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AbstrAct

the production of table olives is one of the important agro food sectors in the Mediterranean 
Area. both the cultivation and the processing of table olives have increased in recent years. con-
sumption has also gone up, not only in Mediterranean countries but also in northern Europe 
and in the UsA. As the rise in the production of table olives has caused a considerable increase 
in the amount of waste generated by processing industries, the environmental impact is consid-
erable. In the table olive sector alone the amount of waste water that has to be treated and dis-
posed of is in excess of 750,000 tons/year. Life cycle Assessment methodology was applied to 
highlight the environmental hot spots arising during the production of green table olives, which 
are processed using the most commonly-used method world-wide: the spanish-style. the anal-
ysis of the input and output materials and energy flows has enabled us to propose a hypothesis 
for reducing the impact on the environment.
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INtrODUctION

In the Mediterranean area, the cultivation and 
processing of table olives has a very important 
part to play in the region’s agro-industrial sys-
tem. the production of table olives has increased 
world-wide in recent years (from 1,343,000 
tons in 2000/01 to 1,796,000 tons in 2007/08) 
(IOOc, 2008).

the countries with the largest production of 
table olives in 2007/08 were spain (493,200 
tons), turkey (270,000 tons) and Egypt (220,000 
tons). Not only the production but also the con-
sumption of table olives is concentrated in the 
Mediterranean region, with the largest con-
sumers being spain (235,000 tonnes), Egypt 
(200,000 tonnes) and turkey (185,000 tonnes); 
however table olives are also consumed else-
where, e.g. in the United states (228,000 t). In 
Italy about 66,000 tonnes of table olives are pro-
duced annually, but this amount is only able to 
satisfy 45% of the country’s average consump-
tion (146,000 tonnes).

Life cycle assessment (LcA) is commonly used 
for evaluating the environmental performance of 
products (VIGON et al., 1994; bAUMANN et al., 
2004; GUINÉE et al., 2001; rUssELL et al., 2005; 
UDO DE HAEs et al., 2006; VEZZOLI et al., 2008), 
and recently many LcA studies have focused on 
the agro-food sector (scHAU et al., 2008). As a 
rule, the greatest environmental impact is a re-
sult of the agricultural production and process-
ing stages (MAttsON et al., 2003). Most of the 
production chains analysed have been those of 
milk, cheese, meat, seafood, etc. In recent times, 
other agro-food production chains have also 
been studied (rUssO et al., 2009). 

Our aim was to assess the environmental im-
pact of the entire production chain of spanish-
style green table olives in Italy, starting from the 
production of the raw materials to the packag-
ing of the finished product. Other studies have 
analysed the production chain of olive oil (NO-
tArNIcOLA et al., 2004a), the agricultural phase 
of which has a lot in common with that of ta-
ble olives.

MAtErIALs AND MEtHODs

1. Goal and scope

LcA methodology was applied to the life cy-
cle of spanish-style green table olives pack-
aged in tins and glass jars, as regulated by IsO 
14040:2006 and IsO 14044:2006 standards 
(IsO 14040, 2006; IsO 14044, 2006).

both the agricultural phase and the industri-
al phase were studied, the latter consisting of 
processing of the raw material and packaging in 
glass jars and tins. the type of container was 
also taken into consideration, to see how dif-
ferent methods of packaging (both primary and 

secondary) affect the environmental impact of 
the whole system under examination. the end 
life was excluded from the system boundaries. 
Fig. 1 shows the input and output flows of en-
ergy and materials, with the functional unit rep-
resented by 100 kg of drained packaged olives, 
including pit.

2. Inventory analysis

Agricultural phase
the production phase of the raw material in-

cludes all the agronomic practices connected to 
managing and irrigating an olive-grove, where 
the planting-distance for each tree is 5 m × 6 m.

the plantation is presumed to be in the south-
ern Italy, and so the characteristics of the soil, 
the climatic conditions and the choice of ferti-
lizers and plant protection products (from now 
on indicated as PPP) all refer to this area (INEA, 
2009; sIAN, 2009; DE GENNArO et al., 2005; 
MILA I cANALs et al., 2007; NOtArNIcOLA et al., 
2004b; sALOMONE, 2008).

the agronomic practices examined were:
- three different soil-cultivation methods: one 

utilizing a rotary hoe and two a spring-tine har-
row;

- two different fertilization plans: one includ-
ing an application of mineral fertilizers (by means 
of mechanical spreading) to supply nitrogen (cal-
cium nitrate), phosphorus (superphosphate) and 
potassium (potassium sulphate); the second fert-
irrigation using an ammonium nitrate solution;

- one method of irrigation;
- a plant protection plan including: a fungi-

cide treatment based on copper and lime, and 
two treatments using an organo-phosphorous 
compound (dimethoate) and a carbamate com-
pound (carbaryl). the PPP were applied using a 
filed sprayer operated via tractor.

Industrial phase
As for the industrial phase, the spanish-style 

method was the one chosen for examination (GAr-
rIDO FErNÁNDEZ et al., 1997; sÁNcHEZ GÓMEZ 
et al., 2006). After the olives have been select-
ed and calibrated, this method uses a process of 
“deamarization” (also called “lye treatment”) to 
eliminate bitterness, where the olives are kept in 
lye (1.5-3% NaOH) for 8-12 hours and then rinsed 
several times with water. this is followed by a 2-3 
month period of fermentation, during which the 
olives are kept in brine (6-8% Nacl).

Packaging
the study took into consideration the vari-

ous types of glass jars and tins used for pack-
aging the olives (table 1). these containers are 
filled with olives and fresh brine, and they are 
then pasteurized at 90° c. After pasteurization, 
the glass jars and the 500 mL sized tins are put 
into appropriately-sized cardboard boxes (sec-
ondary packaging), in order to optimize the lo-
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gistics of transport and distribution. the 3000 
mL and 4700 mL sized tins, on the other hand, 
are wrapped in PVc shrink film.

Data quality
the inventory data was collected from vari-

ous sources. the information relating to the ag-
ricultural phase was received directly from peo-
ple working in the sector. the consultation of 
almost forty farm-registers (made available by 
farmers’ associations) was crucial for measuring 
the quantity of fertilizers, water and PPP used, 
and for finding out exactly which methods of 
soil cultivation were used. It was thus possible 
to estimate the consumption of fuel (for the ag-
ronomic practices) and electricity. As far as elec-
tricity production is concerned, the Italian mix 
was the type considered (AEEG, 2009). Emis-

sions to water, air and soil deriving from the ag-
ricultural phase were calculated using the mod-
els available in the literature; emissions linked 
to the use of fertilisers were estimated using 
the bentrup method (brENtrUP et al., 2000), 
with the parameters being matched to the ge-
ographical context (e.g. precipitation rate); the 
N2O emissions from the agricultural soil were 
also considered. the MacKay model (MAcKAY et 
al., 1997) and the Hauschild dispersion mod-
el (HAUscHILD, 2000) were used to assess the 
environmental distribution of plant-protection 
products. Ecoinvent databases were also used, 
as a means of assessing the impact of fertilizer 
and pesticide-production (FrIscHKNEcHt et al., 
2004) and fuel production.

the data concerning the technological 
processing was collected directly from two large 

Fig. 1 - spanish-style green table olives: layout.

table 1 - Weight of containers, capsules (glass jars), brine, types and number of packages for 100 kilograms of finished product.

100 kg of Glass jars (mL) Tins (mL)
processed olives
 314 580 720 1062 1700 3100 500 3000 4700

Brine (kg) 52.38 65.75 63.64  64.62 65.71 59.50 140.00 116.67 70.00
Capsule (kg) 4.29 4.11 4.09 3.38 2.67 1.40 
Container (kg)  90.48  78.08  73.86  77.69 72.29 50.50 27.00 20.92 14.28
Number of packages 476 273 227 153 95 50 500 83 40
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processing companies which produce table ol-
ives, the PDO “La bella della Daunia”. Electric-
ity consumption was measured, as well as the 
amount of input resources and quantities relat-
ed to the primary and secondary packaging. the 
composition of the containers was defined, us-
ing data from the National Packaging consorti-
um (cONAI, 2009; cOrEVE, 2009; cIAL, 2009), 
and the percentage of the recycled material used 
for their manufacture was also specified. the 
same procedure was followed for the quantifi-
cation of output; by means of laboratory analy-
ses we assessed the pollution caused by the ex-
hausted brines, lyes and washing waters. Emis-
sions related to transport were calculated, while 
emissions related to the combustion of LPG (to 
produce steam) were obtained from the litera-
ture (AcUrEX et al., 1993).

the data collected was processed using Gabi4 
software (IKP and PE, 2002). table 2 shows the 
amount of energy and materials entering the 
system under examination. As regards prima-
ry and secondary packaging, quantities of ma-
terial and energy are given as the minimum and 
maximum values of the various types of glass 
(square brackets) and tin plate containers. since 
the glass jars were packaged by hand, electrici-
ty consumption was taken as zero in this case.

rEsULts AND DIscUssION

1. LcIA (Life cycle Impact Assessment)

the cML 2001 impact assessment meth-
od was used to analyse the environmental im-
pact of the input and output measured during 
the inventory phase. the categories of pollu-
tion considered were: abiotic depletion poten-
tial (ADP), acidification potential (AP), eutrophi-
cation potential (EP), freshwater aquatic ecotox-
icity potential (FAEtP inf.), global warming po-
tential (GWP 100 years), human toxicity poten-
tial (HtP), marine aquatic ecotoxicity potential 
(MAEtP), ozone layer depletion potential (ODP, 
steady state), photochemical ozone creation po-
tential (POcP), terrestrial ecotoxicity potential 
(tEtP) and energy use (EU).

the graph in Fig. 2.a shows the main catego-
ries of environmental damage due to the agri-
cultural and industrial phases; the impact was 
normalized according to southern European fac-
tors and the different kinds of containers were 
considered separately.

Fig. 2.b, 2.c and 2.d show, for EP, FAEtP, and 
GWP respectively, the contribution of the agri-
cultural and industrial phases to the absolute 
values of the impact of the whole life cycle. the 
wastewater produced during the processing of 
the table olives has an effect on the EP of the in-
dustrial phase, while FAtP is greatly affected by 
the agricultural phase due to the toxicity linked 
to the use of PPP. the large quantity of cO2 pro-

duced in the industrial phase is related to LPG 
consumption during pasteurization, but the val-
ue varies according to the kind of primary and 
secondary packaging adopted. Fig. 2.d shows 
that the 3100 mL glass jars packaged in card-
board boxes produce the lowest amount of cO2.

As for the analysis of total energy use, Fig. 
2.d shows the MJ required for the agricultur-
al and industrial phases. the total energy-use 
value varies according to the type of primary 
and secondary packaging. the 3000 mL tin is 
the type of packaging that requires the lowest 
amount of energy.

Agricultural phase
by analyzing the agricultural phase (Fig. 3), it 

is possible to see the contribution of the various 
sub-phases to the most important impact cat-
egories (Fig. 3.a). the impact of PPP greatly af-
fects the different toxicity categories, amounting 
to almost 100% of the total impact when consid-
ering FAEtP and tEtP. Fig. 3.b indicates that 
such problems are attributable more to the ap-
plication than to the production of chemicals.

the use of fertilizers represents 99% of EP. 
Again, as can be seen from the graph in Fig. 3.c, 
this stems from the effects of their application, 
while other kinds of impact derive from the pro-
duction of ammonium nitrate. the production 
and use of fertilizers (especially ammonium ni-
trate), combined with the electricity needed for 
irrigation, also contribute to GWP (Fig. 3.a). As 
for cultivation practices, irrigation has a high-
er impact than mechanical operations (soil cul-

table 2 - Materials and energy input with reference to 100 
kg of packaged olives.

INPUT  Agricultural  Industrial
  phase phase

Diesel kg 0.3 0.2
Calcium nitrate kg 0.4 
Potassium sulphate kg 1.7 
Superphosphate kg 1.2 
Ammoniun nitrate kg 3.3 
Water kg 50,050 333
Electricity kWh 36.5 6
Lime kg 0.08 
Copper oxide kg 0.14 
Carbaryl kg 0.07 
Dimethoate kg 0.02 
Caustic soda (100%) kg  1.3
Sodium chloride kg  9.4
LPG kg  1.3 - 1.7
Ascorbic acid  kg  0.07
Citric acid kg  0.13
Lactic acid kg  0.130
Tin plate kg  14-27
[Glass/tin capsule] kg  50-90/1.40-4.29
Paper (labels) kg  0.07
[Cardboard] kg  7-10
PVC kg  0.2-0.4
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Fig. 2 - the most serious kinds of environmental impact caused by different types of packaging with reference to the func-
tional unit.

2.a: Normalized results.

2.b: Eutrophication potential. 2.d: Global warming potential.

2.c: Freshwater acquatic ecotoxicity potetial. 2.e: Energy use.
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Fig. 3 - Impact of agricultural phase.

tivation, mechanical application of 
plant protection products and fer-
tilizers). this is because of the en-
ergy used to pump the enormous 
amounts of water needed to grow 
the raw material to a size that ap-
peals to consumers.

Following the study of crUt-
ZEN et al. (2008), the N2O emis-
sions linked to fertiliser use had 
increased by 4%. this data varia-
tion has brought about an increase 
of over 95% for the GWP linked to 
the agricultural phase; but for the 
overall life cycle, the total kg of cO2 
per functional unit rose by only 5%.

Industrial phase
Fig. 4 shows the environmental 

impact associated with the indus-
trial phase; pasteurization accounts 
for a large part of the GWP. As can 
be seen in the graph in Fig. 5, waste 
water is one of the problems with 
the spanish-style processing meth-
od. Lyes, washing waters and brines 
have high bOD5 and cOD values, 
which affect the EP. the most im-
portant categories of environmental 
damage linked to the spanish-style 
processing-method are also affect-
ed by the production of the caustic 
soda used to de-bitter the olives, and 
by the electricity used in the techno-
logical process (Fig. 5). this impact, 
however, is lower than that of pas-
teurization (Fig. 4.a, 4.b), a process 
which is necessary to guarantee the 
microbiological safety of the prod-
uct. the choice of packaging ma-
terial (the different types of tin and 
glass container) affects the impact of 
the overall system in various ways. 
by comparing the environmental ef-
fects of the different containers, it is 
immediately obvious that there are 
environmental benefits linked to the 
adoption of larger-sized containers 
(Fig. 6). this allows not only a low-
er consumption of resources, but 
also a reduction in waste produc-
tion and emissions during packag-
ing, transport and final disposal. As 
far as tins are concerned, increasing 
the size of the containers leads to a 
proportional reduction in their im-
pact. However, this is not the case 
for the six types of glass jars exam-
ined. In this case, increasing the size 
of the container does not automati-
cally lead to a reduction in impact. 
the main reason for this lies in the 
properties of the container itself: to 
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Fig. 4 - Impact of industrial phase, separated according to the different kinds of containers.

Fig. 5 - Environmental effects of spanish-style processing.

4.a: Normalized results.

4.b: Global warming potential.
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Fig. 6 - Percentage comparison of different containers relative to the container that has the least impact.
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ensure the integrity of the packaging and effi-
ciency of logistics, each container needs suita-
ble secondary packaging. there is thus a vari-
ation in the amount of cardboard required per 
functional unit. the graphs in Fig. 6 show the 
results of comparing the different kinds of pack-
aging regarding the most significant categories 
of impact they cause. In this way it was possible 
to quantify, with regard to each category of im-
pact, the contributions of each type of packag-
ing and to identify the container which has the 
best environmental performance.

As stated in the introduction, the various 
packaging systems employ different kinds and 
quantities of raw materials and energy: the larg-
er-sized containers have less environmental im-
pact.

As far as ADP, FAEtP and ODP are concerned, 
the larger-sized glass jars are the more “sustain-
able” packaging choice. the reverse is true for 
the other categories of impact (EP, GWP, tEtP, 
MAEtP,), where the production and use of glass 
and cardboard have a greater negative impact, 
and the 4700 mL tins are more eco-compatible.

2.Improvement hypothesis
Agricultural phase
Efforts to reduce the environmental impact 

which results from the agricultural phase should 
concentrate on improving the necessary cultiva-
tion techniques, trying to reduce waste and op-
timising water consumption. Using manure in-
stead of mineral fertilizers would reduce the im-
pact arising from the production of ammonium 
nitrate. At the same time a reduction in the use 
of plant protection products would be welcome, 
as this would improve the defence systems of the 
crop and have little environmental impact. the 
use of traps for catching harmful insects could 
replace the use of organo-phosphorous insecti-
cides, which are toxic for humans and the en-
vironment. Plantations for growing table olives 
need a proper, reliable water-supply, especially 
during the summer months when the fruits grow 
to a size which gives them a higher commercial 
value. the optimization of water resources, how-
ever, is a fundamental objective, especially in ge-
ographic areas characterized by long periods of 
drought. It is possible to reduce water waste by 
optimizing the amount of water used for irriga-
tion. More efficient irrigation techniques could 
be employed, such as localized underground ir-
rigation carried out by means of micro-droppers 
under the soil.

Industrial phase
In order to improve the environmental per-

formance of the spanish-style olive processing-
system, a technological solution could be adopt-
ed with the aim of reducing the amount of caus-
tic soda and water used (and consequently lim-
it the negative effects connected to its produc-
tion and use) (MArsILIO et al., 2008). It is also 

worth considering reusing the brine and the rins-
ing-water, as well as extracting the useful sub-
stances (phenols etc.) (bELtrÁN-HErEDIA et al., 
2000a; 2000b; bELtrÁN et al., 2001; brENEs 
bALbUENA et al., 1989; brENEs et al., 2000; DE 
cAstrO et al., 1983; FErNÁNDEZ et al., 1992; 
GArcÍA et al., 1990; GArrIDO et al., 1992; GAr-
rIDO FErNÁNDEZ, 1983; GArrIDO FErNÁNDEZ 
et al., 1997; KOPsIDAs, 1994; rIVAs et al., 2000; 
2001; VEGA et al., 1982).

the emissions from thermal treatment could 
be significantly reduced by adopting “pasteur-
ization programs” with the pasteurization time 
varying according to the size of the container. 
this would call for greater care on the part of 
the operators, who would be responsible for var-
ying the length of the process.

In practice, however, standardized pasteur-
ization schemes with a single programme pa-
rameterized for the larger containers are used 
so as to avoid insufficient pasteurization of the 
finished product. this results in an inefficient 
use of energy and increased emissions of green-
house gases. Improved efficiency of the pasteur-
ization process would bring about a significant 
reduction in the impact associated with it, with 
obvious advantages with regard to the following 
categories of impact: ADP, AP, EP, GWP, POcP. 
by examining the various types of glass and tin 
packaging, to find out how they contribute to 
the eight categories of impact, it is clear that us-
ing tin instead of glass means savings in terms 
of global warming and eutrophication, and also 
in terms of human, soil and marine toxicity. It 
must be noted, however, that the use of tins (in 
particular the 500 mL containers) causes a rise 
in abiotic depletion and ozone depletion of up 
to 500% and an increase in fresh water toxici-
ty of about 250%.

As far as sustainability is concerned, the im-
plications are that companies should use larg-
er containers as much as possible. this could 
be achieved through the use of dispensers in 
grocery stores, where consumers could buy the 
bulk product in the desired quantities; special 
bags and reusable containers could be provid-
ed for transportation.

INtErPrEtAtION

At the end of the LcA, the variability of the 
results was analysed. by means of Gabi soft-
ware, it was possible to carry out both a sen-
sitivity analysis and a Monte carlo analysis; 
for these analyses only the damage categories 
GWP, FAEtP, EP and Energy use were consid-
ered (because these categories proved to be the 
most important).

table 3 shows the variability (as standard de-
viation) of the kinds of impact with respect to 
the variability of the data considered in input. 
the variability in the amount of irrigation high-
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ly influences the Energy use and GWP due to 
the use of electricity. the impact category EP is 
affected by the quantity of nitrogen and phos-
phate fertilisers, with ammonium nitrate also 
affecting GWP. the standard deviation referring 
to the quantity of PPP used greatly influences 
the variability of FAEtP, with the exception of 
dimethoate because of its lower polluting poten-
tial. changing the pasteurization programs re-
sults in little variability in GWP.

As regards the Monte carlo analysis, Fig. 7 
shows the Gaussian distribution of the 20 clus-
ters deriving from the simulation. the higher 
probability of GWP is related to the variabil-
ity of the input value (between 0% and 20%, 
while with that of EU the cluster is between 
-20% and 0%); as far as FAEtP and EP are con-
cerned, the probability is higher. table 4 shows 
the hot spots - the sources of greatest impact 
- for each category of damage (with a variation 
of >50%): these are carbaryl (±118%) and cop-
per oxide (±78.7%) for FAEtP, and triple su-
perphosphate (±114%) for EP. A significant im-
pact is linked to the amount of irrigation (±24%) 
for EU and the quantity of ammonium nitrate 
(±36.7%) for EP (which shows a variability be-

table 3 - sensitivity analysis.

 Standard deviation
 Quantity GWP FAETP EP Energy use

Number of irrigations ±100% ±2.66% ±0.01% ±0.59% ±24%
Ammonium nitrate ±180% ±4.13% 0.00% ±36.70% ±0.53%
Calcium ammonium nitrate ±100% ±0.10% 0.00% ±3.50% ±0.12%
Potassium sulphate ±70% 0.00% 0.00% 0.00% ±0.04%
Triple superphosphate ±270% ±0.23% 0.00% ±114% ±0.55%
Carbaryl  ±150% ±0.04% ±118% ±0.03% ±0.40%
Copper oxide ±400% ±0.15% ±78.70% ±0.27% ±1.62%
Dimethoate  ±150% ±0.06% ±1.91% ±0.02% ±0.48%
Time of pasteurization ±10% ±7.47% 0.00% ±1.28% ±0.07%

Fig. 7 - Monte carlo analysis.

table 4 - table of “hot spots”.

 GWP FAETP EP Energy Use

Number of irrigations X   XX
Ammonium nitrate X  XX
Calcium ammonium nitrate   X
Potassium sulphate
Triple superphosphate   XXX
Carbaryl   XXX
Copper oxide  XXX  X
Dimethoate   X
Time of pasteurization X  X

XXX > 50% 10% ≤ XX ≤ 50% 1% ≤ X ≤ 10%

tween 10% and 50%). the other kinds of impact 
have a variation between 1% and 10%. An im-
provement in these hot spots could bring about 
a consequential reduction in their environmen-
tal impact, with respect to their importance. In 
particular, as for the time of pasteurization, it 
greatly affects the GWP; table 3 shows, in fact, 
that the GWP value varies almost in the same 
way as the time of pasteurization (a variation of 
the time of pasteurization between ±10% corre-
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sponds to a variation of the GWP almost of the 
same percentage).

cONcLUsION

the analysis presented has highlighted the 
“hot spots” of the life cycle of spanish-style green 
table olives. Although some of the data consid-
ered in the Inventory analysis (LcI) may have a 
degree of uncertainty, this study has painted a 
picture of the environmental performance that 
stems from the production and processing of 
green table olives. the most important environ-
mental problem deriving from the olive produc-
tion can be attributed to the chemicals used for 
pest control. this is also true for olive oil pro-
duction. However with table olives the farm-
er has to obtain a raw material which is whole 
and aesthetically perfect, in order to get a bet-
ter price. Damaged table olives cannot be sold 
to processing industries; they could be used to 
make olive oil, but their oil content is lower than 
that of the olives grown specifically to produce 
oil, and they also sell for less. so what is need-
ed are sustainable solutions, such as the eco-
trap. the most serious problem arising from the 
industrial phase is the emission of greenhouse 
gases. this derives mainly from the pasteuriza-
tion process, but production of the containers 
(tins, glass jars, cardboard boxes) also results 
in a high impact. something else worth men-
tioning is that the large quantity of steam used 
to pasteurize the containers is commonly pro-
duced by a boiler fed by LPG, the combustion 
of which results in a high value for GWP during 
the industrial phase.

In this study it was possible to analyse the 
differences between various types of packag-
ing. the environmental impact varies signifi-
cantly according to the type of package that is 
selected, decreasing as the size of the container 
increases. Generally, the choice of larger- sized 
containers leads to improvement in terms of re-
duced impact. some solutions are also proposed 
for improving the agricultural and industrial 
phases and, in conclusion, the analysis of the 
system showed where improvements could be 
made with regard to achieving the objectives of 
eco-compatibility. In most cases the adoption of 
eco-efficient choices leads to advantages, which 
are not only environmental (a lower consump-
tion of resources, a reduction in pollutants, etc.) 
but also economic (i.e. lower costs).
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AbstrAct

An analytical method, specifically developed and used to determine the presence of geosmin 
in wine, was evaluated for the simultaneous determination of geosmin, responsible for an earthy 
off-flavour, 4-ethylphenol and 4-ethylguaiacol, responsible for phenolic off-flavour and of select-
ed volatile wine aroma compounds. the method consists of a liquid-liquid extraction with n-pen-
tane followed by Gc-Ms/sIM analysis. the linearity of the response was very good (r2>0.9956) in 
the usual concentration ranges of the volatiles in wines. the precision was also very good (%rsD 
less than or near 10%) and the accuracy of the method, was satisfactory. LOD and LOQ were be-
low 1 or a few mg/L for most compounds. the method was then applied to evaluate the efficacy 
of a treatment with deodorant activated charcoal to decrease the amount of geosmin, 4-ethylphe-
nol, 4-ethylguaiacol and its effect on the concentration of the volatile aroma compounds, both 
in red and white wines.
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INtrODUctION

Organoleptic quality is a fundamental aspect 
of the overall quality of wines. In some cas-
es aroma is an expression of varietal or terri-
torial identity and plays, an outstanding role 
in organoleptic quality. It is one of the princi-
pal evaluation criteria used by the purchas-
ers of wine. Wine aroma is determined by the 
complex equilibrium of several hundreds of 
volatile compounds in a wide range of con-
centrations and belonging to different chem-
ical classes (alcohols, esters, aldehydes, ke-
tones, fatty acids, terpenes, phenols, etc.). 
this complex equilibrium can be altered due 
to chemical or microbiological contamination 
of grapes and wines. In these cases, several 
volatile compounds characterized by unpleas-
ant odorous notes can result in the appear-
ance of off-flavours if the concentrations are 
higher than the olfactory perception thresh-
old. Among the off-flavours that can appear in 
wine, the “musty-earthy” and “phenolic” ones 
are particularly detrimental to the organolep-
tic quality of wine. Odours described as mush-
rooms, mouldy, camphoric or earthy are often 
observed in must made with rotten grapes, 
particularly when high rainfall and hail oc-
curred during the vintage. In previous stud-
ies, geosmin (trans-1,10-dimethyl-trans-9-de-
calol) was identified as being responsible for 
a strong earthy odour in red and white wines 
even at low concentration, due to its extremely 
low olfactory perception threshold (10 ng/L in 
water, 60-65 ng/L in white wine, 80-90 ng/L 
in red wine (DArrIEt et al., 2000; DArrIEt et 
al., 2001). Geosmin originates from the me-
tabolism of Penicillium expansum fungus in 
grapes pre-contaminated by Botrytis cinerea 
(LA GUErcHE et al., 2005) and is very stable 
during alcoholic fermentation (DArrIEt et al., 
2002; LA GUErcHE et al., 2006).

4-Ethylphenol (4-EF) and 4-ethylguaiacol (4-
EG), responsible for the phenolic off-flavour, 
are principally produced by the winery contam-
inant yeast Brettanomyces/Dekkera by means 
of the decarboxylation and subsequent reduc-
tion of grape-derived ferulic and p-cumaric ac-
ids (cHAtONNEt et al., 1992). the aroma as-
sociated with these phenols in wine has been 
generally described as stable, animal and spicy 
(cHAtONNEt et al., 1990; cHAtONNEt et al., 
1992). Wood casks used in wine ageing are an 
optimal substrate for the proliferation of Bret-
tanomyces; it can also proliferate in tanks and 
bottles (cHAtONNEt et al., 1992; sUÁrEZ et al., 
2007; PÉrEZ-PrIEtO et al., 2002). Phenolic off-
flavour almost exclusively affects red wines due 
to their abundance in precursory phenolic ac-
ids (cHAtONNEt et al., 1992; cHAtONNEt et al.,  
1993).

climate changes in recent years have caused 
increased fungal contamination of grapes and 

the production of musts characterized by an-
alytical parameters (i.e. high pH and sugar 
content) that along with high temperature fa-
vour the proliferation of winery contaminant 
microorganisms. Due to the origin of geosmin 
and ethylphenols, wines with a high commer-
cial value can be affected by earthy and phe-
nolic off-flavours even if preventive actions are 
implemented. In these cases remedial treat-
ments may be necessary to remove the off-fla-
vours. A possible approach is to decrease the 
concentration of the responsible compounds 
below their olfactory perception threshold by 
adsorbing them on highly adsorptive materi-
als, i.e. activated charcoal. to evaluate the ap-
plicability of treatments to reduce earthy and 
phenolic off-flavours, it is necessary to consid-
er their effect not only on the off-flavour com-
pounds but also on the volatile compounds that 
are important for wine aroma. A suitable meth-
od for the determination of these volatile com-
pounds of wine is therefore necessary. sever-
al methods for determining 4-ethylphenol and 
4-ethylguaicol in wine have been previously 
reported. Volatile phenols are usually deter-
mined by gas chromatographic analysis, pre-
ceded by an extraction treatment of the sam-
ple. Different extraction techniques have been 
employed, including liquid-liquid extraction 
(cHAtONNEt and bOIDrON, 1988; cHAtONNEt 
et al., 1995; POLLNItZ et al., 2000), dispersive 
liquid-liquid microextraction (DLLME) (FAr-
IÑA et al., 2007), solid-phase extraction (sPE) 
(DOMÍNGUEZ et al., 2002), solid-phase microex-
traction (sPME) (MArtOrELL et al., 2002; MON-
JE et al., 2007) and stir bar sorptive extraction 
(sbsE) (DÍEZ et al., 2004). Liquid chromatog-
raphy has also been employed to determine 
the presence of ethylphenols in wine (cAbONI 
et al., 2007; LArcHEr et al., 2007; NIcOLINI 
et al., 2007). In contrast, only two methods 
for the determination of geosmin in wine have 
been previously reported. One consists in a liq-
uid-liquid extraction with n-pentane, followed 
by Gc-Ms analysis in selected ion monitoring 
(sIM) mode (DArrIEt et al., 2000, 2001; LA 
GUErcHE et al., 2005), while the other consists 
in sPME isolation followed by Gc-Ms analysis 
(DUMOULIN and rIbOULEt, 2004). No methods 
for the simultaneous determination of geos-
min, 4-ethylphenols, 4-ethylguaiacol, and the 
main wine aroma compounds have been pre-
viously reported.

the aim of this study was to verify the appli-
cability of an analytical method specifically em-
ployed for the determination of geosmin in wine, 
to determine the selected target wine aroma vol-
atiles as well as the contaminants geosmin and 
ethylphenols. besides providing data on the lev-
el of geosmin and ethylphenol contamination of 
wines, this method can also be applied in stud-
ies aimed at determining remedial treatments 
for these off-flavours.
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MAtErIALs AND MEtHODs

reagents, standards and samples

Dichloromethane (HPLc grade), n-pentane 
(analytical grade), ethanol (99%, HPLc grade), 
solid anhydrous ammonium sulphate and L-(+)-
tartaric acid were supplied by J.t. baker (De-
venter, Holland). Water was purified through a 
Milli-Q system (Millipore, bedford, MA, UsA). 
the suppliers and purity of the chemical stand-
ards employed are reported in table 1. 2-Octanol 
was the internal standard. red wines (cv Aglian-
ico) and white wines (cv Falanghina), both from 
the 2005 harvest, were obtained from a cellar in 
benevento (Italy). 

Extraction method 
Wine (500 mL), spiked with 50 µL of a 2-oc-

tanol solution (100 mg/L in ethanol) as internal 
standard, was extracted in 1 L flasks by three 
successive extractions with n-pentane (20, 10 
and 10 mL, respectively) with magnetic stirring 
for 10 min each time. the combined organic 
phases were then dried with anhydrous sodium 
sulphate and concentrated to 200 mL under ni-
trogen flow (0.5 mL/min). 

Instrumentation and chromatographic con-
ditions

Each organic extract (1.2 µL) was inject-
ed in splitless mode (injector port temperature 
250°c) and analysed by Gas chromatography-
Mass spectrometry in the selected Ion Moni-
toring mode (Gc/Ms-sIM). An Agilent 5973N 
quadrupole mass spectrometer (Agilent tech-
nologies, Palo Alto, cA, UsA) coupled to an Agi-
lent 6890 gas chromatograph (Agilent technol-
ogies, Palo Alto, cA, UsA) was employed. the 
ion source and quadrupole temperatures were 
230° and 150°c, respectively. the Gc/Ms sys-
tem was provided with a Db-Wax silica capillary 
column (60 m, 0.32 mm i.d., 0.5 mm film thick-
ness; J&W scientific, Folsom, cA, UsA). Electron 
impact mass spectra were recorded with an ion-
source energy of 70 eV. the oven temperature 
was maintained at 45°c for 1 min, and then in-
creased 3°c/min up to 230°c and held for 10 
min. Helium was employed as carrier gas with 
a flow of 3.5 mL/min.

Quantification

Quantitative data of the identified com-
pounds were obtained by the interpolation of 
the relative areas versus the internal stand-
ard area, in the calibration graphs prepared 
for pure reference compounds. A model wine 
solution (13% v/v ethanol, 5 g/L L-(+)-tartaric 
acid, adjusted to pH 3.2 with 1N NaOH) contain-
ing known amounts of the analytes was prop-
erly diluted in order to obtain 6-10 calibration 
points. the number of calibration points and 

the concentration range for each compound are 
reported in table 6. For each calibration point, 
the model solution was extracted in duplicate 
and analysed by Gc-Ms/sIM, as previously de-
scribed. Peak area data were processed by the 
software chemstation (Agilent technologies, 
Palo Alto, cA, UsA).

Method validation

the extraction method, applied for the simul-
taneous determination of geosmin, 4-ethylphe-
nol, 4-ethylguaiacol, and the selected volatile 
aroma compounds in red and white wines (re-
ported in table 2 along with their odours and 
olfactory perception thresholds), was that pro-
posed by DArrIEt et al. (2000) for the specif-
ic quantification of geosmin in grape juice and 
wines.

solvent selection: the solvent employed in the 
original method, n-pentane, was compared with 
dichloromethane. A model wine solution (13% 
v/v ethanol, 5 g/L L-(+)-tartaric acid, adjusted to 
pH 3.2 with 1N NaOH), containing the analytes 
at concentrations reported in table 3, was sub-
mitted to the liquid-liquid solvent extraction as 
previously described, with each of the two sol-
vents. Each extraction was performed in tripli-
cate. the organic extracts were analyzed by Gc-
Ms/sIM analysis as previously described. Ex-
traction efficiency (mean relative peak areas) for 
the volatile compounds and precision (%rsD), 
together with chromatographic performances, 
were considered.

the validation parameters studied were lin-
earity, precision, accuracy, limits of detection 
and quantification.

Linearity was estimated by the regression co-
efficient (r2) of the calibration graphs obtained 
as previously described.

table 1 - chemical standards used in this study.

Compound	 Supplier	 Purity

2-octanol	 Sigma-Aldrich	 97%
isoamyl	acetate	 Aldrich		 99%
3-methyl-1-butanol	 Aldrich		 99%
ethyl	hexanoate	 Aldrich	 99%
1-hexanol	 Aldrich		 98%
(Z)-3-hexen-1-ol	 Aldrich		 98%
ethyl	octanoate	 Lancaster	 99%
linalool	 Lancaster		 99%
ethyl	decanoate	 Aldrich		 99%
α-terpineol	 Aldrich		 90%
β-damascenone	 Aldrich		 1%	in	ethanol
geosmin	 Sigma		 98%	2	mg/mL	methanol
geraniol	 Aldrich	 98%
2-phenylethanol	 Aldrich		 99%
4-ethylguaiacol	 Aldrich	 98%
4-ethylphenol	 Aldrich		 99%
4-vinylguaiacol	 Aldrich		 98%
4-vinylphenol	 Aldrich		 10%	in	propylene	glycol
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table 2 - Volatile aroma compounds selected for this study.

	 Compound	 Odour*	 Olfactory	perception
	 	 threshold
	 	 (µg/L)

esters
isoamyl	acetate	 sweet[1],	fruity[1,2],	banana[1,3,4,5,6]	 30a

ethyl	hexanoate	 fruity[1,2,6,7],	apple[1,8,9],	banana[1],	brandy[1],	green	apple[3,5],	strawberry[6]	 14b

ethyl	octanoate	 fruity[1,4,6],	floral[1,5],	banana[1],	pineapple[1,5,7,9],	brandy[1],	pear[1],	sweet[3,6],	 5b

	 soap[3],	anise[4],	strawberry[7]

ethyl	decanoate	 brandy[1],	oily[1],	fruity[1],	grape[1],	pleasant[3],	soap[3],	floral[5],	citrus	fruit[5]	 200b

alcohols
3-methyl-1-butanol	 fusel	oil[1],	whiskey[1],	alcohol[3],	harsh[3,6],	cheese[4,10],	herbaceous[5]	 30000a

1-hexanol	 green[3,4,6],	grass[3,5],	toasty[4,6]	 8000a

(Z)-3-hexen-1-ol	 fresh[1,6],	green[1],	grass[1,3,4,5,6]	 400a

2-phenylethanol	 rose[1,3,4,5,6,9],	honey[1],	floral[1]	 10000a

terpenes
linalool	 floral[1,3,4,5,9],	orange	flowers[5],	citrus[1],	lemon[1],	orange[1,9],	sweet[1]	 15a

α-terpineol	 fragrant[1],	floral[1,5],	lilac[1],	sweet[3],	anise[4]	 250b

geraniol	 sweet[1],	floral[1,5],	rose[1],	fruity[1],	citric[3],	orange	flowers[5]	 30a

norisoprenoids	 	
β-damascenone	 bark[3],	baked	apple[2,4],	canned	peach[6],	tea[5,9],	floral[5],	dried	fruit[5]	 0.05a

phenols
4-vinylguaiacol	 phenolic[3,4],	pleasant[3],	smoky[4,5,9],	curry[8]	 130c

4-vinylphenol	 medicinal[1,5],	phenolic[1,5],	almond	shell[4]	 180c

*Bibliographic	odour	descriptors,	references	are	reported	in	brackets	(1=	Flavours	&	Fragrances	catalogue	2003-2004.	2=Chisholm	et al.,	1994.	
3=Ferreira	et	al.,	2002.	4=Culleré	et al.,	2004.	5=Genovese	et al.,	2007.	6=Aznar	et al.,	2001.	7=Piombino	et al.,	2004.	8=Moio	et al.,	1999.	9=	
Moio	et al.,	2002.	10=Escudero	et al.,	2000).	a=Guth,	1997,	odour	threshold	determined	in	water/ethanol	solution	10%	v/v;	b=Ferreira	et al.,	
2000,	odour	threshold	determined	in	water/ethanol	solution	10%	v/v	+	7	g/L	glycerine,	pH	3.2;	c=Chatonnet	et al.,	1993,	odour	threshold	de-
termined	in	water/ethanol	solution	12%	v/v	+	8	g/L	glycerine	and	several	salts.

table 3 - composition of the model wine solution used for 
the solvent selection.

	 Compound	 Concentration	(µg/L)

isoamyl	acetate	 408
3-methyl-1-butanol	 119,000
ethyl	hexanoate	 264
1-hexanol	 616
(Z)-3-hexen-1-ol	 100
ethyl	octanoate	 288
linalool	 100
ethyl	decanoate	 300
α-terpineol	 100
β-damascenone	 102
geosmin	 0.2
geraniol	 59.2
2-phenylethanol	 38,000
4-ethylguaiacol	 414
4-ethylphenol	 810
4-vinylguaiacol	 307
4-vinylphenol	 295

the precision of the method was estimated by 
the relative standard deviation of triplicate anal-
yses both of red and of white wines spiked with 
0.360 mg/L of geosmin and of the wine model 
solution reported in table 3.

the accuracy of the method was evaluated 
by the determination of % recovery of the vola-
tile compounds, spiked in red and white wine at 

three different concentrations. Each spiked wine 
was extracted in duplicate and analysed by Gc-
Ms/sIM. Quantitative data were obtained by in-
terpolation on the calibration graphs obtained 
following the quantification procedure previous-
ly reported. For the calculation of % recovery the 
following equation was used:  

recovery (%)= [concentration determined in 
spiked wine/ (concentration determined in wine 
+ added concentration)] ·100%

Limit of detection (LOD) and limit of quanti-
fication (LOQ) of the volatile compounds were 
calculated at signal-to-noise ratios of 3 and 10, 
respectively.

Fining experiment

A red wine (cv Aglianico) and a white wine 
(cv Falanghina) were analysed. the wines were 
previously analysed for their concentration of 
geosmin and ethylphenols. Prior to spiking, no 
geosmin was detected in the red or white wines 
above the detection limit of 0.02 µg/L. both 
wines were then spiked with geosmin in at a 
concentration of 0.360 mg/L. this concentra-
tion was chosen based on a preliminary senso-
ry test result that determined a clearly percep-
tible earthy off-flavour both in red and in white 
wine. 4-Ethylguaiacol and 4-ethylphenols were 
not detected in the white wine, while the red 
wine had levels of 46.1±3.6 mg/L of 4-ethyl-
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guaiacol and 538.9±48.2 mg/L of 4-ethylphe-
nol. As ethylphenol contamination almost ex-
clusively affects red wines (cHAtONNEt et al., 
1992; 1993), white wines were not artificially 
contaminated with ethylphenols, in order to ap-
ply the method to a matrix as similar as possi-
ble to real cases. the treatment with deodorant 
activated charcoal (20 g/hL) was performed in 
triplicate on three aliquots each of 2 L of wine, 
for 14 h at 20°c. After racking and filtration, 
each experimental replicate was extracted in 
duplicate and analysed by Gc-Ms/sIM for the 
quantitative determination of the volatile com-
pounds. the untreated wines were extracted in 
triplicate and considered as a control. Quanti-
tative data of the wines treated with charcoal 
and those of the corresponding untreated ones 
were compared by student t-test (α=0.05) after 
having verified the homogeneity of variances by 
the F-test (α=0.05). 

rEsULts AND DIscUssION

besides the off-flavour compounds (geosmin, 
4-ethylguaiacol, 4-ethylphenol), fourteen vol-
atile compounds, reported as odour active in 
wines were selected (table 2). the method was 
applied to quantify the analytes in the ranges of 
concentration expected in wine (MAArsE et al., 
1992; FErrEIrA et al., 1992). Moreover, each 
compound was checked to determine if the min-
imum concentration quantifiable by the calibra-
tion curves was lower than the olfactory thresh-
old, reported in table 2. For these reasons, the 
method was optimised by focusing principally 
on geosmin, a compound typically detected in 
wines at low concentration (4-400 ng/L; DArrIEt 
et al., 2000; LA GUErcHE et al., 2003) and char-
acterized by an extremely low olfactory threshold 
(0.010 mg/L in water, 0.060-0.065 mg/L in white 
wine, 0.080-0.090 mg/L in red wine; DArrIEt et 

Fig. 1 - total ion current (tIc) profile obtained from the analysis of an organic extract of red wine (A) and a model wine so-
lution (b).
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al., 2000). Fig. 1(A) reports a portion of the total 
Ion current (tIc) obtained from the analysis in 
full scan mode of an organic extract of red wine, 
spiked with geosmin (0.360 mg/L), 4-ethylguai-
acol (125 mg/L), and 4-ethylphenol (1,235 mg/L) 
and extracted following the proposed method. It 
is compared with the corresponding portion of 
the tIc obtained by injecting an organic extract 
of a model wine solution (Fig. 1(b)) containing 
the aroma volatile compounds selected for the 
study, geosmin, 4-ethylguaiacol and 4-ethylphe-
nol at concentrations comparable with those de-
tected in wine. At the retention time of geosmin 
(39.55 min), situated between β-damascenone 
and geraniol, the peak of geosmin was not de-
tected in the wine extract, nor in the model so-
lution extract. this means that in these condi-
tions the detection limit for geosmin was high-
er than 0.360 mg/L, a concentration that cor-
responds to a high level of contamination, con-
sidering the range detected in wine (DArrIEt et 
al., 2000; FErrEIrA et al., 2002). Moreover, sev-
eral volatile target compounds, such as linalool, 
β-damascenone, geraniol, and 4-ethylguaiacol, 
could not be determined in full scan mode be-
cause of the coelution with other volatile com-
pounds of wine or the base line noise was too 
high. therefore to determine the volatile target 
compounds it was necessary to adopt a more se-
lective and sensitive Gc-Ms method, such as se-
lected Ion Monitoring (sIM). the retention times 
and the selected ions for the analytes are report-
ed in table 4. For each compound, from two to 
four ions were selected, one of which was em-
ployed as quantifier and the others as qualifier. 
concerning geosmin, only the ion m/z 112 was 
selected and it was used to identify and quanti-
fy this compound.

two solvents were compared for the liquid-
liquid extraction: n-pentane and dichlorometh-
ane. the former was chosen because it was em-
ployed in previous studies on the determination 
of geosmin in wine (DArrIEt et al., 2000, 2001; 
LA GUErcHE et al., 2005), while the latter is a 
solvent widely used for liquid-liquid extraction 
of wine volatiles (MOIO et al., 1995; OrtEGA-
HErAs et al., 2002; PErEstrELO et al., 2006) 
and specifically used for volatile phenol deter-
mination (cHAtONNEt and bOIDrON, 1988). As 
criteria for the choice, the extraction efficien-
cy (relative peak areas), the precision (%rsD), 
together with chromatographic performances, 
were considered.

the two solvents are characterized by a differ-
ent polarity; dichloromethane is the most polar 
(Log P (Log octanol/water partition coefficient) 
n-pentane=2.80, Log P dichloromethane=1.34, 
estimated by EPI suite v. 3.20). Log P of the an-
alytes ranged from 1.26 (3-methyl-1-butanol) to 
4.79 (ethyl decanoate) (table 5). the mean in-
ternal standard area did not differ significant-
ly in the extractions with the two solvents (n-
pentane=15994435±3254494, dichlorometh-

ane=14897720±742863), therefore the differ-
ences of relative peak areas were imputable to 
differences in the peak areas of the analytes. 
the extraction efficiency was higher in the ex-
traction with n-pentane for the four esters (iso-
amyl acetate, ethyl hexanoate, ethyl octanoate, 
ethyl decanoate), β-damascenone, the three ter-
penols (linalool, α-terpineol, geraniol) and geos-
min,  while alcohols (3-methyl-1-butanol, 1-hex-
anol, (Z)-3-hexenol, 2-phenylethanol) and phe-
nols (4-ethylguaiacol, 4-ethylphenol, 4-vinyl-
guaiacol, 4-vinylphenol) were extracted better 
by dichloromethane (table 5). As expected, the 
extraction efficiency varied for the two solvents 
to the polarity of the analytes (Log P). It can be 
noted that the compounds  having Log P greater 
than 3, a polarity similar or slightly lower than 
that of  n-pentane, were extracted better by it. 
the analytes with a Log P less than 2 were ex-
tracted better by dichloromethane. the com-
pounds having a Log P between 2 and 3 showed 
different behaviours according to their chemical 
class. Aliphatic esters (isoamyl acetate and ethyl 
hexanoate) were extracted better by n-pentane, 
while volatile phenols (ethyl and vinyl phenols) 
were extracted better by dichloromethane. Fig. 2 
shows the portion of chromatograms related to 
geosmin, that, as previously explained, can be 
considered as the “limiting analyte”. In the case 
of the extraction with n-pentane (A) the peak of 
geosmin had a better resolution and was high-
er than in the case of the extraction with dichlo-
rometane (b). the precision was better with n-
pentane, with %rsD varying between 1.1 and 
8.8% (mean %rsD=4.3), while %rsD was be-
tween 1.3 and 19.8% (mean %rsD=6.7) for the 

table 4 - Gc-Ms/sIM parameters of the volatile compounds.

Peak	no.	 Compound	 Retention
	 	 time	 Ionsa

	  	 (min)	 m/z

	ISb	 2-octanol	 23.23	 45-55-97
	 1	 isoamyl	acetate	 10.77	 70-55-61
	 2	 3-methyl-1-butanol	 14.27	 69-71
	 3	 ethyl	hexanoate	 15.3	 88-60-99
	 4	 1-hexanol	 20.45	 56-55-69
	 5	 (Z)-3-hexen-1-ol	 21.76	 67-55-82
	 6	 ethyl	octanoate	 23.94	 88-101-127
	 7	 linalool	 28.51	 80-121
	 8	 ethyl	decanoate	 32.23	 61-155
	 9	 α-terpineol	 34.56	 59-93-121-136
	10	 β-damascenone	 39.15	 121-190
	11	 geosmin	 39.55	 112
	12	 geraniol	 40.01	 93-123
	13	 2-phenylethanol	 42.35	 122-63-77-103
	14	 4-ethylguaiacol	 46.19	 137-122-152
	15	 4-ethylphenol	 50.78	 107-77-122
	16	 4-vinylguaiacol	 51.43	 150-135
	17	 4-vinylphenol	 57.21	 120-65-91

abold	numbers	indicate	quantifier	ions;
bIS=Internal	Standard.
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table 5 - Extraction efficiency of n-pentane and dichloromethane.

	 	 	 Relative	peak	areaa

Compound	 	 n-pentane	 dichloromethane

	 log	Pb	 meanc	 %RSDd	 meanc	 %RSDd

isoamyl	acetate	 2.26	 16.9	 5.8	 13.6	 3.6
3-methyl-1-butanol	 1.26	 3.86	 3.2	 25.4	 19.8
ethyl	hexanoate	 2.83	 16.2	 5.9	 10.4	 7.8
1-hexanol	 1.82	 7.08	 2.8	 20.2	 5.9
(Z)-3-hexen-1-ol	 1.61	 0.412	 1.1	 2.91	 1.4
ethyl	octanoate	 3.81	 15.7	 7.3	 10.2	 5.3
linalool	 3.38	 1.44	 5.1	 1.35	 3.2
ethyl	decanoate	 4.79	 2.22	 5.4	 1.54	 4.0
α-terpineol	 3.33	 1.33	 1.3	 1.17	 2.0
β-damascenone	 4.21	 0.737	 4.9	 0.131	 8.7
geosmin	 3.57	 0.014	 8.8	 0.009	 10.6
geraniol	 3.47	 0.578	 5.0	 0.118	 6.6
2-phenylethanol	 1.57	 25.6	 2.2	 207	 8.6
4-ethylguaiacol	 2.38	 26.6	 3.0	 34.9	 6.8
4-ethylphenol	 2.55	 14.4	 1.2	 60.0	 5.9
4-vinylguaiacol	 1.92e	 1.95	 4.2	 3.44	 7.5
4-vinylphenol	 2.41	 1.11	 3.3	 15.45	 1.3

aAnalyte	peak	area/IS	peak	area	(2-octanol);
bOctanol/water	partition	coefficient	estimated	using	EPI	Suite	v.3.20	software,	U.S.	Environmental	Protection	Agency	and	Syracuse	Research	
Corp.;
cn=3;
dRelative	standard	deviation	%;
eLog	P	estimated	using		ACD-Lab	software.

Fig. 2 - chromatographic peak of geosmin obtained by Gc/
Ms-sIM analysis of n-pentane (A) and dichloromethane ex-
tracts (b).

dichloromethane extraction (table 5). In conclu-
sion, the two solvents had different extraction ef-
ficiencies, depending on the polarity and chemi-
cal structure of the compounds. n-Pentane had 
a better extraction efficiency for the least abun-
dant compounds (linalool, geraniol, α-terpine-
ol, and geosmin), a better precision, and better 
chromatographic performance especially for ge-
osmin. On the basis of these results, n-pentane 
was chosen as the extraction sIt is also interest-
ing to note that, in sensory tests conducted by 
laboratory staff, n-pentane extracts were very 
reminiscent of the original samples; this is an 

important prerequisite for any technique used 
to extract volatile compounds.

Method validation

A typical chromatogram obtained following the 
whole procedure can be seen in Fig. 3. the sev-
enteen volatiles were quantified by calibration 
graphs based on pure reference compounds in 
a model wine solution. From 6 to 10 calibration 
points were obtained in the range of concentra-
tion reported in table 6. these ranges of con-
centration are very wide, covering at least two 
orders of magnitude for all the compounds, and 
three orders of magnitude for most  of the com-
pounds. the range of concentration for geos-
min covers one order of magnitude; however it 
includes the concentrations determined in dif-
ferent typologies of wine (DArrIEt et al., 2000). 
Linearity of the method, estimated by the line-
ar correlation coefficients (r2), was very good, in 
the ranges of concentration considered: r2 val-
ues were between 0.9956 (ethyl decanoate and 
2-phenylethanol) and 0.9997 (isoamyl acetate). 
In particular, the r2 was greater than 0.999 for 
isoamyl acetate, 3-methyl-1-butanol, β-damas-
cenone and 4-ethylguaiacol. this indicates that 
for all the analytes, the linear range included at 
least the entire concentration range studied. As 
the ranges of linearity cover the range of con-
centration typically detected in wine (MAArsE 
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Fig. 3 - chromatogram of a wine extract (peak numbers refer to table 4).

table 6 - calibration parameters.

	 Compound	 Intercept	 Slope	 r²	 Linear	range	 n	 LOD	 LOQ
	 	 	 	 (μg/L)	 	 (μg/L)	 (μg/L)

isoamyl	acetate	 0.3883	 0.1938	 0.9997	 2.97-2970	 10	 0.40	 1.33
3-methyl-1-butanol	 0.2360	 0.0003	 0.9993	 3489-348975	 8	 435.73	 1452.44
ethyl	hexanoate	 3.0304	 0.2316	 0.9977	 3.6135-3613.5	 9	 0.76	 2.53
1-hexanol	 1.1999	 0.0819	 0.9	979	 9.653-9653	 10	 1.11	 3.72
(Z)-3-hexen-1-ol	 -0.0366	 0.0314	 0.9981	 1.5190-1519	 10	 2.86	 9.52
ethyl	octanoate	 1.7249	 0.3605	 0.9970	 3.1185-3118.5	 9	 0.27	 0.89
linalool	 0.0530	 0.0894	 0.9988	 0.97-679	 9	 0.16	 0.54
ethyl	decanoate	 0.1909	 0.1182	 0.9956	 0.99-990	 10	 0.31	 1.04
α-terpineol	 0.2374	 0.3426	 0.9986	 0.90-450	 8	 0.11	 0.35
β-damascenone	 -0.0158	 0.7822	 0.9995	 0.054-54	 9	 0.59	 1.96
geosmin	 -0.0005	 1.0103	 0.9963	 0.020-0.400	 6	 0.02	 0.05
geraniol	 -0.0050	 0.0572	 0.9986	 0.539-539	 10	 0.80	 2.67
2-phenylethanol	 7.1645	 0.0051	 0.9956	 4518-150268	 7	 39.99	 133.31
4-ethylguaiacol	 0.5358	 1.5261	 0.9994	 0.49-490	 10	 0.08	 0.27
4-ethylphenol	 1.3114	 0.1781	 0.9983	 6.435-6435	 10	 0.71	 2.35
4-vinylguaiacol	 0.0294	 0.0504	 0.9984	 0.833-833	 9	 1.17	 3.91
4-vinylphenol	 -0.0706	 0.0516	 0.9988	 1.50-1500	 9	 4.80	 16.00

et al., 1992; FErrEIrA et al., 2002), the method 
is suitable for the analysis of many typologies 
of wine with different levels of contamination 
by ethylphenols and geosmin. the slope of the 

straight calibration lines is a measure of meth-
od sensitivity. According to its definition (IN-
tErNAtIONAL VOcAbULArY OF bAsIc AND 
GENErAL tErMs IN MEtrOLOGY, 1993) the 
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table 7 - recovery (%) of the volatile compounds in red wine.

	 Compound	 Concentration	 Added	 Recovery	%
	 in	wine	(µg/L)	 (µg/L)	 (mean±SD)

isoamyl	acetate	 664.9	 641.5	 113.0±0.1
	 	 481.7	 105.7±2.1
	 	 160.6	 104.0±4.3
3-methyl-1-butanol	 200403.8	 198532.1	 126.4±0.2
	 	 148552.0	 107.3±5.5
	 	 49424.8	 117.9±12.1
ethyl	hexanoate	 160.6	 158.8	 132.6±0.2
	 	 118.8	 119.8±3.9
	 	 39.6	 111.8±4.0
1-hexanol	 1909.9	 1938.6	 134.6±1.1
	 	 1457.1	 116.6±2.1
	 	 484.0	 114.7±9.0
(Z)-3-hexen-1-ol	 149.2	 132.4	 77.1±3.5
	 	 99.4	 70.4±0.1
	 	 33.1	 86.0±13.6
ethyl	octanoate	 249.6	 220.9	 122.1±0.8
	 	 165.7	 112.3±5.4
	 	 55.2	 108.5±2.9
Iinalool	 16.3	 15.2	 59.4±1.9
	 	 11.4	 64.0±0.6
	 	 3.8	 80.0±0.2
ethyl	decanoate	 38.9	 34.4	 60.2±1.3
	 	 29.1	 58.0±6.2
	 	 9.7	 79.1±8.3
α-terpineol	 12.5	 12.1	 78.5±1.0
	 	 9.1	 81.1±1.4
	 	 3.0	 95.7±2.0
β-damascenone	 1.1	 1.0	 50.5±2.7
	 	 0.8	 55.0±0.7
	 	 0.3	 71.8±1.5
geosmin	 0.0	 0.360	 73.5±2.4
	 	 0.270	 83.9±11.0
	 	 0.090	 52.6±3.0
geraniol	 9.8	 11.0	 78.5±0.8
	 	 8.3	 79.7±0.8
	 	 2.8	 85.3±2.6
2-phenylethanol	 66330.0	 64929.7	 126.7±1.3
	 	 48768.2	 106.2±7.1
	 	 16275.0	 112.7±13.7
4-ethylguaiacol	 43.7	 122.6	 75.6±6.7
	 	 91.7	 67.3±3.5
	 	 30.6	 63.1±7.2
4-ethylphenol	 475.0	 1915.1	 156.1±2.6
	 	 1435.3	 136.5±2.2
	 	 479.8	 122.1±12.2
4-vinylguaiacol	 15.5	 15.8	 66.6±0.4
	 	 11.8	 61.5±2.7
	 	 3.9	 48.8±9.2
4-vinylphenol	 27.4	 28.4	 132.5±3.7
	 	 21.3	 114.1±0.3
	 	 7.1	 98.1±11.4

table 8 - recovery (%) of the volatile compounds in white wine.

	 Compound	 Concentration	 Added	 Recovery	%
	 in	wine	(µg/L)	 (µg/L)	 (mean±SD)

isoamyl	acetate	 789.3	 768.2	 115.4±1.1
	 	 576.2	 111.2±0.4
	 	 192.1	 109.4±4.8
3-methyl-1-butanol	 140683.3	 138833.6	 146.9±4.4
	 	 104125.2	 144.9±3.4
	 	 34708.4	 138.0±5.3
ethyl	hexanoate	 978.0	 974.2	 124.3±6.6
	 	 730.6	 124.9±6.5
	 	 243.5	 138.3±3.8
1-hexanol	 1218.7	 1234.8	 145.5±3.4
	 	 926.1	 138.9±4.4
	 	 308.7	 118.3±3.7
(Z)-3-hexen-1-ol	 53.1	 47.1	 76.3±3.8
	 	 35.3	 79.9±1.5
	 	 11.8	 88.5±5.6
ethyl	octanoate	 1111.3	 986.0	 112.2±6.8
	 	 739.5	 113.3±6.4
	 	 246.5	 125.1±1.9
linalool	 24.5	 25.6	 47.4±1.1
	 	 19.2	 51.2±0.1
	 	 6.4	 66.6±0.4
ethyl	decanoate	 191.1	 196.9	 64.1±4.0
	 	 147.7	 69.0±3.8
	 	 49.2	 95.9±2.9
α-terpineol	 20.3	 19.5	 79.5±1.0
	 	 14.6	 81.8±0.7
	 	 4.9	 92.2±1.3
β-damascenone	 2.7	 3.0	 42.9±2.9
	 	 2.3	 48.5±1.2
	 	 0.8	 70.4±0.3
geosmin	 0.0	 0.360	 97.6±7.5
	 	 0.270	 95.7±2.5
	 	 0.090	 59.8±3.4
geraniol	 8.7	 9.9	 75.6±2.0
	 	 7.4	 75.4±0.5
	 	 2.5	 78.4±0.8
2-phenylethanol	 28898.9	 28353.6	 159.8±9.1
	 	 21265.2	 160.6±2.3
	 	 7088.4	 142.9±8.2
4-ethylguaiacol	 <0.49	 167.4	 101.0±2.4
	 	 125.5	 93.4±4.6
	 	 41.8	 91.2±1.9
4-ethylphenol	 <6.435	 2059.2	 136.9±5.4
	 	 1544.4	 92.6±4.4
	 	 514.8	 122.1±6.0
4-vinylguaiacol	 403.4	 427.3	 104.4±2.6
	 	 320.5	 99.8±3.2
	 	 106.8	 86.6±3.2
4-vinylphenol	 117.8	 122.4	 70.6±3.8
	 	 91.8	 79.0±5.9
	 	 30.6	 81.2±7.5

higher the sensitivity, the smaller the quantifi-
able differences in concentration. the best sen-
sitivities were obtained for 4-ethylguaiacol and 
geosmin, for which the slope was greater than 
one, and β-damascenone. the worst sensitivi-
ties were obtained for 3-methyl-1-butanol and 
2-phenylethanol. Limits of detection (LOD) and 
limits of quantification (LOQ) of the analytes are 
reported in table 6. For most of the compounds 
the values were very low, being below 1 or a few 

mg/L. 3-Methyl-1-butanol and 2-phenyletha-
nol presented higher detection and quantifica-
tion limits. these are acceptable for the appli-
cation of the method, considering that they are 
lower than the lowest concentrations typically 
detected in wine.

the precision of the method was evaluated by 
%rsD. In the wine model solution  the precision 
of the method was very good; all of the values 
were below 8.8% (table 5). the %rsD was be-
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low 5.9% for all the compounds, except for ethyl 
octanoate (7.3%) and geosmin (8.8%). triplicate 
extraction and analysis performed in the same 
batch on the untreated wines also provided pre-
cision data, reported in table 9, therefore this 
figure was estimated in two different chemical 
environments. the precision of the overall meth-
od was also very good in the wine samples with 
%rsD below or near 10% for most of the com-
pounds. therefore, there was no effect of matrix 
on the precision of the method.

the accuracy of the method was estimated 
by the perceptual recoveries of the volatile com-
pounds at three different concentrations, deter-
mined in both red and white wines spiked with 
known amounts of the analytes (table 7-8). this 
measure of the accuracy of a method is often 
used when a standard of exactly known concen-
trations of the analytes and matrix identical to 
the sample is not available for comparison. the 
results for red and white wine are reported in 
tables 7 and 8, respectively. For each volatile 
compound, the three added concentrations cor-
responded to 100, 75 and 25% of the concentra-
tion detected in the wine samples. the highest 
addition of geosmin was 0.360 µg/L and the oth-
er two corresponded to 75% and 25% of this val-
ue. In white wine the highest added concentra-
tions of 4-ethylphenol and 4-ethylguaiacol were 
2059.2 and 167.4 µg/L, respectively and the oth-
er two additions corresponded to 75 and 25% of 
these concentrations. In red wine, the highest 
concentration added was chosen to obtain a to-

tal concentration (concentration determined in 
wine + concentration added) comparable to that 
of white wine, while the other two additions were  
made so that a total concentration correspond-
ing to 75 and 25% of the total higher concentra-
tion was obtained. Wines were analysed soon af-
ter spiking, in order to prevent transformations 
of the analytes, such as the hydrolysis of the es-
ters, or the molecular interconversion of terpe-
nols (sEJEr PEDErsEN et al., 2003).

the recoveries for all volatile compounds in 
red wine were between 52.6 and 156.1%, with 
a mean recovery of 93.2%. the lowest recover-
ies were obtained for linalool (59.4-80%), ethyl 
decanoate (58.0-79.1%), β-damascenone (50.5-
71.8%), and 4-vinylguaiacol (48.8-66.6%). con-
cerning the volatile compounds responsible for 
wine taints, the percentage recovery of geosmin 
was between 52.6 and 83.9%, those of 4-ethyl-
guaiacol and 4-ethylphenol were between 63.1 
and 75.6%, 122.1 and 156.1%, respectively, var-
ying with the different concentrations.

Many factors could have determined these dif-
ferences in the recovery of analytes, including 
the partition between the aqueous and the or-
ganic phase as well as the losses due to the ma-
nipulation of the samples and during the con-
centration of the organic extract. the losses of 
compounds could partly explain the lower recov-
eries of the most volatile compounds.

the percentage recoveries in white wine were 
between 42.9 and 160.6%, with a mean recov-
ery of 99.3%. similar to red wine, the lowest re-

table 9 - Application of the method to wine.

	 Compound	 Red	wine	 Charcoal	 White	wine	 Charcoal

	 meana	 %RSDb	 meanc	 %RSDb	 %Var.d	 meana	 %RSDb	 meanc	 %RSDb	 Var.d

isoamyl	acetate	 651.8	 7.7	 408.9	 6.8	 37	 716.9	 8.2	 530.5	 8.2	 26
3-methyl-1-butanol	 240846.7	 2.0	 207650.0	 12.8	 ns	 130576.7	 6.6	 133812.0	 8.3	 ns
ethyl	hexarioate	 158.0	 14.5	 37.9	 21.7	 76	 817.0	 7.6	 544.5	 7.4	 33
1-hexanol	 2146.2	 4.5	 1914.2	 12.0	 ns	 1218.5	 8.6	 1113.6	 19.2	 ns
(Z)-3-hexen-1-ol	 160.4	 6.2	 147.0	 9.7	 ns	 55.0	 6.0	 51.9	 12.2	 ns
ethyl	octanoate	 248.7	 10.0	 74.8	 11.1	 70	 957.6	 9.9	 372.7	 6.2	 61
linalool	 16.6	 10.1	 15.0	 7.4	 ns	 25.1	 8.9	 20.4	 9.5	 19
ethyl	decanoate	 35.7	 16.4	 5.1	 20.0	 86	 168.2	 14.1	 8.1	 32.9	 95
α-terpineol	 13.1	 10.8	 12.3	 7.1	 ns	 21.0	 3.3	 18.1	 10.5	 14
β-damascenone	 1.0	 10.0	 1.0	 6.3	 us	 2.7	 14.7	 2.2	 12.8	 18
geosmin	 0.4	 8.7	 0.4	 23.5	 ns	 0.4	 9.2	 0.3	 8.1	 23
geraniol	 9.8	 8.2	 9.2	 5.4	 ns	 9.1	 4.2	 6.9	 12.2	 24
2-phenylethanol	 80960.0	 2.2	 67440.0	 12.7	 17	 26283.3	 6.6	 30446.0	 8.3	 16
4-ethylguaiacol	 46.1	 7.9	 41.0	 5.0	 11	 nd	 -	 nd	 -	 -
4-ethylpheruol	 538.9	 8.9	 441.0	 9.6	 18	 nd	 -	 nd	 -	 -
4-vinylguaiacol	 13.2	 5.8	 5.1	 23.1	 61	 393.7	 9.2	 236.9	 11.5	 40
4-vinylphenol	 25.2	 4.4	 22.2	 6.4	 12	 118.0	 4.7	 66.1	 14.9	 44

an=3;
bRelative	Standard	Deviation	%;
c6	(three	replicates	of	treatment	each	extracted	twice);
d	significant	perceptual	decreasings	(t-test,	α=0.05);
nd=	not	detected;
ns	not	significant.
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coveries were obtained for linalool (47.4-66.6%) 
and β-damascenone (42.9-70.4%). the recover-
ies of geosmin at the three concentrations stud-
ied (59.8-97.6%) were higher in white wine than 
in red wine. the recoveries of geosmin in both red 
and white wine were comparable to those pre-
viously reported in wine (DArrIEt et al., 2000). 
the percentage recoveries of 4-ethylguaiacol 
and 4-ethylphenol were 91.2-101% and 92.6-
136.9%, respectively. Analogous to geosmin, for 
most volatile compounds at the three studied 
concentrations, a higher recovery was obtained 
in white wine. there were interactions between 
volatile compounds, belonging to several chem-
ical classes, and wine polyphenols, particular-
ly tannins, anthocyanins and gallic acid, (DU-
FOUr and bAYONOVE, 1999; DUFOUr and sAU-
VAItrE, 2000; JUNG et al., 2000), the lowest re-
coveries in red wine could be due to the reten-
tion of volatile compounds by a polyphenol-rich 
matrix, such as red wine. 

Application of the method to wine: fining ex-
periment

Finally, the proposed method was applied to 
evaluate the efficacy of a treatment with deodor-
ant activated charcoal to decrease the contami-
nation of geosmin and ethylphenols in red wine 
and of geosmin in white wine. In order to evalu-
ate the effect of the treatment on the overall wine 
aroma, the concentration of the selected volatile 
compounds before and after the treatment was 
determined. the results are reported in table 9.

In the untreated red and white wines, the con-
centrations of all the volatile compounds were 
within the quantification range of the method, 
thus, the method was confirmed as being suit-
able for the analysis of these two wine typolo-
gies. As expected, red and white wines showed 
several differences in the volatile composition. 
the alcohols determined were more abundant 
in red wine than in white wine and made up the 
largest group of volatile compounds in red wine. 
the origin of these alcohols is different: 3-meth-
ylbutanol and 2-phenylethanol come from yeast 
glucidic and amino acidic metabolism during al-
coholic fermentation, while c6 alcohols 1-hexa-
nol and (Z)-3-hexenol derive from the lipoxygen-
ase activity on unsaturated fatty acids of grapes. 
Among them, only 2-phenylethanol positively 
contributes to wine aroma with its rose odour 
(EtIÉVANt, 1991). Esters, responsible for fruity 
notes in wine, principally arising from alcohol-
ic fermentation, were more abundant in white 
wine, as were linalool and α-terpineol, originated 
from grape and characterized by flowery odorous 
notes; β-damascenone, originated from carote-
noid degradation and responsible for spicy-tea 
notes, and vinylphenols, synthesized by Saccha-
romyces cerevisiae and whose role in white wine 
aroma could be positive or negative depending 
on the concentration (cHAtONNEt et al., 1993;  

VErsINI, 1985;  VErsINI et al., 1992). regarding 
4-ethylguaiacol and 4-ethylphenols, the red wine 
was contaminated and can be defined as medi-
um-low, considering the range of concentration 
typically determined in red wine (cHAtONNEt et 
al., 1992; POLLNItZ et al., 2000; FErrEIrA et al., 
2002). Moreover the ratio 4-ethylphenol/4-ethyl-
guaiacol (of 11.7), rather constant in red wine, 
was comparable to the ratios reported in a pre-
vious study (cHAtONNEt et al., 1992; POLLNItZ 
et al., 2000). the treatment with deodorant char-
coal did not result in any significant decrease 
of geosmin concentration in red wine, while in 
white wine it decreased the geosmin content by 
23%, with respect to the initial content. consid-
ering the concentration range detected in wine 
in previous studies (4-400 ng/L; DArrIEt et al., 
2000;  LA GUErcHE et al., 2003), the level of con-
tamination of wines can be considered high. Ge-
osmin is efficiently adsorbed by activated char-
coal and this treatment is used to remove ge-
osmin from water (cOOK et al., 2001). Howev-
er, since compounds having a molecular weight 
between 200 and 600 can compete for charcoal 
adsorption sites (cOOK et al., 2001), the results 
of this study suggest that the complexity of the 
wine matrix could decrease the geosmin-ad-
sorption capacity of charcoal. In particular, a 
competition between polyphenols and geosmin 
could have made the treatment ineffective in red 
wine. regarding the ethylphenols, the treatment 
decreased 4-ethylguaiacol and 4-ethylphenol 
content in red wine by 11 and 18%, respective-
ly. charcoals have a great chemical affinity for 
apolar and benzenic compounds (FErNÁNDEZ 
et al., 2005), particularly phenols (DĄbrOWsKI 
et al., 2005). considering this particular affini-
ty, the decreases obtained could seem too low. 
However, red wine is an extremely complex ma-
trix, with abundant phenolic compounds that 
are able to compete with ethylphenols for the 
adsorption sites of charcoal. Unfortunately, the 
treatment did not show a specificity for the off-
flavour compounds. the charcoal decreased the 
esters, 2-phenylethanol and vinylphenols in both 
red and white wine. In addition it decreased ter-
penols (linalool, α-terpineol and geraniol), and 
β-damascenone in the white wine. Esters, par-
ticularly ethyl decanoate, and vinylphenols de-
creased the most. these results suggest that the 
decreased concentrations of geosmin and ethyl-
phenols could not have determined a real de-
crease of the off-flavour, as the loss of a mask-
ing effect by positive olfactory notes seems to 
have occurred. 

cONcLUsIONs

the proposed method is appropriate for the si-
multaneous determination of geosmin, respon-
sible for earthy off-flavour, 4-ethylphenol and 
4-ethylguaiacol, responsible for phenolic off-fla-
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vour and the main aroma volatile compounds of 
wine. there was a very good linearity in a wide 
range of concentrations and the precision and 
accuracy were satisfactory.

the method is suitable for quantifying the con-
tamination of wine by geosmin and ethylphenol, 
even at low concentrations. Moreover, it can also 
be used to evaluate the effect of remedial treat-
ments not only to lower the concentration of off-
flavour compounds, but also to preserve those 
volatile compounds that are the most important 
for wine aroma. 
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AbstrAct

the purpose of this study was to determine the biogenic amine and heavy metal contents in 
controlled Denomination of Origin (DOc) and Protected Geographical Indication (IGP) Passito, 
white and red wines from sicily. the samples analyzed included wines derived from biological 
and traditional agriculture in the province of Messina. Potentiometric stripping analysis (PsA) 
was used to determine simultaneously the content of cd (II), cu (II), Pb (II) and Zn (II), whereas 
biogenic amines were determined as dansyl derivatives by reverse phase HPLc. the results pro-
vide new insight into the composition of commercial sicilian wines from the province of Messina. 
the wines examined contained moderate quantities of biogenic amines, while the heavy metal 
content was so low that they do not represent a toxicological risk for the health of the consumer.
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INtrODUctION

current oenological research is oriented 
at defining wine quality in relationship to its 
chemical composition, pharmacological prop-
erties and safety. In fact, while some wine mi-
cro-constituents, such as polyphenols, are 
recognized for their health value, other chem-
ical compounds can influence the health as-
pect of the product.

For a number of years, interest has been fo-
cused on the presence of biogenic amines in 
food, and particularly in wines, due to their 
pharmacological properties and physiological 
disorders they could provoke at high concen-
trations in the human body (WANtKE et al., 
1993; MArINE-FONt et al., 1995). these com-
pounds are derived essentially from the decar-
boxylation of the respective precursor amino 
acids through substrate-specific enzymes re-
sulting from the microorganisms present in 
the food (VIDAL-cArOU et al., 1991; cOtON et 
al., 1999; MOrENO-ArrIbAs and POLO, 2008). 
Edible foods that are frequently associated 
with the presence of large amounts of biogen-
ic amines are protein-rich foods in which a mi-
crobial proteolytic activity exists and that in-
creases the amount of free amino acids. Wines 
are not rich in protein, although they contain 
free amino acids (VIDAL-cArOU et al., 1991). 
there are three possible origins of biogenic 
amines in wines: a) they can be present in the 
must, b) they can be formed by yeasts during 
alcoholic fermentation and c) they can result 
from the action of bacteria involved in malol-
actic fermentation (ArcE et al., 1998). bio-
genic amines have been incriminated as being 
responsible for intolerance reaction to wines 
(JArIsH, et al., 1992; bAUZA et al.,1995), even 
though a study has shown that the amount of 
histamine in wine has no clinical or biological 
effect in healthy subjects (KANNY et al., 1999).

In recent years, great importance has been 
given to monitoring food products for heavy 
metal contamination and assessing the source 
of food contamination. the presence of trace 
elements in wine depends on many factors 
such as the type of soil, fungicide treatments, 
wine processing equipment and vinification 
methods (HsIA et al., 1975; GOLIMOWsKY et 
al., 1979; KArADJOVA et al., 2002; LA PErA et 
al., 2008). traces of metals in wine (including 
cu and Zn, essential for humans, animals and 
plants) and particularly Zn at low concentra-
tions, play an important role in wine fermen-
tation (rIbÉrEAU-GAYON et al., 1976). On the 
other hand, high concentrations of cu partici-
pate significantly in the destabilization of wine 
and in their oxidative evolution (bENÌtEZ et al., 
2002). At the same time, the concentrations 
of Pb and cd in wine are important because 
they are toxic in the case of excessive intake 
(rIbÉrEAU-GAYON et al., 1976; GENNArO et al., 

1986; FErNANDEZ PErEIrA, 1988; McKINNON 
and scOLLArY 1997).

A considerable amount of data on biogenic 
amines and metals in wine has been published 
but, to the best of our knowledge, no such data 
have been reported for sicilian controlled De-
nomination of Origin (DOc) wines and for si-
cilian Protected Geographical Indication (IGP) 
wines.

sicily is considered one of the oldest European 
viticultural regions, and with its warm temper-
atures, hilly terrain, sea breezes and rich soil it 
has more area under vine production than any 
other major winemaking region in Italy. sicily 
produces at least 17% of all the Italian wines, 
most of which are now protected by D.O.c. reg-
ulation. In recent years, wine has been one of 
the few sicilian agricultural products that has 
seen a rise in export levels, both in quality and 
average unit value compared to previous years 
(crEscIMANNO et al., 2002). Among the sicilian 
white wines, the most distinctive ones are In-
solia, Damaschino or Grillo, sometimes blend-
ed with chardonnay. Among the red wines, the 
most diffused native varieties are Nero d’Avola 
and Nerello Mascalese that are vinified in their 
purest varietal form or blended with indigenous 
varieties such as cabernet sauvignon, Merlot 
and syrah.

the concept of wine quality must be extend-
ed beyond sensory analysis guaranteeing, as 
well as the organoleptic quality, the safety of the 
product and protection of the consumer health. 
the purpose of this study was to determine the 
content of biogenic amines and heavy metals in 
DOc and IGP wines produced in the province 
of Messina.

red, white and sweet (Passito) wines, pro-
duced from grapes that are grown exclusively in 
this area, under biological and traditional agri-
culture, were analyzed.

MAtErIALs AND MEtHODs

samples

the wine samples were sicilian DOc wines 
and sicilian IGP wines, produced in the province 
of Messina during the 2000-2003 crop years ac-
cording to the production regulations (ItALIAN 
rEPUbLIc, DPr 20/09/1973; ItALIAN rEPUb-
LIc, DPr 04/03/1976; ItALIAN rEPUbLIc, DPr 
11/09/2004). the classification of the samples 
and the related codes are presented in table 1; 
table 2 provides information about the cultiva-
tion techniques used in the vineyards. seven of 
the samples (table 2) were produced under bio-
logical agriculture conditions, which allows the 
use of specific products for plant protection and 
organic fertilizers of biological origin for matur-
ing of the vineyard.

the wines were very heterogeneous and had 
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table 1 - Wine samples analyzed.

Sample	 Vintage	denomination	and	year	 Grape	variety

Passito	Wine
F01	 Malvasia	delle	Lipari	DOC,	2003	 95%	Malvasia,	5%	Corinto	Nero
F02	 Malvasia	delle	Lipari	DOC,	2002	 95%	Malvasia,	5%	Corinto	Nero
F03	 Malvasia	delle	Lipari	DOC,	2003	 95%	Malvasia,	5%	Corinto	Nero
M03	 Malvasia	delle	Lipari	DOC,	2003	 95%	Malvasia,	5%	Corinto	Nero	
C02	 Malvasia	delle	Lipari	DOC,	2002		 95%	Malvasia,	5%	Corinto	Nero

Red	Wine
FG0	 Faro	DOC,	2000	 60%	N.	Mascalese,	30%	N.	Cappuccio,
	 	 10%	Corinto	&	Nero	D’Avola
FC1	 Faro	DOC,	2001		 60%	N.	Mascalese,	30%	N.	Cappuccio,
	 	 10%	Corinto	&	Nero	D’Avola
MV1	 Mamertino	IGT,	2001	 100%	Nero	D’Avola
MV3	 Mamertino	IGT,	2003	 100%	Nero	D’Avola
MG1	 Mamertino	IGT,	2001	 100%	Nero	D’Avola
NC4	 Nero	D’Avola	IGT,	2004	 100%	Nero	D’Avola

White	Wine
MV3	 Mamertino	IGT,	2003	 45%	Catarratto,	20%	Inzolia,15%	Grillo,	20%	Altre
MS3	 Mamertino	IGT,	2003	 45%	Catarratto,	20%	Inzolia,	15%	Grillo,	20%	Altre
TC3	 Trebbiano	IGT,	2004	 100%	Trebbiano
IC4	 Inzolia	IGT,	2004	 100%	Inzolia

table 2 - cultivation techniques used in vineyards.

Samples	 Agriculture	type		 Cultivation	 Manuring
	 	 and	pruning	techniques	

Passito	wines	 	 	
F01	 Biological	Agriculture	 	 Biological	mulch
F02	 	 “Controspalliera”	
	 	 with		long	pruning	
V03	 Traditional	Agriculture	 	 Ternary	fertilizers
M03	 	 	 and	green	manure	with	clovers	
C02	 	 	

Red	wines	 	 	
FG0	 Traditional	Agriculture	 	 Ternary	fertilizers
	 	 “Controspalliera”
FC1	 	
MV1	 Biological	Agriculture	 	 Biological	mulch
MV3	 	 	 and	ternary	fertilizers	

MG1	 Traditional	Agriculture	 “Cortina”	 Ternary	fertilizers
NC4	 	 with	long	pruning	
	 	 	
White	wines	 	 	

MV3	 Biological	Agriculture	 “Controspalliera”	 Biological	mulch
MS3	 	 with	short	pruning	 and	ternary	fertilizers
	 	
TC3	 	 	“Cortina”
IC4	 Traditional	Agriculture	 with	long	pruning	 Ternary	fertilizers
	 	 	
“Controspalliera”	=	vertical-trellised	training	system
“Cortina”	=	hanging	down	training	system

been produced according to an, as yet, un-
standardized method. they differed from one 
case to another. some samples were made us-
ing traditional wine-making techniques, while 
others were made with a more modern proc-

ess that, unlike the first ones, utilized ther-
mal-conditioned wine-making and selected 
yeasts to control the alcoholic fermentation. 
Fig. 1-3 show the flowcharts of the wine-mak-
ing process and the elaboration technique of 
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Fig. 1 - Flowchart related to the elaboration of each red wine sample and description of processing technique (the symbol X 
means a positive response).

*MLF = malolactic fermentation
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Fig. 2 - Flowchart related to the elaboration of each white wine sample and description of processing technique (the symbol 
X means a positive response).
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the red, white and Passito wines, respective-
ly. After sampling, all of the wines were stored 
in the dark at 4°c, and each one was opened 
just prior to analysis.

reagents

For the simultaneous chronopotentiometric 
determination of cadmium, copper, lead and 
zinc, all glassware was rinsed with 10% (v/v) 
nitric acid. Ultra-pure water (18.2 Mohm/cm) 
was obtained from a Pure Lab rO and a Pure 
Lab UV system UsF (ransbach-baumbach, 
Germany). Ultra pure hydrochloric acid (34-
37%), Hg (II) (1000 µg/mL, 1M in hydrochloric 
acid) and cd(II), cu(II), Pb(II) and Zn(II) (1000 
µg/mL, 0.5 N in nitric acid) standard solutions 
were purchased from Panreac Quimica (bar-
celona, spain). solutions of 1.0 µg/mL cd (II), 
2.5 µg/mL cu (II), 1.0 µg/mL Pb (II) and 2.5 µg/
mL Zn (II) were prepared by diluting with ultra 
pure water. supel-ENVI carbon columns were 
obtained from supelco (bellefonte, PA, UsA).

1,5-Diaminepentane (DAP), 1,4-diaminebu-
tane (DAb), histamine (HIs), tyramine (tYr), 
tryptamine (trY), 2-phenylethylamine (PHE), 
1,7-diamineheptane (DAE), dansyl chloride and 
Na2cO3 were obtained from sigma Aldrich (Milan, 
Italy); spermidine (sPD), spermine (sPM) were 
supplied by Fluka (Milan, Italy). Acetonitrile and 
water of HPLc grade were obtained from carlo 
Erba (Milan, Italy).

HPLc analysis of biogenic amines

the HPLc determination of the biogenic 
amines was performed with a shimadzu liquid 
chromatographic system coupled with a system 
controller scL-10A-Vp; two Lc-10A-Vp pumps; 
DAD detector sPD-M 10A Vp.; a Gt-154 de-
gasser, rheodyne injector (model 7725i) with a 
20 µL loop, and a c-18 supelco Discovery col-
umn (150 x 2.1 mm, 5 µm), with a precolumn 
of the same material. the determination of the 
biogenic amines was performed according to a 
method reported in a previous study (DUGO et 
al., 2006). the mobile phase was a gradient pre-
pared from water (W) and acetonitrile (A): 0.01-
6.00 min 65-35% W; 6.01-10.00 min, 35-20% 
W; 10.01-15.00 min, 20-10% W. the gradient 
was reduced to the initial condition in another 
5 min; ten min of equilibration were required 
before the subsequent injection. the flow rate 
was 0.4 mL/min and the analyses were per-
formed at 20°c.

Wine samples were analyzed after derivati-
zation with dansyl chloride solution, as previ-
ously described (DUGO et al., 2006). the reac-
tion was carried out by adding 1.6 mL of dan-
syl chloride solution (10 mg/mL in acetone) 
to 1.5 mL of wine adjusted to pH 8.2 with Na-

2cO3 solution (40 g/L). the mixture was heated 
in a water-bath for an hour at 40°c. After the 

reaction, the acetone was removed in a slight 
stream of N2. then, the volume was made up to 
1 mL with acetonitrile, and before HPLc analy-
sis, the sample was filtered through a 0.45 µm 
membrane millipore filter. the resulting sam-
ple was analyzed three times. A wavelength of 
254 nm was used.

the observed analytes were identified accord-
ing to their retention time compared with those of 
the amines tested, as well as their spectral char-
acteristics. Using a wine sample spiked with the 
biogenic amine standard solutions, the retention 
time of each amine was confirmed.

For each biogenic amine a stock of stand-
ard solution was prepared by adding an ac-
curately weighed amount of each amine (c.10 
mg) to a 10 mL volumetric flask and brought 
to the mark with 0.1 M Hcl. the standard so-
lutions were stored at 4°c until used. A stand-
ard mixture of biogenic amines was prepared 
by adding 0.1 mL of each amine stock solution 
in a 10 mL volumetric flask and bringing it up 
to mark with 0.1 M Hcl. these solutions were 
stored at 4°c until used. A calibration line for 
each dansylated amine was obtained by ana-
lyzing the standard solutions diluted at differ-
ent concentrations.

chronopotentiometric stripping analysis 
of cd, cu, Pb and Zn

the analysis of cd(II), cu(II), Pb(II), Zn(II) 
was carried out using a PsA ION 3 stripping 
chronopotentiometric analyzer (steroglass, s. 
Martino in campo, Perugia, Italy), connect-
ed to a Pc. the analyzer operated under the 
control of the NEOtEs 2.0.1 software pack-
age (steroglass); it was equipped with a con-
ventional three-electrodes cell: the working 
electrode was glassy carbon one, coated with 
a thin film of mercury; the reference electrode 
was an Ag/Agcl electrode (3M Kcl) and a plat-
inum wire was used as the auxiliary electrode, 
as described in previous papers (LA PErA et 
al., 2003; sALVO et al., 2003; DUGO et al., 
2004a,b; DUGO et al., 2005a,b,c; MAtArEsE 
PALMIErI et al., 2005).

Wine samples were directly analyzed after 
acidification to pH 2 with 5M Hcl and filtration 
through a carbon column, as described in pre-
vious studies (sALVO et al., 2003; DUGO et al., 
2005b).

cd(II), cu(II), Pb(II) and Zn(II) were determined 
simultaneously in wine, as described in previ-
ous papers (sALVO et al., 2003; DUGO et al., 
2005b,c; MAtArEsE PALMIErI et al., 2005).

 before starting each analysis, the working 
electrode was cleaned with absolute methanol 
and filter paper; then the plating was carried out 
by, putting a 20 mL volume of a 1000 µg/mL Hg 
(II) standard solution in the electrochemical cell 
and carrying out the electrolysis, at –950 mV 
against the reference electrode, for 1 min. cd 
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Fig. 3 - Flowchart related to the elaboration of each Passito wine sample and description of processing technique (the sym-
bol X means a positive response).
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(II), cu (II), Pb (II) and Zn (II) were determined 
simultaneously putting the acidified wine (2.0-
5.0 mL) in the electrochemical cell together with 
10.0 mL of ultrapure water and 1.0 mL of 1000 
µg/mL Hg (II) as oxidizing agent.

Method performance for cd, cu, Pb and Zn 
chronopotentiometric analysis in wines and veg-
etables has been reported in previous papers (LA 
PErA et al., 2003; sALVO et al., 2003; DUGO et 
al., 2004a,b; DUGO et al., 2005a,b,c; MAtArEsE 
PALMIErI et al., 2005).

statistical analysis

the data were analyzed using statistica 
statsoft, Inc. 6.0. Initially, the Mann-Whitney 
non-parametric test was applied to determine 
any differences between wine samples from bi-
ological or traditional agriculture according to 
their amine and metal concentrations. succes-
sively, Linear Discriminant Analysis (LDA) was 
performed to characterize the wine samples.

rEsULts AND DIscUssION

Determination of biogenic amines

the biogenic amines levels in a total of five 
red, six white and four Passito wines from the 
province of Messina were investigated for the 
first time. the mean concentrations of biogen-
ic amines in the wine samples are reported in 
table 3; the wines are grouped according to ty-
pology. the analyses were carried out in trip-
licate, and the results are reported as the av-
erage value. the coefficient of variation (cV%) 
of the three analyses was always less than 5%.

Among the studied amines, 1,4-diaminobu-
tane (DAb) was detected in all the samples at 
concentrations ranging from 0.33 mg/L (sample 
Nc4) to 3.53 mg/L (sample MV1) with an aver-
age value of 1.94 mg/L for the red wines, 1.01 
mg/L for the white wines and 0.94 mg/L for the 
Passito wines.

High levels of histamine (HIs) were detected 
in the red wines (average content 1.23 mg/L) 
but they never exceeded 1.52 mg/L (sample 
Nc4). All the white wines had a low histamine 
content and often values were near the detec-
tion limit; the only exception was sample MV3 
that had a histamine content of 1.16 mg/L. 
Among the Passito wines, the concentration of 
histamine never exceeded 1.20 mg/L (sample 
cO2) and, with the exception of samples VO3 
and MO3 (1.11 and 0.14 mg/L, respectively), 
the histamine contents were always near the 
detection limit.

All of the red wines contained tyramine (tYr); 
the average content was 1.77 mg/L. Only sample 
MV3 contained high concentrations of tyramine 
(3.82 mg/L); white wines showed an average 
tyramine content that was much lower (0.08 

mg/L) than that of the red ones, while in Passito 
wines, it was only detected in samples FO3, FO2 
and cO2 and at values near the detection limit.

spermidine (sPD) was only found in two Pas-
sito wines (samples FO2 and MO3) and was near 
the detection limit.

Among the biogenic amines studied, spermine 
(sPE) levels were lower than the detection limit 
in all the Passito and white wines and was only 
detected in two red wines at low concentrations 
(0.15 and 0.12 mg/L, respectively, in samples 
MG1 and Nc4).

Most of the wines that were analyzed had a 
prevalence of 1,4-diaminobutane, histamine and 
tyramine; among the other amines studied, tryp-
tamine, 2-phenylethylamine, 1,5-diaminopen-
tane, 1,7-diaminoeptane, spermine and sper-
midine, were present in the wines in very small 
amounts that were often below the instrumen-
tal detection limit. While cadaverine, putrescine, 
histamine and tyramine were the most com-
mon amines found in the wines (ADAMs et al., 
1990; ErtAN ANLI et al., 2009), nevertheless 
in these wine samples 1,5-diaminopentane (ca-
daverine) was often found at values near the de-
tection limit.

the data show that the total biogenic amine 
content was higher in the red wines than in the 
white and Passito wines and ranged from 3.74 to 
7.22 mg/L. this peculiarity could be explained 
by the difference in the vinification techniques; 
prolonged contact with the skin implicates an 
enrichment of the must with amino acids that 
are precursors of biogenic amines (rIbÉrEAU-
GAYON et al., 2003a; ANcÍN-AZPILIcUEtA et al., 
2008).

Each sample of red wine, derived from a wine-
making process that did not make use select-
ed yeasts and where the fermentation temper-
atures were not controlled, had higher concen-
trations of biogenic amines, confirming the ob-
servations of some authors (rIbÉrEAU-GAYON 
et al., 2003b).

the total biogenic amines content of the Pas-
sito wines ranged from 0.89 to 2.35 mg/L and 
was mainly represented by putrescine and his-
tamine. Moreover, biogenic amine content was 
high in the wines produced according to the 
traditional method, that uses spontaneous fer-
mentation of turbid musts with native yeasts 
and refinement in chestnut casks. In contrast, 
the Passito wines made according to a mod-
ern wine-making technique, that opts for se-
lected yeasts and the control of the fermenta-
tion temperatures, had low concentrations of 
biogenic amines.

the total biogenic amine content in the white 
wines ranged from 0.73 to 2.38 mg/L and 1,4-di-
aminobutane was the principal biogenic amine. 
the results also show that, for the white wines, 
the spontaneous fermentation of the musts with 
no control of the temperatures results in a high 
amine content.
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Determination of heavy 
metals cd, cu, Pb and Zn

considering the wide use of wine 
in the world and the fact that, in re-
cent years, sicilian wines have fi-
nally made it onto the internation-
al stage, it was of interest to deter-
mine the cd(II), cu(II), Pb(II) and 
Zn(II) concentrations. table 4 shows 
the concentration of metals found 
in fifteen wine samples produced 
in the province of Messina. Zn was 
the most abundant metal, followed 
by cu, Pb and cd.

In particular, cd was present in 
very small amounts in almost all of 
the samples and the mean concen-
tration ranged from 0.002 to 0.007 
mg/L, without significant differenc-
es among the wine typologies. the 
cd concentrations in two white wine 
samples (MV1 and MG1) were below 
the instrumental detection limit.

the mean concentration of Pb 
was 0.004-0.078 mg/L; sample Fc1 
(0.078 mg/L) had the highest lev-
el among the red wines, followed by 
the white wine sample Ms3 (0.073 
mg/L) and the Passito wine cO2 
(0.066 mg/L).

the cu concentration ranged from 
0.020 to 0.740 mg/L with an average 
content of 0.288 mg/L for the Pas-
sito wines, 0.337 mg/L for the red 
wines and 0.168 mg/L for the white 
wines. With the exception of sample 
Ms3, that had the lowest cu content 
(0.020 mg/L), the wines made ac-
cording biological agriculture tech-
niques were the only ones for which 
the cu concentration was greater 
than that of the other samples pro-
duced according to a more tradition-
al process.

the Zn content varied from 0.341 
to 2.182 mg/L with the Passito wine 
samples having the highest values. 
In particular, Passito wines had an 
average Zn content of 1.459 mg/L 
and sample FO1 had the highest 
concentration (2.182 mg/L). the av-
erage Zn content in the red wines 
was 0.816 mg/L and the concen-
tration of this metal never exceed-
ed 1.300 mg/L (sample FG0). the 
wines made according to biological 
agriculture techniques had the low-
est Zn concentrations (0.453, 0.560 
and 0.652 mg/L in samples Fc1, 
MV1 and MV3, respectively). the Zn 
content in the white wine samples 
was below 0.560 mg/L (sample Ms3) 
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table 4 - Heavy metal concentrations (mg/L) and detection 
limit (DL in mg/L) in sicilian wine samples. Each value is the 
mean of three determinations, the range of relative stand-
ard deviation is: 0.8% for cd (II), 1.5% for cu (II), 1.0% for 
Pb (II) and 0.7% for Zn (II).

Metals	 Pb	(II)	 Cd	(II)	 Cu	(II)	 Zn	(II)	

DL	 0.07	 0.05	 0.05	 0.05	

Passito	wines	 	 	 	 	
F01	 10.48	 6.50	 611.34	 2182.21	
F02	 15.34	 1.02	 509.88	 1270.92	
V03	 12.06	 1.83	 92.43	 1253.02	
M03	 14.12	 4.98	 80.96	 1439.88	
C02	 65.80	 4.16	 150.16	 1150.10	
Red	wines	
FG0	 12.00	 1.03	 72.39	 1300.04	
FC1	 77.95	 1.97	 420.11	 453.31	
MV1	 20.18	 nd	 740.25	 560.40	
MV3	 27.10	 2.02	 640.90	 652.11	
MG1	 14.96	 nd	 93.10	 1100.06	
NC	4	 4.16	 7.14	 59.88	 860.79	
White	wines	
MV3	 4.11	 1.02	 540.97	 341.08	
MS3	 73.05	 5.10	 20.12	 560.13	
TC4	 13.12	 1.06	 44.35	 362.33	
IC4	 15.16	 2.98	 70.31	 480.16	

with no relevant differences in the concentra-
tions (average value 0.435 mg/L).

statistical analysis

the non-parametric Mann-Whitney test was 
applied to determine differences between wine 
samples from biological or traditional agricul-
ture, based on their amine and metal concen-
trations. table 5 shows the results from the 
Mann-Whitney test; the p-level was significant 
only for cu; this suggests a difference between 
the two group samples that were either grown 
according to traditional or biological agricul-
ture practices.

the concentrations of the nine amines (trY, 
PHE, DAb, DAP, HIs, DAE, tYr, sPD and sPE), 

table 5 - Mann-Whitney test to compare two independent groups (biological and traditional agriculture samples) by their 
amines and heavy metal concentrations. Marked tests are significant at p<0.05 level.

variable	 Rank	Sum	biological	 Rank	Sum	tradizional	 U	 Z	 p-level	 Z	adjusted	 p-level	 2°1	sided	exact	p

TRY	 52.50000	 67.50000	 24.50000	 -0.40505	 0.685444	 -0.58012	 0.561835	 0.694328
PHE	 44.50000	 75.50000	 16.50000	 -1.33087	 0.183234	 -1.58665	 0.112594	 0.189277
DAB	 64.00000	 56.00000	 20.00000	 0.92582	 0.354540	 0.92582	 0.354540	 0.396892
DAP	 50.00000	 70.00000	 22.00000	 -0.69473	 0.487454	 -0.69686	 0.485892	 0.535820
HIS	 54.00000	 66.00000	 26.00000	 -0.23146	 0.816961	 -0.23146	 0.816961	 0.866511
DAE	 51.00000	 69.00000	 23.00000	 -0.57864	 0.562834	 -0.74261	 0.457718	 0.612587
TYR	 67.00000	 53.00000	 17.00000	 1.27300	 0.203018	 1.27757	 0.201401	 0.231857
SPD	 57.00000	 63.00000	 27.00000	 0.11573	 0.907869	 0.19562	 0.844911	 0.955089
SPE	 49.00000	 71.00000	 21.00000	 -0.81009	 0.417888	 -1.36931	 0.170904	 0.463403
Pb	 65.50000	 54.50000	 18.50000	 1.09941	 0.271590	 1.10535	 0.269009	 0.280963
Cd	 53.00000	 67.00000	 25.00000	 -0.34718	 0.728454	 -0.35225	 0.724650	 0.778866
Cu	 76.00000	 44.00000	 8.00000	 2.31455	 0.020638	 2.31869	 0.020412	 0.020513
Zn	 49.00000	 71.00000	 21.00000	 -0.81009	 0.417888	 -0.81082	 0.417471	 0.463403

considered alone and together with the metals 
(Zn, Pb, cd and cu), were then studied using 
Linear Discriminant Analysis (LDA). this was 
done in order to create a model that, through 
some classification functions, could separate 
samples in relation to a particular type and ag-
riculture, cultivation or manuring. Indeed, the 
two types of agriculture, the four types of grapes, 
the two types of cultivation and the two types 
of pruning techniques could contribute to the 
presence of one or more of the thirteen variable 
concentrations measured in the fifteen samples.

Linear Discriminant Analysis was initially per-
formed grouping wines by grape type (Passito, 
white or red) and agriculture type (traditional or 
biological) using all nine amines and four metal 
concentrations in a stepwise forward Linear Dis-

Fig. 4 - scatterplot of canonical scores. Discriminant func-
tions for grape type and agricultural practice according to 
five amines (HIs, sPD, DAE, trY, DAP) and three metal (Zn, 
cu, cd) concentrations.
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table 6 - summary of stepwise analysis: variables entered in the model according to their discriminant power.

Variable	 Step	 F	to	 df	1	 df	2	 p-level	 No.of		 Lambda	 F-value	 df	1	 df	2	 p-level
Enter/Remove	 	 entr/rem	 	 	 	 vars.	In

Zn-(E)	 1	 9.243274	 5	 9	 0.002380	 1.000000	 0.162995	 9.24327	 5	 9	 0.002380
Cu-(E)	 2	 6.341483	 5	 8	 0.011429	 2.000000	 0.032839	 7.22924	 10	 16	 0.000286
HIS-(E)	 3	 7.114594	 5	 7	 0.011398	 3.000000	 0.005400	 7.40216	 15	 20	 0.000033
SPD-(E)	 4	 6.127290	 5	 6	 0.023693	 4.000000	 0.000884	 7.64121	 20	 21	 0.000010
DAE-(E)	 5	 6.120593	 5	 5	 0.034279	 5.000000	 0.000124	 8.23715	 25	 20	 0.000005
TRY-(E)	 6	 7.490555	 5	 4	 0.036878	 6.000000	 0.000012	 9.59776	 30	 18	 0.000003
DAP-(E)	 7	 3.919368	 5	 3	 0.145093	 7.000000	 0.000002	 9.84646	 35	 15	 0.000013
Cd-(E)	 8	 3.617521	 5	 2	 0.230635	 8.000000	 0.000000	 10.16381	 40	 12	 0.000061

criminant Analysis. At each step all of the var-
iables are reviewed and evaluated according to 
which one will contribute most to the discrimi-
nation between groups.

Zn and cu are the first variables in the mod-
el followed by HIs and sPD based on their dis-
criminating power (table 6). According to the 
Partial Wilks’ Lambda value and the F value, the 
Pb, DAb, PHE, sPE and tYr variables are not 
included in the model. Five discriminant func-
tions provide 100% correct classification.

As can be seen (Fig. 4) samples are grouped 

according to their grape type and agriculture 
method through two discriminant functions 
which explain 99.2% of the total variance. In 
particular, samples coming from biological agri-
culture are plotted along the zero value for func-
tion 1 (root 1).

In addition, two discriminant analyses were 
conducted to investigate a possible classification 
in relation to the cultivation type and manuring 
type. regarding the cultivation type, controspal-
liera long pruning, controspalliera short prun-
ing and cortina long pruning were considered.

the variables in the model and ordered ac-
cording to their ability to separate the type of 
cultivation are: Zn, trY, DAb, DAE, sPE, HIs, 
sPD, cu, tYr and PHE.

According to this model, 100% of the cases 
were correctly classified. In fact, two discrimi-
nant functions, that explained 100% of the to-
tal variance, allow a good separation between 
the samples in relation to their cultivation type.

Finally, a stepwise forward Linear Discrimi-
nant Analysis was performed to discriminate 
between samples coming from different types 
of manuring: ternary fertilizers and green ma-
nure with clover, ternary fertilizers and biologi-
cal mulch, and ternary fertilizers.

the analysis of variance and the Partial Wilks’ 
Lambda test showed that the variables, ordered 
in relation to the highest discriminating power 
are: cu, Pb, DAP, sPD, cd, PHE and DAE. the 
other variables were excluded from the analysis. 
three discriminant functions were created that 
allowed 93.3% correct classification. A scatter-
plot in Fig. 6 shows a good separation with root 
1 of the samples coming from ternary or biolog-
ical mulch. In this case, the two functions ex-
plain 99.5% of the total variance.

cONcLUsIONs

the definition of wine quality should include 
the threshold quantities when toxicological ef-
fects are caused directly by the ingestion of bio-
genic amines, but this value is still under dis-
cussion because there are differing views among 
different countries. to date, the OIV (“Organisa-

Fig. 5 - scatterplot of canonical scores. Discriminant func-
tions for cultivation type according to eight amines (trY, 
DAb, DAE, sPE, HIs, sPD, tYr and PHE) and two metals 
(Zn, cu) concentrations.
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Fig. 6 - scatterplot of canonical scores. Discriminant func-
tions for manuring type according to four amines (DAP, 
sPD, PHE and DAE) and three metals (cu, Pb and cd) con-
centrations.

tion Internationale de la Vigne et du Vin”) has 
not set any maximum limits concerning the lev-
el of biogenic amines in wine, which could be 
used to draft future European legislation. Nev-
ertheless, some countries have, arbitrarily, rec-
ommended maximum histamine levels for wine 
(bUstO et al., 1996).

Although there are no legal limits, the wines 
analyzed in this study showed moderate quanti-
ties of biogenic amines. In comparison to the val-
ues reported in the literature (LONVAUD-FUNEL 
and JOYEUX, 1994; bUstO et al.,1996), they do 
not constitute a health risk for the consumer. In 
fact, all the examined wines, produced accord-
ing to a modern wine-making technique, had low 
concentrations of biogenic amines.

With respect to the metal contents found in 
the wines, the red wines showed elevated aver-
age concentrations of copper and zinc. Moreover, 
the samples derived from biological agriculture 
techniques, except white wine sample Ms3, had 
higher copper contents with respect to those ob-
tained for wine samples derived from tradition-
al agriculture.

based on the data obtained, a moderate daily 
consumption of the analyzed wines would pro-
vide a cu and Zn intake that is below the rec-
ommended daily allowances (rDAs) established 
by the Food and Drug Administration (for a 70-

kg adult, 18 mg Zn day-1, and 3 mg cu day-1) 
and the cd and Pb levels would be within the 
legal limits established by the Italian republic 
(ItALIAN rEPUbLIc 1986, EUrOPEAN cOMMUNI-
tY 2006). therefore, it can be affirmed that the 
analyzed wine samples do not represent a toxi-
cological risk for human health.
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AbstrAct

the composition of wine varietal volatiles (terpenes, norisoprenoids, etc.), expressions of distinc-
tive vine genetic characteristics, was determined in some southern Italian wines. the aim was to 
tentatively identify specific quality and shelf-life molecular tracers, among compounds related to 
the grapevine biodiversity, and to observe their modifications under different storage conditions. 
During the shelf-life of bottled Fiano wine samples, high temperatures produced an increase of 
terpene interconversion and degradation. p-cymene and some terpenyl oxides (linalool oxide and 
limonene oxide) were also produced which appeared as shelf-life molecular markers. In Agliani-
co wine samples, some terpene compounds (a-pinene, b-myrcene, 3-carene, 4-carene, limonene 
and linalool) acted as possible process markers during the ageing step. In autochthonous Ischia 
varieties, terpene compounds also acted as suitable indicators of geographical origin. the data 
obtained showed that some volatile compounds could be potential analytical tools for checking, 
saving and improving the quality of typical wines.
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INtrODUctION

High quality wines acquire a meaningful im-
portance on the market through the diversifica-
tion of their specific identifiable qualitative char-
acteristics. During the last 30 years, particular-
ly in the traditional winemaking countries (Italy, 
France, spain, etc.) consumer preferences have 
become more oriented towards products with a 
strong cultural and territorial identity. In par-
ticular, consumer preferences have been orient-
ed towards authochthonous wines with quality 
trademarks such as the European Appellation of 
Origin designations (e.g., Italian controlled and 
Guaranteed Denomination of Origin, i.e. DOcG, 
or controlled Denomination of Origin, i.e. DOc, 
etc.). the typicalness of these wines is related to 
the grape variety and specific characteristics of 
the terroir (i.e. soil, location, climate, and specif-
ic vineyard-environment interaction).

several studies of viticultural zoning have 
been carried out by using a multidisciplinary 
approach to define the best qualitative poten-
tial of the oenological production. As high qual-
ity products have always been the main aim, 
technological innovation in the oenological sec-
tor has been coupled with tradition and typical-
ness (cHrIstAKI and tZIA, 2002).

Using analytical tools to identify quality, authen-
ticity and typicalness, molecular markers provide 
new information and when combined with conven-
tional analytical parameters give a better descrip-
tion of the typicalness and quality of food products.

For this reason several studies have been car-
ried out to determine the trace elements in order 
to correlate the composition of these elements 
and the origin, terroir and authenticity of the 
wine (tHIEL et al., 2004). several studies have 
identified and quantified the molecular typical-
ness markers in wines such as anthocyanins, 
norisoprenoids, pyrazines and terpenes (cÂMArA 
et al., 2004; cArrO et al., 1996; rOsILLO et al., 
1999; OLIVEIrA et al., 2004; sÁNcHEZ-PALOMO 
et al., 2005; MAMEDE et al., 2006; MAtEO et al., 
2000; FLAMINI, 2005; MAZZUcA et al., 2005; NAsI 
et al., 2008, 2006; VILANOVA and sIEIrO, 2006).

the quali-quantitative composition of terpe-
nes, which are odorous molecules with low per-
ception threshold, is strictly related to the va-
rietal origin (cÂMArA et al., 2004; cArrO et al., 
1996; MAtEO et al., 2000; FLAMINI, 2005; PEťKA 
et al., 2006; rAPP, 1998; LÓPEZ et al., 2002; rOs-
ILLO et al., 1999; OLIVEIrA et al., 2004). specif-
ic genes encode for enzymes that catalyse the 
monoterpene biosynthesis that produce these 
compounds that show a large structural diver-
sity (LUcKEr et al., 2001; HArbOrNE, 1991).

conservation modalities during the ageing step 
and storage conditions during the shelf-life of 
wines could affect the quality and original poten-
tial varietal expression of a wine. some research-
ers have investigated the modifications that oc-
cur in the volatile components in wines during 

shelf-life (PÉrEZ-cOELLO et al., 2003; LAMbrO-
POULOs and rOUssIs, 2007). Very few studies 
have reported the possible modification and inter-
conversion of terpenes due to the effects of tem-
perature and pH in aqueous solutions (MAIcAs 
and MAtEO, 2005). No study has been reported 
that is specifically aimed at identifying potential 
shelf-life and quality markers from among vari-
etal volatiles and related degradation products.

In view of the potential contribution of varietal 
volatile compounds to wine quality and aroma, 
the varietal volatile components of some south-
ern Italian autochthonous red and white wines 
(Fiano white wine and Aglianico red wine) were in-
vestigated under different storage conditions dur-
ing the shelf-life in bottle and the ageing step. the 
aim was to identify potential quality markers and 
other modifications which could potentially affect 
their specific characteristics in order to save and 
reinforce the quality characteristics of these wines 
that are well known on the international market.

the composition of volatile varietal markers of 
autochthonous wines (Don Lunardo and Arilla 
white wines) from different areas on the Isle of 
Ischia (specifically chosen because of its small, 
defined geographical area) was also determined 
in order to identify potential tracers of geograph-
ical origin.

MAtErIALs AND MEtHODs

After fermentation following a traditional win-
emaking protocol in a winery in taurasi (Avel-
lino, Italy), the Aglianico wine was separated 
into 3 different tanks for ageing (9 months): a) 
a 5000 L inox tank; b) a 3000 L oak barrel; and 
c) a 228 L oak barrel.

the Fiano wine was produced in a winery in 
Atripalda (Avellino, Italy). After bottling the sam-
ple was divided into 5 parts (each part= 11 bot-
tles of 750 mL), each part was stored at 4 dif-
ferent temperatures (5, 14, 20 and 35 °c) and 
at two different light exposures: light and dark.

the Don Lunardo and Arilla grapes and wines 
were produced in different areas on the Isle of 
Ischia. the same winemaking conditions were 
used to produce the wines.

Liquid/liquid extraction of volatile molecules 
was carried out with 2.5 mL of dichloromethane 
and 50 mL of wine using a vortex for 1 h.

the sPME (solid Phase Micro-Extraction) 
analysis was effected with the holder and fi-
bres (50/30 µm divinylbenzene/carboxen/poly-
dimethylsiloxane (DVb/cAr/PDMs)) purchased 
from supelco (Aldrich, bornem, belgium). It was 
carried out on 100 mL of sample (wine and must) 
with 30 g of Nacl added and also on 3 g of skins 
homogenised in 10 mL of water with 4 g of Nacl. 
thermal desorption of the analytes from the fi-
bre inside the Gc injection port was carried out 
in the split mode (1/10) at a desorption temper-
ature of 250°c for 1 min.



Ital. J. Food Sci. n. 1, vol. 22 - 2010  43

All samples were analysed with an HP 6890 
coupled to a 5973N quadrupole HP mass spec-
trometer (Agilent technologies, Palo Alto, cA, 
UsA). the gas chromatograph was equipped 
with an HP-5ms capillary column (30 m x 0.25 
mm ID; 0.25 µm Film thickness) and the carri-
er gas used was helium.

For the analysis of the volatile molecules, the 
Gc oven temperature was programmed from 
40°c (held for 7 min) to 180°c at 5°c/min (6°c/
min for the analysis in wine model hydroalcohol-
ic solutions (pH=3)). the masses were scanned 
on m/z range of 45-350 amu. In other cases, a 
sIM method was used (for terpene compounds 
m/z 59, 69, 93, 121, 136). the NIst library and 
comparison with spectra and retention times of 
standards (sigma-Aldrich; Acros Organics) were 
used to identify the odorous compounds.

Quantitative determinations of terpenes were 
obtained by means of calibration curves, in the 
concentration ranges typical of wines for each 
compound. In the range of linearity verified seven 
concentration levels and five replicates per lev-
el were used. Multiple replicates (n=3-6) of the 
samples were analysed.

rEsULts AND DIscUssION

Varietal volatiles as shelf-life tracers in Fi-
ano wines

the composition of the varietal volatile com-
ponent was investigated during the shelf-life 
(seven months) of the white DOcG Fiano wine.

some modifications of the terpene compounds 
were observed during the storage of Fiano wine 

Fig. 1 - tIc chromatograms obtained through Gc/Ms analysis on an extract in dichloromethane from hydroalcoholic solu-
tion containing geraniol and linalool after (A, b) and before (A’, b’) acid hydrolysis (pH 3) at 35°c.

Fig. 2 - concentrations in ppb of linalool (A) at 5°c and 35°c 
during different storage times, and a-terpineol (b) after the 
first month of storage at different storage temperatures.

bottles. these changes were also detected in vit-
ro, i. e. in hydroalcoholic wine model solutions 
(pH=3), containing terpene molecules and stored 
at 35°c, for 5, 35 and 45 days; Fig. 1). the rel-
ative concentration of the a-terpineol increased 
and the relative concentration of the other ter-
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table 1 - Qualitative terpene component in Fiano wine samples stored under different conditions for different times. * Po-
tential shelf-life markers (present only for higher storage temperatures and for longer storage times); L. Light exposure, D. 
Dark exposure, tr. in traces.

	 Storage		 Storage	time	 limonene	 linalool	 a-terpineol	 geraniol	 a-ionone	 p-cymene	 limonene	 linalool	
	Temperature	 (months)	 	 	 	 	 	 	 epoxide	 oxide
	 (°C)	 	 	

	 5	 1	 +	 +	 +	 +	 +	 -	 -	 -
	 5	 2	 +	 +	 +	 +	 +	 -	 -	 -
	 5	 3	 +	 +	 +	 +	 +	 -	 -	 -
	 14	 1	 +	 +	 +	 +	 +	 -	 -	 -
	 14	 2	 +	 +	 +	 +	 +	 -	 -	 -
	 14	 3	 +	 +	 +	 +	 +	 -	 -	 -
	 20	 1	(L)	 +	 +	 +	 +	 -	 -	 -	 -
	 20	 2	(L)	 +	 +	 +	 +	 +	 +	(tr)*	 -	 -
	 20	 3	(L)	 +	 -	 +	 -	 +	 +	(tr)*	 -	 -
	 20	 1	(D)	 +	 +	 +	 +	 -	 -	 -	 -
	 20	 2	(D)	 +	 +	 +	 +	 +	 +	(tr)*	 -	 -
	 20	 3	(D)	 +	 +	 +	 +	 +	 +	(tr)*	 -	 -
	 35	 1	 +	 +	 +	 +	 +	 +*	 -	 -
	 35	 2	 +	 +	 +	 +	 +	 +*	 -	 -
	 35	 3	 +	 +	 +	 +	 +	 +*	 +*	 +*
Initial	conditions	 	 +	 +	 +	 +	 +	 -	 -	 -

Fig. 3 - tIc chromatogram (ion trace at m/z 119) obtained through Hs-sPME-Gc/Ms analysis on a wine sample stored at 
35°c (a) and at 5°c (b) after 3 months of storage.

penes decreased in the wine samples during the 
storage time. these modifications, which derived 
presumably from an interconversion and degra-
dation of the terpenes, were particularly complex 
at higher temperature, longer storage times and 
under light conditions (Fig. 2, table 1).

p-cymene was only detected at higher tem-
peratures and longer storage times (Fig. 3); p-
cymene has already been identified as a deg-
radation product in some other matrices such 
as tea-tree oil formulations used in therapeutic 
products (sHAbIr, 2005).

Linalool and limonene oxides were also present 
only at higher temperature and after longer storage 
times. these compounds (p-cymene, linalool and 
limonene oxides) could serve as potential shelf-life 
molecular markers which are strictly related to 
terpene degradation depending on the time, tem-
perature and light exposure (Fig. 2, 3, table 1).

After 7 months of storage, the terpene mole-

cules were only present above their odour thresh-
old in the samples stored at 5°c and 14°c (25 
µg/L, 10 µg/L, 250 µg/L, 130 µg/L, for linalool, 
limonene, a-terpineol and geraniol respective-
ly; LÓPEZ et al., 2002). In the samples stored at 
20°c, in the light and in the dark, and at 35°c, 
these compounds were present but at concentra-
tions below the reported odour threshold, Fig. 2.

these data appeared to correspond to the sen-
sory evaluation carried out through a panel test. 
the results indicated that the varietal aroma com-
position of the Fiano wine samples was maintained 
better at 4°c during the shelf-life (data not shown).

Varietal volatiles as process markers during 
the ageing step in Aglianico wines

Different winemaking conditions can affect the 
varietal volatile component of a wine. this study 
investigated possible modifications in an autoch-
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thonous red wine (Aglianico wine) obtained un-
der different ageing conditions [inox tanks (5000 
L) and oak barrels (3000 L and 228 L)].

the quantitative composition of varietal mol-
ecules in the Aglianico wine aged (9 months) 
in inox (5000 L), in a 3000 L oak barrel and in 
a 228 L oak barrel, is reported in Fig. 4. the 
wine aged in inox had the highest quali-quan-
titative level of varietal volatile components in 
comparison with the wine aged in oak barrels; 
some of the volatile compounds in the oak bar-
rel wine were present but below the reported 
odour threshold (e. g. b-myrcene; PLOttO et al., 
2004). the lower concentration of varietal com-
pounds in the oak barrel wines is in agreement 
with the results obtained in previous studies 
carried out in vitro on model wine, i. e. hydroal-
coholic solutions containing terpene molecules 
in contact with wood of oak barrel (rAMIrEZ et 

Fig. 4 - concentrations in ppb of some terpenes detected 
in Aglianico wine samples aged for 9 months in different 
modalities: in oak barrels (3000 L and 228 L) and in inox 
tanks (5000 L).

al., 2001; 2004). In these previous in vitro stud-
ies the wood surface/solution volume ratio ap-
peared to be crucial.

 the quantitative differences observed between 
the oak barrel wines (Fig. 4) can be attributed to 
the internal surface/volume ratio which is small-
er in the 3000 L oak barrel than in the 228 L oak 
barrel. the differences could be due to possible 
gas exchange or the adsorption process of the 
volatile molecules effected by the wood surface.

the sensory evaluation of the Aglianico wine 
samples indicated that the varietal aroma was 
better preserved in the inox tanks compared to 
the oak barrels (data not shown). the greatest 
quantities of varietal components were found in 
the wine aged in the inox tanks.

Varietal volatiles as typicalness and origin 
tracers in Don Lunardo and Arilla grapes and 
wines

the terpene composition of Don Lunardo 
grapes (b) and wines (a) from cuotto (Isle of Is-
chia), and Arilla grapes (b) and wines (a) from 
cuotto and spadara (two geographical areas on 
the Isle of Ischia) is reported (Fig. 5).

As expected, the most notable differences in 
the terpene composition were related to the va-
rietal origin. In fact, Don Lunardo grapes and 
wines had a more complex qualitative and quan-
titative terpene composition in comparison to the 
Arilla grapes and wines.

the quantitative differences observed for the 
Arilla grapes and wines from cuotto and spa-
dara were related to their different geographical 
origins, and were presumably due to different sa-
linity stress and water deficit conditions and to 
different ripening rates. the terpene compounds 
in Arilla grapes and wines that came from spa-
dara tended to have higher concentrations com-
pared to those from cuotto. this result was re-
lated to earlier ripening in spadara in compari-
son to cuotto (data not shown). In Arilla wines 
the dominant terpene was linalool which was not 

Fig. 5 - concentrations in ppb of some terpenes detected in some autochtonous grapes and wines from Ischia (Italy): Don Lu-
nardo grapes (b) and wines (a) from cuotto area, Arilla grapes (b) and wines (a) from cuotto and spadara areas.
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detected in the grapes but was produced in the 
wine during the winemaking process through acid 
and enzymatic hydrolysis from its glycoside pre-
cursors. the dominant terpene in Arilla grapes 
was a-pinene but it was lost during winemaking 
because it is not present in the glycoside form.

the sensory evaluation of the samples ana-
lysed indicated that the aroma expression was 
different for the Arilla wines produced from the 
two different geographical areas of the Isle of Is-
chia even though the same winemaking condi-
tions were used to make them (data not shown).

cONcLUsIONs

suitable quality and authenticity molecular 
markers of typical foods and drinks can furnish 
useful analytical tools which can provide qual-
ity control and commercial protection. the me-
tabolomic approach carried out in this study on 
some varietal volatile compounds (terpenes and 
norisoprenoids) of autochthonous wines from 
the Italian region of campania indicated that 
the varietal metabolites identified which express 
the distinctive vine genetic characteristics and 
grapevine biodiversity, could act as quality mo-
lecular tracers for typical oenological products.

Further work and statistical treatments are 
being conducted in our laboratories in order to 
verify systematically the effective suitability of 
these compounds to serve as tracers of quality 
and typicalness. If suitable, these tracers could 
be new tools for checking and improving the 
quality of autochthonous oenological products.

rEFErENcEs

câmara J.s., Herbert P., Marques, J.c. and Alves M.A. 2004. 
Varietal flavour compounds of four grape varieties pro-
ducing Madeira wines. Analytica chimica Acta. 513: 203.

carro N., López E., Günata, Z.Y., baumes r.L. and bayo-
nove c.L. 1996. Free and glycosidally bound aroma com-
pounds in grape must of four non-floral Vitis vinifera va-
rieties. Analusis. 24: 254.

christaki t. and tzia c. 2002. Quality and safety assurance 
in winemaking. Food control. 13: 503.

Flamini r. 2005. some advances in the knowledge of grape, 
wine and distillates chemistry as achieved by mass spec-
trometry. J. Mass spectrom. 40: 705.

Harborne J.b. 1991. “Ecological chemistry and biochemis-
try of Plant terpenoids”. University Press, Oxford.

Lambropoulos, I. and roussis I. G. 2007. Inhibition of the 
decrease of volatile esters and terpenes during storage 
of a white wine and a model wine medium by caffeic acid 
and gallic acid. Food res. Intern. 40: 176.

López r., Aznar M., cacho, J. and Ferreira V. 2002. Deter-
mination of minor and trace volatile compounds in wine 
by solid-phase extraction and gas chromatography with 
mass spectrometric detection. J. chromatogr. A. 966: 167.

Lucker J., bouwmeester H.J., schwab W., blaas J., Van Der 
Plas L. H. W. and Verhoeven, H.A. 2001. Expression of 
clarkia s-linalool synthase in transgenic petunia plants 

results in the accumulation of s-linalyl-b-D-glucopyran-
oside. Plant J. 27: 315.

Maicas s. and Mateo J.J. 2005. Hydrolysis of terpenyl glyco-
sides in grape juice and other fruit juices: a review. Appl. 
Microbiol. biotechnol. 67: 322.

Mamede M. E. O. and Pastore G.M. 2006. study of methods 
for the extraction of volatile compounds from fermented 
grape must. Food chemistry. 96: 586.

Mateo J.J. and Jiménez M. 2000. Monoterpenes in grape 
juice and wines. J. chromatogr. A. 881: 557.

Mazzuca P., Ferranti P., Picariello G., chianese L. and Ad-
deo F. 2005. Mass spectrometry in the study of anthocy-
anins and their derivatives: differentiation of Vitis vinif-
era and hybrid grapes by liquid chromatography/elec-
trospray ionization mass spectrometry and tandem mass 
spectrometry. J. Mass spectrom. 40: 83.

Nasi A., Ferranti P., Amato s. and chianese L. 2008a. Iden-
tification of free and bound volatile compounds as typi-
calness and authenticity markers of non-aromatic grapes 
and wines through a combined use of mass spectromet-
ric techniques. Food chem. 110: 762.

Nasi A., Mercurio V., Ferranti P. and chianese L. 2008b. De-
termination of varietal odorous markers on winemaking 
and conservation conditions in autochthonous wines of 
the campania region. Ing. Al. 8: 19.

Nasi A., Ferranti P. and chianese L. 2006. study of aromat-
ic characterization of Falanghina grape by mass spectro-
metric techniques. riv. Vitic. Enol. 4: 23.

Oliveira J.M., Araújo I.M., Pereira, O.M., Maia J.s., Amar-
al, A.J. and Maia, M.O. 2004. characterization and dif-
ferentiation of five “Vinhos Verdes” grape varieties on 
the basis of monoterpenic compounds. Analytica chim-
ica Acta. 513: 269.

Pérez-coello M.s., González-Viñas M.A., García-romero E., 
Díaz-Maroto M.c. and cabezudo M.D. 2003. Influence of 
storage temperature on the volatile compounds of young 
white wines. Food control. 14: 301.
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AbstrAct

the effect of prefermentative cold maceration (PcM) on Merlot winemaking was studied in order 
to evaluate its influence on the content of phenolic and volatile compounds. the results showed 
that PcM increased the concentration of phenolic compounds in Merlot red wine. this is partic-
ularly important for the extraction of anthocyanins, mainly malvidine-3-glucoside, which con-
tributes to the colour stability. PcM also increased the concentration of the volatile compounds, 
particularly the esters, α-terpineol, geraniol and 2-phenylethanol which are fingerprints for this 
wine. the application of the cold maceration process proved to be successful. In fact the concen-
tration of the esters responsible for the typical flavour of Merlot increased by more than 20% in 
the PcM-wine with respect to the traditional wine.
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IntroductIon

the traditional wine-making process for 
most red wines is sufficient to extract enough 
phenolic compounds from the grape skins to 
ensure the best aging conditions. this extrac-
tion, however, is influenced by various factors 
such as cultivar, time, enzymes and seeds as 
well as the temperature of the process (GóMez-
MíGuez et al., 2007). sometimes, the extrac-
tion of a high concentration of anthocyanins 
is followed by a problem of stabilization (boul-
ton, 2001).

the use of low maceration temperatures (5°-
15°c) before fermentation, known as “cold-mac-
eration” or “cold-soak”, delays the fermentation 
process, thus improving the extraction of pig-
ments, tannins and aroma compounds from the 
grape skins in the absence of ethanol.

Prefermentative cold maceration (PcM) is a 
procedure traditionally used for white wine-
making (HeAtHerbell, 1996; FlAnzy, 1998). 
It is, currently gaining ground in red wine-mak-
ing to achieve better extraction and stabiliza-
tion of phenolic compounds, particularly an-
thocyanins.

the use of prefermentative cold maceration 
allows a better-structured product to be ob-
tained, one that is richer in phenolic and ar-
omatic compounds, thus preserving a strong 
connection with the area of production (AlvA-
rez et al., 2006). Moreover, PcM can potential-
ly promote a selective and significant extrac-
tion of phenols; this results in a less aggres-
sive taste and reduces the use of sulphur di-
oxide as an antimicrobic-antioxidant (AMAtI et 
al.,1992; ArFellI, 1990).

the temperature can be reduced in differ-
ent ways:

- using a heat exchanger to reach a suffi-
ciently uniform average temperature through-
out the must;

- a direct contact of crushed grapes with a cry-
ogen so that, in the contact zones, the temper-
ature is lower than the average temperature of 
the must (liquid co2, solid co2, liquid n2). the 
use of a cryogen, however, increases the cost of 
the process.

Prefermentative cold maceration using direct 
contact of the crushed grapes with a cryogen is 
an innovative vinification technique since the 
temperatures in the area of contact between the 
must and the cryogen are less than zero degrees 
centigrade. these temperatures cause freezing 
in part of the grape intracellular water that in-
creases the volume resulting in the breaking of 
plasmic membranes and dissolution of the cel-
lular compounds into the juice.

the extraction of phenolic compounds de-
pends on various technological and biochemical 
factors. the cell walls of the peels of a ripe grape 
are more likely to favour the spillage of the en-
closed compounds (FeuIllAt, 2000).

by using PcM, many compounds are ex-
tracted that greatly influence colour stabili-
zation (GòMez-MìGuez, 2007). PcM provides 
immediate gentle cooling of the pressed grapes 
and maintains them at low temperatures for 
a short time. this is done by dipping a tu-
bular heat exchanger in the must in order to 
delay alcoholic fermentation and extend the 
time of contact between peels and the watery 
contents (McMAHon et al., 1999; couAsnon, 
1999a; b).

recent studies (boulton, 2001) have shown 
that the solubilization of phenolic compounds, 
which are involved in the co-pigmentation phe-
nomenon, is facilitated in the watery phase. 
such co-pigmentation has a double effect on the 
wine: it stabilizes the anthocyanins which, in a 
free form, would be subjected to oxidation and 
increases colour intensity because the anthocy-
anin-cofactor complex has more colour than the 
anthocyanin in its free form.

GIl-Muñoz et al. (1999) reported that the an-
ticipated extraction of anthocyanins during the 
prefermentative phase does not always result in 
a final enhancement of the wine colour due to 
a modest extraction of polyphenolic substances 
at low temperatures.

However, since PcM may increase the final 
concentration of polyphenols, fast cooling would 
exert a mechanical action on the skin cells and 
cause micro lesions of the tissues resulting in 
the dissolution of the phenolic contents.

regarding aroma, terpenols are very impor-
tant aroma compounds in wine. these com-
pounds are synthesized during berry matura-
tion and their concentration in grapes depends 
on various factors such as cultivar, region and 
climatic conditions (MAteo and JIMenz, 2000; 
cAMArA et al. 2004). PcM can also improve the 
fruity and flowery attributes of wines (cAbAro-
Glu et al., 1997), depending on the grape vari-
ety and experimental conditions (temperature 
and time).

similar to previous studies (Gurbuz et al., 
2006), the major compounds in the Merlot aro-
ma were ethyl octanoate, ethyl decanoate, 3-me-
thyl-1-butanol, ethyl hexanoate, ethyl acetate 
and 2-phenylethanol. these esters, in particu-
lar, hardly contribute to the aroma due to their 
low perception thresholds (PeInAdo et al., 2004). 
the concentration of these volatile compounds 
differs according to cultural practices, grape ma-
turity and climatic or biological factors. the wine 
obtained with cold-maceration treatment had a 
higher concentration of volatile compounds than 
the one obtained without the maceration treat-
ment. esters are very important flavour com-
pounds that give wine a fruity odour and a char-
acteristic fingerprint.

In this study prefermentative cold macera-
tion was used in Merlot winemaking in order to 
evaluate its influence on the content of phenol-
ic and volatile compounds.
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MAterIAls And MetHods

Wine samples and protocols

Grapes of Merlot variety grown in a vineyard 
located in umbria, a region in central Italy, were 
harvested in 2007 at optimum maturity (density 
of 1,088 g/ml, total acidity of 7.1 g/l and a pH 
of 3.45) and in good sanitary conditions.

the grapes were destemmed and crushed, 
and the must was put into four 250 hl stainless 
steel tanks and potassium bisulfite was added 
(70 mg so2/l).

two different lots were prepared: one lot (A) 
underwent a traditional fermentation process 
(normal-temperature vinification), while the oth-
er lot (b) underwent prefermentative cold mac-
eration (8±2°c).

(A) three replicates of a control wine were 
made using traditional maceration (tM) with 
fermentation on-skin, inoculated with 2% (v/v) 
of a pure culture of Saccharomyces cerevisiae 
yeast strain (lallemand Fermented beverages, 
verona, Italy). Fermentation was conducted at 
a controlled temperature, 25°c.

Fermentation caps were punched down twice 
a day during the 6-day on-skin maceration pe-
riod. When alcoholic fermentation was almost 
finished, the mash was drawn off and the free-
run musts were left to mature under the same 
conditions. After 15 days, alcoholic fermentation 
was completely finished (≤3 reducing sugars/l).

samples (250 ml) were collected from each 
replicate during the alcoholic fermentation un-
til the end of the fermentation process, more 
or less 5 samples every 2 days. All the samples 
were analysed in triplicate.

(b) three replicates of pre-fermentative 
cold maceration wine (PcM) were brought out 
through a two-stage process: 4 days of prefer-
mentative cold maceration at 8°c, followed by 9 
days of traditional vinification.

to reach a temperature of 8°c, the initial 
must was first cooled by passing it through a 
stainless steel refrigerator unit before pumping 
it into the tanks. the temperature of the mix-
ture (must and skins) was kept at around 8°c by 
the refrigeration system. the fermentation caps 
were punched down twice a day. After this peri-
od, the temperature was rapidly raised to 21°c, 
and then vinification followed the same process 
as the tM wine.

the samples (250 ml) for analysis were col-
lected from each replicate during the alcoholic 
fermentation in protocol A.

Physico-chemical 
and spectrophotometric parameters

the physico-chemical parameters, pH, sug-
ars, total acidity, alcohol, tartaric and malic ac-
ids, were determined according to the eu offi-
cial Methods. the method of dI steFAno et al. 

(1989) was followed for sample extraction. the 
total anthocyanin and polyphenol concentra-
tions were determined on the skin extracts (dI 
steFAno and GuIdonI, 1989); polyphenols were 
also determined in the juice.

liquid chromatographic determination

the anthocyanins in the skins were deter-
mined by HPlc, according to the method of 
rItcHey and WAterHouse (1999). After fil-
tration through Millipore filters (0.22 µm di-
ameter) the samples were injected directly 
into a dionex chromatograph (20 µm) loop 
with a photodiode detector (dionex s.p.A., 
Milano, Italy). A Waters nova Pak c18 col-
umn, 300 mm x 3.9 mmØ, (Waters s.p.A., 
Milano, Italy) kept at 22°c was used as sta-
tionary phase, with a mobile phase flow rate 
of 0.5 ml/min. solvent A = 50 mM dihydro-
gen ammonium phosphate adjusted to pH 2.6 
with orthophosphoric acid; solvent b = 20% 
A with 80% acetonitrile; solvent c = 0.2 M 
orthophosphoric acid adjusted to pH 1.5with 
naoH. two wavelengths were monitored: 280 
nm for phenolic acids and 520 nm for an-
thocyanins. Peak identification was carried 
out by comparing the results with standards 
as well as with standards previously char-
acterized on the HPlc system with both rel-
ative elution times and spectral matching.

Gas chromatographic conditions

Analysis of volatile compounds was per-
formed by applying the sPMe (solid Phase Mi-
cro extraction) technique gas chromatograph-
ic method described by rocHA et al. (2001). 
Five millilitres of wine were transferred to a 
25 ml glass vial (supelco, sigma-Aldrich co, 
st louis, Mo, usA) containing 3 g of nacl. 
each sample was spiked with 200 µl of a so-
lution of 1-penten-3-one as internal standard 
(5 gl-1in Milli-Q water). A small magnetic stir-
ring bar was also added. the vial was tightly 
capped with a PtFe (Polytetrafluoroethylene) 
faced silicone septum and placed in a thermo-
static block on a stirrer.

the sample was equilibrated for 15 min at the 
sampling temperature in a thermo Haake dl30-
v15b water bath (enco spinea, ve, Italy). the 
temperature was maintained at 20 ± 2°c; the 
sPMe fibre (PdMs 100 µm) was then inserted 
into the headspace. during the sampling time 
(30 min.), the sample was stirred at a constant 
speed (140 rpm).

the polydimethylsiloxane fibre (PdMs 100 
µm) (sigma-Aldrich) was conditioned in the Gc 
injection port at 250°c for 2 h prior to use. Af-
ter the selected extraction time, the sPMe fi-
bre was transferred into the Gc injection port 
and thermally desorbed at 230°c for 7 min. 
the splitless injector was mounted on a mod-
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el 5300 Mega series gas chromatograph (car-
lo erba Instruments, Milan, Italy) equipped 
with a fused silica capillary column impreg-
nated with a polar phase of carbowax 20M 
(Alltech Assoc, Inc, deerfield, Il,usA), 60 m 
long × 0.25 mm id and 0.25 µm film thickness. 
Helium was used as carrier gas. the temper-
ature was maintained at 40°c for 7 min, then 
programmed to reach 230°c at a rate of 3°c 
min-1, with a final isotherm of 30 min. A high 
sensitivity flame ionisation detector (FId) at 
260°c was used. the signal was recorded and 
integrated by a Mega series integrator. com-
pounds were identified using a shimadzu 17A 
Gc/Ms and a shimadzu QP 5050A Ms and 
matching against the nIst 107 and nIst 21 
libraries, and by matching the Gc retention 
times against standards.

statistical analysis

All analyses were carried out in triplicate 
and the analytical results were submitted to 
statistical analysis. variance homogeneity was 
analysed with the student-newman-Keuls test. 
All pair-wise multiple comparison procedures 
were performed at the p<0.05 significance lev-
el (underwood, 1997). the presence of an as-
terisk (*) indicates significant differences at 
5% (P<0.05).

table 1 - oenological parameters during prefermentative cold maceration (PcM) and traditional maceration (tM).

Samples	 Tartaric	acid	 Malic	acid	 pH	 Sugar	 Total	acidity
	 (g/L)	 (g/L)	 	 (g/L)	 (g/L)

	 PCM	 TM	 PCM	 TM	 PCM	 TM	 PCM	 TM	 PCM	 TM

22/09/2007	 4.40±0.13	 4.49±0.25	 1.24±0.08	 1.29±0.08	 3.43±0.02*	 3.36±0.01	 226±10*	 212±15	 7.7±0.10	 7.1±0.20
24/09/2007	 3.24±0.08	 2.94±0.10	 1.15±0.08	 1.31±0.09	 3.43±0.01*	 3.39±0.01	 198±12*	 102±14	 7.6±0.11	 7.1±0.19
27/09/2007	 3.45±0.10	 2.67±0.9	 1.07±0.10	 1.15±0.08	 3.30±0.01*	 3.40±0.02	 75±8*	 9±1	 7.4±0.18	 6.9±0.10
29/09/2007	 3.88±0.11	 2.54±0.13	 1.26±0.06	 1.50±0.10	 3.29±0.02	 3.30±0.03	 34±5*	 2±0.6	 7±0.12	 6.8±0.16
01/10/2007	 2.56±0.07	 2.43±0.11	 1.32±0.09	 1.13±0.11	 3.32±0.01	 3.40±0.02	 11±2	 2±0.4	 6.8±0.10	 6.8±0.10
04/10/2007	 2.60±0.08	 	 1.24±0.07	 	 3.33±0.01	 	 4±0.8	 	 6.5±0.11
06/10/2007	 2.45±0.06	 	 1.03±0.08	 	 3.25±0.02*	 	 3±0.5	 	 6.5±0.10

*	Indicates	significant	differences	(P<0.05)	between	the	means	of	the	two	macerations.

results And dIscussIon

the results obtained from the statistical anal-
ysis of the cold macerated and the control must 
and wines were compared to determine the in-
fluence of PcM on the characteristics of the fi-
nal products.

the evolution of the average values of the com-
mon oenological parameters during PcM and 
during traditional maceration (tM) is shown in 
table 1. the first sample (22/09) was collect-
ed just after grape crushing; the values for all 
the parameters were similar in the two lots. the 
tartaric acid and sugar values decreased more 
slowly in PcM due to the delayed onset of alco-
holic fermentation.

table 2 shows the analytical parameters of 
the PcM and tM Merlot wines; the PcM had 
a positive effect on the total concentration of 
the polyphenolic compounds. the anthocyanin 
concentration was slightly higher in wines ob-
tained with cold maceration. this significant 
increase could have a positive effect on the 
colour density as well as on the colour stabil-
ity. In contrast, no significant differences were 
found in the pH and alcohol values among the 
wines produced.

A chromatogram of the anthocyanins in Merlot 
wine produced with prefermentative cold macer-
ation is reported in Fig. 1. the extraction of an-

table 2 - Analytical parameters of Merlot wines produced by prefermentative cold maceration and by traditional maceration.

Analytical	parameters	 Wine	produced	by	 Wine	produced	by
	 prefermentative	cold	 traditional	maceration
	 maceration

alcohol	(%	vol.)	 13.3	±	0.2	 13.6	±	0.3
total	acidity	(g/L)	 6.2	±	0.14*	 6.5	±	0.12
pH	 3.2	±	0.02	 3.3	±	0.01
total	polyphenols	(mg/L	gallic	acid)	 2416	±	132*	 2090	±	129
total	anthocyans	(mg/L	malvin)	 682	±	22*	 632	±	15

*	Indicates	significant	differences	(P<0.05)	between	the	means	of	the	two	macerations.
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Fig. 1 - chromatogram of anthocyanins in a Merlot wine 
produced by prefermentative cold maceration. see tab. 3 
for peak identification.

table 3 - HPlc mean values of anthocyanins (mg/l) in a 
Merlot wine produced by prefermentative cold maceration 
and by traditional maceration.

N°	 Compound	 Prefermentative	 Traditional
	 	 cold	maceration	 maceration

1	 delphinidin-3-G	 101	±	13	 101	±	13
2	 cyanidin-3-G	 13	±	2	 13	±	1
3	 petunidin-3-G	 110	±	13		 111	±	14
4	 peonidin-3-G	 111	±	12	 89	±	5
5	 malvidin-3-G	 819	±	28	 707	±	30
6	 malvidin	acetate	 264	±	25	 224	±	27
7	 malvidin	coumarate	 123	±	14	 102	±	12

Fig. 2 - evolution of total anthocyans during traditional and 
prefermentative cold maceration.

Fig. 3 - evolution of total polyphenols during traditional and 
prefermentative cold maceration.

thocyanins was nearly constant throughout the 
entire cold maceration period; the total anthocy-
anin content of the must increased just before 
the onset of alcoholic fermentation.

compared to the tM, the cold treatment 
speeded up the anthocyanin extraction (ta-
ble 3), particularly that of malvidine-3-glucoside 

(819±60 vs. 707±47 mg/l), which contributes 
to colour stability. the same result was previ-
ously reported for wines of other grape varieties 
(AlvArez et al., 2006).

Fig. 2 and 3 show the effect of the different 
treatments on the anthocyanin concentration 
and total polyphenol content during maceration. 
during PcM, the anthocyanin concentration in-
creased quickly and the peak was reached be-
tween september 22 and 24. A similar increase 
in anthocyanins was noted during the same pe-
riod in the tM.

the high levels of anthocyanins in PcM during 
the first three days were due to the low tempera-
ture of the pressed mass (8°c). Although the an-
thocyanin concentration decreased, by the end 
of the experiment, it was higher in the PcM sam-
ples. the total polyphenol concentration behaved 
very differently in PcM with respect to tM; it in-
creased quickly and steadily throughout the en-
tire PcM, while it was lower in the tM.

In Merlot wine, esters are responsible for the 
majority (68-69%) of the total non-ethanol Gc 
peak area, followed by alcohols (nearly 30%) and 
acids and aldehydes (<1%). In the traditionally 
macerated Merlot, the total concentration of es-
ters and acids was lower than in the correspond-
ing cold-macerated wine.

With the skin contact treatment, the con-
centrations of several esters increased signifi-
cantly (Fig. 4), as also reported by sellI et al. 
(2006a). the esters responsible for the Merlot 
wine flavour (ethyl hexanoate, ethyl octanoate, 
ethyl decanoate, diethyl succinate, and ethyl 
laurate) increased by more the 20% (Fig. 5) in 
the PcM-wine with respect to the tM-wine. the 
amount of hexyl acetate seems to decrease with 
the skin contact process. Previously reported re-
sults (sellI et al., 2006b) showed a higher alco-
hol content, that did not seem to be influenced 
by PcM (data not reported).

octanoic acid and decanoic acid were the pre-
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dominant fatty acids in the PcM Merlot wine; 
their levels increased 43% and 67%, respective-
ly, in PcM-wine (Fig. 6).

two terpenols were identified in the Merlot 
wines: α-terpineol and geraniol. their contribu-
tion to the aroma of the Merlot wine cannot be 
considered relevant because this grape is a neu-
tral variety (MAteo and JIMénez, 2000). com-
pared to traditional Merlot winemaking, the con-
centration of these compounds increased sig-
nificantly (>20%) due to PcM (Fig. 6). rosI et 
al. (1994) suggested that the low temperature 
treatment promoted the growth of yeasts able to 

Fig. 4 - esters in wines produced with traditional maceration (tM) and prefermentative cold maceration (PcM) (chromato-
graphic peak area).

Fig. 5 - variation in rel-
ative percentages of es-

ters detected in a Merlot 
wine produced with PcM 

with respect to those 
produced with tradition-

al maceration.

Fig. 6 - Acidic and terpenic content in head-space of PcM 
and tM wines (chromatographic peak area).

synthesize enzymes such as the β-glucosidase, 
which, in turn, hydrolysed monoterpenic alco-
hols in the must.

conclusIons

the results obtained show that the prefermen-
tative cold maceration technique increases phe-
nolic compounds in Merlot red wine. this is im-
portant for the extraction of anthocyanins, par-
ticularly malvidine-3-glucoside, which contrib-
utes to the colour stability. therefore, a Merlot 
wine produced with PcM has a higher concen-
tration of phenolic compounds than wines pro-
duced with traditional maceration. the advan-
tages of using cold maceration are a reduced 
level of oxidation, increased concentrations of 
polyphenols and anthocyanins, as well as a re-
duction in the oxidation of aroma compounds. 
on the other hand, the effect of prefermenta-
tive cold maceration on the most common oe-
nological parameters was not significant. As re-
gards aroma, Merlot is a neutral variety with a 
low monoterpene content and a typical flowery 
odour due to a relevant concentration of esters 
and phenylethanol; cold maceration could be 
a good application for Merlot wine because the 
amount of esters responsible for its flavour (ethyl 
hexanoate, ethyl octanoate, ethyl decanoate, di-
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ethyl succinate, and ethyl laurate) increased by 
more than 20% in the PcM-wine with respect to 
the traditional wine.

the results of this study can contribute to the 
currently poor literature, offer new ways to un-
derstand winemaking reactions and contribute 
to the expression of the varietal and territorial 
characteristics of the wines.
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AbstrAct

Physico-chemical properties (texture, colour and image analysis) of Pecorino of Appennino reg-
giano cheese were evaluated on six cheese samples at different ripening times (0, 80, 90, 150, 180 
and 240 days). Hardness values, obtained by means of texture profile analysis and fracture test, as 
well as Young’s modulus values, significantly increased during ripening. Among other textural pa-
rameters, cohesiveness decreased significantly from 0 to 80 days and then remained unchanged for 
the rest of the ripening time, whereas adhesiveness and springiness did not exhibit a linear trend. 
L*, b* and c* values decreased significantly with ripening, whereas the percentage area occupied by 
holes remained unaltered. A statistical model was developed to predict ripening time by means of a 
step-wise multiple linear regression analysis based on five textural properties (hardness, cohesive-
ness, chewiness, hardness at fracture and Young’ modulus) and three colour parameters (L*, b* and 
c) (r2 = 0.984). the model was applied to a validation set of six samples from different milk lots and 
successfully predicted ripening time with good reproducibility and accuracy (r2 = 0.971).
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IntroductIon

cheese is very diverse category of food prod-
uct and its final quality differs depending on 
various parameters: milk origin, cheese-mak-
ing process, cheese size, ripening time and con-
ditions. the ripening of cheese is a very com-
plex, often slow, biochemical process that in-
volves three primary reactions: glycolysis, lipol-
ysis and proteolysis. thus, such physical prop-
erties as texture, colour and gas hole develop-
ment may be used to differentiate among cheeses 
and describe their changes during ripening (cA-
sIrAGHI et al., 1989; cAccAMo et al., 2004; du-
FossÈ et al., 2005), as they are related to milk 
type and/or cheese-making procedures. Evalu-
ation of the parameters could be of great inter-
est for the protected designation of origin (Pdo) 
or geographical indication (PGI) for the Europe-
an union (Eu) in order to avoid misuse, imita-
tion or evocation of the registered name (rosEI-
ro et al., 2003), as consumers take these prop-
erties into primary consideration when making 
purchasing decisions. these important physical 
parameters could be used to develop a statistical 
model for ripening prediction; such a tool could 
be used to avoid misleading consumers, espe-
cially with regard to cheese that is artisanally 
produced using raw milk where the variability 
in quality can be high (PoVEdA et al. 2003; PIn-
Ho et al. 2004; ALVArEnGA et al., 2008).

Pecorino of Appennino reggiano is an Italian 
semi-hard cheese that is traditionally produced 
from whole sheep milk with the addition of se-
lected starters or natural microbiological cul-
tures (obtained from sheep milk or whey from 
the restricted area of production). In 2000, the 
production process of Pecorino of Appennino 
reggiano was established and is limited to a 
restricted area of production (comunità Mon-
tana dell’Appennino reggiano) in the region of 
Emilia romagna (northeastern Italy), by a code 
of rules (oFFIcIAL buLLEtIn oF EMILIA ro-
MAGnA rEGIon, 2005) in order to obtain the 
Pdo. since 2000, Pecorino of Appennino reg-
giano has been included in the list of the tradi-
tional Food Products (tFP) by the Italian Min-
istry of Agriculture. Moreover, the Internation-
al slow Food Association had established an 
ad-hoc presidium in the production area of this 
cheese (slow Food, http://www.presidislowfood.
it/ita) to preserve its characteristics and to pro-
tect the product against imitations.

According to product specifications, this 
cheese is marketed as two commercial catego-
ries. soft cheese can be marketed from 30 days 
after production up to 60 days of ripening and 
is produced from pasteurised milk. semi-hard 
cheese can be marketed from 90 days of ripening 
up to 12 months and is generally manufactured 
from raw milk, although pasteurised milk can 
be used. these two categories obviously exhibit 
different sensory properties and quality param-

eters depending on the degree of ripening (cAst-
AGnEttI et al., 2004; PIGnEdoLI, 2005). Pecori-
no of Appennino reggiano must also be cylin-
drically shaped (the height always less than the 
radius) and should weigh 1-2.5 kg; the colour 
is from white to yellow, with green reflexes that 
appear with ripening due to mould growth, and 
the possible presence of gas holes that are ir-
regularly distributed. It can be manufactured in 
different sizes (diameter x height) and weight, 
according to degree of ripening: 150 mm x 60 
mm and about 1-1.2 kg for the soft cheese; 180 
mm x 100 mm and about 2-2.5 kg for the semi-
hard cheese.

the aim of this preliminary work was to eval-
uate changes in the selected physical proper-
ties (texture, colour and gas holes) of Pecorino 
of Appennino reggiano cheese during ripening 
of a semi-hard cheese made from raw milk that 
is the main commercial category. In addition, an 
estimation model was developed on the basis of 
these parameters by means of step-wise multi-
ple linear regression analysis (MLr) in order to 
predict ripening time of Pecorino of Appennino 
reggiano cheese for marketing purposes.

MAtErIALs And MEtHods

sampling and cheese-making
ten Pecorino of Appennino reggiano samples 

manufactured under conditions specified in the 
production rules were obtained from a local dairy 
(succiso - reggio Emilia); they were produced 
the same day using the same lot of raw milk in 
August 2008. two other samples produced from 
different lots of milk in 2009 were purchased 
from the same manufacturer.

All the cheeses were manufactured according 
to the code rules. the cheese was manufactured 
by adding 11 mL L-1 of natural starter and 28 
mg L-1 of commercial bovine rennet to whole raw 
sheep milk at 39°c. the natural starter was ob-
tained from pasteurised sheep milk of the previ-
ous day, which was incubated at 45°c until the 
acidity value reached 10°sH 50mL-1. the coag-
ulation was completed within 20-25 min. then, 
the curd was cut into maize-grain-size pieces 
with a standard wire cage equipped with a han-
dle, subjected to several agitation steps and then 
was partially cooked at 44-46°c for 10-15 min. 
the curd was placed in moulds, pressed and 
dried for 5 h at 30°c. dry salting was then car-
ried out for 48 h at 8°c. All the samples were 
ripened under the same temperature and hu-
midity conditions (12°c and rH 70%).

six cheese samples, ripened for 0, 80, 90, 
150, 180 and 240 days, were selected as stand-
ard cheeses to obtain the estimation model. the 
other six were used as a validation set for the 
prediction model: four, ripened for 80, 150, 180 
and 240 days, were produced on the same day 
as the calibration set, and the other two of 80 
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and 150 days of ripening, were obtained from 
other milk lots in a different period.

Proximate composition at time 0 of ripening 
(moisture 41.3%, protein 22.4%, fat 30.3%, salt 
1.7% and ash 3.2%) was confirmed using stand-
ard Association of official Analytical chemists 
(AoAc) methods (1995).

texture analysis
texture evaluation was performed using a 

tA.Xt2 texture Analyzer equipped with a 25 
kg load cell (stable Micro systems, Goldalm-
ing, u.K.) and texture Expert for Windows soft-
ware (version 1.22) for data analysis. the load 
cell calibration was performed daily according 
to the tA.Xt2 manual (stable Micro systems). 
A tPA (texture Profile Analysis) test was per-
formed. the compression test was performed 
with a 35 mm diameter aluminium cylindrical 
probe and cheese samples were compressed to 
approximately 67% of the original height with 
a constant speed of 2 mms-1 and a 5 s delay 
between the first and second bite. Five slices 
were cut from each cheese sample and three 
cylindrically-shaped samples were obtained 
from each slice (approximately 25 mm diameter 
and 15 mm thick). the tPA parameters consid-
ered were: hardness (H, peak force of the first 
compression cycle in n), cohesiveness (co, ra-
tio between the positive force area during the 
second compression over that during the first 
compression, dimensionless), springiness (sP, 
ratio between the time duration of force input 
during the second compression over that dur-
ing the first compression, dimensionless), ad-
hesiveness (Ad, negative force area for the first 
bite representing the work necessary to pull the 
plunger away from the food sample, n x mm) 
and chewiness (cH, hardness multiplied by 
cohesiveness multiplied by springiness in n) 
(bournE, 1978).

Fracture tests were obtained using a Guillo-
tine blade (3 mm thick) compressing cheese slic-
es (15 mm thickness) until the breaking point 
at a constant speed of 2 mms-1. the maximum 
force of the force/distance peak was taken as 
a measure of hardness of the sample (Hf in n). 
Measurements were carried out on 5 slices from 
each sample.

the elastic modulus or Young’s modulus (Y) 
was calculated according to dEL nobILE et al. 
(2007), as the slope of the stress-strain curve, 
converting the instantaneous values of specimen 
height H(t) and compression charge applied F(t) 
into engineering ( Eσ ), true ( Tσ ) stress vs. engi-
neering ( Eε ) and Hencky ( Tε ) strain (MAncInI et 
al., 1999) according to the following equations:
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the elastic modulus was then calculated by 
fitting the following mathematical model to the 
whole true tension–true strain curves (dEL no-
bILE et al., 2007) according to the following 
equations:

 
)exp()( KE TTCTT ⋅⋅⋅= εεεσ  (2)

where Ec is the elastic modulus (i.e. the tan-
gent to the stress strain curve at the origin); K 
is a constant and is considered to be a fitting 
parameter. Measurements were carried out on 
5 slices of each cheese, 3 samples (30 mm x 30 
mm x 30 mm) were extracted from each slice. 
All samples were equilibrated at room tempera-
ture (25°c) for at least 30 min before each test.

colour analysis
colour determinations were carried out on 

three central slices (30 mm thickness) of each 
cheese using a Minolta colorimeter (cM 2600d, 
Minolta co., osaka Japan) on a cIE L* a* b* sys-
tem equipped with a standard illuminant d65 on 
10 pre-selected locations for each slice. L* [light-
ness: black = 0, white = 100], a* [redness: a* > 
0, green < 0], b* [yellowness: b* > 0, blue <0], c 
[chroma or colour saturation = (a*2 + b*2)1/2: 0 
completely unsaturated (neutral grey, black or 
white), 100 maximum saturation] were quanti-
fied on each sample by using the 2nd position of 
the standard observer. the instrument was cali-
brated before each analysis with white and black 
standard tiles. A total of 30 determinations were 
performed at each ripening time.

Image analysis
For each cheese sample, digital pictures of 

both faces of 2 central slices (30 mm thickness) 
were taken using a flatbed scanner (Model scan-
jet 8200, HP, cupertino, cA, usA), with a res-
olution of 600 dots per inch (dpi) and convert-
ed from true colour to 256 level grey scale. the 
images were calibrated, standardized and opti-
mised applying appropriate filters to measure 
pore number using the Image-Pro Plus 4.5 (Me-
dia cybernetics Inc., bethesda, Md, usA) soft-
ware with a procedure previously reported (In-
nocEntE and corrAdInI, 1998). cheese hole 
distribution was characterized by means of per-
cent ratio between the area occupied by holes 
and total slice area, as previously reported (cAc-
cAMo et al., 2004). A total of 4 determinations 
were performed at each ripening time.

statistical analysis
Means and standard deviations (sd) were cal-

culated with stAtIstIcA (release 5.5, statsoft, 
tulsa, oK, usA) statistical software. stAtIstI-
cA was used to perform one-way-analysis of var-
iance (AnoVA) and Least significant difference 
test (Lsd) at a 95 % confidence level (p≤0.05) 
to identify differences among samples and re-
gression analysis. step-wise multiple linear re-
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gression analysis (MLr), which combines the 
backward elimination and forward selection re-
gression methods (ALVArEnGA et al., 2008) was 
used to estimate the length of the ripening peri-
od of Pecorino of Appennino reggiano. the lev-
el of significance of an independent variable for 
entry and stay in the calibration model was set 
at 0.05 during the execution of step-wise vari-
able selection.

rEsuLts And dIscussIon

tPA parameters and hardness at fracture were 
measured during ripening time and the results 
are summarized in tab. 1 for standard cheeses. 
ripening significantly increased the tPA hard-
ness of cheese and also significantly decreased 
the cohesiveness from 0 to 80 days. on the con-
trary, adhesiveness and springiness remained 
substantially unaltered during ripening. Hard-
ness at fracture significantly increased from 0 
to 240 days of ripening.

biochemical changes of cheese during ripen-
ing such as proteolysis and/or water availabil-
ity to bond components were found to be relat-
ed to cheese texture, although the mechanism 
of this relation was not completely understood 
(LucEY et al., 2003). In particular, the formation 
of ionic groups generated by peptide bond cleav-
age that could compete with protein for bonding 
available water were related to the increase of 
both cheese hardening and resistance to defor-
mation during ripening (LAWrEncE et al., 1986).

changes of Young’s modulus (Y) during ripen-
ing are reported in Fig. 1. Values of Y increased 
significantly with ripening until 150 days and 
continued to increase until the end of ripening 
time. An increase of Y with ripening of cheese 

table 1 - tPA and fracture test results of standard cheeses 
at each ripening time.

Days	 H	(N)	 CO	 SP	 AD	 CH	(N	)	 Hf	(N)

	 0	 57.69d	 0.37a	 0.58a	 1.43a	 12.36b	 10.67d

	 	 (10.17)	 (0.06)	 (0.06)	 (0.31)	 (3.67)	 (1.25)
	 80	 158.58c	 0.19b	 0.39b	 1.72a	 11.76b	 21.92cd

	 	 (27.01)	 (0.02)	 (0.03)	 (0.29)	 (2.22)	 (7.78)
	 90	 239.86b	 0.21b	 0.46ab	 1.86a	 23.17a	 33.26bc

	 	 (47.10)	 (0.02)	 (0.06)	 (0.85)	 (5.07)	 (6.39)
	150	 242.72b	 0.20b	 0.46ab	 0.95a	 22.27a	 50.83a

	 	 (48.47)	 (0.03)	 (0.10)	 (1.40)	 (7.83)	 (9.38)
	180	 234.41b	 0.19b	 0.50ab	 1.08a	 22.29a	 39.44ab

	 	 (29.44)	 (0.02)	 (0.19)	 (0.75)	 (3.81)	 (16.86)
	240	 303.63a	 0.17b	 0.46ab	 0.96a	 23.73a	 40.25ab

	 	 (35.35)	 (0.02)	 (0.06)	 (0.57)	 (3.92)	 (12.67)

Values	with	same	letters	a,	b,	c,	d	within	each	column	are	not	signif-
icantly	 different	 (p≤0.05),	 standard	deviation	given	 in	 parenthe-
ses	(n=	1,	samples	size	=	15	for	TPA	parameters;	n=	1,	sample	
size	=	5	for	fracture	test).	aAbbreviations:	H,	hardness;	CO,	cohe-
siveness;	SP,	springiness;	AD,	adhesiveness;	CH,	chewiness;	Hf,	
hardness	at	fracture.

Fig. 1. changes in Young’s modulus of standard cheeses dur-
ing ripening. Error bars represent +/- 1 standard deviation 
(n= 1, sample size = 15). Histogram bars with the same let-
ter are not significantly different (p ≤ 0.05).

table 2 - colour parameter results of standard cheeses at 
each ripening time.

Days	 L*	 a*	 b*	 C

	 0	 87.8a	(0.6)	 -2.5d	(0.1)	 16.4a	(0.6)	 16.5	a	(0.6)
	 80	 80.4b	(1.5)	 -2.4c	(0.1)	 16.2a	(0.7)	 16.4a	(0.7)
	 90	 76.5c	(1.2)	 -1.9b	(0.2)	 12.3b	(0.7)	 12.5	b	(0.8)
	150	 72.5d	(1.4)	 -2.0bc	(0.3)	 12.5b	(1.0)	 12.6	b	(1.1)
	180	 68.0e	(1.6)	 -2.2cd	(0.3)	 11.8b	(0.9)	 12.2	b	(0.9)
	240	 57.7f	(2.0)	 -1.4a	(0.2)	 7.5c	(1.1)	 7.6	c	(1.1)

Values	with	same	letters	a,	b,	c,	d,	e,	f	within	each	column	are	not	sig-
nificantly	different	(p≤0.05),	standard	deviation	given	in	parenthe-
ses.	(n=	1,	sample	size	=	30).

was previously reported in the literature (dEL no-
bILE et al., 2007: GonZÀLEZ VIňAs et al., 2007); 
it was related to the decrease in moisture con-
tent and the strengthening of the protein matrix 
due to maturation (GonZÀLEZ VIňAs et al., 2007).

colorimetric indices for Appenino reggiano 
cheese during ripening are summarized in 
tab. 2. cheese samples became less bright (L*) 
and yellow (b*) as ripening time increased. A 
loss of colour saturation (c) was also observed 
during ripening.

ripening was previously found to induce 
changes in the colour of cheeses produced with 
raw cow (roHM and JAros, 1996) and goat milk 
(buFFA et al., 2001). In particular, the L* values 
were found to decrease (roHM and JAros, 1996; 
buFFA et al., 2001) whereas the b* values gen-
erally increased during cheese-ripening (roHM 
and JAros, 1996) but a slight decrease after a 
long ripening time (more than 60 days) was also 
reported for ewe cheese (PInHo et al. 2004).

the description of cheese appearance at 0 
and 240 days is reported in Fig. 2a and 2b, re-
spectively. the Pecorino samples examined in 
this study exhibited an appearance typical of 
this cheese, i.e. a compact structure with few 



58  Ital. J. Food Sci. n. 1, vol. 22 - 2010

Young’s modulus and hardness at fracture) 
and three colour parameters (L*, b* and c) were 
useful for predicting ripening time of Pecorino 
cheese, as based on the high r2 value and the 
estimation error of calibration. the following 
equation was used:

rt = 631.4 + 0.001 H – 121.3 co + 0.75 cH - 
19.4 Y + 0.5 Hf – 5.6 L* - 0.2 b*- 5.9 c (3)

with r2 = 0.984 and an estimation error of 8.2 
days.

the estimation error of ripening time was 
similar to that previously reported in the litera-
ture for a similar statistical model developed by 
means of textural and colour variables on other 
types of cheeses (PoVEdA et al., 2003; PInHo et 
al., 2004; ALVArEnGA et al., 2008).

this model was applied to a validation set of 
six samples, four produced on the same day as 
the standard cheeses and ripened for 80, 150, 
180 and 240 days, the other two samples were 
obtained from another lot of milk (80 and 150 
days ripened); the effect that the variability in 
the composition of the milk would have on the 
predictive model was considered.

the texture and colour parameters of the val-
idation set of cheeses were similar to those of 
standard samples (data not shown). small dif-
ferences between the predicted and the real rip-
ening times (about 10 days) were obtained. the 
correlation coefficient obtained between the pre-
dicted and the real ripening times was slight-
ly lower than that of the calibration set of sam-
ples (r2 = 0.971).

these results show that the textural and col-
our parameters considered in this study can 
give practical and useful information to de-
scribe changes in Pecorino of Appennino reg-
giano semi-hard cheese during ripening. this 
information can be used to regulate the produc-
tive process in order to obtain the Pdo recogni-
tion of the cheese.

the predictive model based on these selected 
physical parameters can differentiate samples of 
Pecorino of Appennino reggiano according to rip-

Fig. 2. Image of standard cheeses obtained at 0 (A) and 240 
(b) days of ripening.

table 3 - summary of MLr with textural and colourimetric data as independent variables.

	 Step	 Regression	equation	 R2

	 1	 RT	=	-30.2	+	0.73	H	 0.715
	 2	 RT	=	69.1	+	0.52	H	–	257.3	CO	 0.737
	 3	 RT	=	93.1	+	0.35	H	–	362.0	CO	+	1.8	CH	 0.748
	 4	 RT	=	74.1	+	0.08	H	–	276.8	CO	+	1.2	CH	+	80.3	Y	 0.892
	 5	 RT	=	32.7	+	0.09	H	–	156.2	CO	+	0.49	CH	+	80.0	Y	+	1.1	Hf	 0.914
	 6	 RT	=	576.9	-	0.10	H	–	158.7	CO	+	0.83	CH	+	7.6	Y	+	0.8	Hf	–	6.0	L*	 0.975
	 7	 RT	=	619.7	-	0.04	H	–	128.0	CO	+	0.75	CH	-	11.9	Y	+	0.6	Hf	–	5.8	L*	-	4.7	b*	 0.981
	 8	 RT	=	631.4	+	0.001	H	–	121.3	CO	+	0.75	CH	-	19.4	Y	+	0.5	Hf	–	5.6	L*	-	0.2	b*-	5.9	C	 0.984

aAbbreviations:	RT,	ripening	time;	H,	hardness;	CO,	cohesiveness;	CH,	chewiness;	Y,	Young’s	modulus;	Hf,	hardness	at	fracture;	L*,	lightness;	
b*,	yellowness;	C*,	chroma;	R2,	adjusted	coefficient	of	determination.

holes. A low percentage of the area was occu-
pied by holes at 0 time of ripening (approximate-
ly 0.2%) and this value remained substantially 
unchanged during ripening. thus, cheese ap-
pearance may not be representative of change 
during ripening.

A step-wise multiple linear regression (MLr) 
analysis using textural and colour data was per-
formed to develop a statistical model that would 
allow the ripening time of Pecorino of Appenni-
no reggiano to be estimated. A summary of the 
step-wise analysis is reported in tab. 3.

the MLr analysis showed that five variables 
from the texture determinations (hardness, co-
hesiveness and chewiness from the tPA test, 
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ening time and the level of quality. the applica-
tion of these predictive models is of great inter-
est for Pecorino of Appennino reggiano, as well 
as for other similar cheeses made with raw milk, 
where the addition of natural autochthonous mi-
croflora starters obtained from milk, the environ-
ment and artisanal cheese-making procedures 
and tools can lead to variable quality.

 these initial findings must be confirmed by 
analysing a larger set of semi-hard samples that 
takes into consideration the effect of different 
producers, manufacturing conditions and time 
of production on reproducibility of the model. 
the model must also be improved by analys-
ing soft Pecorino of Appennino reggiano chees-
es in order to differentiate between samples of 
the two commercial categories according to rip-
ening time.
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AbstrAct

baladi cheese samples were produced from raw sheep milk made according to traditional and 
modified methods. the main changes in the modified method were: pasteurization (73°c for 16s) 
of the milk, storing the cheese at low temperature (8oc for 48 h) during cheese sprinkling with 
dry salt, and achieving 86oc at the centre of the cut cheese blocks through the final cheese boil-
ing stage. Generally, chemical parameters of the cheese were not affected by the modification, 
while the microbiological quality of the cheese improved significantly; coliforms, fecal coliforms 
and staphylococci were destroyed completely. the final cheese produced by the modified meth-
od had a homogeneous structure with firmly packed curd which was not easily broken, with no 
pinhole gas opening. In contrast, the cheese manufactured with unpasteurized sheep milk had 
a sponge-like structure, in which the curds were not firmly packed and there were many pin-
hole-gas openings that caused a major disruption of the matrix.
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INtrODUctION

the province of Karak in the south of Jordan 
has very long tradition of artisanal cheese pro-
duction. the climate in this region is considered 
tropical; it is hot and dry from April to October, 
with maximum daily temperatures of 30-40oc in 
this period. baladi artisanal cheeses have been 
manufactured by local farmers on a small scale 
for decades. raw sheep milk is used and the 
traditional techniques that are employed have 
been passed down from generation to generation. 
baladi cheese has a white milky colour, high fat, 
high protein and high dry material contents, a 
cream-like aroma, obvious sweet and salty taste, 
and a homogeneous structure that is semi-hard 
and not easily broken. baladi cheese is usually 
soaked in soft water overnight before being con-
sumed in order to remove the excess quantity of 
salt. the cheese obtained from the market may 
have a variety of physicochemical characteris-
tics depending on many factors, including the 
breed, animal-to-animal variability, age, stage 
of lactation, the feed, season of the year, time of 
milking and manufacturing location.

raw milk is used to produce baladi cheese so 
it is not easy to control all the factors during the 
manufacturing process. this leads to a lot of ir-
regularities. It is necessary to improve the hygi-
enic quality of the cheese by respecting its orga-
noleptic properties (visual aspects, texture, and 
taste). these properties account for the typical 
characteristic of this cheese.

Microbial counts in the raw milk are much 
higher during the warm summer months than in 
the cool winter months which have implications 
for the resulting cheese (MENDIA et al., 2007). 
tUNIcK et al. (2007) confirmed that microbes 
flourish in raw milk especially during warm-
er months. they reported that raw milk cheese 
contained more aerobic and anaerobic bacteria 
than the pasteurized milk cheese, with the to-
tal counts differing by two orders of magnitude.

Msherfa is a governmental station located in 
Karak for breeding Awassi sheep; currently there 
are around 500 head of sheep. baladi cheese 
in Msherfa station is made from evening and 
morning milk collected in the spring and sum-
mer, when milk production is abundant. A heat 
treatment is not applied to the cheese produced 
by the traditional method. No starters are add-
ed. sErt et al. (2007) reported that when the 
cheese is produced by the traditional method, 
generally a heat treatment is not applied to the 
cheese milk. No starter or additives are added.

baladi cheese, still produced traditionally in 
the Karak district, is highly prized. the cheese 
is considered to be of premium value because 
of its flavour characteristics, it plays an impor-
tant role in the local farmer’s economy. In the 
Mediterranean area, many of these cheeses are 
produced from raw ewe’s or goat’s milk and 
have very characteristic organoleptic properties 

(HAJIKHANI et al., 2007). baladi cheese does not 
yet have a standard of identity.

During the summer, baladi cheese had a prob-
lem of pinhole-sized gas formations due to the 
microbial activity in the raw milk cheeses. tU-
NIcK et al. (2007) confirmed that bacterial fer-
mentation in raw milk cheeses releases gases 
such as cO2 and H2 which create openings in the 
cheese. When the cheese cut blocks are sprin-
kled with dry salt for two days at room temper-
ature (30oc) then drained, these pinhole gas for-
mations became larger and eventually caused 
major disruption of the matrix, and the cheese 
develops a sponge-like structure in which has 
a very negative effect on its quality.

the aim of this work was to characterize an 
artisanal cheese produced in the Msherfa sheep 
station/province of Karak, and modify the tra-
ditional manufacturing method to improve the 
microbial and structural characteristics of bala-
di cheese.

MAtErIAL AND MEtHODs

Milk and cheese making

sheep milk was obtained from the Msherfa 
station in the province of Karak in southern Jor-
dan. raw milk was pasteurized according to the 
modified method at 73o±0.5oc for 16 s and then 
cooled to 33oc with a Mini-Pasteurizer (PLADOt, 
Israel) designed especially for small- and medi-
um-sized producers. the system controls tem-
perature and flow by using manually controlled 
devices; this ensures a high quality end prod-
uct. the basic configuration of the system is set 
to flow rates of 200-300 L/hour.

the baladi cheeses were made in the dairy 
plant at the Msherfa station. they were made 
with the same milk and manufacturing was 
timed such that the modified and traditional 
processes would finish on the same day. three 
experiments using traditional and modified 
methods for cheese-making were carried out in 
three weeks time. the experiments of traditional 
and modified methods were carried out in June 
2008. the steps of the traditional and modi-
fied manufacturing methods steps are shown 
in Fig. 1.

baladi cheese in the Msherfa station is made 
by mixing together fresh and cold raw over-
night milks (8oc), brought in from the farm, and 
warmed to approximately 33oc. It was kept in 
a small plastic rectangular vat (150 L capacity) 
without addition of starter or colour. two grams 
of microbial rennet powder per 100 kg milk 
(2:100000) were added, diluted with clean water 
and stirred for 4 min, then the milk was left to 
rest. A soft homogeneous curd formed in 40 min. 
the curds were broken into cubes using horizon-
tal and vertical wire knives with a distance of 2 
cm between each of the two wires; the tempera-
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Fig. 1 - traditional and modi-
fied processing methods of bala-
di cheese. the text in italics repre-
sents the modified steps of the tra-
ditional method.

ture of the curds and the whey was maintained 
for 15 min. the curd and whey contents in the 
vat were emptied into simple perforated, stain-
less steel boxes, 45 x 45 x 5 cm, which had a 
perforated, detachable stainless steel top and a 
bottom plate. Each box was lined with a double-
layer of cheesecloth. the cloth was folded over 
the top of the curd and covered with the perfo-
rated plate. A 20 kg stone plate was placed on 
top of the box to increase the pressing efficien-
cy. After one h a solid block of curd formed, the 
weight and cloth were removed, and the large 
curd block was cut into smaller blocks, of ap-
proximately 6 cm x 4 cm and 2-3 cm using a 
sharp knife. Immediately after cutting, each curd 
cut blocks was sprinkled with dry salt (5 kg dry 
salt for each 25 kg of curd) and left to drain for 
2 days at room temperature. salting the curd 2 
h after the rennet addition slows down the bac-
terial activity, reduces the development of acidi-
ty in the curd, and prevents the early blowing of 
the curd by predating the moment of salt addi-
tion. After 2 days of salting, the salted cut blocks 
are solid enough to undergo the boiling process.

the salted cut blocks were washed with clean 
tap water and then the cheese was boiled in brine 
(16% salt W/V), using 30 l of brine for each 20 

kg of cheese. the temperature of the brine was 
kept constant at 100-102oc. the temperature at 
the centre of the cheeses produced by the tra-
ditional method after 2-3 minutes of boiling in 
the brine ranged from 72-75oc.

the hot brined cheeses were then cooled by 
laying the cheese cut blocks on a stainless steel 
table for 20 min at room temperature. On hot 
summer days an electrical air fan can be used 
to accelerate the cooling process. the 5 kg salt-
ed cheeses were then carefully placed in a new 
tin can, covered nearly to the top with 4.5 l of a 
16% cold salt brine solution (8oc), and then the 
tin can was covered with a tin lid and stored at 
8oc. the cheese can be consumed directly on the 
second day or can be stored for 6-12 months at 
this temperature before consumption.

Physicochemical analysis

Fat content of the milk was determined by the 
Gerber method (DAVIs, 2002). Protein content of 
the milk and the cheese were determined by the 
Kjeldahl method using Vapodest 20 (Gerhard, 
Königswinter, Germany). Lactose content, spe-
cific gravity and freezing point tests for milk were 
carried out using the Lactoscan 90 (Milk ana-
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table 1 - Physicochemical parameters of raw sheep milk. the values are the mean ± standard deviation of triplicates.

Parameter	 N	 *Exp.1	 *Exp.2	 *Exp.3
	 	 Mean	±	S.D	 Mean	±	S.D	 Mean	±	S.D

Total	solid	(g/100	g)	 3	 16.18	±	0.04	 15.99	±	0.07	 16.06	±	0.07
Fat	(g/100	g)	 3	 06.87	±	0.06	 06.77	±	0.06	 6.83	±	0.06
Protein	(g/100	g)	 3	 04.43	±	0.03	 04.87	±	0.01	 4.50	±	0.01
Non	Fat	Solids	(g/100	g)	 3	 09.31	±	0.012	 09.29	±	0.01	 9.30	±	0.01
Specific	gravity	 3	 01.03	±	0.001	 01.03	±	0.001	 1.03	±	0.001
Freezing	point	oC	 3	 -0.54	±	0.001	 -0.54	±	0.001	 -0.54	±	0.00
Temperature	oC	 3	 11.83	±	0.29	 10.67	±	0.29	 11.33	±	0.29
pH	 3	 06.96	±	0.05	 07.09	±	0.04	 6.87	±	0.04

N=	replicate	numbers,	S.D	=	Standard	deviation,	df	=	degrees	of	freedom.

lyzer) (serial No. 4960, Milkotronic LtD, Nova 
Zagora, bulgaria). the pH was measured with 
a pH meter (MP 220 pH meter, Mettler-toledo, 
AG cH-8603, schwerzenbach, switzerland) at 
25±1oc. cheese pH was determined using an 
InLab 413 electrode on slurry prepared by thor-
oughly blending 10 g of grated cheese with 10 
ml of deionized water using a mortar and pestle 
(sErt et al., 2007).

Fat content of the cheese was determined ac-
cording to IDF reference method 5b (1985). total 
solids were estimated using the open dish meth-
od in which samples (approximately 3 g) were 
accurately weighed on a dry dish and placed in 
an oven at 102oc. the following day the plates 
were re-weighed, and the total solids of samples 
were estimated (HALLAb et al., 2007). salt con-
tent was determined by the modified Volhard test 
(KOsIKOWsKI, 1977). All chemical analyses were 
performed in triplicate and the results are pre-
sented as mean and standard deviation.

Microbiological analysis

the cheese sample (25 g) was homogenized 
for 1 min in 225 mL of a sterile solution of 0.9% 
(w/v) Nacl using stomacher (Easy Mix, AEs 
Laboratoire, bruz, France.) Further decimal di-
lutions of milk and cheese were prepared with 
the same diluents (cEYLAN et al., 2007). to-
tal bacterial counts were enumerated on plate 
agar (criterion, Hardy diagnostics, santa Mar-
ia, cA, UsA), using the pour plate technique to 
enumerate anaerobic and facultative anaerobic 
microorganisms. the plates were incubated at 
30oc for 72 h. the total aerobic bacterial counts 
were enumerated on plate agar using the sur-
face spread technique to enumerate strict aer-
obic microorganisms; the plates were incubated 
at 30oc for 72 h. Fecal and total coliform group 
bacteria were enumerated on violet red bile agar 
(criterion, Hardy diagnostics, santa Maria, cA, 
UsA), after being incubated for 48 h at 44oc and 
37oc, respectively (rOsA et al., 2008). staphy-
lococci were enumerated on baird-parker agars 
(Hi Media Laboratories Pvt. Ltd. Mumbai, India) 

with egg yolk according to the method for sta-
phylococci count proposed by ANDrEWs (1992). 
All microbiological analyses were performed in 
triplicate and the results are presented as mean 
and standard deviation.

sensory analysis

A six-member panel of Msherfa employees, 
well experienced and familiar with baladi cheese, 
assessed the cheese samples organoleptically. 
they evaluated the cheese samples for colour, 
aroma, taste, texture, gas opening, and gener-
al acceptability using a hedonic scale. Each at-
tribute was graded on a 1-5 scale, where 1 was 
the lowest quality and 5 the highest quality (cEY-
LAN et al., 2007).

statistical analysis

the count of colony-forming units per gram 
or ml (cFU) was transformed to logarithms (log 
cFU/g or mL) prior to statistical treatment. the 
sPss statistical package, Evaluation version 
15 (sPss Inc., chicago, Illinois, UsA) was used 
for the statistical analysis. Analysis of variance 
(ANOVA) and Independent samples test / t-test 
for Equality of means were applied to determine 
the differences (P≤0.05 and P≤0.001) between 
the studied parameters of the two manufactur-
ing methods.

rEsULts AND DIscUssION

Physico-chemical analysis

the results regarding the composition, spe-
cific gravity, freezing point and pH (table 1) of 
the sheep milk are in agreement with most of 
the literature; the values for the raw sheep milk 
from the Msherfa breeding station are within the 
physicochemical standard specifications (WONG 
et al., 1998; bELItZ et al., 2004).

results obtained from the physicochemical 
analyses of the final cheeses after one day in 
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the brine are presented in table 2. the analy-
sis shows that manufacturing methods have a 
significant effect on the organoleptic and micro-
biological properties. All of the values for the 
physicochemical parameters in both methods 
increased during the manufacturing period ex-
cept for the pH which decreased from 6.96 in the 
raw milk to 5.90 and 6.25 in the cheeses pro-
duced by the traditional and modified methods, 
respectively; the results are in agreement with 
other studies (şENGÜL 1995; ÇAĜLAr 2001). the 
increases in the values for the physicochemical 
parameters were due to decrease in moisture 
during the manufacturing time. the moisture 
decreased due to syneresis of the cheeses. the 
results in table 2 show that there are few differ-
ences between the moisture content of the tra-
ditional and modified methods. In addition the 
differences in the moisture content, even though 
statistically significant (P<0.05), are of little in-
terest (0.012%) from any practical point of view 
in artisanal cheese production.

the results reported in table 2 indicate that 
there were highly significant differences be-
tween the pH values in the traditional and mod-
ified methods at (P<0.001). the lowest pH was 
found in the samples produced with the tradi-
tional manufacturing method. In the tradition-
al method, the lactic flora intervenes in the re-
duction of pH. there was no heat treatment 
on the milk.

According to the physicochemical results of 
the final cheeses (table 2), baladi cheese may be 
classified as a medium moisture (KOsIKOWsKI, 
1977), high fat cheese (22-26%), with 24-28% 

protein and a high salt (5-10%) content. the fi-
nal products yield was about 18-20 %, with a 
final pH ranging from 5.5 to 6.5.

Microbiological analysis

results obtained from the microbiological 
analyses of the raw and pasteurized sheep milk 
are presented in table 3. It is not surprising 
that microbiological counts were significantly 
low (P<0.001) due to the pasteurization proc-
ess. total pouring and aerobic counts declined 
from 5.65 to 3.64, and from 6.87 to 3.8 log col-
ony forming units (cFU/mL ) respectively, the 
coliforms and fecal coliforms declined from 5.46 
to zero and from 2.62 to zero (cFU/mL), respec-
tively. the results indicate a high staphylococci 
count in raw sheep milk; this was mostly due to 
a lack of hygienic condition and/or to mastitis.

the results obtained from the microbiological 
analyses of samples after the sprinkling of the 
cheese with dry salt for two days are present-
ed (table 4). the results indicate highly signifi-
cant differences (P<0.001) in the microbial load 
between the traditional and the modified meth-
ods, because of milk pasteurization and the use 
of cold storage (8oc) during the sprinkling of the 
cheeses with dry salt. Pasteurization and cold 
storage improved the microbiological quality of 
the cheese and produced differences in the pour-
ing and aerobic total counts. the differences 
were 1.7 log cFU/g in the pouring count tech-
nique and 2.1 log cFU/g for the aerobic count 
technique. the coliforms and fecal coliforms did 
not grow when the modified technique was used; 

table 2 - Physicochemical parameters of baladi cheese manufactured by the traditional and modified methods after one day 
in the brine.

Parameter	 Type	of	method	 N	 Mean	±	S.D	 df	 Sig.	 Mean
	 	 	 	 (2-tailed)	 difference
	
Fat	 Traditional	 9	 25.07	±	0.11	 16	 0.06	 -0.21
	 Modified	 9	 25.28	±	0.28
Protein	 Traditional	 9	 26.13	±	0.12	 16	 0.26	 0.17
	 Modified	 9	 25.96	±	0.43
Salt	 Traditional	 9	 08.07	±	0.33	 16	 0.43	 0.09
	 Modified	 9	 07.98	±	0.05
Moisture	 Traditional	 9	 38.36	±	0.14	 16	 0.04*	 0.12
	 Modified	 9	 38.24	±	0	.07
pH	 Traditional	 9	 05.90	±	0.01	 16	 0.0001**	 0.35
	 Modified	 9	 06.25	±	0.02
FDM	 Traditional	 9	 40.67	±	0	.17	 16	 0.11	 0.28
	 Modified	 9	 40.94	±	0.46
PDM	 Traditional	 9	 42.42	±	0	.22	 16	 0.78	 0.02
	 Modified	 9	 42.40	±	0	.10
SM	 Traditional	 9	 20.77	±	0.19	 16	 0.23	 0.10
	 Modified	 9	 20.87	±	0.14
Yield	 Traditional	 9	 18.30	±	0.23	 16	 0.11	 0.16
	 Modified	 9	 18.14	±	0	.16

Independent	Samples	Test	/	t-test	for	Equality	of	means	(*significance	at	P<0.05	and	**	significance	at	P<	0.001).	N=	number	of	samples,	S.D	
=	Standard	deviation,	df	=	degrees	of	freedom.
FDM=Fat	in	Dry	Matter.	PDM=Protein	in	Dry	Matter.	SM=Salt	in	Moisture.
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this was due to the pasteurization of the milk. 
In the traditionally produced cheese the colif-
orms were 4.75 log cFU/g and fecal coliforms 
were 2.63 log cFU/g. In a study on Queso chi-
huahua cheese done in the spring, brIcKEr et 
al. (2005) found coagulase-positive staphylococci 
(4.43-6.86 log cFU/g). coliforms (2.84-5.47 log 
cFU/g), and enterococci (3.91-6.98 log cFU/g) 
were present in the raw milk cheese but not in 
pasteurized milk cheese. Although staphyloco-
cci were still present in the cheese produced by 
the modified method, the results show highly 
significant differences (P<0.001) in the staphy-
lococci count between the cheeses produced by 
the traditional method and those produced by 
the modified method. the differences were 3.2 
log cFU/g.

the microbial profiles for pouring and aerobic 
plate count, coliforms and fecal coliforms and 
staphylococci in the final cheeses produced by 
the traditional and modified methods are shown 
in table 5. the results show a notable reduc-
tion in the bacterial counts in all the microbi-

al tests due to the boiling of the final products. 
the results presented in table 5 show that the 
mean values of coliforms, fecal coliforms, and 
staphylococcus counts were 1.55, 1.4, 1.17 
log cFU/g of cheese, respectively. cELIK and 
tUrKOGLU (2007) reported that Őrgü cheese 
is a semi-hard cheese variety produced main-
ly from raw ewe milk containing high levels of 
fat. Its curd is scalded and kneaded, and is rip-
ened in brine. they also confirmed that because 
Őrgü cheese is produced from raw milk, it may 
contain many microorganisms, which may cre-
ate a potential public health risk. OZDEMIr et al. 
(1998) reported mean coliform, Staphylococcus 
aureus and yeast-mould counts of 2.57, 1.34, 
5.0 log cFU/g, respectively, in traditional Őrgü 
cheeses collected from the Karacadag region of 
turkey. the results of this study also showed 
significant differences (P<0.05) in the pouring 
total count between the cheeses produced by 
the traditional and those produced by modified 
methods. the differences were 0.32 log cFU/g. 
(table 5). From bacteriological viewpoint, there 

table 3 - changes of microbiological parameters (log cFU/mL) of raw sheep milk due to the pasteurization process.

Parameter	 Type	of	milk	 N	 Mean	±	S.D	 df	 Sig.	 Mean
	 	 	 	 	 (2-tailed)	 difference

TCC	/	pouring	 Raw	 9	 5.65	±	0.02	 16	 0.0001	 2.0168
	 Pasteurized	 9	 3.64	±	0.02
TCC	/	aerobic	 Raw	 9	 6.87	±	0.01	 16	 0.0001	 3.0698
	 Pasteurized	 9	 3.80	±	0.01
Coliforms	 Raw	 9	 5.46	±	0.02	 16	 0.0001	 5.4636
	 Pasteurized	 9	 0.00	±	0.00
Fecal	coliforms	 Raw	 9	 2.62	±	0.02	 16	 0.0001	 2.6226
	 Pasteurized	 9	 0.00	±	0.00
staphylococci	 Raw	 9	 4.21	±	0.04	 16	 0.0001	 1.4691
	 pasteurized	 9	 2.74	±	0.02

Independent	Samples	Test	/	t-test	for	Equality	of	means	(significance	at	P<	0.001).	N=	number	of	samples,	S.D	=	Standard	deviation,	df	=	de-
grees	of	freedom.

table 4 - changes of microbiological parameters (log cFU/g) of the cheeses produced by the traditional and modified meth-
ods, after the sprinkling of the cheeses with dry salt for two days.

Parameters	 Type	of	milk	 N	 Mean	±	S.D	 df	 Sig.	 Mean
	 	 	 	 	 (2-tailed)*	 difference

TCC	/	pouring	 Traditional	 9	 5.41	±	0.03	 16	 0.001	 1.71
	 Modified	 9	 3.70	±	0.03
TCC	/	aerobic	 Traditional	 9	 5.89	±	0.01	 16	 0.001	 2.13
	 Modified	 9	 3.75	±	0.02
Coliforms	 Traditional	 9	 4.75	±	0.02	 16	 0.001	 4.75
	 Modified	 9	 0.00	±	0.00
Fecal	coliforms	 Traditional	 9	 2.63	±	0.01	 16	 0.001	 2.63
	 Modified	 9	 0.00	±	0.00
staphylococci	 Traditional	 9	 4.48	±	0.25	 16	 0.001	 3.20
	 Modified	 9	 1.29	±	0.16

Independent	Samples	Test	/	t-test	for	Equality	of	means	(*significance	at	P<0.001).	N=	number	of	samples,	S.D	=	Standard	deviation,	df	=	
degrees	of	freedom.
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are differences if there is at least 1 log gap be-
tween them. the differences were highly signif-
icant (P<0.001) between the traditional method 
and the modified method in aerobic total (1.4 
log cFU/g), coliform (1.5 log cFU/g) and fe-
cal coliform (1.4 log cFU/g) counts. the results 
showed that boiling the cheese (5-6 min) un-
til the temperature reached 86oc in the center 
of the cheese cut blocks in the modified meth-
od completely destroyed all the staphylococcal 
bacteria. While, boiling cheese cut blocks for 2 
min in the traditional method however was not 
enough to kill all the coliforms, fecal coliforms 
and staphylococci.

Pasteurization of milk in the modified meth-
od without adding any starter can be a risk fac-
tor for the quality of the cheese. the very short 
time (2 h) between rennet addition and the time 
of salting at low temperature (8oc) can reduce 
the growth of lactic acid bacteria, but there is 
also the risk of microfloral growth that cause 

post-contaminating the milk. the Nacl helps to 
counteract unwanted microbial growth and re-
duce the structural defects due to gas-produc-
ing fermentation.

Appearance and physico-chemical character-
istics of cheeses

the results of the organoleptic analysis of 
the cheeses are presented (table 6). the results 
show the superiority of the cheeses produced by 
the modified method over the cheeses produced 
by the traditional method. the results are high-
ly significant (P<0.001) for most of the sensory 
parameters (aroma, taste, texture, gas opening, 
and acceptability) of the cheeses, except for col-
our, where the differences were not significant 
(P>0.05). the cheeses manufactured with full 
fat pasteurized sheep milk by using the mod-
ified method were a milky white colour, cream 
like aroma, obvious sweet taste, and a homoge-

table 5 - changes in microbiological parameters (log cFU / g) of the cheeses produced by the traditional and modified meth-
ods, after the boiling process.

Parameters	 Type	of	milk	 N		 Mean	±	S.D	 df	 Sig.	 Mean
	 	 	 	 	 (2-tailed)	 difference

TCC	/	pouring	 Traditional	 9	 1.50	±	0.34	 16	 0.014*	 0.318
	 Modified	 9	 1.18	±	0.05	 	 	
TCC	/	aerobic	 Traditional	 9	 3.60	±	0.03	 16	 0.001**	 1.44
	 Modified	 9	 2.17	±	0.04	 	 	
Coliforms		 Traditional	 9	 1.55	±	0.05	 16	 0.001**	 1.55
	 Modified	 9	 0.00	±	0.00	 	 	
Fecal	coliforms	 Traditional	 9	 1.40	±	0.04	 16	 0.001**	 1.40
	 Modified	 9	 0.00	±	0.00	 	 	
staphylococci	 Traditional	 9	 1.17	±	0.06	 16	 0.001**	 1.17
	 Modified	 9	 0.00	±	0.00	 	 	

Independent	Samples	Test	/	t-test	for	Equality	of	means	(*significance	at	P<0.05	and	**	significance	at	P<	0.001).	TCC	=	Total	colony	count.	
N=	number	of	samples,	S.D	=	Standard	deviation,	df	=	degrees	of	freedom.

table 6 - Organoleptic parameters of baladi cheese manufactured by the traditional method and by the modified method.

Parameter	 Method	 N	 Mean	±	S.D	 Sig.	(2-tailed)

	Color	 Traditional	 18	 4.44	±	0.51	 0.19
	 	 Traditional	 18	 4.67	±	0.49	 0.19
	Aroma	 Traditional	 18	 2.00	±	0.59	 0.00*
	 	 Modified	 18	 4.28	±	0.46	 0.00*
	Taste	 Modified	 18	 1.83	±	0.51	 0.00*
	 	 Modified	 18	 4.56	±	0.51	 *0.00
	Structure	 Traditional	 18	 1.33	±	0.49	 *0.00
	 	 Modified	 18	 4.56	±	0.51	 0.00*
	Gas	opening	 Traditional	 18	 1.39	±	0.50	 0.00*
	 	 Modified	 18	 4.50	±	0.51	 0.00*
	Acceptability	 Traditional	 18	 2.50	±	0.51	 0.00*
	 	 Modified	 18	 4.78	±	0.43	 0.00*

Independent	Samples	Test/t-test	for	Equality	of	means	(*significance	at	P<	0.05).	Hedonic	scale:	5	Excellent;	4	Good;	3	Accepted;	2	Margin-
ally	accepted;	1	Rejected
S.D	=	Standard	deviation.
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neous structure with firmly packed curd, not 
easily broken with no pinhole gas openings. the 
cheeses manufactured with full fat unpasteur-
ized sheep milk by the traditional method had a 
sponge-like structure, the curds were not firmly 
packed and the cheese had many pinhole-sized 
gas openings that caused a major disruption of 
the matrix. the analysis showed that manufac-
turing methods have a significant effect on the 
organoleptic and microbiological properties.

table 7 shows a comparison between a Leb-
anese baladi cheese (KAMLEH et al., 2006) and 
the Jordanian baladi cheese manufactured in 
this study. the comparison showed that there 
are many differences between the two cheeses: 
source of milk, (cow and sheep) and processing 
conditions (standardization of milk, heat treat-
ment, coagulation conditions, addition of starter 
and pressure conditions). the two cheeses have 
very different physicochemical and organoleptic 
characteristics.

cONcLUsION

the results of this study indicate that the 
modified method improves the colour, aroma, 
taste and structure of baladi cheese. the chem-
ical characteristics of the cheese produced by 
the modified method were very similar to those 
of the traditional cheeses. the modified method 
reduced the levels of the total bacterial count, 
and completely destroyed coliforms, fecal colif-
orms and staphylococci. consequently, using 
the modified method to produce baladi cheese 
improves the microbiological and organoleptic 
quality of the cheese and improves its compli-
ance with European hygienic standards.
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cheese manufactured with raw or pasteurized milk: com-
position and biochemical properties. Inter. J. Dairy tech-
nol. 60: 253.

ceylan Z.G., Çaglar A. and Çakmakçi s. 2007. some phys-
icochemical, microbiological, and sensory properties of 
tulum cheese produced from ewe’s milk via a modified 
method. Inter. J. Dairy technol. 60: 191.

Davis J.G. 2000 . “Milk testing”. Agrobios Jodhpur, India.
Hallab r., Kohen c., Grandison M.A., Lewis M.J. and Grandi-

son A.s. 2007. Assessment of the quality of cottage cheese 
produced from standard and protein-fortified skim milk. 
Inter. J. Dairy technol. 60: 69.

Hajikhani r., beyatli Y. and Aslim b. 2007. Antimicrobial 
activity of enterococci strains isolated from white cheese. 
Inter. J. Dairy technol. 60: 105.

International Dairy Federation. 1985. Milk and milk products. 
Methods of sampling, IDF standard 50b. brussels, belgium.

Kamleh r., tannous r. and El Maydaa E. 2006. cows milk 
quality in two regions in Lebanon and its effect on bala-
di (local) cheese quality. J. Food, Agricul. Environ. 4: 75.

Kosikowski V.F. 1977. ‘‘cheese and Fermented Milk Foods’’. 
2nd ed. p, 570. Edwards brothers, Inc. Ann Arbor, MI, UsA.
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AbstrAct

Pistacia vera L. is the only species of the Pistacia genus that produces edible nuts. It is main-
ly cultivated in the UsA, western Asia and some Mediterranean countries. In this study, the tri-
acylglycerol (tGs) composition of the oil extracted from the pistachio kernels coming from seven 
different countries (Italy, turkey, Iran, syria, tunisia, Greece and the UsA), as well as the distri-
bution of the fatty acids (FAs) attached to the glycerol molecule were determined by HPLc. the 
major FAs were oleic (c18:1), linoleic (c18:2) and palmitic (c16:0) acids forming more than 90% 
of the total FAs. the main tGs found in the P. vera oil were: OLO, OLL, OOO, LLL, OLP, LLP and 
OOP, accounting for more than 85% of the total tGs. Principal component analysis and linear 
discriminant analysis (PcA and LDA) were successfully used and indicate that the tG charac-
teristics studied are suitable for authenticating geographical origin of pistachio seeds.
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INtrODUctION

Pistachio (Pistacia vera L.) is a member of the 
Anacardiaceae family. the genus Pistacia con-
tains only 11 species, of which P. vera, cultivat-
ed for its edible nuts, is the most important. Its 
seeds are of high economic value due to their bal-
anced composition, characterized by a low car-
bohydrate content of about 10%, a protein con-
tent of more than 20% and a lipid content var-
ying from 40 to 63%, all on a dry weight basis 
(cHAHED et al., 2006). the pistachio nut is main-
ly used as a snack food, both raw and toasted, 
and is a confectionery ingredient in salami, ice 
cream, bread and sauces. It has been proposed 
that the shells can be used to prepare activated 
charcoal (GALVANO et al., 1996).

the P. vera tree is native to arid zones of cen-
tral and west Asia. It was only during the last 
century that its cultivation was extensively in-
creased in some Mediterranean countries, and 
spread to other countries. the UsA and Iran are 
now the most important producers of pistachio 
(LUA and YANG, 2005).

the top worldwide producers are: Iran 
(230,000 tons), followed by United states of 
America (11,0000 tons), turkey (78,409 tons) 
and syria (29,000 tons). Less important produc-
ers are Greece (9000 tons), Italy (2000 tons) and 
tunisia (800 tons) (FAO, 2007).

In Italy, pistachio is grown mainly in bronte, 
an area around the Etna volcano, where the lava 
and climate allow the production of an intense-
ly green nut with a very aromatic taste that is 
highly prized on the international markets. Ital-
ian production is very low in comparison to that 
of Asia and the UsA; however, it is compensated 
by the very high quality (DI MArcO, 1987). the 
annual pistachio production in bronte is 1550 
tons, which represents 80% of the total produc-
tion in sicily (bELLIA, 2007).

Many studies have been conducted to char-
acterize pistachio nuts of different geographic 
origins. Differences in the profiles of inorgan-
ic anions and organic acids, in fatty acids and 
in colour among pistachios of different origins 
and varieties have been reported in the litera-
ture (ANDErsON and sMItH, 2005; ArENA et al., 
2007; bELLOMO and FALLIcO, 2007). Differenc-
es in the fatty acid profiles would be expressed 
more clearly in the triglyceride profiles of the 
nut oils (DYsZEL and PEttIt, 1990; HOLcAPEK 
et al., 2003). the fatty acid composition can in-
dicate the nutritional quality of oils, while the 
type and the amount of the various triglyceride 
species constitute criteria for the physical and 
functional properties of the oil.

Oils are complex mixtures containing main-
ly triacylglycerols (tGs) formed by various fat-
ty acids (FAs), differing in the acyl chain length 
and their position sn-1, 2 or 3 on the glycerol 
skeleton, and in the number and position of the 
double bonds on the acyl chains.

HPLc may be considered the method of choice 
for the separation and determination of tGs 
(DUGO et al., 2006). Examination of the liter-
ature reveals a number of points of agreement 
among the various authors regarding the gen-
eral strategies, major difficulties and limitations 
of the methods that include the appropriate sta-
tionary phase, correct mixtures in gradient elu-
tion and detectors (ADEbOWALE and NIcHOLsON, 
2002; HOLcAPEK et al., 2003).

the aim of this work was to characterize the 
tG composition of pistachios from different 
countries by building supervised classifiers (PcA 
and LDA) for the discrimination of the country of 
origin of pistachio seed samples and the elucida-
tion of the FA distribution on the glycerol mole-
cule. Monoacylglycerols, diacylglycerols and free 
FAs, were not considered because tGs consti-
tute the main acylglycerols in pistachio oil (more 
than 90% of the total glycerolipids, cHAHED et 
al., 2008). they also have more possible com-
binations in the FA distribution on the glycerol 
molecule, and are therefore more discriminating.

MAtErIALs AND MEtHODs

samples

Pistachio samples (n = 37), from Italy (bronte; 
var. bianca), turkey (Gaziantep; var. siirt), Iran 
(var. Akbari), syria (var. Jalab), tunisia (var. 
Mateur), Greece (var. Aiginis) and the UsA (cal-
ifornia; var. Kerman), were picked at ripeness.

Each sampling was taken from different pis-
tachio producers and importers: 14 Italian sam-
ples, 7 turkish, 4 Iranian, 3 syrian, 3 tunisian, 
3 Greek and 3 American. the Italian samples 
were representative of 1000 kg of pistachio ker-
nels from which, 1 kg of pistachio was taken. 
the other samples were 1 kg each, coming from 
lots between 1000 and 40000 kg.

All samples were produced and collected in 
2007, stored at 4oc in darkness, at least up to 
48 h before the analyses.

reagents and standards

Acetonitrile and 2-propanol were purchased 
from Lab scan (Dublin, Ireland), n-hexane and 
water from Jt. baker (Deventer, Holland). All 
the reagents used were of the required HPLc 
purity grade.

All the standards used for the study were pur-
chased from the sigma-Aldrich chemical com-
pany (st. Louis, MO, UsA) and Larodan Fine 
chemicals (Malmö, sweden).

Oil extraction and chemical analyses

Moisture content (%) was determined on pis-
tachio kernels, acidity (% oleic acid) and perox-
ide number (meq/kg) were determined from pis-
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tachio oil according to a standard method (bAL-
EstrIErI and MArINI, 1996). All the analyses 
were conducted in triplicate.

Pistachio oil was extracted using the follow-
ing procedure. First, nuts were shelled and 10-
15 g of kernels were carefully crushed in a mor-
tar until fine particles were obtained these were 
then mixed with 30 mL of n-hexane and stirred 
for 30 min. the n-hexane extract was filtered and 
solvent was evaporated under reduced pressure, 
using a rotary evaporator at 40oc.

For HPLc analysis, oil samples were dissolved 
(1:10, w/v) in acetonitrile:2-propanol (1:1, v/v) 
and filtered with a PtFE 0.45 µm filter (Albet).

HPLc analysis of tGs
the chromatographic apparatus consisted 

of an HPLc spectra system equipped with a 
P4000 pump with a quaternary gradient pump 
system, a scM1000 vacuum membrane de-
gasser, a UV6000LP diode-array UV detector, 
an As3000 autosampler with a thermostated 
column compartment (thermo Electron cor-
poration, Waltham, Massachusetts, UsA). the 
column was an Alltech Alltima c18 (250 mm x 
4.6 mm, 5µm particle size). Analysis condi-
tions were the following: 10 µL injection vol-
ume, flow rate 1mL/min, column tempera-
ture 40°c, spectra were recorded from 200 
to 300 nm and UV detection at 205 nm. the 
mobile phase and the gradient program were 
set up according to HOLcAPEK et al., (2003). 
tGs were identified by the correspondence of 
retention times and EcN (equivalent carbon 
number) with standard compounds.

the HPLc was connected to chromquest 
chromatography Manager 4.2 (rev.A.97202) 
software (thermo Electron, san Jose, cA, UsA) 
for determination of peak areas and percentages 
of tGs. Analyses were carried out in triplicate.

statistical analysis
Multiple range test and multivariate analysis 

of experimental data, principal component analy-
sis (PcA) and linear discriminant analysis (LDA), 
were performed using the statgraphic Plus 4.1 
software (Manugistic Inc. rockville, MD, UsA).

rEsULts AND DIscUssION

table 1 shows the moisture content of pista-
chio nuts and the acidity and the peroxide num-
ber of the extracted oils. As expected, the seeds 
had a low moisture content (mean value 2.5%), 
ranging from 1.0% for Iranian samples up to 
3.6% for Italian samples; indeed, pistachio seeds 
with a water content above 6.5 % are not suit-
able for the market (cEE, 2004).

Low moisture content is important for main-
taining the quality and shelf life of seeds because 
it decreases the probability of microbial growth, 
unwarranted fermentation, premature seed ger-
mination, and many other biochemical changes 
such as phospholipase activity.

the low level of acidity and peroxide number 
indicates the freshness of the samples, the good 
quality of the oil, and no chemical or enzymat-
ic hydrolysis of glycerides

these results are in agreement with the lit-
erature data (GArcIA et al., 1992; MAsKAM and 
KArAtAs, 1998; KUcUKONEr et al., 2003; sAtIL 
et al., 2003; ArENA et al., 2007).

the considerable resolving power of HPLc 
in reversed-phase mode has been used to sep-
arate tG species in natural oils and fats. the 
elution order is based on the equivalent carbon 
number increase EcN = cN – 2Db (equivalent 
carbon number = carbon number – twice the 
double bond number). Under optimized separa-
tion conditions, the separation of some tGs with 
the same EcNs is also possible, for example, the 
pair LLL and OLLn, or the group of OOO, OOP, 
POP and PPP can be resolved. 

Fig. 1 reports an example of the HPLc chro-
matogram of tGs of P. vera oil from Italy, moni-
tored at 205 nm. by comparing retention times 
and EcNs with those of standard compounds, 
18 tGs were identified. 

Percentages of the different triacylglycerol 
types in the oil of P. vera from seven origins are 
reported in table 2.

the main tGs in the P. vera oil were: OLO, OLL, 
OOO, LLL, OLP, LLP and OOP; these account-
ed for more than 85% of the total tGs. the most 
abundant tG was OLO, with a mean percentage of 
18.9% ± 1.0 varying from 17.4 % in the American 
samples to 20.6 % in the syrian ones. the second 
most abundant tG in the P. vera oil was OLL, with 
an average content of 16.5% ± 1.7 and a range 
from 14.3% in the Italian samples to 18.9% in the 
Iranian ones. A similar OLL content (16.1%) was 
reported by DYsZEL et al., (1990) for an Iranian va-
riety. the average value of OOO (14.0% ± 3.6) was 
significantly higher than that reported by HOL-
cAPEK et al., (2003). the next three tGs were: 
LLL, OLP and LLP with mean contents of 11.4% 
± 2.0, 10.9% ± 0.6 and 8.7% ± 1.3, respectively. 
the LLL percentage ranged from 8.9% in the Ital-
ian samples up to 14.2% for the Iranian ones; OLP 
content ranged between 10.2% for syrian sam-

table 1. Moisture content (%) of pistachio nut and acidi-
ty (% oleic acid) and peroxide number (meq/kg) of Pista-
cia vera oils.

Samples	 Moisture	 Acidity	 Peroxide number
	 (%)	 (%	oleic	acid)	 (meq/kg)

Italy	 3.6	 0.4	 0.7
Turkey	 3.0	 0.6	 1.3
Iran	 1.0	 0.6	 1.2
USA	 3.0	 1.3	 2.6
Syria	 2.0	 0.6	 1.1
Tunisia	 2.0	 1.1	 2.1
Greece	 3.0	 0.9	 1.7
Mean	±	SD	 2.5	±	0.9	 0.8	±	0.3	 1.5	±	0.7

SD,	standard	deviation.
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Fig. 1 - HPLc profile of tGs of Pistacia vera oil from Italy, 
monitored at 205 nm.
see table 2 for peak numbers.

table 2 - content (%) of the most relevant triacylglycerol types in Pistacia vera oil from different geographic origins.

TGs	 ECN	 F-ratio	 Italy	 Turkey	 Iran	 USA	 Syria	 Tunisia	 Greece	 Mean	±	SD
	 	 	 (n=14)	 (n=7)	 (n=4)	 (n=3)	 (n=3)	 (n=3)		 (n=3)

1.	LLLn	 40	 2.37	 1.4	a	 1.2	a	 1.9	a	 1.0	a	 1.6	a	 1.2	a	 0.7	a	 1.4	±	0.5
2.	LLL	 42	 40.30	 8.9	a	 10.1	b	 14.2	d	 13.9	d	 10.3	bc	 11.2	c	 9.8	ab	 11.4	±	2.0
3.	OLLn	 42	 3.24	 2.7	a	 2.7	ab	 3.3	bc	 3.6	c	 2.4	a	 2.8	abc	 2.2	a	 2.9	±	0.4
4.	LnLP	 42	 1.62	 1.1	a	 0.8	a	 1.3	a	 1.3	a	 0.7	a	 1.2	a	 0.6	a	 1.0	±	0.3
5.	OLL	 44	 32.52	 14.3	a	 15.3	b		 18.9	d	 18.1	d	 16.0	bc	 16.9	c	 15.1	ab	 16.5	±	1.7
6.	LLP	 44	 36.36	 7.6	a	 7.9	ab	 10.5	c	 11.1	c	 7.4	a	 8.3	b	 8.0	ab	 8.7	±	1.3
7.	OLnP	 44	 1.15	 1.6	a	 1.3	a	 1.1	a	 1.3	a	 1.4	a	 1.4	a	 1.3	a	 1.3	±	0.2
8.	OLMo	 45	 0.55	 0.6	a	 0.4	a	 0.4	a	 0.5	a	 0.2	a	 0.7	a	 0.4	a	 0.4	±	0.2
9.	OLO	 46	 3.83	 18.5	ab	 19.2	bc	 18.2	ab	 17.4	a	 20.6	c	 19.6	bc	 19.4	bc	 18.9	±	1.0
10.	OLP	 46	 5.01	 10.6	a	 10.5	a	 11.6	b	 11.8	b	 10.2	a	 10.6	a	 11.0	ab	 10.9	±	0.6
11.	PLP	 46	 3.16	 2.1	b	 1.6	a	 2.1	ab	 2.8	c	 1.7	ab	 2.1	ab	 2.1	ab	 1.9	±	0.4
12.	GLO	 48	 0.59	 0.6	a	 0.3	a	 0.4	a	 0.3	a	 0.3	a	 0.6	a	 0.4	a	 0.4	±	0.1
13.	OOO	 48	 38.04	 16.8	c	 16.3	c	 8.9	a	 9.2	a	 16.3	c	 13.9	b	 17.1	c	 14.0	±	3.6
14.	OOP	 48	 15.85	 8.4	c	 7.8	c	 5.1	a	 5.7	ab	 6.7	b	 6.3	b	 8.1	c	 6.9	±	1.3
15.	POP	 48	 1.56	 1.6	a	 1.0	a	 1.0	a	 1.1	a	 1.2	a	 1.1	a	 1.4	a	 1.1	±	0.3
16.	GOO	 50	 2.14	 0.7	a	 0.9	a	 0.5	a	 0.2	a	 0.9	a	 1.1	a	 0.9	a	 0.8	±	0.3
17.	SOO	 50	 10.50	 2.0	c	 1.8	bc	 0.7	a	 0.5	a	 1.4	ab	 0.9	ab	 1.4	bc	 1.3	±	0.6
18.	SOP		 50	 1.59	 0.5	a	 0.2	a	 0.3	a	 0.3	a	 0.6	a	 0.0	a	 0.2	a	 0.3	±	0.2

n,	number	of	samples.
Mean	values	with	different	letters	within	the	same	row	are	statistically	different	(p-value	<	0.05).

ples and 11.8% for the American ones; the LLP 
content varied from 7.4% to 11.1% for the syrian 
and American samples, respectively. these val-
ues were similar to those reported in the literature 
(HOLcAPEK et al., 2003). the average content of 
OOP was 6.9% ± 1.3 with a range from 5.1 % to 8.4 
% in the Iranian and Italian samples, respectively.

A previous paper concerning the origin of pis-
tachio seeds, verified that fatty acid and phytos-
terol composition are significant discriminating 
criteria (GArcIA et al., 1992; sEFErOGLU et al., 
2006; ArENA et al., 2007).

the FA composition was calculated from tGs 
distribution in pistachio oils according to HOL-
cAPEK et al., (2005) (table 3). the FAs of the tGs 
were palmitic (c16:0), margaroleic (c17:1), stea-
ric (c18:0), oleic (c18:1), linoleic (c18:2), linole-
nic (c18:3) and gadoleic (c12:1) acids. Unsatu-
rated FAs such as oleic and linoleic acids showed 
a preference for the internal position: with pro-
portions of 33.3% and 61.1%, respectively. In P. 
vera oil, palmitic acid was esterified at the 1- and 
3-positions in all of the tGs. these results are 
in agreement with the general distribution pat-
tern of the unsaturated and saturated FAs re-
ported for vegetables oils (MAttsON and VOLPEN-
HEIN, 1961; MAttsON and VOLPENHEIN, 1963). 
this FA distribution is more suitable for the eu-
karyotic pathway in the endoplasmic reticulum 
(OHLrOGGE and brOWsE, 1995).

the major fatty acids were oleic (37.40-
47.63%), linoleic (36.45-47.38%) and palmitic 
(10.93-13.10%) acids; these accounted for more 
than 90% of the total FAs. the high content of 
c18:1 in pistachio oil suggests that there is an 
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important β-ketoacyl-AcP (KAs II) activity, which 
acts on palmitoyl-AcP to yield stearoyl-AcP, as 
well as, an important activity of stearoyl-AcP 
Δ9-desaturase (cHAHED et al., 2006).

In the current study it was found that tGs of 
pistachios contain an average of 44% oleic acid; 
in other papers oleic acid ranged from 50 to 58% 
(rUGGErI et al., 1998; sAtIL et al., 2003; VEN-
KAtAcHALAM and sAtHE, 2006) and up to 74% 
(YILDIZ et al., 1998; OKAY, 2002; KUcUKONEr 
and YUrt, 2003; ArENA et al., 2007; AcAr et al., 
2008) of the total FA content.

Part of this variation may be due to cultivar. 
In addition, other main factors that are known 
to affect total fatty acid composition, and espe-
cially oleic acid content, are latitude, climatic 
conditions, and the ripening stage of the fruit 
when harvested (rANALLI et al., 1997; APArIcIO 
and LUNA, 2002; cHAHED et al., 2008).

All samples, except the Iranian and American 
ones, had about 46% oleic acid and 39% linoleic 
acid, whereas the Iranian and American samples 
showed an inverted distribution, i.e. 37% oleic 
acid and 47% linoleic acid. the fatty acid com-
position of the oils from the Italian and turkish 
samples were similar to each other and could be 
easily distinguished from those of the Iranian 
and American samples; the latter are also sim-

table 3 - FA composition (%) of tGs in Pistacia vera oils from different geographic origins.

Samples	 P	(C16:0)	 Mo	(C17:1)	 S	(C18:0)	 O	(C18:1)	 L	(C18:2)	 Ln	(C18:3)	 G	(C20:1)

Italy	 12.39	 0.20	 0.83	 47.42	 36.45	 2.27	 0.44
Turkey	 11.37	 0.13	 0.68	 46.88	 38.46	 2.05	 0.43
Iran	 11.97	 0.14	 0.32	 37.48	 47.38	 2.54	 0.28
USA	 13.10	 0.17	 0.27	 37.40	 46.60	 2.40	 0.17
Syria	 10.93	 0.07	 0.67	 46.80	 39.00	 2.03	 0.40
Tunisia	 11.40	 0.23	 0.30	 43.87	 41.33	 2.20	 0.57
Greece	 12.07	 0.13	 0.53	 47.63	 37.70	 1.60	 0.43
Mean	±	SD	 11.89	±	0.73	 0.15	±	0.05	 0.51	±	0.22	 43.92	±	4.60	 40.99	±	4.36	 2.16	±	0.30	 0.39	±0.13

SD,	standard	deviation.

Fig. 2 - Plot of principal 
components.

(1) Italy; (2) turkey; (3) 
Iran; (4) syria; (5) tunisia; 

(6) Greece; (7) UsA.

ilar with respect to the tG distribution, as also 
reported by DYsZEL and PEttIt (1990).

ANOVA (by means of the Fischer F-ratio) and 
PcA are normally employed to reduce the num-
ber of variables to be included in the mathemat-
ical model (MArINI et al., 2003).

there were statistically significant differenc-
es (p-value<0.05) among the seven different geo-
graphic origins studied for most of the triacylg-
lycerols based on their Anova F-ratio and con-
tent, as reported in table 2. the major statis-
tically significant differences, among the differ-
ent geographic origins, were found in: LLL (F = 
40.30), OOO (F = 38.04), LLP (F = 36.36), OLL 
(F = 32.52), OOP (F = 15.85), sOO (F = 10.50), 
OLP (F = 5.01), OLO (F = 3.83), OLLn (F = 3.24) 
and PLP (F = 3.16).

PcA and LDA showed that the variables LLL 
and OLLn were the most significant combina-
tions for classifying the geographic origins of 
the P. vera oil.

PcA of the ten major statistically significant 
tGs gave two linear combinations which explain 
78.6% of the variance, in particular, 62.1% for 
the first component and 16.5% for the second. 
Fig. 2 shows the vectors of each variable and the 
distribution of the oil samples in the plan defined 
by the values of the two principal components. 
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Italian, turkish, syrian, tunisian and Greek pis-
tachio samples were similar and differed from 
the other samples with respect to the high per-
centage of OLO, OOO, OOP and sOO. Iranian 
and American samples were located in a com-
pletely different zone of the plan, characterized 
by high percentages of LLL, OLLn, OLL and LLP.

LDA was performed using tGs having F-ratios 
> 1 and p-values < 0.05. the linear combinations 
were constituted by LLL, OLLn, OLL, LLP, OLO, 
OLP, PLP, OOO, OOP and sOO as variables in 
the 37 samples. Each origin was considered as 
a class (7 different ones).

two discriminating functions of the variables 
were used to distinguish samples of different ori-
gins (table 4). together these discriminating func-
tions explain 92.4% of the variance and show mul-
tiple correlation coefficients and p-values with a 
confidence level greater than 95%. the standard-
ized coefficient values of the functions indicate 
that all the variables were important for differen-
tiating the oil. From the relative magnitude of the 
coefficients in the functions it is possible to de-
termine how the independent variables are being 
used to discriminate among the different origins.

table 4 - Linear discriminant analysis of tGs: statistics and classification of results.

FD	 Eigenvalue	 Variance	(%)	 Canonical	correl.	 P-Value

Triacylglycerols	 	 	 	
1	 33.36	 78.52	 0.985	 0.0000
2	 5.88	 13.86	 0.924	 0.0143

Classification	of	results

Groups	 Cases	 Cases	correct	 Cases	not	correct	 Total	cases	correct	(%)

Triacylglycerols	 	 	 	
Italy	 14	 14	 -	 100
Turkey	 7	 7	 -	 100
Iran	 4	 3	 1a	 92
Syria	 3	 3	 -	 100
Tunisia	 3	 3	 -	 100
Greece	 3	 3	 -	 100
USA	 3	 3	 -	 100
Total	 37	 36	 1	 97.29

a	Classified	as	American.

the classification of samples was very good 
since among the 37 samples, 36 were correctly 
classified (97.3%) according to the classification 
matrix (table 4), calculated by the LDA. Only 
1 case was not correctly classified: one sample 
from Iran was classified as American. this can 
be supported by the literature; in fact, American 
pistachios are originated from the Kerman prov-
ince (crANE and IWAKIrI, 1981; crANE and MA-
rANtO, 1988; cHANG, 1990; KAFKAs et al., 2006).

the robustness of the statistical models was 
evaluated by building a training data set to 
validate the predictive ability of the optimized 
mathematical model. In this case, ten samples 
(two for each group of origin with n > 3 and one 
for each group with n < 3) were randomly left 
out from the original data set and the model 
was calibrated on the remaining data (27 sam-
ples). Among the 27 observations used to fit the 
model, 25 were correctly classified (92.59%). 
the statistical results were similar to those of 
the previous model (37 samples). the ten sam-
ples left out from the model were then intro-
duced into the data set as an unknown group. 
Eight samples were correctly classified; only 

table 5 - Performance of linear discriminant analyses.

Samples	 Group	size	 Predicted	Groups

	 	 Italy	 Turkey	 Iran	 Syria	 Tunisia	 Greece	 USA

Triacylglycerols
Italy	 12	 12	 -	 -	 -	 -	 -	 -
Turkey	 5	 -	 5	 -	 -	 -	 -	 -
Iran	 2	 -	 -	 2	 -	 -	 -	 -
Syria	 2	 -	 -	 -	 2	 -	 -	 -
Tunisia	 2	 -	 -	 -	 -	 2	 -	 -
Greece	 2	 -	 -	 -	 -	 -	 2	 -
USA	 2	 -	 -	 -	 -	 -	 -	 2
Unknown	 10	 2	 2	 -	 1	 1	 1	 3*

*	Two	samples	not	correctly	classified.
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two samples coming from Iran were classified 
as American (table 5).

cONcLUsION

PcA and LDA analyses of tG types highlighted 
the possibility of distinguishing the geographic or-
igin of pistachios. the Mediterranean area sam-
ples were similar to each other with respect to the 
FA distribution in the tGs; Iranian and American 
samples were completely different from the other 
samples, but similar to each other for this crite-
rion, i.e. the FA distribution in the tGs.

For more accurate conclusions, this investi-
gation should be extended to a wider number 
of samples. In any case, HPLc, when combined 
with LDA proved to be a suitable method for the 
discrimination of pistachio oils of different ori-
gins according to the FA distribution in the tGs.
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AbstrAct

Turrón is a typical spanish confectionery product made from almonds, honey and sugar. Dis-
criminant analysis was applied to 45 Alicante turrón and 9 Jijona turrón samples to establish 
which quality parameters could be applied to obtain a mathematical model for classifying turrón 
according to the almond cultivar used to manufacture it. three different cultivars were studied: 
“comuna” and “Marcona” (spain) and “california” (UsA). the parameters used for establishing 
the mathematical model were: palmitoleic acid, linoleic acid, arachidic acid, stigmasterol, b-si-
tosterol and d-stigmasterol. the model developed was able to classify correctly 100% of the sam-
ples. this model will be a very useful control tool (control Organizations) and turrón traders will 
be able to prove that they have used a specific almond cultivar in their products.
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INtrODUctION

Alicante turrón is a typical spanish confection-
ery product made in a traditional way using high 
quality toasted almonds, honey, sugar and egg 
whites (cHIrALt et al., 1991). the high quality 
raw materials used lead to final products with 
very typical sensory characteristics (flavor and 
texture) that are very appealing to consumers. 
this confection provides consumers with a con-
siderable intake of nutrients, including magne-
sium, potassium, oleic and linoleic acids and 
phytosterols (e.g. b-sitosterol and campesterol).

While Alicante and Jijona turrón have been 
mainly marketed in spain for many years, nowa-
days these spanish confections are sold all over 
the world. the countries with the highest turrón 
consumption are the UsA and Venezuela, with 
total exportations from spain in 2007 of 247 and 
83 t, respectively (VErDÚ et al., 2009).

In spain, turrón is commercially classified ac-
cording to its almond percentage. In fact, span-
ish legislation, through the technical-sanitary 
regulation for the Production and selling of Tur-
rón and Marzipans (rts, 1982) only establishes 
the limits for the almond content. In this way, 
supreme products (the only ones protected by 
Geographical Indications “Jijona” and “Turrón de 
Alicante”) require a minimum almond percentage 
of 60 % in Alicante turrón. However, the regulat-
ing council of the Protected Geographical Indi-
cations of Jijona and Turrón de Alicante (rcPG-
IJtA) also establishes the minimum require-
ments for honey content, 10%. Products made 
under the control and supervision of the rcPG-
IJtA are named “protected turrón” (bOE, 1996).

the almond percentage and cultivars used in 
protected turrón are two of the main quality cri-
teria used in commercial transactions. these pa-
rameters are quite easy to quantify and identify 
in Alicante turrón, in which almonds are found 
intact or in large pieces. After removing the car-
amel matrix with hot water, the almond cultivar 
can be identified by visual inspection and after 
filtering and drying of the remaining almonds, 
it is possible to quantify the almond content. 
However, the identification of the almond culti-
var and quantification of the almond content are 
not possible in Jijona turrón samples because 
thealmonds have been crushed in a stone mill 
and ground to a very small particle size.

Almond (Prunus amygdalus L.) production oc-
cupies an important place in spanish agricul-
ture; mild weather conditions are favorable for 
its growth. Nevertheless, in recent years, span-
ish almond production has decreased consider-
ably, while production in the UsA has increased 
rapidly due to the investment of large amounts 
of money to improve agricultural techniques and 
the selection of new almond cultivars. this sit-
uation has led to competition between Ameri-
can and spanish almond producers, with some 
spanish varieties, such as “Marcona”, being 

more expensive because of their prized sensory 
properties and low production (PrAts-MOYA et 
al., 1997). During the 2006-2007 season, about 
6895 t and 5129 t of peeled almonds of spanish 
and North-American cultivars, respectively, were 
marketed in spain (crIGPJtA, 2009).

three almond cultivars are used to manu-
facture turrón. two cultivars, “Marcona” and 
“comuna”, are widely grown in eastern spain, 
while the third one, “california”, is grown in the 
UsA. the first two cultivars are mainly used to 
make protected turrón, while the American vari-
ety is used in non-protected turrón. Even though 
the spanish varieties are grown in the vicinity 
of the turrón industries, the cost is significantly 
higher than that of the American variety due to 
lower production. the cost of the almonds used 
in this experiment were: “Marcona” 6.71 € kg-

1, “comuna” 5.71 € kg-1, and “california” 5.00 
€ kg-1 (cOLEFrUsE, 2009)]. According to turrón 
manufacturers, the cultivar “Marcona” has su-
perior sensory qualities compared to the other 
cultivars, which justifies the higher price.

Given that the “Marcona” almonds as well 
as the turrón prepared using this almond culti-
var are more expensive, traders need a reliable 
method to differentiate this almond cultivar from 
the other ones in Jijona turrón. the rcPGIJtA 
needs a method to determine whether the cor-
rect almond cultivars are being used to manu-
facture protected products. to date, there is no 
analytical method for identifying the specific al-
mond cultivar that is being used. the main ob-
jective of this work was to establish a mathemat-
ical model that would discriminate which pa-
rameters of the Alicante turrón composition are 
the most suitable for classifying Alicante turrón 
samples according to the almond cultivar used. 
Only quality parameters carried out in routine 
analyses (almond, moisture, fiber, protein, fat, 
and total sugars content and fatty acid compo-
sition) were included in the first mathematical 
modeling. More sophisticated and expensive pa-
rameters (sterol composition) were included lat-
er after the first attempt failed. the model de-
veloped for Alicante turrón was tested on sam-
ples of Jijona turrón.

MAtErIALs AND MEtHODs

Materials

the samples of Alicante turrón (At) analyzed 
in this study were manufactured by three com-
panies for the rcPGIJtA; each company man-
ufactured five samples (5 bars per sample) for 
each of the almond cultivars (“Marcona”, “comu-
na”, and “california”). this was the only way to 
be sure that only one almond cultivar was used 
to manufacture the samples. the “Marcona” 
and “comuna” samples were grown in the area 
of Valencia (spain), while the “california” sam-
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ples were from california (U.s.A). All 45 turrón 
samples (3 almond cultivars × 5 samples × 3 
companies) were manufactured during the 2008 
season; the factor of company was not used in 
the statistical study because all of the compa-
nies were instructed to follow the same manu-
facturing procedure.

Physico-chemical analyses

samples of At were treated as recommend-
ed by the spanish Ministry of Health and con-
sumption (Msc, 1985) to obtain a homogeneous 
product for analyses. the initial samples were 
cut into small cubes and then ground using a 
domestic grinder.

Moisture was calculated by drying approxi-
mately 3 g of fresh sample at 95°-100ºc until 
constant weight (AOAc Official Method 925.40) 
(HOrWItZ, 2000c).

Nitrogen was determined by the Kjeldahl 
method and the protein (crude) content was ob-
tained by multiplying the N result by 5.18 for al-
monds and almond-based products (AOAc Offi-
cial Method 950.40) (HOrWItZ, 2000d).

crude fiber is the dried residue that remains 
after digesting the sample with 1.25 % (mass/
volume, m/v) H2sO4 and 1.25% (m/v) NaOH so-
lutions under specific conditions (AOAc Official 
Method 935.53) (HOrWItZ, 2000b). the meth-
od can be used with materials from which the 
fat has been previously extracted. the diges-
tion was carried out in a selecta digester, mod-
el Dosi-Fiber 4000623 (J.P. selecta, s.A., bar-
celona, spain).

Fat was extracted from 2 g of test sample for 
16 h in a soxhlet-type extractor with petrole-
um ether (AOAc Official Method 948.22) (HOr-
WItZ, 2000a).

sugars were analyzed according to AOAc Of-
ficial Method 977.20 (HOrWItZ, 2000e) for sep-
arating sugars in honey and honey-based prod-
ucts. Five grams of turrón samples were mixed 
with 25 mL H2O, diluted to 50 mL with cH3cN 
and filtered through a 0.45 µm filter. sam-
ples were injected into a HPLc (Hewlett Pack-
ard model 1100 series) connected to a refrac-
tive index detector, rID (HP Model 1100 series) 
with an auto-sampler (HP Model 1100 series), 
operated by HP chemstations software (Hewlett 
Packard, Waldbronn, Germany). sugars were 
separated using a stainless steel supelcogel c-
610H column (30.0 cm × 7.8 mm id) with a su-
pelguard c-610H guard column (5.0 cm × 4.6 
mm id) using Lc grade acetonitrile diluted with 
ultrapure water (83+17) at a flow rate of 1.0 mL 
min-1. Authenticated standards of sucrose, glu-
cose, fructose, and maltose were used to iden-
tify and quantify the sugars.

the toasted almond content in Alicante turrón 
was determined after dissolving the sugar ma-
trix in water, filtering it and then weighing the 
dried residue (Msc, 1985).

Even though the At samples were supposed to 
have been prepared using only one almond cul-
tivar, this was checked in the final products (it 
was imperative that all of the samples were inde-
pendent and no sample belonged to two groups). 
the almonds that remained after dissolving the 
sugar matrix were used for the almond cultivar 
identification by the trained panel of rcPGIJtA 
(VÁZQUEZ-ArAÚJO et al., 2008). Details about 
panel selection and training can be found in 
VÁZQUEZ-ArAÚJO et al. (2005). Experimental 
results showed that the proper almond cultivar 
was used in all of At samples manufactured.

Fatty acids were analyzed by Gc-Ms after deri-
vatization to fatty acid methyl esters (FAMEs) 
with 2N KOH in methanol, according to the 
IUPAc standard method (IUPAc, 1992). A shi-
madzu Gc-17A coupled with a shimadzu mass 
spectrometer detector Gc-Ms QP-5050A and a 
supelcowax™-10 column (60 m × 0.25 mm × 
0.25 μm film thickness) were used. Details about 
Gc and Ms conditions can be found in (FULLANA 
et al., 2004). Authenticated standards of methyl 
esters of the following acids: palmitic, palmito-
leic, stearic, oleic, linoleic, and arachidic, were 
used to identify and quantify the fatty acids.

sterols were analyzed by Gc-Ms according to 
the Msc (Msc, 1985; IOOc, 2001), equivalent to 
the UNE norm 55-019-73. the fatty substance, 
with b-cholestanol added as an internal stand-
ard, was saponified with potassium hydroxide 
in the ethanolic solution and the unsaponifiable 
compounds were extracted with ethyl ether. the 
sterol fraction was separated from the unsaponi-
fiable extract by chromatography on a basic sili-
ca gel plate. the sterols recovered from the silica 
gel were transformed into trimethyl-silyl ethers 
and were analyzed by Gc-Ms using the previ-
ously described, shimadzu Gc-Ms QP-5050A 
system. Authenticated standards of cholester-
ol, campesterol, stigmasterol, δ-sitosterol, and 
β-stigmasterol were used to identify and quan-
tify the sterols.

All of the physico-chemical analyses were run 
at least in triplicate and are expressed as the 
“mean ± standard error”.

Mathematical and statistical analyses

Discriminant analysis is a multivariate tech-
nique that is used to classify items into pre-ex-
isting categories (defined by a discrete depend-
ent variable). A mathematical function is devel-
oped using the set of continuous independent 
variables that best discriminate the categories 
from which the items arise. For instance, de-
scriptive attribute data might be used to clas-
sify a finished product as being “acceptable” or 
“unacceptable” from a quality control perspec-
tive or descriptive and/or instrumental meas-
ures can be used to determine the source (e.g., 
country or manufacturer) of a raw ingredient 
(MEILGAArD et al., 1999).
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the sPss statistical package version 11.5 
(sPss Inc., chicago, IL, UsA) was used to de-
velop mathematical models, using discrimi-
nate analysis, to classify samples of Alicante 
turrón according to the almond cultivar used 
in their manufacture (“comuna”, “Marcona”, 
and “california”); quality data were used (al-
mond, moisture, fiber, protein, fat and su-
crose contents and fatty acid and sterol com-
position). the criterion used to decide which 
variables should be included in the model was 
to minimize the Wilks’ lambda. Figures were 
prepared using sigma Plot 9.0 (sPss science, 
chicago, UsA).

rEsULts AND DIscUssION

Forty-five samples of Alicante turrón were clas-
sified according to the three almond cultivars 
(“comuna”, “Marcona” and “california”) used 
in this confection using quality control data: al-
mond, moisture, fiber, protein, fat and total sug-
ars and fatty acid composition (table 1). the in-
dividual sugar contents were assayed but the re-
sults did not improve the quality of the models 
developed. therefore, only the total sugar con-
tent was used. the main sugars, fructose, glu-
cose, sucrose and maltose, found in Alicante tur-
rón were 7.61±0.16%, 9.04±0.23%, 19.8±0.3% 
and 0.90±0.15%, respectively.

the discriminant analysis showed that all 45 

samples were apt for the mathematical mode-
ling and that the first mathematical model could 
be built using only 4 (fiber, c16:1, c18:2, and 
c20:0) of the 12 parameters provided (routine 
analyses: almond, moisture, fiber, protein, fat, 
sugars; fatty acids: c16:0, c16:1, c18:0, c18:1, 
c18:2, c20:0). the fact that the Wilks’ lamb-
da values were not very low (not close to zero, 
0.468 > λ > 0.151), indicated that the categories 
(“comuna”, “Marcona” and “california”) of the 
dependent variable (almond cultivar) were prob-
ably not completely discriminated. the p-values 
(equal to 0) as well as the statistics of the “exact 
F” of the Wilks’ lambda (greater than 15) certified 
the significance of the discriminant functions. 
the categories of the almond cultivars could be 
discriminated. the discriminant functions (DF) 
developed were as follows:

DF1 = 0.108 × fiber – 8.093 × palmitoleic acid 
+ 0.455 × linoleic acid – 0.513 × arachidic acid 
– 5.892

DF2 = 0.243 × Fiber + 18.361 × palmitoleic 
acid + 0.078 × linoleic acid – 0.418 × arachid-
ic acid – 13.109

the first discriminant function (DF1) explained 
68.4 % of the variability of the model, while DF2 
explained the remaining 31.6%. According to 
the p-values of the Wilks’ lambda both func-
tions were significant for the canonical discri-
minant functions.

centroids for the three almond cultivars 
were: a) “comuna” DF1 -1.288 and DF2 -1.084, 

table 1 - Main characteristics of Alicante turrón samples (2008 season).

Parameter	 	 Almond	Cultivar

	 “Comuna”	 “Marcona”	 “California”

ROUTINE	ANALYSES	(%)

Almond	 63.6±1.1	 65.1±0.9	 61.2±0.9
Moisture	 3.73±0.18	 3.61±0.26	 3.34±0.15
Fiber	 2.86±0.50	 4.49±0.82	 6.79±0.59
Protein	 14.40±0.52	 14.80±0.34	 13.82±0.30
Fat	 37.7±0.9	 38.6±0.7	 35.3±0.6
Sugars	 40.7±0.9	 39.2±1.1	 40.8±1.1

FATTY	ACIDS	(%)

Palmitic	acid,	16:0		 6.38±0.12	 6.71±0.10	 7.29±0.70
Palmitoleic	acid,	16:1	 0.55±0.01	 0.64±0.01	 0.51±0.01
Stearic	acid,	18:0	 2.25±0.06	 3.61±1.33	 2.14±0.06
Oleic	acid,	18:1	 70.5±1.3	 69.1±0.5	 66.0±0.6
Linoleic	acid,	18:2	 20.4±0.6	 21.7±0.5	 25.0±0.3
Arachidic	acid,	20:0	 0.95±0.06	 0.07±0.01	 0.13±0.04

STEROLS	[mg	(100	g-1)]

Cholesterol	 0.32±0.02	 0.24±0.04	 0.31±0.06
Campesterol	 6.41±0.19	 5.74±0.21	 5.40±0.15
Stigmasterol	 1.14±0.06	 0.62±0.21	 0.66±0.04
β-Sitosterol	 215±6	 217±5	 211±6
δ-Stigmasterol	 1.73±0.26	 1.73±0.13	 1.83±0.08
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Fig. 1 - scatter-plot for Alicante turrón prepared using three almond cultivars (upper 
figure (A): first model; lower figure (b): second model).

b) “Marcona” DF1 -0.737 and 
DF2 1.300, and c) “california” 
DF1 2.025 and DF2 -0.216 
(Fig. 1A). the centroid val-
ues implied that the “cali-
fornia” samples could be dis-
tinguished from the spanish 
cultivars, but the discrimina-
tion between “comuna” and 
“Marcona” samples was not 
as good as required.

table 2 summarizes the re-
sults of the discriminant clas-
sification of the 45 Alicante 
turrón samples; the model 
successfully classified 82.2% 
of the original samples: 80.0, 
66.7, and 100% of “comuna”, 
“Marcona” and “california” 
samples, respectively. the 
best results were for “cali-
fornia” samples, while the 
results obtained for the oth-
er two almond cultivars were 
not as good. It is important 
to distinguish between non-
spanish (only for non-pro-
tected products) and spanish 
cultivars (mainly used in pro-
tected products); in this way, 
only 2 of the 45 samples (4.4 
%) were not classified correct-
ly by the model.

to improve this initial mod-
el, all Alicante turrón samples 
were analyzed for sterols. the 
results are summarized in 
table 1. this analysis is not 
usually carried out in the 
routine quality control anal-
yses of the rcPGIJtA.

A l l  45  samples  were 
again used to build the 
second model; 6 parame-
ters (c16:1, c18:2, c20:0, 
stigmasterol, β-sitosterol, 
and δ-stigmasterol) of the 
17 provided (previous 6 
routine parameters; pre-
vious 6 fatty acids; cho-
lesterol, campesterol, stig-
masterol, β-sitosterol, and 
δ-stigmasterol). the Wilks’ 
lambda values (0.344 > λ > 0.018) were low-
er than in the first model, indicating that the 
discrimination among the almond cultivars 
was better than before. the p-values (equal to 
0) and statistics of the “exact F” of the Wilks’ 
lambda (higher than 37) certified the signifi-
cance of the discriminant functions of this sec-
ond model. the discriminant functions (DF) 
developed were as follows:

DF1
’
 = – 13.658 × palmitoleic acid – 0.160 × 

linoleic acid + 1.171 × arachidic acid + 12.591 
× stigmasterol – 0.061 × β-sitosterol + 0.993 
δ-stigmasterol + 12.062

DF2
’
 = 16.081 β palmitoleic acid – 0.449 δ li-

noleic acid + 0.305 × arachidic acid – 0.902 
× stigmasterol – 0.007 × β-sitosterol + 0.474 
δ-stigmasterol + 2.308

the first discriminant function (DF1
’) explained 

87 % of the data variability, while the second one 
(DF2

’) explained the remaining 13 %; both func-
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tions were significant according to the Wilks’ 
lambda p-values for the canonical discriminant 
functions.

the centroids for three almond cultivars were: 
a) “comuna” DF1 5.235 and DF2 0.553, b) “Mar-
cona” DF1 -3.854 and DF2 1.478, and c) “califor-
nia” DF1 -1.380 and DF2 -2.031 (Fig. 1b).

table 3 summarizes the results of the discri-
minant classification of the 45 Alicante turrón 
samples with complete analyses (routine analy-
ses + fatty acids + sterols). the model success-
fully classified 100% of the original samples.

As expected, the model did not use any of 
the routine composition analyses (almond con-
tent, moisture, etc.) because the differences 
among the turrón samples from the different al-
mond cultivars were too small and not statisti-
cally significant. A previous study (MIQUEL sIr-
VENt, 2008) in which more than 200 At samples 
from three different seasons (2004-2006) were 
used concluded that it is impossible to discrim-
inate among almond cultivars using only rou-
tine analyses. the final model developed to clas-
sify the almond cultivar in the At samples in-
cluded three variables from the fatty acid anal-
yses and another three from the sterol analyses. 
Alicante turrón made with “comuna” almonds 
had the highest values for arachidic acid and 
stigmasterol and the lowest linoleic acid value. 
Alicante turrón made with “Marcona” almonds 
had the highest palmitoleic acid and β-sitosterol 
values, and the lowest arachidic acid and stig-
masterol values. Finally, At made with “califor-
nia” almonds had the highest linoleic acid and 
δ-stigmasterol values and the lowest palmitoleic 
acid and β-sitosterol values.

to validate the goodness of the model based on 
the composition data from Alicante turrón sam-
ples, it was applied to 9 Jijona turrón samples (3 
turrón samples made with each of the 3 almonds 
cultivars), randomly selected from those collect-
ed by the rcPGIJtA during the 2008 season. the 
model was able to discriminate all 9 samples.

cONcLUsIONs

the first mathematical model which was de-
veloped using only routine quality parameters 
(almond content, moisture, fiber, protein, fat, 

table 2 - classification matrix of almond samples from dif-
ferent cultivars based on the main physico-chemical param-
eters (almond, moisture, fiber, protein, fat and sucrose con-
tents) and fatty acid composition.

Group	 Percent	 Number	of	cases	classified	into	group
	 correct	 	 	
	 	 	 “Comuna”	 “Marcona”	 “California”

“Comuna”	 80.0	 12	 3	 0
“Marcona”	 66.7	 3	 10	 2
“California”	 100	 0	 0	 15

table 3 - classification matrix of almond samples from dif-
ferent cultivars based on the main physico-chemical param-
eters (almond, moisture, fiber, protein, fat and sucrose con-
tents) and fatty acid and sterol compositions.

Group	 Percent	 Number	of	cases	classified	into	group
	 correct	 	 	
	 	 	 “Comuna”	 “Marcona”	 “California”

“Comuna”	 100	 15	 0	 0
“Marcona”	 100	 0	 15	 0
“California”	 100	 0	 0	 15

sugars and fatty acid) was not able to correctly 
classify all the Alicante turrón samples accord-
ing to the almond cultivar used. However, when 
sterol composition was used, the model was able 
to successfully classify 100% of the samples ac-
cording to the almond cultivar used to manu-
facture this confection. the mathematical mod-
el included the following variables: palmitoleic 
acid, linoleic acid, arachidic acid, stigmasterol, 
β-sitosterol and δ-stigmasterol. these results 
could be quite valuable for the rcPGIJtA to es-
tablish a proper control for Alicante turrón, and 
especially for Jijona turrón since the almond cul-
tivar used cannot be visually identified. traders 
around the world will now have a tool that can 
be used to prove that legally established almond 
cultivars have been used to make Alicante and 
Jijona turrón.
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AbstrAct

Knowledge of the rheological properties of flour is essential for establishing baking parame-
ters. the effect of adding different amounts of whole rye and buckwheat flours (10, 20 and 30%) 
on the rheological behaviour of wheat dough subjected to mixing and thermal constraints was 
studied using the Mixolab system. the results showed that the addition of buckwheat and rye 
induces significant changes in the physical properties of whole wheat flour dough. A synerget-
ic effect was observed in both wheat/rye and wheat/buckwheat blends, in terms of peak torque 
(c3), minimum torque reached during cooling (c4) and torque after cooling (c5), indicating the 
suitability of the tested blends for bread making.
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IntroductIon

Whole grain cereal products are important 
components of the daily diet worldwide. Health 
effects of diets rich in whole grain and cereal fi-
bre are well known. A high consumption of these 
products is associated with a decreased risk of 
diabetes; many epidemiological studies clearly 
point out the protective effect of whole grain ce-
reals on myocardial infarctions, and certain can-
cers (JAcobs and GAllAHer, 2004; Venn and 
MAnn, 2004; lArsson et al., 2005). rye and 
buckwheat can be used to enhance the nutri-
tional quality of bread.

rye (Secale cereale) is an important source of 
dietary fibre and bioactive compounds such as 
alkyresorcinols, lignans, phenolic acids, phy-
tosterols, tocopherols, tocotrienols and folates 
(KuJAlA, 2002, lIuKKonen et al., 2003, KAtI-
nA et al., 2007). Pentosans and enzymes are 
constituents of rye that have special signifi-
cance for baking quality. A high pentosan con-
tent and particularly high amounts of water-ex-
tractable pentosans are beneficial for rye bread 
processing, but are detrimental for feeding pur-
poses (WeIPert, 1995). resistance to pre-har-
vest sprouting is considered the most impor-
tant condition for rye baking quality, as well as 
pentosans and their corresponding hydrolytic 
enzymes (GunnArsson, 1995, VInKx and del-
cour 1996).

buckwheat (Fagopyrum esculentum) is an im-
portant source of proteins with high biological 
value (bV) (92.3% of the bV of nonfat dried milk 
and 81.5% of the bV of dried whole egg, duArte 
et al., 1998). the amino acid profile of these pro-
teins is well balanced and nutritionally superi-
or to other cereals; in particular, the lysine con-
tent of buckwheat proteins is significantly higher 
than other cereals (6.1% compared to 2.4-4.0%, 
renZettI et al., 2008). In the united states, Ja-
pan and the eastern european countries, buck-
wheat flour is currently mixed in different pro-
portions (10-50%) with other cereal flours and 
used in different cereal-based products (duArte 
et al., 1998, PrusKA-KedZIor et al., 2008).

Knowledge of the rheological properties of flour 
is essential for establishing baking parameters. 
different empirical methods based on classical 
extensograph, alveograph, farinograph and mix-
ograph instruments are currently used to obtain 
accurate data on baking properties of flour, by 
simulating the bread-making steps (utHAyAKu-
MArAn et al., 2002, dobrAsZcZyK et al., 2003, 
tronsMo et al., 2003, collAr et al., 2003, cHI-
otellI et al., 2004).

different rheological methods have been de-
veloped to evaluate the baking quality of rye 
meal flours (rePecKIene et al., 2001). con-
cerning buckwheat, the effect of the protein 
concentrates on wheat dough properties was 
studied by beJosAno and corKe (1998), while 
the rheological and thermal properties of the 

starch were analysed by lI et al. (1997) and 
QIAn et al. (1998).

recently, the rheological behaviour of buck-
wheat flour and rye was studied using Mixolab, 
a new system which measures the torque asso-
ciated with dough during mixing and heating 
(Mixolab Applications Handbook, 2006). collAr 
et al. (2007) analyzed the potential of the Mix-
olab device to determine the rheological behav-
iour of formulated wheat bread dough. rosell 
et al. (2007) investigated the effects of several hy-
drocolloids with different molecular structure on 
wheat dough behaviour using the Mixolab device. 
Important studies on the use of Mixolab to pre-
dict the bread and cookie baking quality of dif-
ferent wheat flours were carried out by HAros et 
al. (2006), KAHrAMAn et al. (2008), oZturK et al. 
(2008) and cAto and MIlls (2008). MArco and 
rosell (2008) investigated the mixing and ther-
mal characteristics of soybean and rice dough to 
obtain gluten-free breads using hydroxypropyl-
methylcellulose as structuring agent and trans-
glutaminase as processing aid. similar exper-
iments were performed by bonet et al. (2006) 
and rosell et al. (2009) on wheat dough en-
riched with different protein sources (soy flour, 
lupin flour, egg albumin, gelatin powder, protein-
rich beer yeast flour) and highly nutritious An-
dean crops quinoa, kaniwa, kiwicha and tarwi.

the present study was aimed at providing de-
tailed information about the rheological behav-
iour of whole rye and buckwheat flours mixed 
with whole wheat flour by using the Mixolab 
system.

MAterIAls And MetHods

Five different commercial rye flours from dif-
ferent milling companies and five buckwheat 
grains sold on the local markets were used in 
this study. the rye and buckwheat flours were 
mixed in different percentages (10, 20, and 30%) 
with the whole wheat flour.

the physical-chemical characteristics of the 
whole wheat flour were evaluated as follows:

- the moisture content with the AAcc 44-51 
method;

- the wet gluten content with the sr Iso 
21415-2:2007 method;

- the gluten index with the sr Iso 21415-
2:2007 method;

- the falling number value with the AAcc 56-
81b method.

the whole rye flours were analysed in terms 
of falling number value.

the rheological properties were evaluated us-
ing Mixolab chopin (tripette & renaud chopin, 
Villeneuve la Garenne, France) in terms of pro-
tein quality by determining the water absorp-
tion, stability, elasticity and weakening proper-
ties, and starch behaviour during gelatinization 
and retrogradation. the running parameters of 
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the device during the tests are reported in ta-
ble 1. the typical curve recorded by the Mixolab 
is shown in Fig. 1. the recorded parameters were 
water absorption required for a constant torque 
of 1.1 nm; c1 (nm), maximum torque during 
mixing; c2 (nm) measures the protein weak-
ening based on the mechanical work and tem-
perature; c3 (nm) expresses the starch gelati-
nization; c4 (nm) indicates the stability of the 
starch gel formed; c5 (nm) measures the starch 
retrogradation during the cooling stage; α rep-
resents the slope of the curve between the end 
of the period of 30ºc and c2 indicates the rate 
of protein thermal weakening; b represents the 
slope of the curve between c2 and c3, which 
gives indications about the gelatinization rate; 
g represents the slope of the curve between c3 
and c4, that gives indications about the rate of 
enzymatic hydrolysis.

All tests were carried out in triplicate; the av-
erage values are reported together with stand-
ard deviation (sd) or coefficient of variation (cV).

results And dIscussIon

the characteristics of the commercial whole 
wheat flour were: wet gluten content 26.9% (cV 
= 6.7%), gluten index 93% (cV = 7.5%), falling 
number value 439 s (cV = 7.5%). the whole rye 
flours had a falling number value of 277 s (cV 
= 7.3%).

the whole rye flours were characterized by 
low water absorption capacity (62%, cV = 3.3%), 
comparable to soft whole wheat flour. the wa-
ter absorption in wheat dough depends on the 
quantity and quality of the protein, whereas in 
rye dough the water-holding capacity of the pen-
tosans and their influence on the water distri-
bution in the dough is decisive.

the water absorption capacity of the whole 
buckwheat flours (80%, cV = 4%) was higher 
with respect to the wheat. the results of beJosA-
no and corKe (1998) indicated that the high 
water absorption capacity of the buckwheat is 
due to a large insoluble fraction of the proteins. 
HroMAdKoVA et al. (2007) attributed the high 

table 1 - settings of the Mixolab.

Parameter	 Value

Mixing	rate	(rpm)	 80
Dough	weight	(g)	 75
Tank	temperature	(ºC)	 30
Temperature	of	the	first	plateau	(ºC)	 30
Duration	of	the	first	plateau	(min)	 8
Temperature	of	the	second	plateau	(ºC)	 90
First	temperature	gradient	(ºC/min)	 4
Duration	of	the	second	plateau	(min)	 7
Second	temperature	gradient	(ºC/min)	 4
Temperature	of	the	third	plateau	(ºC)	 50
Duration	of	the	third	plateau	(min)	 5
Total	analysis	time	(min)	 45

Fig. 1 - typical curve recorded by the Mixolab.
stage (1) - dough development (constant temperature. 30ºc); stage (2) - thermal weakening of proteins; stage (3) - starch ge-
latinization; stage (4) - enzymatic activity, constant heating rate; stage (5) - starch retrogradation.
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water absorption capacity to the rich glucuron-
oxylan content.

In order to determine the influence of buck-
wheat and rye on the rheological properties of 
the wheat dough, the real-time dough behav-
iours of wheat, buckwheat, rye and their blends 
was measured using the Mixolab system at a 
constant consistency of 1.1 nm. the whole rye 
flour showed the lowest development time (1:15 
min:s); the maximum torque during mixing was 
reached after 2:55 min for buckwheat and 4:22 
min for wheat.

the Mixolab curves of the wheat/rye and 
wheat/buckwheat blends are presented in Fig. 2 
and Fig. 3, respectively. the first stage of the 
Mixolab curves indicates the characteristics 
of dough blends during mixing at a constant 
temperature of 30ºc. After achieving the maxi-
mum torque at a constant temperature of 30ºc, 
the dough is stable. the time when the torque 
and temperature are constant corresponds to 
a stable dough. Mixolab analysis showed that 
the addition of buckwheat and rye causes sig-
nificant changes in the physical properties of 

wheat whole flour dough. Increasing the rye 
content from 10% to 30% increased the devel-
opment time from 2:55 min to 5:29 min (Fig. 2). 
the same behaviour was observes in the buck-
wheat samples (Fig. 3) when the development 
time increased from 4:33 min (10% buckwheat) 
to 6:10 min (30% buckwheat). these results are 
in agreement with the observations of HroMAd-
KoVA et al. (2007) who showed that, by incorpo-
rating buckwheat hull hemicelluloses into wheat 
flour, the dough development time increased 
from 2.5 min to 4 min.

the rise of the dough temperature in the 
Mixolab implies protein denaturation (HAros 
et al., 2006; rosell et al., 2007), which re-
leases large quantities of water. the α-slope of 
the curve between the end of the 30ºc period 
and c2 (Fig. 1) gives indication about the rate 
of protein thermal weakening. In the case of 
rye and buckwheat, the c2 torque was higher 
than in the wheat (table 2). the α-slope was 
lower for whole buckwheat flour (-0.122 nm/
min) compared to the whole wheat and whole 
rye flours (-0.06 nm/min and -0.04 nm/min, 

Fig. 2 - Mixolab curves of whole wheat flour with different percentages of rye: P1 = wheat/rye blend (90/10), P2 = wheat/rye 
blend (80/20), P3 = wheat/rye blend (70/30).
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Fig. 3 - Mixolab curves of whole wheat flour with different percentages of buckwheat: P4 = wheat/buckwheat blend (90/10), 
P5 = wheat/buckwheat blend (80/20), P6 = wheat/buckwheat blend (70/30).

table 2 - Mixolab characteristics of whole wheat, rye and buckwheat flours.

	 Mixolab	parameters	 Wheat	 Rye	 Buckwheat

Water	absorption	(%)	 61.9±1.10	 59.9±1.50	 80.2±1.90
Development	time	(min:s)	 4.22±0.96	 1.15±0.98	 2.55±1.50
C2	(Nm)	 0.42±0.10	 0.53±0.15	 0.91±0.34
C3	(Nm)	 1.99±0.14	 2.36±0.23	 1.08±0.28
C4	(Nm)	 1.74±0.15	 1.4±0.27	 nd
C5	(Nm)	 2.49±0.21	 1.86±0.25	 1.42±0.37
α	(Nm/min)	 -0.060±0.05	 -0.040±0.04	 -0.122±0.05
b	(Nm/min)	 0.670±0.12	 0.764±0.12	 0.060±0.14
g	(Nm/min)	 -0.060±0.02	 -0.124±0.02	 nd

respectively). When mixing the wheat flour with 
high levels of rye and buckwheat, c2 decreased 
and α-slope increased (Fig. 2 and Fig. 3). In 
the case of wheat, the c2 torque was 0.42 nm 
(table 2) whereas in the rye and buckwheat 
blends the c2 ranged from 0.51 to 0.47 nm 
(Fig. 2) and from 0.34 to 0.45 nm (Fig. 3), re-
spectively.

the dough heating coupled with the water 
released by the thermally denatured proteins 
caused starch gelatinization. At the minimum 
torque (c2), the dough reached the specific tem-
perature for the beginning of starch gelatiniza-
tion. the minimum torque (c2) was reached in 
the wheat and rye after 18.00 min at a temper-
ature of 57.6ºc, while the buckwheat starch ge-
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latinization (61.6ºc) occurred after 31.5 min. 
these results agree with the observations of 
QIAn et al. (1998) who measured the gelatini-
zation temperature of the buckwheat and wheat 
starch (61.1-80.1°c and 57.1-73.5°c, respec-
tively) using differential scanning calorimetry. 
Moreover KIM et al. (1977) used the brabender 
ViscoAmylograph to study buckwheat starch 
behaviour and reported a gelatinization tem-
perature of 61-65ºc.

swelling and hydration of starch granules in-
duce an increase in dough consistency until the 
mechanical shear forces and temperature lead 
to the physical division of the granules (rosell 
et al., 2007). the lowest peak torque (c3) and 
minimum torque reached during cooling (c4) 
was obtained for the whole buckwheat (1.08 
nm and 0.92 nm, respectively), while the whole 
wheat flour was characterised by c3 of 1.99 
nm and c4 of 1.73 nm. the highest c3 torque 
was recorded for the whole rye flour (table 2). 
the rate of dough consistency decrease, given 
by the g slope was much lower for buckwheat 
(0.06 nm/min) than for the wheat (0.67 nm/
min). concerning the torque values of the buck-
wheat flour, the Mixolab Applications Handbook 
(2006) reports a wide range of values of c3, be-
tween 2.15 nm/min and 1.94 nm/min and c4 
between 2.19 nm/min and 1.86 nm/min. this 
behaviour is due to the buckwheat starch which 
is very particular with respect to rye, corn and 
wheat starches. buckwheat starch has a high-
er amylose content, water binding capacity and 
peak viscosity. consequently it has a lower in-
trinsic viscosity when compared with corn and 
wheat starches (QIAn et al., 1998).

the cooking stability was estimated as the dif-
ference between c3 and c4 (collAr et al. 2007) 
and the results indicate that the whole rye flour 
had the lowest stability at heating (0.96 nm), 
while the whole wheat flour was more stable 

(0.26 nm). In the wheat/rye (Fig. 2) and wheat/
buckwheat (Fig. 3) blends, the c3 and c4 tor-
ques decreased as the percentage of rye and 
buckwheat decreased.

the torque after cooling (c5) that indicates the 
end of the starch retrogradation period, varied 
with the type of flour analysed. the value ob-
tained for whole buckwheat (1.43 nm) was lower 
than that of whole wheat (2.49 nm) which is in 
agreement with the Mixolab Applications Hand-
book (2006). A reduction of starch retrograda-
tion was observed in the wheat-rye and wheat-
buckwheat blends when the amounts of rye or 
buckwheat increased (table 3). the setback (c5-
c4) of whole rye flour was 0.46 nm and that of 
whole wheat flour was 0.76 nm.

conclusIons

the rheological properties of the whole rye and 
buckwheat flours and blends with whole wheat 
flour were studied using the Mixolab system. the 
addition of different amounts of rye and buck-
wheat flour (10, 20 and 30%) to whole wheat 
flour is reflected in the values of the parameters 
that define dough mixing behaviour, starch ge-
latinization stage and setback. decreases in the 
peak torque (c3), the minimum torque reached 
during cooling (c4) and torque after cooling (c5) 
were observed when the amounts of rye and 
buckwheat, were increased showing that wheat/
rye and wheat/buckwheat blends can be suc-
cessfully used in bread making.
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table 3 - Mixolab characteristics of whole wheat flour with different percentages of rye and buckwheat.

	 Mixolab	parameters	 Sample

	 	 P1	 P2	 P3	 P4	 P5	 P6

Water	absorption	(%)	 61.9±1.34	 60.2±1.40	 60.8±1.41	 66.8±1.64	 75.5±1.69	 82.8±1.71
Development	time	(min:s)	 2:55±0.90	 3:59±0.95	 5:29±0.96	 4:33±1.20	 5:20±1.22	 6:10±1.39
C1	(Nm)	 1.14±0.10	 1.10±0.12	 1.08±0.15	 1.16±0.13	 1.21±0.13	 1.02±0.15
C2	(Nm)	 0.51±0.10	 0.50±0.11	 0.47±0.13	 0.34±0.21	 0.32±0.21	 0.29±0.22
C3	(Nm)	 2.19±0.19	 1.96±0.20	 1.62±0.21	 1.68±0.23	 1.47±0.24	 1.23±0.25
C4	(Nm)	 1.96±0.21	 1.67±0.22	 1.40±0.24	 1.36±0.28	 1.18±0.28	 0.95±0.30
C5	(Nm)	 2.90±0.20	 2.52±0.22	 2.01±0.23	 1.81±0.28	 1.55±0.29	 1.19±0.31
α	(Nm/min)	 -0.040	 -0.068	 -0.062	 -0.078	 -0.110	 -0.066
	 ±0.04	 ±0.04	 ±0.05	 ±0.04	 ±0.05	 ±0.05
b	(Nm/min)	 0.678±0.12	 0.486±0.12	 0.514±0.12	 0.708±0.13	 0.470±0.14	 0.346±0.14
g	(Nm/min)	 -0.052	 -0.056	 -0.030	 -0.066	 -0.050	 -0.060
	 ±0.02	 ±0.02	 ±0.02	 ±0.02	 ±0.02	 ±0.02

P1	=	wheat/rye	blend	(90/10),	P2	=	wheat/rye	blend	(80/20),	P3	=	wheat/rye	blend	(70/30),	P4	=	wheat/buckwheat	blend	(90/10),	P5	=	wheat/
buckwheat	blend	(80/20),	P6	=	wheat/buckwheat	blend	(70/30).
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AbstrAct

Korean-type dry noodles were prepared with composite flours mixed with various amounts 
of freeze-dried rehmannia (jiwhang) powder. composition of the composite flours affected flour 
and final product qualities. Gelatinization temperature of the composite flour increased linear-
ly, while peak viscosity decreased logarithmically, with increases in the rehmannia powder con-
tent. Water absorption determined by both a Farinograph test and cooking test decreased line-
arly with increases in the rehmannia powder content. swelling index (sI) also decreased, while 
cooking loss and turbidity of cooking water increased progressively, with increasing rehmannia 
powder content. In terms of turbidity of cooking water, rehmannia noodles with rehmannia pow-
der content of up to 4% (w/w) were comparable to control wheat flour noodles. sensory evalua-
tion tests also indicated a similar result in that rehmannia noodles with rehmannia powder con-
tent up to 4% (w/w) were more acceptable than or comparable to the control wheat flour noodles.
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INtrODUctION

Noodles, a traditional food product made from 
wheat, originated in northern china as early as 
5000 b.c. (cOrKE and bHAttAcHArYA, 1999). 
they are favored by consumers for their conven-
ience, ease in handling and cooking, and stor-
age properties as well as nutritional qualities. In 
recent years, noodles have been recognized as a 
functional food product with a low glycemic in-
dex (JENKINs et al., 1988; bJÖrK et al., 2000; 
WOLEVEr, 1990; HAN et al., 2007), a means of 
quantifying the effect of a food product on hu-
man blood glucose levels as compared to that 
of glucose.

Oriental noodles differ widely from pasta in 
many aspects, including the raw materials used, 
preparation method, and quality attributes. Pas-
ta usually refers to Italian-style extruded prod-
ucts, such as spaghetti and macaroni, which are 
made from coarse semolina milled from tetra-
ploid (or durum) wheat, while noodles are made 
from hexaploid (or common) wheat. the basic 
process in the manufacture of noodles includes 
mixing the ingredients to obtain a stiff dough of 
relatively low water content, passing this dough 
repeatedly between sheeting rolls till the desired 
thickness is attained, and finally cutting the 
dough sheet into strips. Noodles can be broad-
ly classified into three main groups: white salt-
ed noodles, popular in Korea, Japan and chi-
na; yellow alkaline noodles, popular in Malay-
sia, singapore, Indonesia, thailand and south-
ern china; and instant noodles, popular in East 
and southeast Asia (cOrKE and bHAttAcHArYA, 
1999). Korean noodles are one type of white salt-
ed noodle. the Japanese Udon, also a white salt-
ed noodle, is perhaps the most extensively stud-
ied among the Oriental noodles. Korean noodles 
are white or creamy white in appearance, have 
a soft and elastic texture, and are usually made 
from a formula of flour (100 parts), water (32-
35 parts) and salt (2-3 parts). the flour used is 
predominantly milled from relatively soft wheat 
of low to medium protein level (8-10% w/w), low 
flour ash content (0.36-0.40% w/w), low dam-
aged starch, and a good color grade, giving the 
bright creamy tone and desirable texture to the 
noodles (NAGAO, 1995; crOsbIE, 1991). During 
preparation of the noodles, wheat gluten and 
starch play a critical role in creating a gel net-
work and setting the noodle structure.

recently, there has been renewed interest in 
developing composite flour noodles or pasta, 
where wheat flour is mixed with other starch or 
dietary fiber-based materials, and natural in-
gredients with functional properties (cOLLADO 
and cOrKE, 1996; Lee et al., 2000; tUDOrIcA et 
al., 2002; brENNAN et al., 2004; PArK and cHO, 
2006; KIM, 1998; PArK, and cHO, 2004). they 
are mainly intended to exploit the low glycemic 
effect of dietary fiber, through slow digestion of 
the carbohydrates, or the beneficial function-

al properties (e.g., antioxidation, prevention of 
obesity or a specific disease) of the natural in-
gredients obtained from traditionally used me-
dicinal herbs or plants. One of such traditional-
ly used medicinal plants, rehmannia (Rehman-
nia glutinosa), has a high potential for use as a 
new food ingredient. rehmannia, which belongs 
to the scrophulariaceae family, also known as 
chinese foxglove or Jiwhang in Korea, is one of 
the most widely used medicinal herbs in Ori-
ental medicine especially as a hematopoietic or 
tonic. Functional ingredients of rehmannia in-
clude iridoid glucosides such as catalpol, leonu-
ride, aucubin, and melittoside as well as reh-
mannoside A, rehmannoside b, rehmannoside 
c, and rehmannoside D (OsHIO and INOUYE, 
1981). though rehmannia has a great potential 
for being used as a food ingredient, it has not 
been widely used in the food processing indus-
try except for some minor uses, such as the uti-
lization of rehmannia extract in making alcohol-
ic beverages or teas.

therefore, the objectives of this research were 
to prepare rehmannia noodles and to test their 
processing and quality properties in order to in-
crease the potential applicability of rehmannia 
as a new food-processing ingredient.

MAtErIALs AND MEtHODs

Materials

Fresh rehmannia, which is a perennial herb 
with slender, tuberous, orange roots (ZHANG et 
al., 2008; brown, 2002), was obtained directly 
from a local farm in south Korea. rehmannia 
root samples were freeze-dried using a freeze-dri-
er (EYELA vacuum freeze dryer, FDU-1100, to-
kyo rikakikai co., Ltd., tokyo, Japan) at -40°c, 
760 mm Hg vacuum for 2 days, then powdered 
using a high-speed hammer mill (Myungsung 
Machine co., Ltd., seoul, Korea), passed through 
a 160-mesh sieve, and finally packed in air-
tight polyethylene bags and stored in a refriger-
ator until studies were conducted. High quality 
patent flour, produced from an Australian soft 
wheat, was obtained from Korea Flour Mills co., 
Ltd. (Mokpo, Korea) and commercially available 
refined salt (Hanjoo salt co. Ltd., Woolsan, Ko-
rea) with high purity (99% Nacl) were used for 
preparation of the noodles. composite flour sam-
ples with varying amounts of freeze-dried reh-
mannia powder were prepared by mixing 2, 4, 
6, 8, 10, and 20 g of rehmannia powder with 98, 
96, 94, 92, 90, and 80 g of wheat flour, respec-
tively, just before manufacturing the noodles.

Proximate analysis

Proximate composition, namely moisture, 
crude protein (N×5.70), crude lipid, and crude 
ash contents, of the freeze-dried rehmannia and 
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wheat flour were determined following AOAc 
methods (AOAc 930.04, 987.04, 930.09, 930.05, 
1995). carbohydrate content was determined by 
the difference.

Preparation of noodles

Proper water absorption values for the control 
flour or composite flours (flour blends) were de-
termined by the appearance and handling prop-
erties of each dough sample necessary to make 
a uniform dough sheet. they were 32, 32, 33, 
33, 33, 34 and 34 parts of water (wt of water/
wt of total flour blend) for 0 (the control wheat 
flour), 2, 4, 6, 8, 10 and 20% rehmannia pow-
der, respectively. Experimental noodles were pre-
pared according to the method of tOYOKAWA et 
al. (1989). three hundred grams of wheat flour 
or premixed composite flour, 96-102 mL of wa-
ter depending on the type of flour blend, and 6 
g of salt were mixed with a flat paddle in a Ho-
bart mixer for 6 min on slow speed, helping to 
distribute water evenly throughout the flour par-
ticles. the resulting crumbly dough was sheet-
ed between steel rolls (180 mm diameter, 5 mm 
gap) of a Yamato (tokyo, Japan) laboratory-type 
noodle machine; it was then folded end-to-end 
and put through the sheeting rolls, then folded 
and sheeted again. the sheet was rested for 1 h 
in a plastic bag to allow gluten development and 
then put through the sheeting rolls nine times at 
progressively smaller gap settings from 5.0 mm 
to 1.0 mm to reduce the sheet to a final thick-
ness of 1.0 mm. the sheet was then cut with a 
cutting roll (Okuba 1.0 m/m A30) into strips 
with 1.0×1.0 mm cross section raw noodles. the 
strips of noodles were dried by hanging in a con-
vection oven controlled at 25-30°c for 48 h, and 
cut to approximately 25 cm lengths after drying 
(referred to as dry noodles).

surface color

surface color values of rehmannia powder, 
control and composite flours, and dry noodles 
were measured using a Hunter Lab color scale 
with a colorimeter (cr-300 Minolta chroma Me-
ter, Minolta camera co., Ltd., Osaka, Japan). to-
tal color difference (ΔE) was calculated as 

ΔE = (ΔL2 + Δa2 + Δb2)1/2

where ΔL = Lstandard – Lsample, Δa = astandard – asample, 
and Δb = bstandard – bsample. A standard white plate 
with values of L = 98.86, a = -0.02, and b = 1.99 
was used for the calibration of the colorimeter.

Gelatinization properties

Gelatinization characteristics of the control 
flour and rehmannia composite flours were 
evaluated using a brabender Visco-Amylograph 
(Model 800245010, brabender OHG, Duisburg, 

Germany) following the method of AAcc (AAcc 
22-10, 1995). Each flour suspension was pre-
pared by mixing 64.85 g of individual flour sam-
ple into 450 mL of distilled water using a ho-
mogenizer, and then transferred to the Amylo-
graph bowl. temperature of the bowl was raised 
from 25ºc to 95ºc at a heating rate of 1.5ºc/
min and then maintained for 15 min at 95ºc. 
Gelatinization temperature (ºc), peak viscosity 
(b.U.: brabender Units), viscosity at 95ºc (b.U.), 
and viscosity at 95ºc after 15 min (b.U.) were 
determined.

Dough properties

Dough forming ability and physical proper-
ties of the formed dough of the flour and reh-
mannia composite flours were tested using a Fa-
rinograph (Model 8101, brabender OHG, Du-
isburg, Germany) according to the method of 
AAcc (AAcc 54-21, 1995).

cooking qualities

the noodles were cooked in boiling water until 
the zone of gelatinization had extended through 
the noodles; they were then evaluated for cooking 
characteristics following the methods of tUDOr-
IcA et al. (2002). Each of the dry noodle samples 
(20 g) was cooked for 4 min in 240 mL of boil-
ing distilled water. After cooking and draining, 
samples were analyzed for swelling index (sI), 
dry matter (DM), water absorption (WA), cook-
ing loss (cL), and turbidity of cooking water (t).

the sI (g of water/g of dry noodle) of cooked 
noodles was evaluated by drying the cooked noo-
dle samples to a constant weight at 105ºc, and 
expressed as

sI = (W1 –W2)/W2

where W1 and W2 are the weight of freshly cooked 
and drained product and weight after drying, re-
spectively. the DM of noodles was determined 
by drying the cooked noodle samples to a con-
stant weight at 105ºc; results are expressed as 
percentage of dry noodle weight. the WA (g of 
water absorbed/100 g of raw noodle) of drained 
noodle samples was determined as follows:

WA = [(W1 – W3)/W3] × 100

where W1 and W3 are the weights of cooked and 
raw noodles, respectively.

cooking loss into the cooking water collected 
from each sample was determined by evapora-
tion to constant weight in an air oven at 105ºc. 
the residue was weighed and results are re-
ported as percentage of the weight of the orig-
inal noodle sample (DEbbOUZ and DOEtKOtt, 
1996). turbidity of the cooking water collected 
from each sample by draining after cooking was 
determined by measuring absorbance at 675 nm 
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using a spectrophotometer following the meth-
od of PArK and cHO (2006).

statistical analysis

the measurements of the proximate analy-
sis, cooking qualities, and color characteristics 
were obtained for individually prepared noo-
dles in triplicate, as the replicated experimen-
tal units. statistics on a completely randomized 
design were determined using the General Line-
ar Models (GLM) procedure in the sAs program 
(sAs, 1995). Duncan’s multiple range test was 
conducted to determine the significant difference 
(p<0.05) between each type of noodle.

sensory evaluation

sensory quality of the control and rehmannia 
composite flour noodles was evaluated through 
a sensory test (LEE et al., 2000; PArK and cHO, 
2006). test samples were prepared by cook-
ing 100 g of each type of dry noodle in 500 mL 
boiling water for 4 min and rinsing under run-
ning cold tap water for 1 min. small portions of 
cooked noodle samples placed in ceramic-ware 
for sensory evaluation testing were provided to 
each of 8 members of a trained panel composed 
of 4 female and 4 male graduate students at the 
Department of Food Engineering of Mokpo Na-
tional University. sensory qualities of cooked 
noodles such as color, appearance, taste, tex-
ture and overall acceptability were tested using 
a 5-point hedonic scale (1: least preferred; 2: 
less preferred; 3: moderately preferred; 4: more 
preferred; 5: most preferred). test results were 
evaluated by ANOVA and the significant differ-
ences between treatments groups were deter-
mined by Duncan’s multiple range tests.

rEsULts AND DIscUssION

Proximate composition

Proximate compositions of the freeze-dried re-
hmannia and the control flour were determined 
(table 1), however, since the starch content of 
rehmannia is low, total carbohydrate content 
was determined and is reported as a difference. 
the freeze-dried rehmannia powder was lower 
in protein but higher in ash and carbohydrate 
contents than the control wheat flour. the proxi-
mate composition of freeze-dried rehmannia is in 
good agreement with composition results report-
ed for R. radix preparata (LEE et al., 2005) and 
R. glutinosa Liboschitz (AHN et al., 2000). LEE et 
al. (2005) reported 6.89, 2.89, 83.52, 1.55 and 
5.12% for moisture, crude ash, carbohydrate, 
crude lipid and crude protein, respectively, for R. 
radix preparata. AHN et al. (2000) reported 7.3, 
4.3, 78.9, 5.4, 0.6 and 3.5% for moisture, ash, 
carbohydrate, total protein, total lipid and to-

tal dietary fiber, respectively, of R. glutinosa Li-
boschitz. It is known that rehmannia contains 
various sugars (ZHANG et al., 2008; AHN et al., 
2000; tOMODA et al., 1971). AHN et al. (2000) 
reported dried R. glutinosa Liboschitz contains 
14% mono- and di-saccharides, such as glu-
cose, fructose, maltose, sucrose and galactose. 
tOMODA et al. (1971) reported total sugar con-
tent of R. radix to be 22%, mainly tetra-saccha-
ride and stachyose. the contents of starch and 
protein in the flours or blends are of great im-
portance since each plays a major role in govern-
ing textural properties, which are critical char-
acteristics for consumer-acceptability of orien-
tal noodles (tOYOKAWA et al., 1989). In addi-
tion, other components present in the rehman-
nia powder, and hence present in the composite 
flours, were expected to affect greatly not only 
the physicochemical properties of the main in-
gredient, wheat flour, but also the appearance, 
color, taste and texture of the final products (LEE 
et al., 2000; PArK and cHO, 2006; KIM, 1998).

surface color of flours

the surface color of the wheat flour was 
creamy white and the rehmannia powder was 
yellowish brown (table 2). Generally, the sur-
face color of the flour blends was greatly affect-
ed by the rehmannia powder, i.e., with increas-
ing amounts of rehmannia powder, flour blend 
lightness decreased, with increases in green-
ness and yellowness, as indicated in Hunter L, 
a, and b-values, respectively. consequently, to-
tal color difference values (ΔE) of the flour blend 
samples increased with increasing content of re-
hmannia powder.

Gelatinization properties

Gelatinization properties were determined us-
ing an Amylograph; the Amylogram of the con-
trol wheat flour had a typical graph of a pat-
ent flour (data not shown) with a peak viscosity 
of 1040 b.U. (table 3). Gelatinization tempera-
ture of the control flour was 63.25°c, and it in-
creased linearly as the content of rehmannia 

table 1 - Proximate composition1 of freeze-dried rehmannia 
powder and a commercial wheat flour.

Components	 Rehmannia	powder	 Wheat	flour
	 (g/100	g)	 (g/100	g)

Moisture	 5.7±0.1	 12.5±0.1
Crude	Protein	 6.3±0.1	 10.4±0.1
Crude	Lipid	 0.9±0.2	 0.1±0.2
Crude	Ash	 3.1±0.02	 0.4±0.02
Carbohydrates	 84.0±0.2	 76.6±0.4

1Values	 represent	 means	 of	 three	 replicates±SD.	 Carbohydrate	
content	was	determined	by	difference.
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powder was increased (t = 0.339c + 63.185; r2 
= 0.98, where t is the gelatinization tempera-
ture and c is the rehmannia powder content in 
g/100 g flour). In general, gelatinization prop-
erties of flour, as determined by Amylography 
are mainly influenced by the amount and qual-
ity of starch, as well as amylase enzyme activ-
ity (KIM et al., 1996). the increase in gelatini-
zation temperature of the composite flours may 
be attributed to the relatively lower amount of 
starch and more fiber, which is competing with 
starch for water. the peak viscosity of composite 
flour decreased from 1040 b.U. (control) down 
to 800 b.U. when 2% (w/w) rehmannia powder 
was present, and then decreased logarithmical-
ly (P.V. = -174.6 ln c + 889.8; r2 = 0.96, where 
P.V. is the peak viscosity and c is the rehman-
nia powder content in g/100 g flour) as the con-
tent of rehmannia powder increased. such a de-
crease in peak viscosity of the composite flour 
is due to the lower amount of wheat flour in the 
composite flour samples compared with the con-
trol wheat flour and could be due to hindering of 
gelatinization of starch by the added rehmannia 
powder. similar phenomena of increases in ge-
latinization temperature with decreases in peak 
viscosity of composite flours have been report-
ed for other composite flours blended with oth-
er materials such as Dioscorea japonica powder 

(PArK and cHO, 2006), mushroom powder (KIM, 
1998), rice bran dietary fiber (KIM et al., 1997) 
and buckwheat powder (KIM et al., 2000). In par-
ticular, gelatinization properties of flour blends 
are closely related to the physical properties and 
cooking quality of noodles (LEE et al., 2000; tU-
DOrIcA et al., 2002; brENNAN et al., 2004; PArK 
and cHO, 2006; KIM, 1998; KIM et al., 1996; OH 
et al., 1985).

Generally, wheat flours with peak viscosities 
ranging from 500 to 800 b.U. are known to be 
suitable for making Korean-type dry noodles (KIM 
and KIM, 1997). Flour with a higher peak viscos-
ity than this level will make a soft noodle, with-
out any other adverse effects. However, flour with 
too low a peak viscosity is not suitable for mak-
ing noodles. the amylase enzyme activity of such 
flour is generally high, a weak sheet of dough 
with lack of elasticity is formed, and the result-
ing noodle strands are easily solubilized during 
cooking. In the present study, the peak viscos-
ity of the control wheat flour was higher than 
those of ordinary wheat flours. It is a character-
istic feature of Australian wheat flour, known to 
be good noodle-making flour, which has a peak 
viscosity known to be greater than 1,000 b.U. 
(sHIN and KIM, 1993; PArK and cHO, 2006).

Dough properties

Dough properties of the control and rehman-
nia flour blends were tested using a Farino-
graph and the results are listed in table 4. Wa-
ter required for developing optimum dough (wa-
ter absorption, WA) with the control flour was 
63.1 g/100 g; it decreased linearly (WA = -0.69 
C + 62.62; r2 = 0.99, where c is the rehmannia 
powder content in g/100 g flour blend) with in-
creases in the rehmannia content. Dough de-
velopment time (time for the consistency of the 
dough to reach 500 b.U.) for the control flour 
was 2.4 min and it decreased with the presence 
of rehmannia powder. In general, dough devel-
opment time is used as an index for the qual-
ity evaluation of wheat flour (bOYcIOGLU and 
D’APPOLONIA, 1994). based on the Farinograph 

table 2 - surface color values1 of freeze-dried rehmannia powder, control wheat flour, and composite flours containing var-
ious amounts of rehmannia powder.

	 Flour2	 Hunter L Hunter a Hunter b ΔE

rehmannia	 70.45±5.54a	 1.12±1.70f	 40.73±0.96e	 47.14±2.68e

F-0	(control)	 97.57±0.28e	 -1.36±0.10b	 8.26±0.22a	 6.46±0.20a

CF-2	 95.48±1.06d	 -1.11±0.10cd	 8.54±0.20a	 6.85±0.33a

CF-4	 93.65±2.10d	 -1.04±0.10de	 8.60±0.19a	 7.61±1.04a

CF-6	 91.12±2.90c	 -0.90±0.23e	 11.94±1.13b	 11.80±2.60b

CF-8	 91.16±0.40c	 -1.17±0.04cd	 14.02±0.43c	 13.37±0.46c

CF-10	 90.05±1.43c	 -1.26±0.16bc	 14.73±0.58c	 14.54±1.02c

CF-20	 86.85±0.39b	 -1.74±0.10a	 23.03±0.30d	 23.37±0.34d

1Values	represent	means	of	three	replicates±SD.	Within	the	same	column,	values	with	the	same	letter	are	not	significantly	different	(p>0.05).
2F-0:	control	wheat	flour;	CF-2	~	CF-20:	composite	flours	containing	from	2	to	20	g	of	rehmannia	powder	per	100	g	flour	blend.

table 3 - Amylograph test results on control wheat flour 
and composite flours containing various amounts of reh-
mannia powder.

	 	 Gelatinization	Point	 Peak	Viscosity
	Flour1		 (°C)	 (B.U.)

F-0	 63.25	 1040
CF-2	 64	 800
CF-4	 64.75	 639
CF-6	 64.75	 550
CF-8	 65.5	 520
CF-10	 67	 465
CF-20	 70	 403

1See	Table	2	for	details.
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data, the flour blend samples containing 2 or 4% 
(w/w) rehmannia powder appeared to have sim-
ilar dough development times to that of the con-
trol flour. Above 4% (w/w), however, rehmannia 
powder had a much greater effect on the dough 
development time.

surface color of noodles

compared to the surface colors of the flour 
samples (table 2), those of the respective coun-
terpart noodles changed significantly and the 
degree of this change increased further with in-
creasing rehmannia powder content (table 5). 
specifically, the redness (Hunter a-value) and 
the yellowness (Hunter b-value) of dry noo-
dles increased significantly, while the lightness 
(Hunter L-value) decreased. Generally, noodle 
color is known to come from two main sourc-
es: fragments of bran and enzymatic browning 
products that accumulate during processing of 
the noodle dough (OH et al., 1985). Any discol-
oration, visible specks, or dull gray hue is con-
sidered to be unacceptable quality in ordinary 
flour noodles. In the case of flour blend noodles, 
high concentrations of oxidative enzymes, phe-
nolics, and pigments in the rehmannia powder 
probably caused further color changes in the 
noodle. However, as consumer demand for nu-
traceutical foods with assorted functional prop-

erties has increased, variously colored noodles, 
prepared with natural functional ingredients, 
are increasingly being accepted by consumers.

cooking qualities

As expected from the results of proximate 
composition (table 1), the DM of noodles in-
creased with increases in the rehmannia pow-
der content since the DM of rehmannia was 
greater than that of wheat flour (table 6). the 
WA and sI decreased progressively with in-
creases in the rehmannia powder content (table 
6). the lower WA and sI are mainly due to the 
lower protein and starch contents in the flour 
blend samples. On the other hand, cL and t 
increased with increasing rehmannia powder 
content (table 6), which indicates that increas-
ing amounts of soluble solids or non-admixed 
particles leaked out from the noodles and was 
transferred into the cooking water during cook-
ing. Note that the t values of the cooking wa-
ter of composite flour noodles did not change 
significantly from 0 to 4% (w/w) of rehmannia 
powder in the blends, but then increased pro-
foundly at and above 6% (w/w). based on the 
results of the cooking tests, a content of 4% 
(w/w) or less of rehmannia powder in the flour 
blend seems to be suitable for the preparation 
of rehmannia noodles.

table 4 - Farinograph test results on control wheat flour and composite flours containing various amounts of rehmannia powder.

	 Water	Absorption	 Dough	 Dough	Development
Flour1	 (g/100	g)	 Arrival	Time	(min)	 Time	(min)

F-0	 63.1	 1.2	 2.4
CF-2	 60.8	 1.2	 2.0
CF-4	 60.2	 1.0	 2.0
CF-6	 58.3	 1.0	 1.5
CF-8	 56.7	 1.0	 1.5
CF-10	 55.7	 1.0	 1.5
CF-20	 49.0	 0.7	 0.9

1See	Table	2	for	details.

table 5 - surface color values1 of dry noodles made from control wheat flour and rehmannia composite flour blends.

Noodle2	 Hunter L	 Hunter a	 Hunter b	 ΔE

	 N-0	 84.6±0.83e	 -2.2±0.11a	 19.8±0.26a	 21.8±0.59a

	 N-2	 69.7±1.26d	 1.1±0.22b	 34.1±1.46b	 42.1±1.6b

	 N-4	 61.7±0.10c	 1.8±0.17c	 35.9±1.02c	 50.5±1.4c

	 N-6	 59.6±2.75b	 2.75±0.35d	 38.6±0.84d	 52.9±0.89d

	 N-8	 58.7±1.19b	 2.5±0.33d	 40.3±0.47e	 52.1±0.35d

	 N-10	 58.3±0.96b	 2.53±0.15d	 41.2±0.67e	 55.1±0.32e

	 N-20	 48.7±1.83a	 3.73±0.51e	 39.9±1.57e	 61.5±0.76f

1Values	represent	means	of	three	replicates±SD.	Within	each	column,	values	with	the	same	letter	are	not	significantly	different	(p>0.05)	from	
each	other.	
2N-0:	noodles	made	with	the	control	wheat	flour;	N-2	~	N-20:	noodles	made	with	composite	flour	containing	from	2	to	20	g	of	rehmannia	pow-
der	per	100	g	flour	blend.
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table 6 - cooking characteristics1 of dry noodles made from control wheat flour and rehmannia composite flour blends.

Noodle2	 DM	 WA	 SI	 CL	 T
	 (g/100	g	noodle)	 (g/100	g	noodle)	 (g	water/g	noodle)	 (g/100	g	noodle)	 (A675nm)

N-0	 89.37±0.24	a	 286.5±10.3d	 5.49±1.47b	 8.84±1.42a	 1.78±1.23	a

N-2	 89.58±0.02	a	 264.4±16.2cd	 4.52±0.25a	 9.91±1.37a	 1.11±1.02	a

N-4	 89.58±0.02	a	 253.5±32.4bc	 4.35±0.39a	 9.26±1.55a	 1.96±0.92	a

N-6	 89.78±0.05	a	 231.1±7.5b	 4.09±0.11a	 9.92±1.56a	 9.80±1.47	b

N-8	 89.91±0.02	a	 241.5±22.4bc	 4.25±0.21a	 10.71±1.46ab	 11.0±1.52	bc

N-10	 90.13±0.15	a	 236.5±12.8bc	 4.26±0.17a	 12.25±1.19b	 13.0±1.21	c

N-20	 91.26±0.10	b	 193.9±6.7a	 3.78±0.07a	 14.75±0.65c	 42.35±1.22	d

1DM:	dry	matter;	WA:	water	absorption;	SI:	swelling	index;	CL:	cooking	loss;	T:	turbidity	of	cooking	water.	Values	represent	means	of	three	
replicates±SD.	Within	the	same	column,	values	with	the	same	letter	are	not	significantly	different	(p>0.05)	from	each	other.
2See	Table	5	for	details.

table 7 - sensory evaluation scores1 of cooked noodles made from control wheat flour and rehmannia composite flour blends.

Noodle2	 Color	 Appearance	 Texture	 Taste	 Overall
	 	 	 	 	 Acceptability

N-0	 4.25±0.70d	 4.11±1.02c	 4.57±1.12d	 4.50±1.07d	 4.69±0.10d

N-2	 4.45±1.08de	 4.72±1.42d	 4.41±1.06d	 4.20±1.42d	 4.50±1.01d

N-4	 3.86±1.00c	 4.54±1.07d	 4.12±1.42c	 4.03±1.52d	 4.12±1.22d

N-6	 4.61±0.98de	 4.12±1.15c	 3.98±1.21bc	 3.61±1.19c	 3.53±1.31c

N-8	 4.10±1.21d	 3.32±1.12b	 3.20±1.01b	 2.62±1.33b	 2.85±1.08b

N-10	 2.21±1.02ab	 3.12±1.03b	 2.41±0.87a	 1.28±0.21a	 2.21±1.05b

N-20	 1.98±0.93a	 2.09±0.12a	 2.01±0.93a	 1.01±0.10a	 1.45±1.14a

1Values	represent	means	of	three	replicates±SD.	Within	the	same	column,	values	with	the	same	letter	are	not	significantly	different	(p>0.05)	
from	each	other.
2See	Table	5	for	details.

sensory evaluation

the criteria for judging noodle quality is 
cooked noodle texture (eating quality); followed 
by color, taste, surface appearance, cooking loss, 
and noodle yield (tOYOKAWA et al., 1989). tradi-
tionally, the noodle should have a white opaque 
appearance and be free of checking. Howev-
er, recent consumer preferences for function-
al foods dictate that various natural food ingre-
dients sometimes be added to produce colored 
noodles rather than white noodles. the noodles 
should be cooked as quickly as possible, remain 
firm and not lose solids in the cooking water, and 
should not become sticky and soggy when stand-
ing after cooking. Upon sensory evaluation, for 
noodle qualities such as color and appearance, 
rehmannia noodles with 2% (w/w) rehmannia 
powder for the color and up to 4% (w/w) for the 
appearance were preferred to the control wheat 
flour noodle (table 7).

the texture of a cooked noodle is perceived 
by the resistance of the noodle to chewing and 
by the mouth-feel of its surface. textural prop-
erties of noodles are usually determined by ob-
jective testing using a texture measuring device 
such as the General Foods texturometer, Au-
tograph s-100, texturecorder, a viscoelastici-

ty meter, Instron and rheometer, or by subjec-
tive testing with sensory evaluation by trained 
panelists (OH et al., 1985). though the objective 
test methods are widely used in the quantita-
tive measurements of textural properties, actual 
sensory testing of noodle texture is a direct and 
ultimate method for evaluating the final prod-
uct. In the sensory evaluation of eating quality 
of rehmannia noodles in the present study, 2% 
(w/w) rehmannia for the texture and up to 4% 
(w/w) for the taste were not significantly differ-
ent from those of the control noodle (table 7). 
consequently, in the overall acceptability, the 
rehmannia noodles with up to 4% (w/w) reh-
mannia powder in flour blends were preferred 
by the panelists. this result corresponded with 
that of the cooking quality tests in which noo-
dles of good quality were obtained with up to 4% 
(w/w) rehmannia powder in the flour blends.

cONcLUsION

Physicochemical properties, such as surface 
color, gelatinization properties determined by 
Amylograph, and dough properties determined 
by Farinograph, of the flour blends composed of 
wheat flour and freeze-dried rehmannia powder 
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were strongly dependent on the content of the 
rehmannia powder, but the results indicated 
that a content of up to 4% (w/w) in flour blends 
did not substantially affect flour blend quality. 
cooking quality, determined as water absorp-
tion, swelling index, cooking loss, and turbidi-
ty of cooking water, of Korean-type dry noodles 
prepared with the same composite flours, also 
indicated that a content of up to 4% (w/w) re-
hmannia powder was suitable for the prepara-
tion of acceptable rehmannia noodles. Addition-
ally, sensory evaluation results revealed that the 
rehmannia noodles with a content of up to 4% 
(w/w) in flour blends were better than or com-
parable to the control wheat flour noodles. In 
conclusion, the maximum amount of rehman-
nia powder for the preparation of the rehman-
nia noodles of acceptable cooking and sensory 
quality was found to be 4% (w/w) in flour blends.
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AbstrAct

the effects of the order of dry matter standardization (i.e., dilution of milk with potable wa-
ter before fermentation or first, production of yogurt and then, addition of potable water) on the 
microbiological and biochemical characteristics of a typical Iranian probiotic fermented milk drink 
(doogh) containing Lactobacillus acidophilus LA-5, Bifidobacterium lactis bb-12, Lactobacillus del-
brueckii ssp. bulgaricus and Streptococcus thermophilus were studied. Experimental and calcu-
lated parameters included the rates of pH decline, acidity increase, and redox potential increase 
during the fermentation period, incubation time, viability of probiotic microorganisms immedi-
ately after fermentation, growth/death indices of probiotics during the fermentation period and 
acetic acid concentration (percentage) in fresh samples. standardization after fermentation (di-
lution of yogurt) led to a longer incubation time (1.42-fold) compared with standardization before 
fermentation. the treatment with standardization after fermentation showed a lower pH decline 
and redox potential increase rates as well as a lower pH-acidity modulus (rate of acidity increase 
versus pH drop), but a faster rate of acidity increase and a higher final acidity content. Viability 
of both probiotic microorganisms was significantly higher when standardization was done after 
fermentation. the acetic acid percentage was 0.04% with standardization before fermentation, 
while it was 0.11%, with standardization after fermentation.
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INtrODUctION

the manufacture of dairy products contain-
ing probiotic bacteria is an important issue with 
industrial and commercial consequences; many 
products of this kind are available for consump-
tion by humans, farm animals and pets (HOI-
Er, 1992; HOLZAsPFEL and scHILLINGEr, 2001; 
O’GrADY and GIbsON, 2005; sANDErs, 1999; 
sHAH, 2001). Presently, species of Lactobacil-
lus and Bifidobacterium are the most important 
bacteria used in probiotic products. Among bi-
fidobacteria, Bifidobacterium lactis (B. animalis 
ssp. lactis) is currently offered by starter culture-
producing companies and is used by manufac-
turers to produce many different kinds of fer-
mented probiotic dairy products because it has 
good tolerance of detrimental environmental fac-
tors such as acid, low pH and molecular oxygen 
(IWANA et al., 1993; MEILE et al., 1997; MOrtA-
ZAVIAN and sOHrAbVANDI, 2006a; YAEsHIAMA 
et al., 1996).

Probiotic microorganisms must be viable in 
the final product until they are consumed. this 
is the most important qualitative parameter 
of probiotic products since it determines their 
pharmaceutical effectiveness. Although there is 
no overall agreement regarding the minimum 
number of viable probiotic cells per gram or mil-
liliter of probiotic products, 106 cfu/mL or cfu/g 
is generally the accepted minimum level and 107 
and 108 cfu/mL or cfu/g are considered satis-
factory levels. Probiotic products should also 
be consumed regularly (approximate 100 g/d) 
in order to deliver about 109 viable cells into 
the intestine (HIcKEY, 2005; KAILAsAPAtHY and 
rYbKA, 1997; KUrMANN and rAsIc, 1991; LOU-
rENs-HAttINGH and VILJOEN, 2001; MOrtAZA-
VIAN and sOHrAbVANDI, 2006a; sHAH, 2000). 
It is not easy to maintain these standards up 
to the expiration date of the product due to the 
poor viability of probiotic microorganisms dur-
ing the fermentation time and storage period, 
especially in fermented products (MOrtAZAVIAN 
and sOHrAbVANDI, 2006a; sHAH, 2000). Vari-
ous compositional and process factors have a 
notable effect on the viability of probiotic mi-
croorganisms in products: pH, titrable acidity, 
molecular oxygen, redox potential, hydrogen 
peroxide, bacteriocins, short-chain fatty acids, 
some flavouring agents, microbial competition, 
packaging materials and packaging conditions, 
rate and proportion of inoculation, step-wise/
stage-wise fermentation, microencapsulation, 
supplementation of milk with nutrients, heat 
treatment of the product, incubation tempera-
ture, storage temperature, carbonation, addi-
tion of salt, sugar and sweeteners, cooling rate 
of product and scale of production (MOrtAZA-
VIAN et al., 2008; 2007b; 2006; MOrtAZAVIAN 
and sOHrAbVANDI, 2006; sHAH, 2000; tAMIME 
et al., 2005).

Doogh is a typical traditional Iranian ferment-

ed milk drink. It is exported (about 150,000 
tones/year) and is consumed in other coun-
tries such as Afghanistan, Azerbaijan, Arme-
nia, Iraqi, syria, turkey, and the balkans, and 
to a lesser extent in other countries of the Mid-
dle East and central Asia (ANON, 2008). Doogh 
is composed of non-fat milk solids (more than 
3.2% and normally 4 to 6% W/W in range), milk 
fat (not more than 50% of dry non-fat milk), salt 
(at most 1%) and flavouring compounds (such 
as mint, ziziphora or cucumber essences) with 
a pH less than 4.5. carbon dioxide can be nat-
urally (by starter cultures) or artificially added 
to the product (ANON, 2008).

In the production of drinks based on fer-
mented milk, there are two possible ways to 
standardize the dry matter. First, milk dry 
matter is standardized to the desired content 
by adding sterilized-demineralized potable wa-
ter before fermentation. Fermentation is then 
carried out which leads directly to the forma-
tion of the final product. second, milk or dry 
matter-fortified milk is fermented to produce 
the fermented milk base (such as yogurt) and 
then, this product is diluted by adding pota-
ble water (with/without dissolved additives). 
the impact of this sequence (dry matter stand-
ardization before or after fermentation) on the 
viability of probiotic microorganisms has not 
been reported elsewhere. the aim of this study 
was to investigate the effect that the order of 
dry matter standardization has on the micro-
biological and biochemical characteristics of 
AbY-type doogh (containing Lactobacillus ac-
idophilus LA-5, Bifidobacterium lactis bb-12, 
Lactobacillus delbrueckii ssp. bulgaricus and 
Streptococcus thermophilus).

MAtErIALs AND MEtHODs

starter culture

Fifty-unit pouches of commercial lyophilized 
AbY culture (containing Lactobacillus acido-
philus LA-5, Bifidobacterium lactis bb-12, Lacto-
bacillus delbrueckii ssp. bulgaricus and Strep-
tococcus thermophilus) that are known as ‘FD-
DVs AbY-1’, were supplied by chr-Hansen (Hor-
sholm, Denmark). this culture is currently used 
by the dairy industry to produce probiotic fer-
mented dairy products. According to the manu-
facturer’s instructions, the cultures were main-
tained at -18°c.

Production of doogh

For those samples with dry matter standard-
ization before fermentation (indicated by the 
abbreviation of “MD”, “milk to doogh”), the dry 
matter content was standardized at 6% by re-
constitution of skim milk powder. In the case 
of the samples with dry matter standardization 
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after fermentation (specified by the abbrevia-
tion of “YD”, “yogurt to doogh”), first, a yogurt 
milk (reconstituted skim milk) was prepared 
with a non-fat dry matter content of 12%. After 
fermentation and cooling to 5°c, the amount 
of sterilized-demineralized-distilled water at 
the same temperature required to obtain a fi-
nal non-fat dry matter concentration of 6% was 
added under sterile conditions. reconstitut-
ed skim milk samples of both treatments were 
heated at 90°c for 15 min. After cooling down 
to fermentation temperature and inoculating 
the starter cultures (commercial lyophilized 
AbY culture containing L. acidophilus, B. lac-
tis bb-12, L. delbrueckii ssp. bulgaricus and S. 
thermophilus, according to chr. Hansen’s con-
struction), the milk was poured into several 
250 mL PEt containers under sterile conditions 
and incubated at 40ºc±0.2 until pH 4.5±0.02 
(for some treatments) or pH 4.2±0.02 (for other 
treatments) was reached. biochemical param-
eters including the rates of the pH decrease as 
well as acidity and redox potential increase, and 
incubation time were measured during the fer-
mentation period of both treatments. the pH, 
titrable acidity and redox potential during fer-
mentation were recorded at 30 min intervals. 
the samples were kept at 5°c until the probiot-
ic organisms were counted and the acetic acid 
content was determined.

Microbiological analysis

Mrs-bile agar medium (Mrs agar from Mer-
ck, Darmstadt, Germany and bile from sigma-
Aldrich (st. Louis, MO, UsA) was used for the 
selective count of L. acidophilus and bifidobac-
teria in the AbY culture composition according 
to MOrtAZAVIAN et al. (2007a), using the “sub-
tractive enumeration method (sEM)”. the plates 
were incubated aerobically and anaerobically 
at 37°c for at least 72 h. Anaerobic conditions 
were produced using a GasPac system (Merck, 
Darmstadt, Germany). Growth indexes of pro-
biotic microorganisms during the fermentation 
period were calculated as follows (MOrtAZAVI-
AN, 2008):

- Growth proportion index (GPI) = Final cell 
population/initial cell population

- Growth rate index (GrI) = final cell popu-
lation – initial cell population/incubation time 
[cells/min]

chemical analysis

the pH values and redox potentials of the 
samples were measured at room temperature 
using a pH meter (MA235, Mettler, toledo, swit-
zerland).

the titrable acidity was determined after mix-
ing 10 mL of sample with 10 mL of distilled wa-
ter and titrating with 0.1 N NaOH using 0.5% 

phenolphthalein according to DAVE and sHAH 
(1996).

the pH drop rate, acidity increase and re-
dox potential increase as well as the pH-acidi-
ty modulus were calculated as follows (MOrtA-
ZAVIAN, 2008):

- pH drop rate = (final pH value – initial pH 
value)/incubation time [pH value/min]

- Acidity increase rate = (final acidity value 
– initial acidity value)/incubation time [Dornic 
degree/min]

- redox potential increase rate = (final value – 
initial value) / incubation time [mV/min]

- pH-acidity modulus = pH drop rate/acidity 
increase rate [pH value/ Dornic degree]

the above parameters were calculated ac-
cording to how the break/turn points ap-
peared on the respective kinetic curves (pH 
drop, acidity increase and redox potential in-
crease versus time as well as acidity increase 
versus pH drop). break points observed on 
the curves determined distinct zones which 
could be attributed to different phases of bac-
terial growth.

Quantification of the acetic acid content was 
carried out by High Performance Liquid chro-
matography (Varian Analytical Instruments, 
cA, UsA) according to a modified method of 
AKALIN et al. (2004). to extract acids, 4.0 g of 
doogh were diluted to 25 mL of 0.1 N H2sO4, 
homogenized and centrifuged at 5000 g for 
10 min. the supernatant was filtered through 
Whatman #1 filter paper and through a 0.20 
µm membrane filter, and 2 mL aliquots were 
stored in HPLc vials at -20ºc until HPLc anal-
ysis. A Jasco UV-980 detector and a Nucleosil 
120-5c18 column (Macherey Nagel, Duren, Ger-
many) were used. the mobile phase was 0.009 
N H2sO4 at a flow rate of 0.5 mL min-1. the de-
tection wavelength was optimized at 210 nm. 
the standard solution of acetic acid (sigma-
Aldrich, st. Louis, MO, UsA) was prepared in 
distilled water. the retention time for acetic acid 
was 7.25 min and the regression coefficient of 
the standard curve was 0.997.

statistical analysis

Experiments were performed four times and 
the significant differences among means were 
analyzed using the ANOVA test using Minitab 
software.

rEsULts AND DIscUssION

changes in pH, acidity 
and redox potential during fermentation

table 1 shows the pH drop, acidity increase 
and redox potential increase rates of MD and 
YD treatments at various time intervals during 
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fermentation. table 2 indicates the acidity in-
crease rates of the YD and MD treatments/pH 
drop intervals during fermentation. the means 
of the pH drop rate, acidity increase rate, redox 
potential rate and pH-acidity modulus of MD 
and YD treatments throughout the fermenta-
tion period are presented in table 3. As shown 
in table 1, for the MD treatment, the greatest 
pH drop and the greatest acidity increase and 
redox potential increase rates were observed 
within 1.5-4.0 hours of fermentation. this area 
indicates the logarithmic (exponential) growth 
phase of the starter bacteria. At the start of the 
fermentation process, the rates of the pH de-
crease and acidity increase were generally slow; 
because the bacteria were in the lag or pre-
log phase of growth and the buffering capaci-
ty of the doogh milk inhibited a sharp pH de-
cline. the buffering capacity of doogh milk sig-
nificantly influenced the incubation time and 
the final titrable acidity of the product (table 
3). Increasing dry matter content from 6% (MD 
treatment) to 12% (YD treatment) increased the 
fermentation time from 360 to 510 min and in-
creased the final titrable acidity from 64.9 to 
74.4 (table 3). According to table 1 and con-
sidering the rate of pH decline per time inter-
val, the logarithmic growth of the starter bacte-
ria in the YD treatment was within the 1.5-5.5 
hours of fermentation. In the MD treatment, the 
logarithmic growth phase started at h 1.5, but 
finished 1.5 hours sooner (h 4 after the start 

of fermentation). the starting points of loga-
rithmic growth were also similar for the acidi-
ty increase and redox potential increase rates 
(table 1). For both YD and MD treatments, the 
lowest rate in the decline of pH and the min-
imum increase rates of acidity and redox po-
tential were observed in the first time interval 
of fermentation. this time interval represents 
the lag phase of bacterial growth. considering 
the fact that the logarithmic growth of starter 
bacteria in both treatments started at the same 
time points (table 1), it can be concluded that 
the changes in dry matter of doogh milk did not 
affect the starting point of logarithmic phase in 
bacterial growth stages. As shown in table 2, 
the greatest acidification rates for MD and YD 
treatments were observed within the pH drop 
ranges of 5.89-4.58 and 5.96-4.55, respective-
ly. the similarity between these two ranges in-
dicates that the logarithmic phase of bacteri-
al growth in both treatments ended at pH val-
ues of about 4.50-4.60. As can be seen in ta-
ble 2, the minimum acidification rates in both 
treatments were observed within the first pH 
drop interval, that is, the lag phase of bacteri-
al growth. the lower mean of rate of pH decline 
in YD compared to that of MD indicates a high-
er buffering capacity of the fermenting media 
in YD. the greater buffering capacity stimulat-
ed the acidification rate of the by starter bac-
teria because they are inhibited more slowly 
during fermentation due to a slower rate of pH 

table 1- pH drop, acidity increase and redox potential increase rates of MD and YD treatments per time interval during fer-
mentation period until final pH of 4.2*.

Treatment	 pH	drop	rate	per	time	interval	(h)	 Acidity	increase	rate	per	time	interval	(h)	 Redox	potential	increase
	 	 	 rate	per	time	interval	(h)

MD	 0.0-0.5	 0.5-1.5	 1.5-4.0	 4.0-5.5	 5.5-6.0	 0.0-1.0	 1.0-2.0	 2.0-4.0	 4.0-5.0	 5.0-6.0	 0.0-1.5	 1.5-4.0	 4.0-6.0
	
	 -0.001e	 -0.005b	 -0.009a	 -0.004bc	 -0.002d	 0.01e	 0.10c	 0.29a	 0.16b	 0.06d	 0.18c	 0.65a	 0.22b

	 (min)	 	 (max)	 	 	 (min)	 	 (max)	 	 	 (min)	 (max)

YD	 0.0-0.5	 0.5-1.5	 1.5-5.5	 5.5-7.5	 7.5-8.5	 0.0-1.0	 1.0-2.0	 2.0-6.0	 6.0-8.5	 0.0-1.0	 1.0-1.5	 1.5-4.5	 4.5-5.5
	
	 0.000d	 -0.001c	 -0.007a	 -0.003b	 -0.002c	 0.02d	 0.09c	 0.41a		 0.17b	 0.04e	 0.20c	 0.45a	 0.26b

The	means	followed	by	different	letters	are	significantly	different	(p<0.05).

table 2 - Acidity increase rate of MD and YD treatments per pH drop interval during
fermentation period until final pH of 4.2*.

Treatment	 pH	drop	interval

MD	 6.51	-	6.31	 6.31	-	5.89	 5.89	-	4.58	 4.58	-	4.36	 4.36	-	4.22
	 0.01e	 0.10c	 0.29a	 0.16b	 0.07d

YD	 6.31	-	6.27	 6.27	-	5.96	 5.96	-	4.55	 4.55	-	4.21
	 0.02d	 0.09c	 0.41a	 0.17b

*	The	means	followed	by	different	letters	are	significantly	different	(p<0.05).
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table 3 - Means of pH drop rate, acidity increase rate, redox potential rate and pH-acidity modulus of MD and YD treat-
ments throughout the fermentation periods as well as incubation time, final acidity and concentration of acetic acid at the 
end of fermentation (until final pH of 4.2)*.

Treatment	 Parameters
	
	 pH-DR**	 A-IR	 RP-IR	 pH-A-M	 Incubation	time	 Final	acidity	 Acetic	acid
	 	 	 	 	 	 	 percentage

MD	 0.006a	 0.15b	 0.39a	 0.04a	 360b	 64.9b	 0.04b

YD	 0.004b	 0.26a	 0.25b	 0.01b	 510a	 74.4a	 0.11a

*	Means	in	the	same	column	with	different	letters	are	significantly	different	(p<0.01).
**	pH-DR	=	pH	drop	rate,	A-IR	=	acidity	increase	rate,	RP-IR	=	redox	potential	increase	rate;	pH-A-M	=	pH-acidity	modulus.

decline. the mean acidification rate for the YD 
treatment was significantly higher than that in 
the MD treatment (table 3). According to ta-
ble 3, the pH-acidity modulus of the YD treat-
ment was smaller than that of the other treat-
ment, representing a slow decrease in pH with 
a parallel rapid increase in acidity. the mean 
value of redox potential increase rate in the 
MD treatment was greater than that in the YD 
treatment. Production of organic acids during 
the fermentation period causes an increased re-
dox potential (MOrtAZAVIAN and sOHrAbVAN-
DI, 2006). the YD treatment had a significant-
ly greater acidity increase rate during fermen-
tation compared with the MD treatment (ta-
ble 3). therefore, the redox potential increase 
rate in the former treatment should have been 
significantly greater than the other treatment; 
however, the opposite was observed. this find-
ing can be attributed to the non-fat milk solid 
enriched media in the YD treatment (12%) com-
pared to that of MD (6%). Milk proteins (espe-
cially sulfur-containing amino acids) efficiently 
lower the redox potential of the media and keep 
it low after sufficient heat treatment (MOrtA-
ZAVIAN and sOHrAbVANDI, 2006). there could 
also be less penetration of molecular oxygen in 
the YD treatment during fermentation because 
the matrix is much more condensed.

Viability of probiotic bacteria

the viability of the probiotic microorganisms 
and their growth/death indices (growth propor-
tion index = GPI and growth rate index = GrI) 
in MD and YD treatments immediately after 
fermentation are reported in table 4. the via-
ble counts of each probiotic bacteria (L. acido-
philus and bifidobacteria) and the total probiotic 
count were significantly higher in the YD com-
pared to the MD treatment. In each treatment, 
the viable cell population of bifidobacteria was 
significantly higher than L. acidophilus. the via-
ble cell population of L. acidophilus immediately 
after fermentation was 1.90 (190%) of its initial 
population in the YD treatment. the viable cell 

population for bifidobacteria was 1.58 (158%) at 
the end of fermentation. considering the growth 
rate index (GrI) in table 4, on average, the cell 
populations of L. acidophilus and bifidobacteria 
in the YD treatment (YD-pH4.2) increased by 
2879.4 and 3158.7 viable cells/min during fer-
mentation, respectively. In the MD treatment, 
the GrI values were negative for both probiotic 
bacteria. the final populations of both probiot-
ic bacteria had fewer viable cells than were in-
itially inoculated into non-fermented milk. On 
average, the viable cell populations of L. acido-
philus and bifidobacteria in the MD treatment 
decreased by 3585.2 and 4153.6 viable cells/
min during termination, respectively. the pop-
ulation of bifidobacteria in the YD-pH4.2 treat-
ment was 3.47 times higher than in MD (table 
4). comparing the amounts of acetic acid in both 
treatments at the end of fermentation (0.15 in 
YD compared with 0.04 in MD), the viability of 
bifidobacteria was greater in the YD treatment. 
bifidobacteria form acetic acid in a molar pro-
portion of 3:2. therefore, the increase in acetic 
acid is proportional to the growth of these bac-
teria (GOMEs and MALcAtA, 1999; MOrtAZAVI-
AN, 2008).

A significantly lower viability of probiotics in 
the MD treatment compared to the YD treat-
ment can be attributed to several factors. A high-
er buffering capacity in the YD treatment led to 
a longer fermentation time and the growth in-
hibition of probiotic starter bacteria was de-
layed until the final pH value of fermentation 
(pH4.20±0.02) (table 3). consequently, the time 
of bacterial multiplication was longer. the lower 
buffering capacity of the media in the MD treat-
ment led to a sharp decrease in pH during the 
fermentation period (table 3). this might gave 
caused a pH drop shock to probiotics, particu-
larly because they are susceptible to pH decline 
(GOMEs and MALcAtA, 1999; MOrtAZAVIAN and 
sOHrAbVANDI, 2006). In the YD treatment, the 
amount of final acidity as well as the mean acid-
ity increase rate (table 3) was higher than that 
of the MD treatment (higher buffering capacity 
of the former media). this did not have a nota-
ble influence on the viability of probiotic bacte-
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table 4 - Viability of probiotic microorganisms and their growth/death indexes in MD and YD treatments immediately af-
ter fermentation*.

	 Initial	population	 Final	population	 GRI	 GPI
	 (log	cfu/mL)***	 (log	cfu/mL)	 (cfu/min)
	
Treatment	 A**	 B	 A+B	 A	 B	 A+B	 A	 B	 A+B	 A	 B	 A+B

MD	(pH4.2)	 6.21	 6.44	 6.64	 5.52cB	 6.10cA	 6.20c	 -3585.2cA	 -4153.6cB	 -7722.9c	 0.20cB	 0.46cA	 0.36c

YD-pH4.2***	 6.21	 6.44	 6.64	 6.49bB	 6.64bA	 6.88b	 +2879.4bB	 +3158.7bA	 +6332.6b	 1.90bA	 1.58bB	 1.74b

YD-pH4.5	 6.21	 6.44	 6.64	 6.79aB	 6.93aA	 7.16	a	 +13939.1aB		 +17659.9aA	 +30948.6a	 3.80aA	 3.09aB	 3.31a

* Means	shown	with	small	and	capital	letters	represent	significant	differences	(p<0.05)	in	the	same	columns	(between	MD	and	YD	treatments)	
and	rows	(between	the	probiotic	bacteria	in	each	treatment),	respectively;
**	A	=	L. acidophilus,	B	=	bifidobacteria,	A	+	B	=	total	probiotics;	***	YD-pH4.2	=	YD	treatment	with	pH4.2.

ria (table 4). In other words, the role of pH de-
cline (both pH value and pH drop rate) on the 
loss of viability in probiotics might be strong-
er than the impact of acidity increase, although 
organic acids are also bacteriocidic agents (JAY, 
1992; MOrtAZAVIAN and sOHrAbVANDI, 2006). 
this hypothesis is consistent with some previ-
ous reports in which the final pH at the end of 
yogurt fermentation has been reported to be the 
most important factor affecting the growth and 
viability of L. acidophilus and especially Bifido-
bacterium spp. (LArOIA and MArtIN, 1991; sHAH 
and rULVA, 2000). to test this hypothesis, the 
microbiological characteristics of the YD treat-
ment-pH4.2 (at the end of fermentation) and YD 
treatment-pH4.5 containing equal amounts of 
solid non-fat contents were compared (table 4). 
the viability of the probiotics and their relevant 
growth indices in the YD treatment-pH4.5 were 
much greater than in the YD treatment-pH4.2. 
the logarithmic bacterial growth phase in both 
treatments ended in the pH range of 4.55-4 (ta-
ble 2). therefore, the greatest viable count of 
probiotics was observed at a pH limit of about 
4.50. When the pH falls below 4.20, the start-
er bacteria must be at the end of the stationary 
phase or in the death phase (remarkably reduced 
rates of acidity increase and pH decrease, table 
1), resulting in a dramatic loss in probiotic via-
bility. However, pH values higher than 4.2 are 
not suitable for doogh production because the 
taste of final product would not be satisfactory.

In the YD treatment, the yogurt gel matrix 
formed during the fermentation exhibits a phys-
ical and probably chemical property against 
molecular oxygen, hydrogen ions and organic 
acid molecules (MOrtAZAVIAN and sOHrAbVAN-
DI, 2006), the viability of the probiotics within 
such a matrix probably increases. the lower re-
dox potential increase rate of YD compared with 
the MD treatment also influenced the viability of 
probiotics in the YD treatment (table 3). Higher 
values of redox potential inhibit or restrict the 
growth and/or activity of bifidobacteria (GOMEs 
and MALcAtA, 1999; MOrtAZAVIAN and sOHrA-
bVANDI, 2006).

In the YD treatment, a higher concentration of 

non-fat milk solids had a positive effect on the 
growth and/or activity of the probiotics com-
pared to MD due to the higher nutritional value 
of the YD treatment. Lower non-fat solids con-
tent in the fermenting media enhances bacteri-
al competition that results in the loss of probiot-
ic viability. this is particularly important in the 
case of antagonistic effects of L. delbrueckii ssp. 
bulgaricus and probiotic bacteria (MOrtAZAVIAN 
et al., 2006; 2007b; MOrtAZAVIAN and sOHrA-
bVANDI, 2006). It has been reported that in the 
AbY culture composition in fermented milks, 
there is a dramatic loss of viability in L. acido-
philus due to hydrogen peroxide produced by 
L. delbrueckii ssp. bulgaricus (DAVE and sHAH, 
1997; MOrtAZAVIAN et al., 2006; 2007b; sHAH 
et al., 1995).

Although the final population and growth 
rate index (GrI) of bifidobacteria was signifi-
cantly greater than that of L. acidophilus in the 
YD treatment, their growth proportion indices 
were significantly smaller (table 4). L. acido-
philus grew and multiplied more efficiently in the 
samples related to this treatment and the sig-
nificantly higher viable count and GrI and GPI 
of bifidobacteria at the end of fermentation was 
due to the considerably longer initial inoculated 
population (table 4). In the MD treatment, the 
rate of viability loss of bifidobacteria was great-
er than that of L. acidophilus (table 4, high neg-
ative GrI). therefore, the production conditions 
of the MD treatment compared with YD must 
have been more detrimental for the bifidobacte-
ria rather than the L. acidophilus (greater death 
rate). Greater sensitivity and drastic viability 
loss of bifidobacteria in the MD treatment com-
pared with the YD treatment can be attributed 
to the susceptibility of these bacteria to sharp-
er pH drop and redox potential increase rates in 
the MD treatment as well as the lack of proteo-
lytic and b-galactosidase activities (GOMEs and 
MALcAtA, 1999; MOrtAZAVIAN and sOHrAbVAN-
DI, 2006). Moreover, low pH values (e.g., pH4.2) 
have a strong adverse impact on the viability 
of bifidobacteria (GOMEs and MALcAtA, 1999; 
MOrtAZAVIAN and sOHrAbVANDI, 2006). It has 
been reported that the growth of bifidobacteria 
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is restricted at pH<5.0 (sHAH, 1997; GOMEs and 
MALcAtA, 1999).

cONcLUsIONs

In the present research, the effects of the order 
of dry matter standardization on the production 
of AbY-type probiotic doogh and on its micro-
biological and biochemical characteristics were 
studied. the results showed that standardiza-
tion after fermentation (YD treatment) resulted 
in significantly higher viable counts of L. acido-
philus and bifidobacteria compared with stand-
ardization before fermentation (MD treatment). 
However, standardization after fermentation led 
to longer incubation times that could be unfavo-
rable from a technological point of view. In both 
treatments (YD and MD), the growth rates of bi-
fidobacteria were lower than L. acidophilus. the 
values of growth rate index (GrI) were negative 
for both probiotics in the MD treatment com-
pared with YD. this study showed that chr-
Hansen’s AbY-type probiotic starter culture 
which is widely applied for yogurt production 
was not suitable for manufacturing of ferment-
ed milk drinks with lower pH values including 
doogh. In order to select between the two treat-
ments (MD or YD), the colloidal stability (com-
prising phase separation) as well as the rheo-
logical and sensorial characteristics of doogh 
made by both procedures must be compared in 
a separate study.
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AbstrAct

the chemical composition and body proportions of Achatina fulica (Bowdich), Achatina achati-
na (Linné) and Archachatina ventricosa (Gould) fed a concentrated diet were investigated and com-
pared with wild A. fulica, A. achatina and Arch. ventricosa. Wild and artificially reared snail shell 
proportion were 42.09 and 46.91%; 47.20 and 52.96%; 48.02 and 51.96% of the whole body, re-
spectively, for A. fulica, A. achatina and Arch. ventricosa. the pedal mass proportion was 41.36 
and 36.66%; 27.80 and 26.62% than 36.59 and 32.71%, respectively, for wild and reared A. fu-
lica, A. achatina and Arch. ventricosa. the pedal mass mean energy, dry matter, proteins, lipid 
and mineral matter content were 53.21cal/100g; 12.86% by weight of deshelled snails; 63.98/
DM (% of dry matter); 15.80/DM and 8.96/DM in A. achatina. For A. fulica pedal mass aver-
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age energy, dry matter, proteins and mineral matter content were 47.82 cal/100 g; 13.63% by 
weight of deshelled snails; 58.94/DM and 14.92/DM. Arch. ventricosa pedal mass mean energy, 
dry matter, proteins, lipid and mineral matter content were 50.32 cal/100g; 14.19% in weight 
of deshelled snails; 66.36/DM; 13.43/DM and 10.25/DM. the protein contents differed slight-
ly between artificially reared and wild snails.

INtrODUctION

the rural populations of under-developed 
countries and in particular the Ivory coast suf-
fer from a chronic deficit in animal protein. the 
Ivory coast initially imported meat (sheep and 
oxen) from the sahelian African countries (Mali, 
burkina Faso and Niger), the European Union 
(sheep, poultry and dairy products) and certain 
Latin American countries which was a significant 
expenditure. therefore, it was necessary to seek 
new sources of animal protein. Edible terrestrial 
gastropods occur naturally in the dense forests 
of sub-saharan Africa and particularly in the Ivo-
ry coast. these snails belong to the Achatina ge-
nus, particularly the species A. achatina Linné, 
1758 and A. fulica bowdich, 1820 and the Arch-
achatina genus with the species Arch. ventricosa 
Gould, 1850 and A. marginata swainson, 1821. 
In the past, snails belonging to the genus Acha-
tina were often consumed, while those of the ge-
nus Archachatina were rarely used as food be-
cause of various taboos. today both juveniles 
and adults of these genera are consumed (AbOUA 
and bOkA, 1996). the soft bodies of these snails 
are rich in amino acids, proteins, minerals and 
iron and constitute a potentially valuable source 
of animal protein and iron for rural populations 
(AbOUA, 1990, ADEyEyE et al., 1996).the snail 
meat is relished by the forest populations of the 
Ivory coast for its taste and especially its aro-
ma. It is consumed in various forms: cooked in 
sauces, steamed or roasted and served with rice, 
semolina of cassava, yams and plantain banan-
as (AbOUA and bOkA, 1996). the visceral mass, 
which is usually not consumed, could consti-
tute a source of protein and minerals in animal 
feed. the artificial raising of snails is necessary 
to make up for seasonal deficits in snail availa-
bility and to preserve the species from the pres-
sures that result from the destruction of the for-
ests, the abusive use of pesticides and over-col-
lecting (ZONGO et al., 1990; OtchOUMOU et al., 
1989-1990; 2003a;b; 2004a;b; 2005). however 
artificially raised snails are not greatly appreci-

ated by consumers compared to wild specimens 
(kOUAssI et al., 2007).

the aims of the present study were to compare 
the proportions of some of the body parts (shell, 
pedal mass and visceral mass) of reared and wild 
snails and to determine and compare the chem-
ical composition of the meat of reared and wild 
snails in order to determine if snail culture should 
be encouraged for human consumption.

MAtErIALs AND MEthODs

snail material

One hundred and fifty (50/species) wild snails 
of the species A. achatina (Linné), A. fulica (bow-
dich) and Arch. ventricosa (Gould) were used. 
the average live weights were 32.05±10.5 g; 
32.50±3.44 g and 32.10±9.98 g, respectively, for 
A. achatina, A. fulica and Arch. ventricosa. they 
were collected in the forests in the south-west of 
the Ivory coast from an area of approximately 3 
hectares. For the reared species, 150 snails (50/
species) were used. the average live weights were 
32.06±7.48 g; 32.61±4.88 g and 32.11±11.58 g, 
respectively, for A. achatina, A. fulica and Arch. 
ventricosa. the reared snails were raised at the 
experimental farm of the University of Abobo-Ad-
jamé. they were fed a concentrated flour diet in 
accordance with the requirements for the spe-
cies, as reported by OtchOUMOU et al. (2004a, 
b) for six months (from June 2006 to Decem-
ber 2007). the formulation of the diet is given 
in table 1. the principal characteristics of the 
diet were checked by chemical analysis (AOAc, 
1984) and the results are reported in table 2.

sample preparation

Fifty snails were randomly chosen according 
to species; twenty-five wild snails and twenty-five 
reared snails. the remainder of the wild snails 
were released in the forest. they were weighed 
after a 24-hour fast and sacrificed and the flesh 
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was extracted from the shell using a silver fork. 
the pedal mass (the head and edge of the man-
tle) was then separated from the visceral mass 
(digestive glands, gonads, gland of albumin, liver, 
pancreas, genitals, heart and kidney). the shell, 
pedal mass and visceral mass were weighed. Af-
ter drying in an oven at 60°c for 24 h, the snail 
diet, pedal mass and visceral mass were ground 
and the chemical composition was determined 
using 50 g of dry ground snail meat for each 
sample. the chemical analysis of each sample 
was repeated three times.

Proximate composition

Dry matter
the diet sample was dried and the loss of 

mass was determined by weighing. At least 50 
g of the sample were mashed without any vari-
ation in moisture. A mashed sample (5 g) was 
then put into a tarred container and heated at 
103°c for four h in a drying oven. the mass of 
dry matter obtained is expressed as a percent-
age of the sample.

Mineral matter
A 5 g sample was weighed and put in an in-

cineration crucible which was gradually heated 
until the sample was carbonized. the crucible 
was then placed in a muffle oven at 550°±5°c 
until white ash was obtained. the crucible was 
immediately weighed after cooling. the weight 
of the residue was calculated by subtracting 

the tare and is expressed as a percentage of 
the sample.

crude proteins
the crude proteins were determined according 

to the kjeldahl method. the sample was miner-
alized by the wet process. the acid solution was 
alkalized with a solution of sodium hydroxide. 
the ammonia released was extracted by distilla-
tion and collected in a volume of sulphuric acid 
whose excess was titrated with sodium hydroxide. 
One mL of sulphuric acid (0.1 N) corresponds to 
1.4 mg of nitrogen; the quantity of nitrogen ob-
tained was multiplied by 6.25 and the result are 
expressed as a percentage of the sample.

total lipids
the total lipids were determined according to 

the method of FOLch et al. (1957).
the tissues were homogenized with a 2:1 mix-

ture of chloroform and methanol and the extract 
was washed by adding pure water (0.2% in vol-
ume). the mixture was separated into two phas-
es by centrifuging. the lower phase was the ex-
tract of pure total lipids.

crude energy
the crude energy was determined by the coef-

ficient of AtWAtEr and rOsA (1899). According 
to them 1g of carbohydrates and 1 g of protein 
provides 17 joules and 1 g of lipids 38 joules. 
One calorie corresponds to 4.18 joules. crude 
energy was calculated as follows:

table 1 - Meal diet components (g) and characteristics.

Corn	 Cotton	 Soya	grains	 Bran	soft	 Calcium	 Vitamins	 Calcium	 Salt	 Trace	 Total
	 cattle-cake	 	 wheat	 phosphate	 	 carbonate	 	 elements

10.00	 16.00	 16.00	 15.00	 4.00	 0.50	 39.20	 0.40	 0.10	 100
	 	 	

Characteristics/DM

Crude	 Total	 Total	calcium	 Fat	 Starch	 Free	sugars	 crude	cellulose	 Ash
energy	 Nitrogen

2727	 17.14	 16.01	 4.61	 12.24	 3.04	 4.67	 43.35

/DM:	Results	expressed	as	%	dry	matter

table 2 - Diet components determined by chemical analysis.

Components	(%	of	dry	matter)
Sample	weight	 Dry	matter	 Proteins	 Total	Lipids	 Calcium	 Mineral	 Energy	(cal/g)

44.66	 83.13	 18.35	 3.34	 15.80	 45	 2.380
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starch
the sample was extracted with ethanol (40%). 

After acidification of the substrate with hydro-
chloric acid, precipitation and filtration, the op-
tical activity of the solution was measured by 
polarimetry.

Free sugars
Free sugars were determined by the sulphuric 

phenol test (DUbOIs et al., 1956).

crude cellulose
A mixture of 3 g of sample, 2 g of an asbestos, 

125 mL of sulphuric acid (1.02N) and 75 mL of 
distilled water was boiled for 10 min and then 
filtered. One hundred-twenty mL of potassium 
hydroxide (0.89N) and 75 mL of distilled water 
were added to the residue. the solution was fil-
tered after boiling for 10 min on an asbestos. 
the residue was rinsed with warm water and 
acetone for drying. the asbestos residue con-
taining cellulose was then placed in a porcelain 
crucible and dried in an oven at 130°c for 2 h. 
the mixture was then weighed with the crucible 
and incinerated at 900°c for 30 min. the cruci-
ble and the dry residue were then weighed. the 
crude cellulose content is expressed as a per-
centage of the sample.

statistical analyses
the statistical analyses were carried out with 

the sAs program (1987). Averages of shell pro-
portions, pedal mass, visceral mass, total mass 
of flesh proportions, energy, dry matter, pro-
teins, lipids and mineral matter were compared 
by analysis of variance with ANOVA (5% thresh-
old of confidence). the following model was used:

yijk = µ + rI + Eijk, where yijk is the measured 
variable, µ the general average, rI the fixed effect 
of snail origins and E ijk the residual.

rEsULts AND DIscUssION

Various parts of the body proportions

the results concerning the proportions of the 
various parts of the body of the three snail spe-
cies are given in table 3. the statistical analy-
ses showed that there were no significant dif-
ferences (P>0.05) between the wild and reared 
snails with respect to the average proportions 
of the various parts of the snail body. the con-
sumable pedal mass was equivalent to 33% of 
the live weight of the three species; the viscer-
al mass of A. achatina and Arch. ventricosa ac-
counted for 16% of the live weight. the viscer-
al mass of A. fulica made up about 20% of its 
live weight.

chemical composition
the results of the chemical analysis of some 

body parts of the three snail species are giv-

en in table 4. statistical analyses showed that 
regardless of species, there were no signifi-
cant differences (P>0.05) between the chemical 
composition of the wild specimens and those 
of reared specimens. regardless of the species 
and origin, the visceral mass contained more 
energy, lipids and mineral matter than the 
pedal mass. the pedal mass was richer in pro-
teins than the visceral mass and reared spe-
cies had higher protein contents than those of 
the wild ones.

In Africa and particularly in the Ivory coast, 
snails are important for the quantity of meat 
that they provide and not for their gastronom-
ical finesse (ZONGO et al., 1990). the pedal 
mass is the part of the body that is consumed 
(AbOUA and bOkA, 1996). the results of this 
study should encourage the consumption of 
reared snail meat and use of the shell and 
visceral mass. the results indicate that the 
shell accounts for half of the live snail weight, 
while the pedal and visceral masses account 
for 33% and 17% of the body weight, respec-
tively. these results are similar to those of PA-

table 3 - body portions are percentage of body weight (%) 
of edible snails of the Ivory coast.

	 Achatina	achatina

Body	weight	(g)	 Wild	 32.05	±	10.5
	 Reared	 32.06	±	7.48
Shell	 Wild	 42.09a	±	4.5
	 Reared	 46.91a	±	14.00
Pedal	mass	 Wild	 41.36a	±	6.23
	 Reared	 36.66a±	7.20
Visceral	mass	 Wild	 16.53b	±	2.89
	 Reared	 16.44b	±	7.94
Total	flesh	mass		 Wild	 57.91a	±	3.6
	 Reared	 53.09a	±	14.00

	 Achatina	fulica

Body	weight	(g)	 Wild	 32.50	±	3.44
	 Reared	 32.61	±	4.88
Shell	 Wild	 47.20a	±	3.56
 	 Reared	 52.96a	±	5.53
Pedal	mass	 Wild	 27.80b	±	2.44
	 Reared	 26.61b±1.49
Visceral	mass	 Wild	 25.00b	±	1.43
	 Reared	 20.43b	±	6.63
Total	flesh	mass		 Wild	 52.80a	±	7.5
	 Reared	 47.04a	±	5.55

	 Archachatina	ventricosa

Body	weight	(g)	 Wild	 32.10	±	9.98
	 Reared	 32.11	±	11.58
Shell	 Wild	 48.02a	±	13.99
 	 Reared	 51.95a	±	4.47
Pedal	mass	 Wild	 36.59b	±	4.3
	 Reared	 31.71b±3.64
Visceral	mass	 Wild	 15.37c	±	1.2
	 Reared	 16.34c	±	1.82
Total	flesh	mass		 Wild	 51.98a	±	5.88
	 Reared	 48.05a	±	5.19

NB:	Mean	values	in	the	same	column	followed	by	the	same	letter	
have	no	significant	difference	(P>0.05).
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table 4 - chemical composition of the pedal and visceral mass of edible snails of the Ivory coast

	 Achatina	achatina
	 Pedal	mass	 Visceral	mass

	 Wild	 Reared	 Wild	 Reared
	 snails	 snails	 snails	 snails

Energy	(cal/100g)	 5135ab±77.78	 5027.5a±175.79	 5370.5ab±27.58	 5614.5b±472.56
Dry	matter	(%)	 10.99a±0.30	 13.51b±2.75	 11.90a±0.56	 14.74b±5.2
Proteins	(%DM)	 74.6b±0.14	 62.6ab±7.61	 65.76ab±0.62	 53.36a±6.06
Lipids	(%DM)	 7.17a±0.04	 7.54	ab±0.73	 21.04ab±0.66	 24.44b±8.02
Mineral	matter	(%DM)	 7.39a±0.13	 7.38a±2.25	 10.53a±0.25	 9.54a±3.01

	 	 Achatina	fulica
Energy	(cal/100	g)	 4958a±172.53	 4950a±323	 4561.50a±2.12	 5002.83a±355.48
Dry	matter	(%)	 12.76a±0.65	 14.51a±1.3	 13.47a±2.08	 14.08a±8.96
Proteins	(%DM)	 57.18a±0.82	 66.22a±10.25	 51.67a±1.52	 59.56a±10.65
Lipids	(%DM)	 Traces	 Traces	 Traces	 Traces
Mineral	matter	(%DM)	 10.25a±6.39	 10.25a±6.39	 19.6a±0.79	 13.48a±4.10

	 	 Archachatina	ventricosa
Energy	(cal/100g)	 4777a±80.61	 4816.5a	±82.03	 5288a±16.97	 5267.66a±556.28
Dry	matter	(%)	 15.74b±1.38	 14.32b±2.42	 11.82a±1.11	 16.57b±5.02
Proteins	(%DM)	 64.36a±1.19	 68.37a±5.85	 64.39a±0.58	 58.24a±12.3
Lipids	(%DM)	 6.95a±1.39	 5.69a±0.61	 17.75ab±0.78	 21.18b±7.31
Mineral	matter	(%DM)	 8.55a±0.72	 10.99a±2.53	 10.54a±0.64	 11.95a±3.09

NB:	Mean	values	in	the	same	line	followed	by	the	same	letter	are	not	significantly	different	(P>0.05)
DM:	Dry	Matter.

chEcO et al. (1998). GOMOt (1998) studied the 
proportions of the various parts of the body of 
helix snails and reported 10.3 to 11.5% of the 
live snail weight was constituted by the shell of 
reared specimens, while the shell constituted 
17.5 to 22% of the live weight in the wild indi-
viduals. the high proportion of shells of wild 
specimens of Achatinidae and helicidae are 
due to the nature of the soil, the vegetation 
and the influence of the season. the shell and 
the visceral mass could be used as a source 
of calcium and protein in animal feed (rIstIc 
et al., 2000). AbOUA (1990; 1995) studied the 
chemical composition of A. fulica and showed 
that the flesh was very rich in protein. the 
pedal mass had from 53.36 to 74.6 g of pro-
tein for the three studied species which was 
slightly higher than the value (72 g) reported 
by AbOUA (1990). sALDANhA et al. (2001) re-
ported 14.87 g on wet matter. the pedal mass 
contained more proteins than the visceral 
mass which was probably due to the compo-
nents. Pedal mass is primarily made up of con-
tractile proteins (actins and myosin). howev-
er, the pedal mass of Arch. ventricosa, an ob-
ject of various taboos, was the richest in pro-
teins compared to the other two species. this 
explains why it is highly consumed in benin 
and Nigeria (EbENsO, 2002). traces of lipids 
were found in pedal and visceral masses of A. 
fulica in contrast to what AbOUA (1990) found, 
2.10% of the body weight. In the two other spe-
cies, the lipid contents were low in the pedal 
mass. this explains why snail meat is recom-

mended for low lipid diets (sALDANhA et al., 
2001). the results of this study were slightly 
higher due to the concentrated diet. In addition 
the visceral mass was rich in lipids and was 
more energetic compared to the pedal mass be-
cause the lipids are highly energetic. the min-
eral matter of the pedal and visceral masses 
exceeded 19.6 g per 100 g of sample regard-
less of the species. these values were double 
those obtained by AbOUA (1990) in A. fulica 
and even greater than those of WAtt and MEr-
rILL (1975). these results could be explained 
by the type of diet used to rear the snails. the 
results of this study have shown that the vis-
ceral mass is richer in mineral matter than 
the pedal mass. It is thought that the mineral 
content absorbed by the snails is transferred 
to the internal organs where a storage thresh-
old exists. this threshold differs according to 
the snail species.

the edible snails of the Ivory coast are very 
rich in protein, minerals and energy. For this 
reason they are gathered by the forest popula-
tions of the Ivory coast. this study has shown 
that the chemical quality of wild snails differs 
a little from that of the reared ones. An im-
provement of the various parameters for rais-
ing snails, and particularly diet components 
could improve the quality of reared snail meat. 
thus it is recommended that reared snail meat 
be consumed in order to preserve wild snail 
biodiversity and to protect snail consumers 
from possible intoxication due to frequent use 
of pesticides and heavy metals.
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