 

Coratina 3.0 A 197 8,482 130 12,840 240 
C 158 4,567 78 4,740 87 

Poor quality 
Cima Di Mola 5.4 A 135 9,900 86 13,560 2,260 

C 118 6,593 70 8,160 1,040 

Oliarola 6.1 A 72 9,000 57 10,950 2,655 
Salentina C 77 5,130 69 6,900 1,125 

Oliarola 6.2 A 61 9,090 55 13.050 2,890 
Salentina C 82 4,950 59 5,460 1,310 

Cima Di Mola 5.8 A 80 7,659 71 8,880 1,875 
C 86 2,979 67 2,670 990 

aA, pressure; C, centrifugation. 
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TABLE 5 

Mean Ratios of Total Polyphenols and o-Diphenols Content (mg/L) 
of Vegetagle Waters and Oils Obtained by Pressure and Centrifugation 
Systems from Good- and Poor-Quality Olives 

Total polyphenols 
(vegetable water + oil) 

o-Diphenols 
(vegetable water + oil) 

Good-quality Poor-quality Good-quality Poor-quality 
Extraction systems olives olives olives olives 

Pressure 44.7 110.7 91.9 178.0 
Centrifugation 31.9 54.4 72.1 87.2 

TABLE 6 

Variation of Some Characteristics of Virgin Olive Oil Obtained by Pressure System When 
Adding Water to the Oily Must During the Separation by Vertical Centrifuge 

Determinations 
Water added Total Induction 

Processing to oily must polyphenols o-Diphenols time 
system (%) (mg/L) a (mg/L) b (h) c 

Pressure -- 156 68 9.8 
Pressure 40 129 54 8.3 
Pressure 80 115 46 8.0 

aExpressed as gallic acid. 
bExpressed as caffeic acid. 
CTemperature = 120~ air flow = 20 L/h. 

concentrat ion f rom good- and poor-quali ty olives have 
been measured at  91.9 and 170.0 with a pressure system, 
and at  72.1 and 87.2 with a centr i fugat ion system. 

These da ta  show tha t  significantly higher oil-soluble 
phenols are present  in good-quality, not  wholly ripe olives 
than  in those of poor-quality or overripe ones. This is con- 
firmed by measurement  of the anthocyanin content  of the 
vegetable water  (olive juice) sampled during tes ts  from 
both  industrial  and experimental  oil mills. Results, re- 
por ted  in Table 4, show tha t  large quant i t ies  of antho- 
cyanin compounds are present  in vegetable water  derived 
f rom poor-quali ty and very ripe olives completely black 
in color, as shown by the ripening index reported in Table 
4. Being soluble in water but  not  in oil, anthocyanins raise 
the total  polyphenols  content  in vegetable  water  and, 
therefore, increase their  concentrat ion ratios. 

Other factors reduce total  polyphenols, o-diphenols con- 
tent  and induction t ime of virgin olive oil extracted by 
a pressure system. These include duration of the kneading 
process (8,22) and the addition of water  during separation 
of the oily must .  When using a pressure system, it is not  
necessary to lengthen the kneading t i m e  Crushing olives 
with a stone mill, a process tha t  takes 20-25 min with 
cons tant  removal  of the olive paste, has the effect of 
kneading (23). 

When olives are difficult to process, of poor quality, very 
ripe or harvested with nets, water  is added during the 
separat ion of oil by a vertical centrifuge from oily mus t  
to obtain cleaner oil. Addition of water  dilutes the con- 
centrat ion of phenols in the vegetable water  and also in 
the oil, due to the effect of the par t i t ion equilibrium law, 
as shown in Table 6. Exper imenta l  da ta  indicate that ,  

when separat ing the oily mus t  with the addition of water  
equal to 40 and 80% of the volume of the oily must ,  to ta l  
polyphenols and o-diphenols contents and induction times 
of the oil obta ined are lowered a lmost  to the levels of oils 
extracted by centrifugation.  

Poor olive qual i ty  (including very ripe olives) and use 
of improper  operat ing procedures in conjunction with a 
pressure extract ion sys tem (e.g., extended kneading t ime 
or addition of water  during separat ion of the oil f rom 
vegetable water) migh t  explain the different results  ob- 
tained in other  studies (10). 
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