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Abstract

The quality and methylene chloride-
extractable volatiles were measured on 
multiple-harvested “Golden Delicious” 
apples at picking and after storage. 
These compounds have been rarely or 
never identified in apples but are pre-
sumed to be present in trace amounts.  
Esters, aldehydes, aliphatic and aro-
matic alcohols, other aliphatic com-
pounds (overall acids), norisoprenoids, 
phenols, benzene derivatives and lina-
lool were detected. At picking time no 
quantitative differences were detected 

Riassunto

Si sono valutati alcuni aspetti quali-
tativi ed il contenuto in sostanze volatili 
in mele “Golden Delicious”; le sostanze 
volatili sono state estratte con cloruro 
di metilene al fine di valutare compo-
sti che raramente sono stati identifica-
ti in mele e che si suppone siano pre-
senti in tracce. Si sono identificate clas-
si di composti quali esteri, alcoli, aldei-
di, norisoprenoidi, fenoli ed altri deriva-
ti benzenici e linalolo. Alla raccolta non 
si sono verificate differenze quantitati-
ve nella dotazione in aromi totali e nel-
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in the volatile concentration in multi-
ple-harvested apples except for the al-
cohol concentration which was higher 
in late-harvested fruit. CA storage re-
duced the ester, norisoprenoid, linalool, 
alcohol and aldehyde contents. The re-
turn to RA storage conditions highly fa-
vored late-harvested fruit ester content 
and commercially-harvested fruit nori-
soprenoid content.

le singole classi di composti esamina-
te; solamente la concentrazione in al-
coli è risultata superiore nei frutti rac-
colti tardivamente. La conservazione in 
AC ha ridotto il tenore in esteri, alcoli, 
aldeidi e norisoprenoidi. Il ritorno alle 
condizioni di AR ha nettamente favorito 
il contenuto in esteri dei frutti raccol-
ti tardivamente ed il contenuto in no-
risoprenoidi dei frutti raccolti in epoca 
commerciale.

Introduction

Several studies have focused atten-
tion on the identification of volatile com-
pounds of apples and many compounds 
have been reported to be important 
contributors to apple flavor, such as 
aliphatic esters, especially the C5 to C10 
acid esters, ethyl, propyl and hexyl bu-
tanoates, butyl, isoamyl and hexyl hex-
anoates, aldehydes, especially hexanal 
and (E)-2-hexenal, ketones, aliphat-
ic and aromatic alcohols, phenols, ter-
penes, estragol and β-damascenone 
(Cunningham et al., 1986; Flath et 
al., 1967). The characteristic “apple 
aroma” is associated with ethyl 2-me-
thyl butanoate, hexanal and (E)-2-hex-
enal (Flath et al., 1967; Plotto et al., 
1998). Golden Delicious is an acetate-
ester prevalent cultivar, rich in butyl 
acetate, hexyl acetate, 2-methylbutyl 
acetate and ethyl-2-methyl butanoate 
(Dixon and Hewett, 2001). Three hun-
dred and seventy volatile compounds 
have been identified in apple (Nijssen 
et al., 1997). The wide panorama is not 
only due to the large number of aromat-
ic substances but also to the different 
analytical techniques used to isolate 
the volatiles responsible for aroma pro-
duction, such as headspace (HS) or sol-
id phase micro-extraction (SPME) tech-
niques or steam distillation/solvent ex-
traction (SDE). The extraction methods 

are sensitive enough to identify trace 
compounds (µg L-1) (Moio et al., 1995; 
Fuhrmann and Grosch, 2002). For 
most solvent extraction protocols, large 
amounts of plant material and high tem-
peratures are required, which can cause 
chemical changes during extraction. It 
has been determined that extraction 
methods, together with very high effi-
ciency condensation and concentration 
using Vigreux columns, are highly re-
producible for extracting volatiles from 
small amounts of plant material (Xu et 
al., 2005). Analysis with n-pentane as a 
solvent indicated that no volatile degra-
dation products or chemical derivatives 
were formed (Xu et al., 2005).

Other authors have used methylene 
chloride to extract free and bound vol-
atiles from Chardonnay (Sefton et al., 
1993) and muscadine grape (Baek et 
al., 1997) juice, grapefruit (Jella et al., 
1998) and Red Delicious apples (KOLL-
MANNSBERGER and BERGER, 1992). In 
the methylene-chloride extraction meth-
od, all volatile compounds (low, medi-
um and high volatility), with a high par-
titioning coefficient to the organic sol-
vent, could be isolated, even if the re-
quired solvent evaporation could cause 
the loss or degradation of some volatiles 
or the formation of artefacts (Sefton et 
al., 1993). Volatile loss or artefact forma-
tion could be minimised by using a min-
imum solvent/sample ratio, which de-
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creases the appearance of solvent impu-
rities and improves reproducibility (Or-
tega-Heras et al., 2002).

Artefact formation in Chardonnay 
juice has been investigated and among 
the benzene derivatives, 4-vinylguaiacol 
and 4-vinylphenol may be derived from 
the corresponding cinnamic acid decar-
boxylation during gas chromatography, 
whereas the detection of 3-oxo-α-ionol, 
that was found only in the acid hydro-
lysates, has not been fully investigated 
(Sefton et al., 1993). The main disad-
vantage of using methylene chloride is 
its toxicity; however, the risk of meth-
ylene chloride loss can be minimized by 
using very small volumes of solvent and 
carrying out the extractions at low tem-
perature in a closed container.

Apple flavor accumulation and fruit 
quality depend on a number of attributes 
including internal and external factors. 
Internal factors influencing the accu-
mulation of volatiles are associated with 
aromatic precursor availability, partic-
ularly, amino acids and fatty acids. Li-
noleic and linolenic acid accumulation 
during ripening is associated with an 
increase in aldehydes (Defilippi et al., 
2005). External factors that influence 
fruit volatile accumulation are linked to 
climatic conditions (Echeverría et al., 
2004; Ferrandino et al., 1999; Rizzo-
lo and Visai, 1990), harvest time (Dir-
inck and SchamP, 1989; Fellman et al., 
2000; Hansen et al., 1992) and storage 
conditions (Brackmann, 1990). In “De-
licious”, “Gala”, “Rome” and “Fuji” ap-
ples, the acetate ester concentration in-
creases as ripening progresses, especial-
ly if fruit is left at room temperature for 
one week (Fellman et al., 2000). The 
concentration of aroma-characterizing 
compounds in “Fuji” apples is higher 
in early-harvested fruit (Echeverría et 
al., 2004).

Controlled-atmosphere (CA) stor-
age with low or ultra-low oxygen con-
centration has been largely used to ex-
tend the length of time of apple storage 

and to maintain fruit firmness, acidity 
and sugar content (López et al., 1998; 
Streif and Bangerth, 1988). CA can 
suppress volatile emission (López et al., 
1998; Mattheis et al., 1998; Streif and 
Bangerth, 1988). The reduction of lip-
id-derived esters under CA conditions 
is mainly due to the low oxygen con-
centration, while the high carbon diox-
ide concentration limits the formation of 
esters that are derived from amino acid 
degradation (Brackmann et al., 1993). 
CA conditions can influence the capaci-
ty of the apple to produce volatiles, par-
ticularly esters, even after their remov-
al from CA (Mattheis et al., 1998; Wil-
laert et al., 1983). In multiple-harvest 
experiments it has been demonstrated 
that, as harvest maturity advances, the 
time required to regenerate volatiles af-
ter removal from CA storage decreases 
(Fellman et al., 2003). CA storage can 
cause a decrease in the concentrations 
of free- and esterified fatty acids which 
are the dominant precursors of volatile 
aroma substances in apples (Saquet et 
al., 2003).

In order to understand the effects of 
time of harvest and storage conditions 
on Golden Delicious apples, the quali-
tative characteristics and volatile com-
pounds responsible for aroma produc-
tion in the fruit were evaluated. A liquid-
liquid extraction method with methylene 
chloride as a solvent was used to extract 
volatiles (KOLLMANNSBERGER and BERG-
ER, 1992; Sefton et al., 1993; Jella et 
al., 1998; Baek et al., 1997). The reason 
for choosing this method was to inves-
tigate those compounds that have been 
rarely or never identified in apples and 
that are supposed to be present in trace 
amounts.

Another aim was to evaluate the effect 
of time of harvest on fruit quality and vol-
atiles after CA storage and CA followed 
by regular atmosphere (RA) storage on 
Golden Delicious apples cultivated in a 
mountainous zone at picking and after 
storage.
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Materials and Methods

Plant material

The trial was carried out in northwest-
ern Italy (Aosta Valley) in an orchard with 
a southern exposure located at 750 m 
a.s.l. with east-west oriented rows. Sev-
enteen-year-old “Golden Delicious” clone 
B trees (4 m between rows, 1.2 m with-
in rows), trained to the spindle system 
and grown on M9 rootstock were divided 
into three blocks of fifteen trees. In each 
block, 5 trees were labelled and 15-18 
apples were harvested from each of the 
5 trees on September 13 (early harvest) 
and 23 (commercial harvest), and on Oc-
tober 3 (late harvest). Approximately 200 
apples per picking were stored in RA at 
1°C for ten days and then were kept in 
CA (1.8 kPa O2, 2.8 kPa CO2) at 1°C (ISO-
LCELL system, Laives, Bolzano, Italy). 
After 248 days of CA storage (postharvest 
1, PH1) a batch of stored fruit was ana-
lysed for fresh weight (FW), soluble sol-
id content (SSC), titratable acidity (TA), 
firmness (FI) and volatiles. Another batch 
of fruit was left in RA at room tempera-
ture (approximately 18°C) for 10 and 20 
days to simulate the fruit shelf-life. The 
determinations were then carried out 
after 10 days of RA (PH2) and 20 days 
of RA (PH3). Qualitative determinations 
and the sample preparation for volatile 
analysis were carried out immediately 
after picking at harvest or immediately 
at the end of storage at PH1.

Qualitative determinations

Three replications of 20 apples each 
were used to measure qualitative charac-
teristics. Each apple was weighed to as-
sess FW (g). FI was measured with an Ef-
fegi type (Effegi, Milan, Italy) penetrom-
eter on two peeled surfaces in the equa-
torial zone of the apple using a plug di-
ameter of 11 mm; data are expressed in 
N. A quarter from each of the 20 apples 
was removed; all quarters from the 20 

apples were peeled, ground and centri-
fuged to obtain juice on which the SSC 
and the TA were measured. The SSC was 
measured with a hand-refractometer (At-
ago, Tokyo, Japan) and the data are ex-
pressed as °Brix. Ten milliliters of juice 
were neutralized to pH 8.0 with 0.1 N 
NaOH, using phenolphthalein as indica-
tor, and the data are expressed as g L-1 
of malic acid. The pulp starch content 
was enzymatically determined (Boehring-
er-Mannheim starch kit n. 207748) on a 
second pool of apple quarters after a pre-
liminary starch hydrolysis carried out by 
means of a thermostable α-amylase (Ter-
mamyl, Novo Industri A/S, Copenhagen) 
as described by Seager and Haslemore 
(1993). Ethylene was extracted from the 
core of 10 apples dipped in water, using 
a syringe that was hermetically sealed 
with a caoutchouc stopper; 500 µL of air 
from the caoutchouc stopper were drawn 
up with a GC syringe and injected into a 
GC (Perkin-Elmer 8500, FID detector), 
equipped with a Poropak QS column (2 m, 
1/8, 80/100, Porapak_QS, Supelco Co., 
Bellefonte, PA). Operating conditions were 
as follows: oven temperature 110°C, injec-
tor temperature 120°C, detector temper-
ature 180°C, N2 was used as carrier gas 
at a flow of 40 mL min-1 (Lara and Ven-
drell, 1998). Ten other apples were cut 
on the equatorial surface and dipped in 
the Lugol solution to measure the starch 
index (SI; Test Amidomètre AM93, Copa 
Informatique, S.A. 1-10 scale).

Extraction of volatiles

Three replications of 20 apples each 
were sliced, seeds were removed and then 
ground and homogenized, adding 100 mg 
of ascorbic acid as an antioxidant. The 
homogenate was clarified with a purified 
concentrated pectinase (without second-
ary glycosidase activity, Vinozym FCE G, 
Novo Nordisk, http://www.novonordisk.
com) to obtain a clear juice. Samples were 
kept at fixed temperature (12°C) overnight 
to reduce the possibility of thermal fla-
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vor degradation and chemical reactions, 
(Moio et al., 1995). The homogenate was 
then centrifuged twice and the super-
natant was recovered and brought to a 
known final volume. One-hundred mil-
liliters of the juice were added to 200 µL 
of a solution of 77.12 µg L-1 2-nonan-1-
ol (Fluka, Buchs, Switzerland) as internal 
standard and 30 mL of methylene chlo-
ride and stirred for 10 min. The emulsion 
was separated in a separator funnel; the 
methylene chloride fraction was dried (a 
half teaspoon of anhydrous sodium car-
bonate was added) and concentrated by 
fractional distillation through a Vigreux 
column (600 mm height) at 37°C. One mi-
croliter of the concentrated extract was 
immediately injected into the GC and into 
the GC/MS.

Gas Chromatographic and GC/MS 
analysis

The volatiles were separated using a 
Carlo Erba HRGC 5300 GC equipped with 
an Innovax capillary column (30 mx0.25 
mm, 0.25 µm film thickness) and a FID 
detector that was kept at 250°C. The GC 
was programmed to start at 40°C, rise to 
60° at 30°C/min, to 190° at 2°C/min, and 
then to 230° at 3°C/min and held this 
temperature for 10 min. The injector tem-
perature was maintained at 250°C. Injec-
tion was splitless (2 min). Semi-quanti-
tative evaluation was made by the inter-
nal standard method, using 2-nonan-1-
ol as reference; the coefficient of variabili-
ty (CV) of 2-nonan-1-ol was calculated on 
32 extracts to evaluate the method repro-
ducibility. The same sample was injected 
into a quadrupole GC/Mass Spectrome-
ter Hewlett-Packard (GC5890 II Series, 
MSD5970) equipped with the same cap-
illary column and with the same temper-
ature program. Ionization energy was set 
at 70 eV. Helium was used as the carrier 
gas (flow rate of 1.2 mL/min).

The peaks were identified by compar-
ing mass spectra and retention time of 
the sample compounds with those of 

pure compounds, when available, with 
those of mass spectra and retention 
times published in the literature or from 
our laboratory. Pure compounds were 
purchased from Fluka (Buchs, Switzer-
land). Results are expressed as µg kg-1-

of apples.

Statistical analysis

Data were subjected to analysis of var-
iance (ANOVA) and means were separat-
ed by the Tukey’s test (P≤0.05 and 0.01) 
using SAS 8.2 for Windows (SAS Insti-
tute, Cary, USA).

Results and Conclusions

Fruit quality

The starch index was significantly low-
er in early-harvested than in late-har-
vested fruit, even if no significant differ-
ences were detected for starch concen-
tration (Table 1). The ethylene concen-
tration in early-harvested fruit was sig-
nificantly lower than in commercial and 
late harvests; the ethylene threshold of 
0.2 ppm indicated that the optimum time 
to begin harvest (Duverney et al., 1992) 
was reached between the early and com-
mercial harvest.

Early-harvested apples weighed sig-
nificantly less than those from commer-
cial and late harvests but during storage 
no significant differences were detected 
among harvest dates (Table 2).

Time of harvest significantly affected 
the soluble solid content; late-harvested 
fruit had a higher SSC than early-har-
vested ones. The SSC of early- and com-
mercially-harvested apples did not sig-
nificantly vary during storage, while a 
significant reduction (for P ≤ 0.05) was 
detected in late-harvested fruit after PH1 
(Table 2).

Picking the fruit from early and com-
mercial harvests showed significantly 
higher (P ≤ 0.05) titratable acidity levels 
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Table 1 - Starch index and starch and ethylene concentrations of “Golden Delicious” apples picked at 
different harvest dates. Data were analysed with ANOVA and means were separated by Tukey’s test. 
Means in rows followed by the same letters are not significantly different at P≤0.05 (small letters) and 
for P≤0.01 (capital letters).

		  Time of harvest

	 Early	 Commercial	 Late

Starch index	 6.6 bB	 7.8 abAB	 9.0 aA
Starch content (g/100g)	 0.98 ns	 0.80 ns	 0.74 ns
Ethylene (ppm)	 0.11 bB	 0.28 aA	 0.36 aA

Table 2 - Fresh weight, soluble solid content, titratable acidity and firmness of “Golden Delicious” ap-
ples picked at different harvest dates as influenced by storage (PH1 = 248 days of CA storage; PH2 = 
248 days of CA followed by 10 days of regular atmosphere - RA - storage; PH3 = 248 days of CA fol-
lowed by 20 days of RA).
Means were separated by Tukey’s test; means followed by the same letters are not significantly differ-
ent at P≤0.05 (small letters) and at P≤0.01 (capital letters).
+ comparison within each columns (among harvest dates);
++ comparison within each rows (between picking time and storage periods).

						      PH1			   PH2			   PH3
	 Time of	 at picking
	 harvest	 time	 +	 ++		  +	 ++		  +	 ++		  +	 ++

Fresh weight	 early	 166.2	 b	 ns	 162.2	 ns	 ns	 164.3	 ns	 ns	 168.8	 ns	 ns
(g)	 commercial	 183.8	 a	 ns	 179.3	 ns	 ns	 170.8	 ns	 ns	 169.8	 ns	 ns
	 late	 196.5	 a	 ns	 183.9	 ns	 ns	 173.9	 ns	 ns	 166.3	 ns	 ns
Soluble solids	 early	 11.8	 b	 ns	 12.2	 ns	 ns	 12.4	 a	 ns	 12.4	 ns	 ns
content (°Brix)	 commercial	 12.5	 ab	 ns	 12.6	 ns	 ns	 11.7	 ab	 ns	 12.1	 ns	 ns
	 late	 13.9	 a	 aA	 12.5	 ns	 bAB	 12.6	 b	 bAB	 12.2	 ns	 bB
Titratable acidity	 early	 4.5	 aA	 aA	 3.3	 a	 abAB	 2.5	 ns	 bcB	 1.9	 a	 cB
(g L-1 malic acid)	 commercial	 4.1	 aAB	 aA	 2.5	 ab	 bcB	 2.2	 ns	 bcB	 1.6	 ab	 cB
	 late	 3.4	 bB	 aA	 1.8	 b	 bcBC	 2.3	 ns	 bB	 1.2	 b	 cc
Firmness	 early	 71.3	 a	 aA	 56.7	 a	 bB	 50.5	 a	 cc	 48.3	 a	 cc
(N)	 commercial	 68.6	 ab	 aA	 49.6	 b	 bB	 45.6	 b	 bcB	 41.6	 b	 cB
	 late	 64.2	 b	 aA	 52.2	 ab	 bB	 46.9	 ab	 bcBC	 42.1	 b	 cc

in comparison with late-harvested fruit. 
During storage, the TA of early-harvested 
fruit was always significantly higher than 
that of late-harvested fruit except at PH2. 
The TA of commercially and late-harvest-
ed fruit decreased significantly after PH1, 
whereas in early-harvested fruit the TA 
only decreased after the return to RA 
conditions, i.e. PH2 (Table 2).

At harvest firmness was significant-
ly higher in early-harvested fruit than 
in late-harvested ones; at PH3, FI was 
still significantly higher in fruit from ear-

ly harvest. CA storage caused a gener-
al reduction in FI in fruit from all har-
vests (Table 2).

In this study early-harvested fruit 
showed good qualitative characteristics 
after storage; the SSC levels were similar 
to commercially-harvested fruit and had 
higher TA and FI values. Time in storage 
affected apple fruit quality. The TA and 
FI decreased notably when fruit was kept 
in RA for 20 days after CA storage, inde-
pendent of the harvest date. In contrast 
the SSC, which was significantly influ-
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enced by time of harvest, was 
not influenced by postharvest 
treatments in early- or commer-
cially-harvested fruit. Storage of 
late-harvested fruit significant-
ly reduced the SSC compared to 
the levels at harvest.

Volatiles

The methylene chloride ex-
traction method made it possi-
ble to identify flavor compounds 
that have rarely been identified 
in apples. This technique, how-
ever, was not well suited for high 
volatility compounds, particu-
larly esters. The initial sample 
preparation required that the 
apples webe sliced, homogenized 
and then left overnight to let the 
pectolytic enzyme act, which 
probably resulted in the loss of 
esters. Nevertheless, the meth-
od was reproducible as seen by 
the 15.88% calculated inter-
nal standard coefficient of vari-
ation. The free volatile extracts 
of methylene chloride of “Golden 
Delicious” apples can be classi-
fied in the following categories: 
esters, aliphatic and aromat-
ic alcohols, aldehydes, phenols 
and other benzene derivatives, 
norisoprenoids, monoterpenes 
(in trace amounts) and other 
aliphatic compounds (overall ac-
ids, Table 3).

The portion of esters that 
could be detected with the ex-
traction method used, did not 
vary among harvests at pick-
ing and at PH1 (Table 4). The 
effect of the return to atmos-
pheric O2 concentration after 
CA (PH2 and PH3) was evident 
in late-harvested fruit in which 
the concentration of esters was 
significantly higher than in ear-
ly- and commercially-harvest-
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Table 5 - Individual volatiles (µg/kg) of “Golden Delicious” apples picked at different harvest dates as 
influenced by storage (means ± standard errors; PH1 = 248 days of CA storage; PH2 = 248 days of CA 
followed by 10 days of regular atmosphere - RA - storage; PH3 = 248 days of CA followed by 20 days 
of RA; nd = not determined).

	 Time of	 Individual volatiles	 At picking	 PH1	 PH2	 PH3
	 harvest		  time

Esters	 early	 ethyl butyrate	 nd	 8.4±0.9	 5.1±0.0	 5.1±0.7
		  isobutyl acetate	 19.3±2.9	 7.3±2.2	 4.0±1.4	 5.6±0.6
		  isoamyl acetate	 15.7 ±0.9	 9.7±2.3	 14.6±5.2	 9.2±3.8
		  ethyl phenyl acetate	 2.9±0.1	 2.1±0.3	 1.1±0.1	 1.7±0.2
		  ethyl esadecanoate	 163.3±72.3	 3.9±1.1	 5.5±0.8	 17.9±2.1
		  linoleic acid ester	 678.6±35.4	 33.8±3.0	 34.3±5.2	 26.4±2.6
		  linolenic acid ester	 421.4±190.5	 4.3±1.6	 13.1±0.8	 83.2±7.4
	 commercial	 ethyl butyrate	 nd	 5.3±2.7	 4.3±1.4	 8.5±2.0
		  isobutyl acetate	 14.3±2.3	 5.5±2.2	 4.7±2.9	 7.0±0.9
		  isoamyl acetate	 43.15±11.0	 26.2±7.7	 17.7±7.0	 16.0±0.7
		  ethyl phenyl acetate	 2.85±0.1	 2.2±1.7	 1.3±0.2	 18.2±0.3
		  ethyl esadecanoate	 143.9 ±72.7	 4.1±0.4	 7.2±1.8	 8.5±1.1
		  linoleic acid ester	 712.7±7.1	 28.3±2.2	 40.1±16.3	 15.2±1.1
		  linolenic acid ester	 114.9±20.0	 19.2±12.9	 5.2±3.0	 15.9±3.8
	 late	 ethyl butyrate	 19.9±5.7	 4.4±2.6	 7.2±0.0	 198.4±37.8
		  isobutyl acetate	 83.0±11.1	 6.0±0.6	 16.8±0.0	 462.0±39.9
		  isoamyl acetate	 85.8±2.6	 19.2±7.0	 8.3±0.0	 15.7±0.5
		  ethyl phenyl acetate	 4.3±1.0	 3.3±0.5	 nd	 11.6±3.5
		  ethyl esadecanoate	 122.7±21.3	 5.8±1.2	 3.6±0.5	 3.5±0.5
		  linoleic acid ester	 481.6±39.4	 30.2±0.2	 776.0±0.8	 10.3±2.4
		  linolenic acid ester	 82.5±1.2	 7.7±5.7	 10.0±0.0	 11.2±4.7

Aliphatic and	 early	 1-butanol	 47.0±9.9	 100.0±2.6	 1901.0±48.2	 3522±568.6
aromatic alcohols		  3-penten-2-ol	 27.0±2..2	 21.8±0.0	 13.0±5.4	 130.0±0.6
		  isoamyl alcohol	 76.0±19.4	 326.2±13.0	 1700.0±88.4	 2411.0±538.5
		  1-pentanol	 30.2±2.1	 55.5±15.6	 118.0±10.0	 108.0±21.2
		  cis-penten-1-ol	 71.1±13.7	 37.1±5.5	 53.0±11.3	 31.0 ±4.6
		  hexanol	 241.6±18.2	 52.3±18.8	 2075±108.4	 1641.0±355.9
		  cis-3-hexenol	 132.2±15.7	 7.1±0.9	 3.0±0.5	 4.0±0.3
		  2-butoxyethanol	 31.5±1.1	 27.5±2.3	 54.0±7.5	 105.0±38.9
		  trans-2-hexenol	 145.7±21.2	 31.2±0.2	 53.0±15.6	 49.0±13.9
		  2-phenylethanol	 23.9±0.8	 14.6±0.59	 46.0±0.5	 47.0±9.4
	 commercial	 1-butanol	 141.3±42.0	 42.2±17.9	 1055.3±288.0	 1215.6±357.9
		  3-penten-2-ol	 27.4±3.4	 10.6±3.3	 12.1±2.1	 9.0±1.0
		  isoamyl alcohol	 205.7±58.6	 540.8±74.1	 1127.2±166.5	 968.1±148.2
		  1-pentanol	 41.2±9.4	 45.0±11.0	 77.2±12.2	 55.9±8.7
		  cis-penten-1-ol	 75.2±7.0	 31.5±9.2	 48.5±8.6	 18.2±2.4
		  hexanol	 459.2±77.8	 446.9±53.5	 1255.9±126.4	 820.5±129.4
		  cis-3-hexenol	 52.3±7.8	 3.9±0.5	 2.8±0.8	 2.9±0.1
		  2-butoxyethanol	 80.1±53.3	 26.1±2.1	 44.1±11.0	 59.9±5.2
		  trans-2-hexenol	 150.5±5.8	 24.1±7.1	 18.9±2.6	 17.0±5.0
		  2-phenylethanol	 27.7±2.5	 13.2±1.3	 36.0±5.9	 29.4±0.1

ed fruit. At PH2 this increase was due 
to a very high linoleic acid ester concen-
tration, whereas at PH3 it was associat-
ed with the high concentrations of ethyl 

butyrate and isobutyl acetate (Table 5). 
An obvious decrease in the total amount 
of esters was detected in early- and com-
mercially-harvested fruit during CA stor-

(continua)
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	 late	 1-butanol	 943.1±181.5	 88.5±29.1	 435.5±0.3	 1598.6±105.4
		  3-penten-2-ol	 30.9±5.4	 4.8±0.6	 8.2±0.0	 8.9±2.3
		  isoamyl alcohol	 489.1±3.5	 599.1±101.5	 585.8±0.3	 85.2±11.5
		  1-pentanol	 77.1±4.4	 33.9±0.5	 32.1±0.0	 68.9±4.5
		  cis-penten-1-ol	 72.1±6.9	 23.1±3.3	 25.9±0.0	 24.9±0.0
		  hexanol	 1257.2±13.9	 556.5±7.9	 570.0±0.2	 901.3±103.9
		  cis-3-hexenol	 31.2±3.3	 3.4±0.3	 0.7±0.0	 2.7±0.0
		  2-butoxyethanol	 38.3±12.4	 21.3±5.6	 71.3±0.1	 78.2±6.3
		  trans-2-hexenol	 258.6±20.4	 40.7±27.8	 21.2±0.5	 28.0±1.2
		  2-phenylethanol	 30.4±2.0	 9.2±4.0	 25.6±2.6	 21.8±4.2

Aldehydes	 early	 hexanal	 390.8±32.4	 484.1±4.2	 1021.2±120.7	 997.3±274.4
		  trans-2-hexenal	 182.5±50.8	 127.3±25.4	 169.7±12.4	 8.6±0.1
	 commercial	 hexanal	 494.0±83.7	 331.2±150.3	 603.2±49.8	 198.2±9.6
		  trans-2-hexenal	 225.5±40.6	 202.4±17.5	 111.4±11.2	 135.6±10.2
	 late	 hexanal	 686.4±61.3	 392.5±83.1	 267.5±0.1	 125.0±6.7
		  trans-2-hexenal	 355.7±14.8	 78.8±16.6	 74.0±25.0	 10.32±0.1

Phenols and other	 early	 benzaldehyde	 9.1±1.4	 2.6±0.6	 3.8±0.2	 4.3±1.4
benzene derivatives		  benzyl alcohol	 17.8±0.7	 11.1±1.2	 13.5±6.4	 6.5±3.6
		  eugenol	 16.1±0.2	 18.8±5.8	 40.9±12.8	 7.7±1.0
		  4-vinylguaiacol	 6.8±1.2	 7.9±1.9	 6.3±2.3	 5.4±3.8
		  ethyl benzaldehyde	 18.4±2.2	 68.4±26.7	 22.9±4.1	 33.9±21.2
		  4-vinylphenol	 7.8±1.4	 8.8±2.2	 7.9±1.0	 9.7±2.8
		  benzoic acid	 174.6±6.7	 14.1±7.7	 8.9±5.6	 12.4±6.9
		  dihydroconiferyl alcohol	 97.8±31.2	 79.2±3.2	 62.2±17.0	 38.6±7.4
	 commercial	 benzaldehyde	 8.4± 0.4	 5.0±3.0	 3.4±0.9	 2.8±0.0
		  benzyl alcohol	 15.8±0.6	 6.7±0.1	 7.9±0.7	 11.0±1.9
		  eugenol	 72.1±15.4	 29.4±7.0	 101.1±33.2	 15.2±5.1
		  4-vinylguaiacol	 4.8±0.8	 8.3±1.7	 5.6±2.2	 6.2±0.7
		  ethyl benzaldehyde	 16.4±0.4	 34.0±10.8	 21.9±8.0	 17.2±2.8
		  4-vinylphenol	 5.2±0.4	 4.5±1.1	 7.8±1.2	 21.8±0.1
		  benzoic acid	 147.7±4.2	 13.0±1.9	 13.4±3.6	 40.9±5.5
		  dihydroconiferyl alcohol	 112.7±22.4	 60.1±10.9	 49.3±7.6	 53.3±24.5
	 late	 benzaldehyde	 7.2±0.1	 3.3±0.9	 1.4±0.0	 3.0±0.3
		  benzyl alcohol	 12.4±2.0	 7.7±1.5	 7.1±0.0	 5.9±0.7
		  eugenol	 177.52±2.2	 53.6±22.0	 24.8±0.5	 14.0±2.1
		  4-vinylguaiacol	 4.8±0.9	 3.0±1.0	 13.1±5.5	 4.3±1.3
		  ethyl benzaldehyde	 9.9±0.3	 36.7±22.9	 23.4±0.2	 12.1±3.7
		  4-vinylphenol	 4.7±0.8	 9.8±6.4	 10.5±2.5	 7.4±0.7
		  benzoic acid	 162.4±3.8	 10.9±2.9	 11.0±3.9	 7.1±3.5
		  dihydroconiferyl alcohol	 121.6±6.0	 102.1±1.2	 12.9±6.3	 39.2±5.2

Norisprenoids	 early	 b-damascenone	 10.8±3.7	 2.7±0.2	 7.2±3.8	 17.0±14.1
		  3-hydroxy-b-damascone	 79.0±4.1	 46.4±1.3	 44.7±2.3	 46.4±6.0
	 	 3-oxo-a-ionol	 0,0	 8.1±1.2	 20.9±11.4	 23.4±9.1
	 commercial	 b-damascenone	 4.9±2.1	 0.8 ±0.4	 9.7±0.7	 36.1±0.1
	 	 3-hydroxy-b-damascone	 62.9±0.6	 39.9±1.1	 30.3±18.9	 51.9±15.6
	 	 3-oxo-a-ionol	 nd	 24.9±9.0	 10.1±1.8	 39.1±12.0
	 late	 b-damascenone	 3.0±1.4	 1.8±0.3	 8.0±2.4	 4.2±0.4
	 	 3-hydroxy-b-damascone	 72.9±10.3	 27.5±0.4	 20.1±6.3	 32.6±2.1
	 	 3-oxo-a-ionol	 0,0	 18.0±9.6	 15.9±5.8	 25.8±3.8

	 Time of	 Individual volatiles	 At picking	 PH1	 PH2	 PH3
	 harvest		  time

(continua)

Table 5



Ital. J. Food Sci. n. 4, vol. 19 - 2007  385

Linalool	 early	 linalool	 26.3±2.0	 5.5±2.7	 10.0±0.4	 3.6±1.7
	 commercial	 linalool	 37.27±2.8	 3.6±2.9	 10.45±0.8	 11.03±0.1
	 late	 linalool	 31.2±0.3	 2.8±1.1	 2.4±2.3	 9.2±3.8

Aliphatic	 early	 acetoin	 63.0±0.6	 89.3±9.3	 134.1±8.0	 88.5±30.8
compounds		  acetic acid	 201.8±52.6	 39.5±0.2	 204.4±48.5	 109.3±77.5
		  unidentified	 212.7±19.3	 4.4±0.0	 40.8±29.2	 5.3±3.3
		  butyric acid	 4.4±0.8	 4.4±2.7	 6.7±3.0	 10.3±3.0
		  2-methyl-butanoic acid	 16.0±1.0	 4.4±2.7	 21.5±1.7	 2.5±0.4
		  hexanoic acid	 42.7±3.4	 74.5±1.6	 115.4±10.6	 85.4±6.8
		  trans-2-hexenoic acid	 12.2±0.4	 17.4±9.3	 21.7±1.3	 14.6±1.3
		  octanoic acid	 50.6±4.3	 42.9±5.2	 33.0±0.3	 19.0±4.0
		  hexadecanoic acid	 599.4±202.2	 45.3±30.9	 45.3±29.9	 134.6±26.8
	 commercial	 acetoin	 53.2±1.5	 55.4±9.4	 153.5±6.2	 27.0±9.3
		  acetic acid	 131.7±3.9	 25.8±5.8	 61.7±7.6	 13.0±0.2
		  unidentified	 190.8±26.2	 nd	 20.2±7.9	 12.6±0.1
		  butyric acid	 6.2±1.1	 3.9±2.2	 9.9±0.7	 6.9±0.0
		  2-methyl-butanoic acid	 16.6±0.3	 4.1±0.5	 19.9±0.7	 1.5±0.0
		  hexanoic acid	 43.5±1.8	 61.6±5.7	 109.8±5.0	 63.4±8.6
		  trans-2-hexenoic acid	 30.7±6.8	 nd	 22.0±4.5	 nd
		  octanoic acid	 30.9±4.6	 31.6±3.6	 33.8±5.6	 38.8±11.3
		  hexadecanoic acid	 214.2±63.5	 86.0±49.2	 116.1±4.1	 100.9±22.4
	 late	 acetoin	 51.2±1.7	 58.8±16.3	 61.7±12.5	 31.3±7.8
		  acetic acid	 162.9±60.2	 27.7±0.5	 23.4±4.6	 5.4±1.2
		  unidentified	 211.4±39.7	 0.5±0.0	 nd	 12.7±0.9
		  butyric acid	 7.5±2.6	 2.6±1.7	 6.2 ±.2.8	 3.1±0.7
		  2-methyl-butanoic acid	 25.3±0.6	 6.5±3.5	 10.6 ±.1.7	 3.5±0.3
		  hexanoic acid	 44.3±2.8	 57.1±4.2	 85.4 ±.25.7	 66.4±3.8
		  trans-2-hexenoic acid	 35.6±2.7	 4.3±0.9	 7.2±2.4	 20.2±3.6
		  octanoic acid	 27.6±0.9	 27.1±7.0	 25.3±14.8	 35.7±23.7
		  hexadecanoic acid	 209.7±15.8	 20.9±14.7	 98.6±23.4	 92.2±9.9

	 Time of	 Individual volatiles	 At picking	 PH1	 PH2	 PH3
	 harvest		  time

age. This confirms that CA storage reduc-
es the capacity of apple to produce esters 
and/or maintain the existing concentra-
tions (López et al., 1998; Mattheis et al., 
1998; Streif and Bangerth, 1988). Pro-
longed storage in low-oxygen conditions 
is detrimental to ester production (Fell-
man et al., 2000). The late-harvested ap-
ples were the only ones in which the con-
centration of esters increased after the re-
turn to RA (Table 4).

Early- and commercially-harvested 
fruit had lower alcohol concentrations 
than the late-harvested ones; this con-
firms what was reported previously by 
other authors (Flath et al., 1967; Me-

hinagic et al., 2006). The return to RA 
conditions strongly influenced the alco-
hol concentration in the fruit. At PH3 it 
was almost 10 times greater than in ear-
ly-harvested fruit and 3 times greater in 
commercially-harvested ones with re-
spect to picking time. In late-harvested 
fruit, where alcohol concentration was al-
ready high at harvest, a decreasing trend 
during storage was detected (Table 4). CA 
balanced the total alcohol amount. No 
differences were detected among harvest 
dates at PH1, whereas after the return 
to RA it was possible to distinguish the 
fruit based on their picking time. Under 
RA storage conditions higher quantities of 

(continua)
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alcohols were accumulated in fruit from 
the early harvest than in fruit from the 
late harvest (Table 4). Given that the in-
crease in esters is facilitated by the avail-
ability of alcohol precursors (Echever-
ría et al., 2004), it was hypothesized 
that in the early- and commercially-har-
vested fruit the esterification of alcohols 
with acyl-CoA to produce esters had not 
yet happened, whereas the process of es-
ter formation had already taken place in 
the late-harvested apples, resulting in the 
higher ester concentration detected after 
RA storage. This is in agreement with re-
cent studies that reported that as har-
vest maturity progressed, the time re-
quired to regenerate volatiles decreases 
after removal from CA storage, particu-
larly esters (Fellman et al., 2003). After 
homogenization the linoleic and linolenic 
acids can serve as the substrate of lipox-
ygenase (LOX) enzymes which produce 
aldehydes. This event could be attribut-
ed to enzymes that became active after 
cell breakage that occurred during sam-
ple preparation, or to the post-climater-
ic ripening that increased cell membrane 
permeability which made the activation 
of LOX possible (Sefton et al., 1993). In 
this method the effect of enzymes acti-
vated after cell breakage can be exclud-
ed, due to temperature control during 
homogenization and the use of ascorbic 
acid as an antioxidant. Hexanal is pro-
duced from linoleic acid lipooxygenation 
that is then reduced to hexanol which 
has a green-apple odor. (Z)-3-hexenal is 
produced from linolenic acid lipooxygen-
ation and traces of it are transformed into 
the corresponding (Z)-3-hexenol, whereas 
most of it is isomerised into (E)-2-hexenal 
which is transformed into (E)-2-hexenol. 
This could explain the significantly high-
er aliphatic and aromatic alcohol concen-
tration of late-harvested fruit at harvest 
(DePooter et al., 1987) which was es-
sentially due to a particularly high hexa-
nol concentration (Table 5).

The aldehydes, hexanal and (E)-2-hex-
enal, which have green apple-like odors 

(Flath et al., 1967; Fuhrmann and Gro-
sch, 2002), were not significantly dif-
ferent among pickings until PH1. The 
length of time that fruit was in RA after 
CA storage increased the aldehyde con-
centration of early-harvested fruit with 
respect to commercially- and late-har-
vested ones (Table 4). The aldehyde con-
centration in late-harvested fruit was sig-
nificantly higher at harvest and at PH1 
than afterwards (Table 4).

Time of harvest did not affect the phe-
nol or other benzene derivative concen-
trations at harvest or during storage (Ta-
ble 4). Phenols and the other benzene de-
rivatives were influenced by the ageing of 
fruit during storage, particularly in fruit 
from the late harvest. Their concentra-
tions decreased significantly after PH2 
(Table 4), essentially due to the decrease 
in the eugenol concentration (Table 5). 
The return to RA storage conditions had 
no effect on the accumulation of these 
compounds. Eugenol, is a potent odorant 
and was the only compound that had al-
ready been identified in cv. Cox Orange 
apples (Galliard, 1968). To our knowl-
edge, the other phenols and benzene de-
rivative compounds have never been iden-
tified in apple, whereas they have been re-
ported in other species such as benzalde-
hyde in tomatoes (Baldwin et al., 2004), 
sour cherries (Girard and Kopp, 1998; 
Mattheis et al., 1997; Poll et al., 2003), 
kiwifruit (Young and Paterson, 1995) 
and peaches (Chapman et al., 1991). Ben-
zaldehyde, benzyl alcohol, 4-vinylguai-
acol, 4-vinylphenol, benzoic acid, dihy-
droconiferyl alcohol and 2-phenylethanol 
were identified as free forms in the ber-
ries of Chardonnay and Sauvignon blanc 
grapevine varieties (Sefton et al., 1993, 
1994). 4-Vinylguaiacol and 4-vinylphenol 
could be attributed to artefact formation, 
derived from the corresponding cinnam-
ic acid decarboxylation during gas chro-
matography. The other benzene deriva-
tives have never been identified as arte-
facts but as free constituents of the vol-
atile profile (Sefton et al., 1993).
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Among the norisoprenoids, we 
identified 3-hydroxy-β-damascone, a 
β-damascenone precursor (Roberts 
and Acree, 1995), 3-oxo-α-ionol and 
β-damascenone, The latter is one of the 
highest odor potent volatiles in apples 
(Cunningham et al., 1986; Furhmann 
and Grosch, 2002). These norisopre-
noids were always in trace amounts (Ta-
ble 5) and no differences were detected 
between harvest dates at picking and 
during storage (Table 4). 3-Hydroxy-β-
damascone and β-damascenone have 
already been identified in apples (Gal-
liard, 1968; Fuhrmann and Grosch, 
2002). 3-oxo-α-ionol, whose sensory im-
pact is still unknown, could be derived 
from acid hydrolysis of the glyco-conju-
gated forms at the time of sample prep-
aration. It was detected in fruit at har-
vest, independent of harvest time (Table 
5). This compound has been isolated in 
Chardonnay juice (Sefton et al., 1993), 
in other grapevine varieties (Williams et 
al., 1982) and in apple leaves in the gly-
co-conjugated form (Stingl et al., 2002). 
Norisoprenoids seemed to take advan-
tage of the return to RA storage condi-
tions, particularly in the commercially 
harvested fruit (Table 4).

Linalool, already reported as a po-
tent odorant in apples in the free-form 
(Galliard, 1968), was detected in trace 
amounts (Table 4). Time of harvest did not 
affect the linalool content at picking or at 
PH1, whereas at PH2 the linalool concen-
tration was significantly higher in fruit 
from the early and commercial harvests 
than in fruit picked later. Storage great-
ly affected the linalool concentration; it 
was much lower after CA storage than at 
picking (Table 4). The return to 10 days 
of RA conditions significantly increased 
the linalool content of commercially-har-
vested fruit with respect to PH1 (Table 4). 
The partial recovery of linalool after CA 
storage was also evident in commercially 
harvested apples at PH2 (Table 4). The li-
nalool concentration was generally high-
er at harvest than after storage.

The concentration of the other aliphatic 
compounds, mainly organic acids (Table 
2), decreased during storage and time of 
harvest did not significantly affect their 
concentrations, except at PH2 (Table 4).

No differences were detected in the to-
tal aromatic compound contents at har-
vest and at PH1; the total volatile con-
tent was significantly higher in early-
harvested fruit than in late-harvested 
apples at PH2 and PH3 and this was at-
tributable to the higher concentrations 
of alcohols, aldehydes and miscellane-
ous compounds (Table 4).

As previously stated, the low ester con-
centrations detected were probably at-
tributable to the analytical method used 
to extract the volatiles; the ester con-
tent, however, accounted for 29.8 and 
24.5% of total volatile amount, in ear-
ly- and commercially-harvested fruit, re-
spectively, whereas, it accounted for just 
13.5% in late-harvested fruit. In contrast, 
the alcohol content in late-harvested ap-
ples accounted for 49% of the total vol-
atile amount versus 19 and 30% in ear-
ly- and commercially-harvested fruit, re-
spectively. The aldehyde percentage was 
very similar among the three pickings 
(13, 17, 16%, respectively, in early, com-
mercial and late harvest) at harvest. This 
suggests a certain stability of these com-
pounds that have already been indicated 
as stable, since they were not influenced 
by the fruit/leaf ratio (POLL et al., 1996). 
Phenols and other benzene derivatives ac-
counted for 8% of the total volatile con-
tent in early- and late-harvest and 9% at 
commercial harvest. During storage, the 
evolution of various classes of compounds 
evolved differently: CA markedly reduced 
the percentage of esters and it only in-
creased in late-harvested fruit that was 
returned to atmospheric O2 concentra-
tions (24% at PH2 and 17% at PH3).

In conclusion, even if the general qual-
ity parameters of early-harvested fruit 
were satisfactory, the volatile content af-
ter storage was characterized by the high-
est alcohol concentration which could in-
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dicate a delay in their conversion into es-
ters; in this case, their qualitative char-
acteristics could still improve. In contrast 
there was a regeneration of esters in late-
harvested fruit after the return to RA con-
ditions. In these apples, as harvest matu-
rity advanced, the ester regeneration af-
ter the return to O2 was greater than in 
earlier-picked fruit. Further studies are 
needed to establish the real degree of fruit 
maturation, i.e. the potential of alcohols 
to be transformed into esters in order to 
correlate the volatile concentration to rou-
tine quality indexes and study the senso-
ry impact of volatiles, such as phenols, 
norisoprenoids and linalool on the sen-
sorial features of apples.
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Abstract

Forty rainbow trout (Oncorhynchus 
mykiss L.) reared in Valnerina (Umbria, 
Italy) were studied to determine the ox-
idative stability of fillets during a 5-day 
storage period at 2°C under continu-
ous cool white fluorescent illumina-
tion. Chemical, physical and microbio-
logical analyses were carried out. High 
quality fresh trout fillets were charac-
terized by a low lipid and cholesterol 
content (4.2% and 37 mg/100 g, re-
spectively), a high hypo-cholestero-
lemic/hyper-cholesterolemic fatty acid 

Riassunto

Per la sperimentazione sono state uti-
lizzate 40 trote iridee (Oncorhynchus my-
kiss L.) allevate in Valnerina (Umbria); 
sui filetti conservati a 2°C per 5 gior-
ni sotto luce fluorescente (simulazione 
banco vendita) è stata valutata la stabi-
lità ossidativa oltre alle normali anali-
si chimiche, fisiche e microbiologiche. I 
risultati ottenuti dimostrano che le tro-
te della Valnerina sono caratterizzate da 
un basso contenuto di lipidi e di coleste-
rolo (4,2% and 37 mg/100 g, rispettiva-
mente) da un ottimo rapporto acidi gras-
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ratio (2.9) and low atherogenic and 
thrombogenic index values (0.45 and 
0.21, respectively). After three days of 
display, the oxidative stability of the 
fillets decreased (2.7 vs 0.8 mg MDA/
kg, P<0.05) compromising the quality 
of the product. The lipid profile of the 
fillets also changed: the SFA and MUFA 
increased due to PUFA oxidation and/
or drip loss, while EPA and DHA tend-
ed to decrease. Nevertheless the levels 
of both long-chain PUFA were higher 
with respect to the baseline values, in-
dicating that drip loss, more than ox-
idation, affected the amount of these 
compounds in fillets at the end of the 
experimental storage. Hence, to pre-
serve the nutritional value of this prod-
uct, better packaging and storage con-
ditions must be used.

si ipocolesterolemici/ipercolesterolemici 
(2,9) e da bassi valori degli indici atero-
genico e trombogenico (0,45 and 0,21, 
rispettivamente). Dopo il terzo giorno di 
conservazione, i filetti hanno mostrato 
delle variazioni significative, pregiudizie-
voli per la shelf-life del prodotto. Infatti, 
oltre alla riduzione della stabilità ossi-
dativa (2,7 vs 0,8 mg MDA/kg, P<0,05), 
si è notata una modificazione del profi-
lo acidico con aumento percentuale dei 
saturi e dei monoinsaturi con riduzione 
dei polinsaturi, dell’EPA e del DHA con 
differenze significative al 4° e 5° giorno 
di conservazione. Tuttavia il contenu-
to in termini quantitativi dei polinsatu-
ri a lunga catena è risultato superiore 
al livello di partenza, indicando un ef-
fetto della perdita di liquidi superiore a 
quello dell’ossidazione. Lo studio di ade-
guate metodologie di conservazione po-
trebbe comunque ulteriormente miglio-
rare le caratteristiche qualitative di que-
sto prodotto.

INTRODUCTION

Fish products come from either fishing 
or from aquaculture. Since 1980, aqua-
culture has increased considerably and 
this trend is expected to continue given 
the widespread collapse of the wild fish-
eries (DE SILVA, 2001).

In Europe, trout (Oncorhynchus my
kiss) rearing is the most important fish-
producing activity and Italy is one of the 
main European producers along with 
Norway, Denmark, Spain and France 
(FAO Fishery Statistics, 2002). About 
10% of the trout fillets produced in It-
aly are reared in Valnerina (Umbria, It-
aly), an area in south-eastern Umbria, 
delimited by the hydrographic basin of 
the Nera River.

In recent years, the demand in Italy for 
processed aquaculture products (mainly 
fillets and eviscerated fish) has increased 
and the goals of the fish processing in-

dustry have been to: attain good senso-
ry characteristics that correspond to the 
eating habits of consumers, improve the 
hygienic quality and preserve the intrin-
sic nutritional value.

Processed food products may under-
go substantial negative alterations as 
a consequence of variations in pH and 
oxidative status and fish products, in 
particular, are known to deteriorate 
easily during processing and/or stor-
age mainly due to microbial growth, en-
dogenous enzyme activity and non-en-
zymatic lipid oxidation (HSIEH and KIN-
SELLA, 1989).

To date, research on the alterations 
in fish fillets during storage has focused 
on variations in the sensory attributes 
(WHITTLE and HOBBS, 1990), volatile 
amine and hypoxanthine production 
and protein changes with subsequent 
changes in the physical properties (ASH-
IE et al., 1996). The lipid fraction of fish 
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products has also received a great deal 
of attention since polyunsaturated fatty 
acids (PUFA) are highly prone to oxida-
tion (HARRIS and TAL, 1994; RICHARDS 
and HULTIN, 2002). Studies on vari-
ous fish species have shown that lipid 
damage may reduce the sensory qual-
ity and nutritional value of fish (KHA-
LIL and MANSOUR, 1998; AUBOURG et 
al., 1998).

The aim of this study was to evaluate 
the effect of retail display on the oxidative 
status and nutritional characteristics of 
fillets from rainbow trout (Oncorhynchus 
mykiss) reared in Valnerina.

MATERIALS AND METHODS

Rearing conditions and diets

The study was carried out on a quali-
ty certified (UNI EN ISO 9001-2000) fish 
farm (Tranquilli Fishery S.r.L., Preci, Pe-
rugia, Italy), that buys fertilized eggs and 
rears them in an open, 4-step production 
cycle: hatching and first feeding, fryer 
production, pre-fattening, fattening.

The water temperature in this hab-
itat ranges from 6° to 15°C. The wa-
ter is changed frequently and the farm-
er performs regular controls. The fish 
are reared at a low density and the feed 
is produced by a certified UNI EN ISO 
9001-2000 farm. The main ingredients 
of the diet are: fish meal, herring meal, 
fish oil, soybean meal, wheat meal, col-
za oil and minerals. The same amounts 
of three standard feeds (first period: live 
fish weight 12-100 g; second period: 80-
200 g; third period 170-500 g) were giv-
en to the fish; the quantity was 10% less 
than the feed manufacturer table values 
to ensure that all the feed was eaten. The 
chemical composition of the diets used 
during the three growth phases of rain-
bow trout is summarized in Table 1.

Under the above-mentioned condi-
tions, it takes twenty-four months for 
a rainbow trout to reach a commercial 

weight of about 500 g. During this time, 
careful hygienic-sanitary and good man-
agement practices that respect the wel-
fare of the animal are followed.

Fish and fillet handling procedures

After 12 hours of fasting, forty trout 
of mean weight 500±45 g were captured 
and immediately slaughtered by con-
tinuous electrical stunning. After wash-
ing with running water, the fish were 
mechanically eviscerated, the tails and 
heads were removed. Eighty dorsal and 
ventral fillets (mean weight of 130±2 g), 
were cut and transferred to the labora-
tory (Department of Plant Biology, Agro-
environmental and Animal Biotechnolo-
gies, Animal Sciences Section, Universi-
ty of Perugia) for analyses.

Half of the fillet samples were ana-
lyzed in duplicate to determine the prox-
imate composition, energetic value and 
cholesterol level. The remaining samples 
were placed on plastic foam trays cov-
ered with PVC film (600 cm2) and dis-
played at +2°C under continuous cool 
white fluorescent illumination (intensity 
2,300 lux) (MITSUMOTO et al., 1991) for 
five days. Each day, during the storage 
period, the pH, color parameters, water 
loss, total mesophil bacterial flora, fatty 
acid profile and oxidative stability values 
were determined.

Table 1 - Chemical composition and digestible en-
ergy of diets used during the three growing phas-
es of rainbow trout.

			   Phase

		  First	 Second	 Third

Pellet diameter	 mm	 2.5	 4.0	 6.0
Crude protein	 %	 46.0	 44.0	 41.0
Crude lipid	 %	 22.0	 24.0	 26.0
Ash	 %	 10.0	 9.3	 8.8
Fiber	 %	 1.2	 1.5	 1.6
Phosphorus	 %	 1.3	 1.2	 1.1
Digestible energy	 MJ/kg	 19.8	 20.2	 20.4
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Analyses

Moisture, ash and total nitrogen were 
assessed using the AOAC methods (N. 
950.46B, 920.153, and 928.08, respec-
tively). Total protein was calculated by 
Kjeldahl nitrogen using a 6.25 conver-
sion factor. Total lipids were extracted in 
duplicate from 5 g of each homogenised 
sample and calculated gravimetrically 
(FOLCH et al., 1957).

Cholesterol was quantified colorimet-
rically (wavelength 405 nm) using a Bi-
ochemia enzymatic kit n. 139050 (Boe-
hringer, Mannheim, Germany – Manual 
for Food Analysis, 1995).

The pH was measured with a Knick 
digital pH-meter (Broadly Corp., San-
ta Anna, CA, USA) after homogenizing 
the fillet with iodoacetate (KORKEALA 
et al., 1986).

The color parameters were evaluated 
by means of a tristimulus analyzer (Mi-
nolta Chroma Meter CR-200, Azuchi-
Machi Higashi-Ku, Osaka 541, Japan) 
with a CIELAB Color System (1976). The 
L a* b* color system consists of a lumi-
nosity or lightness component (L*) and 
two chromatic components: the a* com-
ponent varies from green (-a) to red (+a) 
and the b* component varies from blue 
(-b) to yellow (+b). The colorimeter was 
calibrated by using a standard white 
plate. The standard values were: L = 
97.10, a = +0.13, and b = +1.88. Trout 
fillet color was measured at three differ-
ent points: next to head portion, middle 
portion and caudal portion and values 
are expressed as the mean of the three 
positional measurements.

Enumeration of aerobic mesophiles 
was carried out on Plate Count Agar 
(PCA, Merck 5463, Darmstadt, Germa-
ny), after incubation for 48 h at 30°C 
and are reported as the number of colo-
ny forming units/g (CFU/g).

Fatty acids were determined by gas-
chromatography after lipid extraction 
according to the FOLCH et al. method 
(1957). One mL of lipid extract was evap-

orated under a stream of nitrogen and 
the residue was derivatized by adding 
3 mL of sulfuric acid (3% in methanol). 
After incubating at 80°C for one h, me-
thyl esters were extracted with petroleum 
ether and 1 µL was injected into the gas 
chromatograph (Fisions Mega 2 Carlo 
Erba Gas Chromatograph, model HRGC 
Milano, Italy), equipped with a flame ion-
ization detector. Separation of fatty acid 
methyl esters (FAME) was carried out on 
an Agilent (J&W) capillary column (30 
m x 0.25 mm I.D, CPS Analitica, Milan, 
Italy) coated with a DB-Wax stationary 
phase (film thickness of 0.25 µm). The 
operating conditions on column injec-
tion of a sample volume of 1 µL were: the 
temperatures of the injector and detector 
were set at 270° and 280°C, respectively; 
the detector gas flows were: H2 50 mL/
min and air 100 mL/min. The oven tem-
perature was programmed to give good 
peak separation: the initial oven tem-
perature was set at 130°C; this temper-
ature increased at a rate of 4.0°C/min to 
180°C and was held for 5 min; the tem-
perature was then increased at a rate of 
5.0°C/min to 230°C; the oven was held 
at the final temperature for 5 min. He-
lium was used as carrier gas at a con-
stant flow rate of 1.1 mL/min. Individ-
ual fatty acid methyl esters were identi-
fied by reference to the retention time of 
FAME authentic standards. The relative 
proportion of each fatty acid in the fat-
ty acid pattern of the fillet is expressed 
as a percentage.

The mean value of each fatty acid was 
used to calculate the sum of the saturat-
ed (SFA), monounsaturated (MUFA) and 
polyunsaturated (PUFA) fatty acids and 
to calculate the peroxidability index (PI) 
according to the equation proposed by 
ARAKAWA and SAGAI (1986):

PI = (% monoenoic x 0.025) + (% di-
enoic x 1) + (% trienoic x 2) + (% tetrae-
noic x 4) + (% pentaenoic x 6) + (% hex-
aenoic x 8).

Based on the current knowledge re-
garding the effect of specific fatty acids 
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on cholesterol metabolism, the ratio be-
tween hypocholesterolaemic and hyper-
cholesterolemic fatty acids (HH) was cal-
culated using the following mathematical 
equation (SANTOS-SILVA et al., 2002):

HH = (C18:1n-9 + C18:2n-6 + C20:4n-6 
+ C18:3n-3 + C20:5n-3 + C22:5n-3 + 
C22:6n-3)/(C14:0 + C16:0).

The concentration of each fatty acid 
(mg/100 g of fish) was calculated from 
the lipid content of the fish and the con-
version factor 0.91 according to JOHANS-
SON et al. (2000). The lipid content of the 
stored fillets was quantified on the day of 
analysis to avoid overestimation of fatty 
acids due to drip loss.

The amount of each fatty acid was also 
used to calculate the indexes of ather-
ogenicity and thrombogenicity as pro-
posed by ULBRICHT and SOUTHGATE 
(1991):

- atherogenic index = (C12:0 + 4xC14:0 
+ C16:0)/[(ΣMUFA + Σ(n-6) + Σ(n-3)];

- thrombogenic index = (C14:0 + C16:0 
+ C18:0)/[(0.5 x ΣMUFA + 0.5 x (n-6) + 3 
x (n-3) + (n-3)/(n-6)].

The index of nutritional quality (INQ) 
was calculated on the basis of the ei-
cosapentaonic (EPA) + docosahexanoic 
(DHA) acid level using the formula sug-
gested by GODBE (1994).

The extent of lipid oxidation was 
evaluated in fresh and stored fillets as 
thio-barbituric acid reactive substanc-
es (TBARS) according to the modified 
method of KE et al. (1977). Oxidation 
products were quantified as malondi-

aldehyde (MDA) equivalents (mg MDA/
kg muscle).

Data of the qualitative traits were ana-
lysed with a linear model (STATA, 2005) 
that also takes into account the effect 
of storage. Significant differences were 
evaluated as least significant differenc-
es (LSD).

RESULTS AND DISCUSSION

The proximate composition, choles-
terol and energy levels of the trout fil-
lets are summarized in Table 2. These 
data are in agreement with the stand-
ard data for this species (TURCHETTO 
et al., 1994). Compared to the findings 
of CARNOVALE and MIUCCIO (1984) and 
DE FRANCESCO et al. (2004) the lipid 
and cholesterol levels observed in this 
study were lower (4.20% vs. 6.98 and 
5.50%; 37.00 mg/100 g vs. 51.04 and 
47.74 mg/100 g). TURCHINI et al. (2003) 
found a low lipid content in brown trout 
fillets but a higher cholesterol level (2.8 
vs. 4.2%; 107.06 vs. 37.00 mg/100 g, 
respectively). These findings are prob-
ably due to the particular management 
practices followed (feed composition and 
length of cycle) and the environmental 
conditions (water temperature).

The variations in the main traits of 
rainbow trout fillets during storage are 
reported in Table 3. The pH values de-
creased during the first three days and 
then increased to a value of 6.3. Nutri-
tional status, stress and exercise of the 
fish before death are known to play a key 
role in determining the total amount of 
glycogen stored in fish and expressed in 
the post mortem pH, (HUSS, 1995). Once 
glycogen-related energy sources are ex-
hausted, fat lipolysis (generates free ac-
ids) and protein oxidation (generates am-
monia) take place which affect the fillet 
pH values, the pH decreases during the 
former biochemical reaction and increas-
es during ammonia production. Notwith-
standing the numerous ante-mortem fac-

Table 2 - Proximate composition, cholesterol and 
energy level of rainbow trout fillets at slaughter 
(n=40).

		  Mean ± SD

Moisture	 %	 74.4±2.5
Protein	 %	 20.10±1.2
Lipid	 %	 4.2±0.6
Ash	 %	 1.3±0.2
Cholesterol	 mg/100 g	 37.00±3.6
Energy	 Kcal/100 g	 119.80±12.3
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tors that affect the pH after death, fish 
storage at 4°C for more than a day under 
the proposed conditions did not seem to 
inhibit biochemical degradation of lipids 
and proteins, as indicated by the vari-
ations in pH of the fillets. PEREZ-ALON-
ZO et al. (2003) showed that Atlantic 
pomfret, stored on ice in an isothermal 
room at 4°C, underwent lipid damage by 
hydrolysis and oxidation after 19 days of 
storage. However, the storage conditions 
used in the present study were very dif-
ferent. Fluorescent illumination may also 
have contributed to the earlier lipid ox-
idative degradation.

The pH variation during storage may 
account for the water loss and chang-
es in the color parameters of the fillets 
(Table 3). The pH is known to affect pro-
tein conformation and thus, protein wa-
ter-binding properties. Water loss due to 
evaporation from the surface cannot be 
excluded. Furthermore, pH can affect the 
light reflectance properties, as well as the 
conformation of myoglobin. In particular, 
the muscle fiber structure is open at low 
pH and reflects light (OFFER et al., 1989). 
Accordingly, high light values at low pH 
and low values at higher pH values were 
found (Table 3). Such a condition is also 
known to enhance enzymatic activity in 
the mitochondria, thereby increasing oxy-

gen availability for heme reactivity (> oxy-
hemoglobin) which explains the redness 
of trout fillets. Pigment oxidation may also 
account for the color variation. Dietary 
keto-carotenoids (astaxanthin and can-
thaxanthin) are known to influence the 
color of the flesh of rainbow trout (FRAN-
CIS, 1995). These carotenoids contain 
many conjugated double bonds, which 
are responsible for their color, as well as 
their higher susceptibility to oxidation in 
air (LIAAEN-JENSEN, 1971).

In contrast, greater oxygen availabili-
ty could promote lipid peroxidation and 
consequently the production of TBARS. 
While the TBARS concentration was in-
itially low, in accordance with previous 
reports (CHAIYPECHARA et al., 2003), 
there was a 3.7-fold increase by the end 
of the storage period. In particular, the 
greatest increase of TBARS value was ob-
served on the third day of display. This 
finding agrees with that of CHOUBERT 
et al. (2005), who studied the evolution 
of oxidative processes in cold smoked 
rainbow trout slices. The TBARS level is 
very important for the sensory apprais-
al of a product and can affect consum-
er choice (AHN et al., 1996; LEI and VAN 
BEEK, 1997; SHAHIDI, 1998; GOMES et 
al., 2003). In poultry, CASTELLINI et al. 
(2006) found a significant negative corre-

Table 3 - Changes in pH, drip loss, color, oxidative stability (TBARS) and mesophilic bacteria charge 
(MBC) of trout fillets during storage display at 2°C under continuous fluorescent illumination.

				    Days

		  1	 2	 3	 4	 5	 LSD

pH		  6.62e	 6.45d	 5.92a	 6.20b	 6.31c	 0.14
Drip loss	 %	 0.84a	 1.76a	 5.46b	 0.04a	 1.25a	 0.29
Fillet Color
L*		  47.41b	 48.89c	 49.91c	 46.58a	 46.61a	 2.18
a*		  0.77a	 1.96b	 2.41c	 2.59c	 2.61c	 1.16
b*		  2.94a	 3.31a	 5.03b	 4.96b	 4.81b	 2.29
TBARS	 mg/kg	 0.79a	 0.97a	 2.67b	 2.79b	 2.93b	 0.34
MBC	 105 CFU/g	 0.85a	 1.60a	 1.70a	 7.50b	 7.00b	 2.20

n=40. Level of significance: a..e: P<0.05.
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lation (-0.86; P<0.01) between meat ox-
idative status and the general accepta-
bility of the product when evaluated by 
a sensorial test panel. It was conclud-
ed that a TBARS level in meat greater 
than 2.5 mg MDA/kg can negatively af-
fect consumer choice, based on a sen-
sory appraisal of the product.

A significant increase in bacterial 
growth during storage was observed af-
ter the fourth day of display accompa-
nied by a variation in pH, presence of wa-
ter on the surface of the fillets (see drip 
loss) and oxidative processes. The results 
are shown in Table 3. These factors, to-
gether with temperature, oxygen availa-
bility, redox potential, competition with 
other bacteria and moisture availabili-
ty of the substrate are known to play a 
key role in bacterial growth (BODDY and 
WIMPENNY, 1992).

The fatty acid profile of the trout fil-
let fat is reported in Table 4. Palmitic 
acid was the predominant saturated fat-
ty acid, whereas oleic acid was the ma-
jor monounsaturated fatty acid. Among 
the PUFAs, EPA and DHA were the most 
abundant long-chain fatty acids. The lev-
els of these fatty acids were higher than 
those found by other authors in the same 
fish products (JOHANSSON et al., 2000; 
HALILOGLU et al., 2004; DE FRANCES-
CO et al., 2004; KIESSLING et al., 2001). 
This peculiar fatty acid profile was prob-
ably due to the age of the Valnerina trout 
that reached commercial weight at 24 
months. KIESLING et al. (2001) showed 
that the length of productive cycle affects 
the fatty acid profile; SFA concentration 
decreases as the age and body weight of 
the fish increases.

Feed composition also, directly or indi-

Table 4 - Changes in fatty acid profile (%) and peroxidability index of rainbow trout fillets during dis-
play at 2°C under continuous fluorescent illumination.

				    Days

		  1	 2	 3	 4	 5	 LSD

C14:0		  3.66	 3.55	 3.48	 3.73	 3.86	 0.54
C16:0		  17.84	 18.15	 18.24	 18.44	 18.32	 2.13
C18:0		  3.96	 4.15	 3.94	 4.09	 3.90	 0.47
Others		  1.38	 1.44	 1.37	 1.83	 2.39	 0.19
SFA		  26.84a	 27.29ab	 27.03ab	 28.09b	 28.47b	 3.05
C14:1n-6		  0.03	 0.04	 0.05	 0.05	 0.04	 0.01
C16:1n-7		  4.13	 3.89	 4.15	 4.30	 4.46	 0.47
C18:1n-9		  13.78a	 14.74b	 14.44ab	 14.78b	 14.64b	 2.03
Others		  3.97	 3.69	 3.96	 4.04	 4.24	 0.86
MUFA		  21.91a	 22.36ab	 22.60ab	 23.17b	 23.38b	 3.68
C18:2n-6	 LA	 17.81b	 16.50ab	 15.79a	 16.95ab	 16.22ab	 2.58
C20:4n-6		  0.80	 0.79	 0.75	 0.77	 0.80	 0.14
C18:3n-3	 LNA	 2.16	 2.12	 2.15	 2.27	 2.17	 0.47
C20:3n-3		  0.18	 0.20	 0.19	 0.20	 0.16	 0.08
C20:5n-3	 EPA	 5.58b	 5.27b	 5.50b	 4.47a	 4.46a	 0.76
C21:5n-3		  0.40	 0.39	 0.38	 0.36	 0.35	 0.13
C22:5n-3		  1.97b	 2.06b	 2.02b	 1.15a	 1.04a	 0.25
C22:6n-3	 DHA	 20.95b	 20.16b	 19.82ab	 18.75a	 18.72a	 2.14
Others		  1.39a	 2.85a	 3.75b	 3.21ab	 4.22c	 1.06
PUFA		  51.24b	 50.34b	 50.35b	 48.13a	 48.14a	 3.21
Peroxidability index		  239.04b	 230.03b	 227.62ab	 209.17a	 207.32a	 21.36

n=40. Level of significance: a..e: P<0.05.
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rectly, affects the fatty acid profile of lip-
ids in fish. Fish meal and fish oil, rich in 
EPA and DHA, are commonly used in the 
diet of rainbow trout as protein and lip-
id sources (SARGENT and TACON, 1999). 
The fatty acid composition of trout grown 
on this diet was very similar to that of 
wild fish, with high levels of n-3 highly 
unsaturated fatty acids (n-3 HUFA) (ACK-
MAN, 1980; HENDERSON and TOCHER, 
1987; BELL et al., 2001, 2002). Moreover, 
the fatty acyl desaturase enzyme activ-
ities involved in the HUFA biosynthesis 
pathway are known to be under nutri-
tional regulation in mammals (BRENNER, 
1981) and have also been demonstrat-
ed in fish (SARGENT et al., 2002). Taken 
together, these considerations may par-
tially explain the high EPA and DHA con-
tents found in the trout fillets.

The temperature of the rearing wa-
ter regulates the desaturation-elonga-
tion and β-oxidation of fatty acids and 
therefore plays an important role in li-
pid fatty acid composition (NINNO et 
al., 1974, HAZEL 1984, TOCHER et al., 
2004). Temperatures higher than 15°C 
reduce the efficiency of such reactions 
in both the hepatocytes and erythro-
cytes, while a temperature around 7°C 
is suitable for the maximum enzymat-
ic activity. A study on the metabolic ad-
justments responsible for the “homeo-
viscous adaptation” of membrane lip-
ids in rainbow trout, showed that de-
saturation of fatty acids, an important 
process for PUFA formation, proceeds 
more rapidly in trout reared in cold wa-
ter than in those reared in warm water 
(HAZEL, 1984). Furthermore, certain fat-
ty acids, particularly those formed by 
the ∆5-desaturase activity (n-3 and n-6 
series), are preferentially incorporat-
ed into phospholipids at a cold temper-
ature in cold-acclimated trout. This is 
probably due to the direct effect of tem-
perature on the substrate preferences 
of the phospho- and acyltransferase en-
zymes for the de-novo phospholipid bi-
osynthesis. Finally, NINNO et al. (1974) 

found that in Pimelotus maculate there 
was a 2-4-fold increase in the ∆6- and 
∆5-desaturase activity when the temper-
ature decreased from 30° to 16°C. Tak-
en together, these findings may explain 
the high PUFA content, especially n-3 
fatty acids, found in the trout reared in 
Valnerina where the water temperature 
ranges from 6° to 15°C. Investigating the 
adaptive changes in fatty acid metabo-
lism of rainbow trout in relation to var-
iations in the water temperature, CALA-
BRETTI et al. (2003) reported an increase 
in the PUFA/SFA and PUFA/MUFA ra-
tios in the fish meat as a consequence of 
the cold adaptation. RADY (1993) found 
that the C20:5n-3/C20:4n-6 ratio de-
creased from 2.7 to 0.5 in carp (Cyprinus 
carpio) in relation to an increase in wa-
ter temperature from 5° to 25°C. A sim-
ilar trend was also found in Platichthys 
flesus (SORENSEN, 1993).

During storage, the fatty acid profile 
of trout fillets varied greatly. The SFA 
and MUFA (mainly oleic acid) increased, 
whereas the total PUFA, EPA and DHA 
decreased; the differences were statisti-
cally significant on the 4th and 5th days 
of storage. The percent reduction of 
these fatty acids at the end of the trial 
was 7.33, 20.1 and 10.6%, respective-
ly. OZDEN (2005) also reported a signifi-
cant increase of SFA and a concomitant 
decrease of PUFA in trout fillets stored 
under different conditions.

The processing and retail conditions 
(temperature and light, pro-oxidant fac-
tors), as well as a high level of unsatu-
rated fatty acids were probably respon-
sible for the high lipid oxidation of the 
trout fillets during storage. In fact, the 
peroxidability index (PI) that measures 
the relationship between the fatty acid 
composition of a tissue and its suscepti-
bility to oxidation, was very high (239.04) 
as a consequence of the abundance of 
long-chain fatty acids. This value is in 
agreement with that found by TESTI et 
al. (2006). With respect to mammalian 
species (e.g. the PI of rabbit is 42.70; 
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CASTELLINI et al., 2001), the peroxida-
bility index of trout fillets was noticea-
bly higher.

The nutritional properties of rainbow 
trout fillets are reported in Table 5. On 
the first day of storage, the PUFA, DHA 
and EPA contents were higher (2,055.53, 
840.42 and 223.85 mg/100 g, respec-
tively) than those reported by DE FRANC-
ESCO et al. (2004) in the same fish spe-
cies (DHA and EPA were 479 and 182 
mg/100 g, respectively). Given these 
high values, a 448 g serving of Valnerina 
trout fillet is enough to satisfy the weekly 
human PUFA requirement (4.55 g/2,000 
kcal diet, SIMOPOULOS, 2003). Further-
more, the DHA level in fresh fillets was 
considerably higher than that recom-
mended by the Life Sciences Research 

Office (1998). The values were 668.37 mg 
DHA/100 kcal compared to 8 mg/100 
kcal, making it an ideal food.

During display, the absolute amount 
of fatty acids increased significantly 
from the third day onwards (Table 5). 

This was probably due to the storage-
induced drip loss and the consequent 
concentration of total lipids in the fil-
lets. PUFA oxidation may also contribute 
to the increase of SFA and MUFA dur-
ing storage. Unexpectedly, PUFA values 
did not decrease, which suggested that 
drip loss had a stronger effect on PUFA 
concentration than oxidation when the 
fillets were stored for 5-days at 2°C un-
der continuous cool white fluorescent il-
lumination.

The indexes for human health in rela-
tion to fatty acid composition and con-
tent (the n-6/n-3 ratio, the hypocho-
lesterolaemic and hypercholesterolae-
mic fatty acid ratio, HH, the atherogen-
ic and thrombogenic indexes and the in-
dex of nutritional quality, INQ) are con-
sidered when product quality is being 
assessed.

The n-6/n-3 ratio of fresh trout fil-
lets was 0.62, which is higher than that 
found in other studies. TESTI et al. (2006) 
found a ratio of 0.22 and 0.24 in dorsal 

Table 5 - Changes in nutritional characteristics of rainbow trout fillets during display at 2°C under 
continuous fluorescent illumination.

	
				    Days

		  1	 2	 3	 4	 5	 LSD

SFA	 mg/100 g fillet	 1076.71a	 1202.24a	 1515.24b	 1577.00b	 1672.27b	 170.24
MUFA	 “	 878.94a	 985.05a	 1266.91b	 1300.79b	 1373.29b	 115.69
∑ n-3	 “	 1271.80a	 1372.29a	 1754.24b	 1587.11ab	 1662.68b	 112.42
∑ n-6	 “	 783.73a	 845.40a	 1065.47b	 1114.96b	 1164.97b	 89.18
n-6/n-3		  0.62	 0.62	 0.61	 0.70	 0.70	 0.20
EPA	 “	 223.85a	 232.17a	 308.32b	 250.39ab	 261.97ab	 35.98
DHA	 “	 840.42a	 888.13a	 1111.07b	 1052.64b	 1099.58b	 96.12
PUFA	 “	 2055.53a	 2217.69a	 2822.51b	 2702.07b	 2827.65b	 225.41
EPA	 mg/100 kcal	 178.02b	 168.13b	 175.46b	 142.60a	 142.28a	 12.54
DHA	 “	 668.37b	 643.23b	 632.32ab	 598.18a	 597.22a	 28.41
PUFA	 “	 1634.71b	 1606.02b	 1606.33b	 1535.50a	 1535.81a	 124.26
HH*		  2.93b	 2.84b	 2.78ab	 2.66a	 2.61a	 0.55
Atherogenic index		  0.45	 0.45	 0.44	 0.47	 0.47	 0.05
Trombogenic index		  0.21	 0.21	 0.21	 0.23	 0.23	 0.02
Index Nutritional Quality	 29b	 25ab	 25ab	 23a	 23a	 1.20

*Ratio hypocholesterolaemic/ hypercholesterolemic fatty acids.
n=40. Level of significance: a..e: P<0.05.
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and ventral fillets of rainbow trout, re-
spectively. JOHANSSON et al. (2000), in-
vestigated the effect of changes in ration 
levels on the sensory characteristics, lip-
id content and fatty acid composition of 
rainbow trout and found a n-6/n-3 ra-
tio that ranged from 0.20 to 0.21. The 
high values observed in Valnerina trout 
are probably imputable to feeding factors 
(Soya bean extract) responsible for the 
marked increase in linoleic acid. TURCHI-
NI et al. (2003) reported different values 
for the n-6/n-3 ratio in brown trout fed 
with different lipid sources. In particu-
lar, they reported values of 0.27 for fish 
oil, 0.62 for canola oil, 0.64 for poultry 
fat, 0.59 for pork lard and 0.46 for oleine 
oil. When the authors used diets rich in 
C18:2n-6 (canola oil, 14.3% and poultry 
fat, 14.2%) they observed a detrimental 
effect on the above-mentioned index.

The HH ratio was slightly higher than 
that found by TESTI et al. (2006) in the 
dorsal (2.93 vs. 2.40) and ventral rain-
bow trout fillets (2.93 vs. 2.46). The 
atherogenic and thrombogenic indexes 
were both lower than those reported by 
TURCHINI et al. (2003) for brown trout 
(0.45 vs. 0.50 and 0.21 vs. 0.25, respec-
tively) and DAL BOSCO et al. (2004) for 
rabbit meat (0.45 and 0.21 vs. 0.70 and 
0.99). Finally, the INQ index was similar 
to that found in dorsal rainbow trout fil-
lets (26 vs. 24) by TESTI et al. (2006), but 
was lower than that found in ventral fil-
lets (26 vs. 33). Only HH and INQ were 
significantly affected during storage.

CONCLUSIONS

The environmental (cold water) and 
rearing conditions (24-month produc-
tion cycle), as well as diet are respon-
sible for the low fat and cholesterol lev-
els and for the particular lipid fatty acid 
composition of Valnerina rainbow trout 
fillets. The nutritional characteristics of 
this fish species make it suitable for a 
healthy human diet.

All the analyzed fillet parameters were 
stable for the first 3 days under the stor-
age conditions, after which they began 
to vary, resulting in a general decline in 
product quality.

Drip loss and PUFA oxidation (as re-
vealed by the high levels of MDA) were 
both responsible for the high SFA and 
MUFA levels found at the end of the ex-
perimental period. Regarding long-chain 
PUFA, the highest concentration of EPA 
and DHA were reached on the third day 
of storage (due to drip loss) and tended 
to decrease afterwards (due to oxidation). 
These results, taken together, demon-
strate that rainbow trout fillet should not 
be stored under the proposed conditions 
for more than three days if nutritional 
characteristics are to be preserved. Fur-
ther studies on packaging (modified at-
mosphere or vacuum) and storage condi-
tions (light, temperature, time) are need-
ed in order to better preserve the nutri-
tional quality of this fish species.
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Abstract

The main aim of this research was to 
determine whether strawberry, a high-
ly acidic fruit, can mask the sour taste 
of ice cream made with the addition of 
lactic acid bacteria (LAB). The effect of 
different LAB on strawberry ice cream 
quality was assessed. Six strawberry 
ice creams containing single strains 
of commercial LAB were produced. 
Two lactic acid supplementing meth-
ods were used. In one of them, pas-
teurised ice cream mix was inoculated 
with a single starter of Lactobacillus ac-

Riassunto

Lo scopo principale di questo studio 
era quello di valutare se la fragola, un 
frutto altamente acido, può mascherare 
il sapore amaro del gelato prodotto con 
l’aggiunta di batteri lattici. Sono sta-
ti prodotti sei gelati alla fragola conte-
nenti un singolo ceppo commerciale di 
batteri lattici. Sono stati utilizzati due 
metodi di aggiunta di acido lattico. In 
uno di questi il gelato pastorizzato è sta-
to inoculato con un singolo starter di 
Lactobacillus acidophilus, Lactococcus 
lactis subsp. lactis e Lactococcus lac-
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INTRODUCTION

Consumer interest in functional 
foods is increasing due to a desire to 
live healthier life styles. People are not 
only consuming food for their essential 
needs but they are also demanding a 
positive effect on their health. Probiot-
ic dairy products are a response to this 
demand. The consumption of these mi-
croorganisms may affect the composition 
of the indigenous microbiota and may 
have several beneficial effects on hu-
man health such as maintaining a bal-
anced flora, alleviating lactose intoler-
ance symptoms and providing resistance 
to enteric pathogens (ROY, 2001).

Non-viable microorganisms can have 
probiotic properties, but in most cases, 
viable microorganisms have better ef-
fects (OUWEHAND and SALMINEN, 1998). 
Several authors (VINDEROLA et al., 2000; 
OLIVEIRA et al., 2001) have suggested 
that ingestion of 106-109 viable cells per 
day is needed to develop beneficial ef-

idophilus, Lactococcus lactis subsp. lac-
tis and Lactococcus lactis subsp. cremo-
ris and incubated until the pH dropped 
to 5.6. In the second method, the milk 
part of the ice cream mix was fermented 
with Lactobacillus acidophilus, Lactococ-
cus lactis subsp. lactis and Lactococcus 
lactis subsp. cremoris separately. Suffi-
cient live bacterial counts were obtained 
in both LAB supplementation methods. 
In addition, fermenting the mix to pH 
5.6 resulted in better taste and flavour 
scores. The sour taste resulting from 
the addition of LAB can be masked by 
highly acidic fruit. The sensorial proper-
ties of strawberry ice cream made with 
LAB supplementation were preferred 
to the control. The addition of the LAB 
to the highly acidic fruity ice cream is 
beneficial for both sensorial and phys-
ico-chemical properties.

tis subsp. cremoris ed incubato fino al 
raggiungimento di pH 5.6. Nel secondo 
metodo la porzione di latte della misce-
la per il gelato è stata fermentata con 
Lactobacillus acidophilus, Lactococcus 
lactis subsp. lactis e Lactococcus lactis 
subsp. cremoris separatamente. È sta-
ta rilevata un conta sufficiente di bat-
teri lattici vivi in entrambi i metodi. La 
miscela fermentata a pH 5,6 è risultata 
di sapore migliore e di aroma marcato. 
Il sapore acido risultante dall’aggiunta 
dei batteri lattici può essere maschera-
to con frutta altamente acida. Le pro-
prietà sensoriali del gelato alla fragola 
prodotto con aggiunta di batteri lattici 
sono state preferite al controllo organo-
lettico. L’aggiunta di batteri lattici al ge-
lato di frutta altamente acida ha un ef-
fetto benefico sia per le proprietà chimi-
co fisiche sia per le sensoriali.

fects in humans. Therefore, the surviv-
al rate of the probiotic bacteria in food 
must be kept as high as possible prior 
to consumption.

Various lactic acid bacteria are used in 
the production of fermented dairy prod-
ucts (Lactococcus lactis, Streptococcus 
thermophilus, and Leuconostoc mesenter-
oides), but they do not grow in the gastro-
intestinal tract and, thus, are considered 
to have lower probiotic potential (CHAM-
PAGNE and GARDNER, 2005). Some dairy 
strains, L. bulgaricus and L. lactis ssp. cre-
moris, show a relatively high incidence of 
binding to intestinal mucus, even though 
they are not considered colonising strains 
(OUWEHAND et al., 1999). Recent stud-
ies have focused on the wide-scale use of 
probiotic bacteria which has threatened 
to undervalue the benefit of other LAB. 
It should be remembered, however, that 
LAB reach high numbers in fermented 
milks and may produce health-promoting 
metabolites, such as exopolysaccharides, 
peptides etc. (CHAMPAGNE and GARDNER, 
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2005). KIMOTO et al. (2002) showed that 
some strains of lactococci had the abili-
ty to remove cholesterol from laboratory 
media during growth. In addition, bread 
baked with lactic acid improved glucose 
metabolism in obese and hyperinsulinae-
mic Zucker rats (ÖSTMAN et al., 2005). 
Lactic acid is an important fuel for the 
body during rest and exercise. It is used 
to synthesize liver glycogen and is one of 
the most important energy sources. Lac-
tate is the preferred fuel source in highly 
oxidative tissues, such as heart muscle 
and slow-twitch skeletal muscle fibers. It 
is used rapidly by the body and is a valu-
able component in fluid replacement bev-
erages for athletes (FAHEY, 2006).

Research over the years has indicat-
ed that the desired benefits of probiot-
ic microorganism consumption are ob-
tained not only by their presence in suf-
ficient numbers but also by the presence 
of live bacteria (e.g. yoghurt bacteria). Ice 
cream could serve as a suitable vehicle 
for delivering and maintaining a suffi-
ciently high number of living probiotic 
and LAB cells. The bacteria can increase 
to high numbers in ice cream mix and 
remain viable during frozen storage. How-
ever, the perception of an acidic taste 
produced by lactic acid in ice cream can 
have a negative effect on the consumer. 
A pleasant taste and attractive texture 
are essential for all dairy products, re-
gardless of their health status (SAXELIN 
et al., 1999). Concerning consumer pref-
erences, HEKMAT and MCMAHON (1992) 
suggested that a pH of 5.5 is suitable for 
probiotic ice cream.

It is well known that many fruits have 
an acidic taste and are readily consumed. 
We have hypothesized that the addition 
of LAB to ice cream prepared with a high-
ly acidic fruit could result in a minimum 
acidic flavour perception. In this study, 
strawberry, with a pH<4 in the ripe stage, 
was selected as the fruit additive (MOING 
et al., 2001; KAFKAS et al., 2007). Lacto-
bacillus acidophilus was selected as the 
probiotic bacteria because it is used ex-

tensively in dairy products. Lactococcus 
lactis subsp. lactis was chosen because 
of its widespread use and low acid pro-
ducing capacity compared to the Lacto-
bacillus genus. Since ice cream is a fat-
ty product, Lactococcus lactis subsp. cre-
moris was selected because it is used in 
butter manufacturing.

The aims of this research were to de-
termine a) the effect of probiotics and 
LAB on the quality of artisanal straw-
berry ice cream and consumer prefer-
ences, b) the optimum fermentation pro-
cedure (fermentation of the whole mix 
versus fermentation of only the milk of 
the mix), c) whether the microbiological 
quality is improved and d) at what level 
the microorganisms survive.

MATERIALS AND METHODS

Ice cream mixes were prepared by add-
ing water, skim milk-powder (Pinar Dairy 
Company, İzmir, Turkey), cream, sucrose, 
stabilizer/emulsifier (Cremodan SE 38 
VEG, Danisco A/S, Denmark) and fresh 
strawberries. The ice cream formulas 
were calculated by conventional meth-
ods (ARBUCKLE, 1986) and two LAB-add-
ing methods (fermentation of whole mix 
and fermentation of milk only at 10% of 
mix weight) were used. The production 
method of HAGEN and NARVHUS (1999) 
was followed. The fat content of the ice 
cream was adjusted to 6% based on the 
results of panel acceptance after senso-
rial analyses (taste and flavour).

After blending the ice cream mix ingre-
dients (6% fat, 12% sucrose, 11.2% skim 
milk dry matter, 0.8% stabilizer/emulsi-
fier) at 40°C, the mixture was then pas-
teurized by pouring it into a bain-marie-
type stainless steel vessel and heating it 
to 75°C for 5 min, cooling it immediately 
to 68°C, and then maintaining it for 30 
min before cooling it at 4°C (Fig. 1).

Six strawberry ice creams containing 
single strains of commercial LAB were 
produced. Two lactic acid supplement-
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for 5 days (FRANK et al., 1992); for col-
iform bacteria, Violet Red Bile Agar (Ox-
oid, CM-107, UK) at 32±1°C for 24±2 h 
(CHRISTEN et al., 1992); for Staphyloco-
ccus aureus, Baird-Parker Agar (Oxoid-
CM-275, UK) at 35°C for 45-48 h (FLOW-
ERS et al., 1992). Injured bacteria can-
not grow on media that are selective for 
them, even though they are metaboli-
cally active. However, if given adequate 
time and proper conditions they can re-
pair their injuries (ARANY et al., 1995). 
Because of this, Standard Plate Count 
Agar (Oxoid, CM-465, UK) was used for 
the enumeration of Lactobacillus acido-
philus (at 37°C, 3 days), Lactococcus lac-
tis subsp. lactis and Lactococcus lactis 
subsp. cremoris (at 35°C, 2 days).

To determine the effects of LAB on 

Fig. 1 - Flowsheet of the main steps in ice cream produc-
tion.

ing methods were used. In one 
method, the pasteurised mix 
was inoculated with a single 
starter of LAB culture (Lactoba-
cillus acidophilus Lyofast SLH 
41107 at 40°C (LAF), Lactococ-
cus lactis subsp. lactis Lyofast 
CMS 19131 at 30°C (LLF), Lac-
tococcus lactis subsp. cremo-
ris Lyofast CMS 19132 at 30°C 
(LCF)) at 0.2% of mix weight and 
incubated at pH 5.6. In the sec-
ond method, the milk part of the 
mix was fermented with single 
strains of LAB cultures (Lacto-
bacillus acidophilus Lyofast 
SLH 41107 at 40°C (LAA), Lac-
tococcus lactis subsp. lactis Lyo-
fast CMS 19131 at 30°C (LLA), 
Lactococcus lactis subsp. cremo-
ris Lyofast CMS 19132 at 30°C 
(LCA)) until the milk coagulated 
from the other components of the 
mix. The coagulated milk was 
then combined with the remain-
ing parts of the ice cream mix.

Following an ageing step at 
4°C for 4 h, all mixes were fro-
zen separately in a batch freez-
er of 5 kg capacity (Ugur, Nazil-
li, Turkey). Strawberries, at 15% 
(w/w) were added in the last stage of the 
freezing process. As a control (WLAB), 
one batch of strawberry ice cream was 
manufactured without any LAB supple-
mentation.

At the end of the production process, 
the ice creams were packaged separate-
ly in sanitized ice cream cases (0.5 L) 
with lids and hardened in a deep freez-
er at -40°C for 12 h, and then stored at 
-22°C.

Mixes and ice cream analyses

The microbiological quality of the ice 
creams was determined by incubat-
ing the cultures in media as follows; for 
yeasts and molds, acidified Potato Dex-
trose Agar (Oxoid, CM-139, UK) at 25°C 
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strawberry ice cream characteristics, 
some quality indexes (overrun, viscosity, 
dry matter, melting time, titratable acidi-
ty, pH and sensory properties) were eval-
uated. Viscosity and overrun were evalu-
ated as described by ARBUCKLE (1986). 
To determine the viscosity, the ice cream 
was heated in a waterbath to 20°C. The 
viscosity was then checked by observing 
the time it took for the meniscus to fall 
from 0 to 50 in a 50 mL burette with a 
4.0-mm-diameter exit. The viscosity (η) 
values of the ice cream samples were cal-
culated as follows:

η = ρ x t

η is expressed as centipoises (cP).
ρ is the density of ice cream
t is the flow time of ice cream

For overrun; 250 mL of ice cream at 
4°C were weighed and the density was 
calculated. The volume of the whole 
ice cream was calculated by dividing 
its weight by the previously calculated 
ice cream density value. The volume of 
mashed strawberry and mix were com-
puted similarly. Overrun was calculated 
by the following equation:

	 A-(B+C)
Overrun % = –––––––––––
	B

A = volume of ice cream;
B = volume of mix;
C = volume of strawberries.
The fat ratio of samples was deter-

mined by the Rose-Gottlieb method (AR-
BUCKLE, 1986) and expressed as fat con-
tent. The quantities of dry matter and 
protein were assigned according to the 
AOAC method (1995). To determine the 
melting characteristics of the ice creams, 
20 g of sample were weighed and put into 
a Petri dish (10 cm diameter) and allowed 
to melt at 20°C until it covered the whole 
base of the Petri dish, and the charac-
teristic was expressed as partial melt-

ing time (ÖZTÜRK, 1963). The titratable 
acidity and pH values (using a WTW 330 
pH meter) were set as reported by BRA-
DLEY et al. (1992). Sensory evaluations 
(taste and flavour, structure and consist-
ency) were rated on a 5-point scale [best 
(5 points), good (4 points), slight defect 
(3 points), strong defect (2-1 points)] by 
eight experienced panel members ac-
cording to Turkish Ice Cream Stand-
ard TS 4265 (ANONYMOUS, 1992). The 
ice cream analyses were carried out on 
days 1, 30, 60, 90 and 120 after manu-
facturing. The experimental treatments 
of production and analyses were repli-
cated twice.

A completely randomized block de-
sign was used for all tests and the data 
were analysed by ANOVA using a SPSS 
statistical packet. Differences among 
means were compared by Duncan’s Mul-
tiple Range Test. To normalize data, LAB 
counts were transformed to log10 before 
analysis.

RESULTS AND DISCUSSION

Microbiological properties

The determination of a viable popu-
lation of microorganisms in functional 
foods is important in order to assure the 
consumer that a product corresponds to 
certain norms (CHAMPAGNE and GARD-
NER, 2005). Table 1 indicates that the 
number of all LAB used were within the 
established limit values (106 cfu/g). This 
indicated that both methods of LAB sup-
plementation were effective.

The L. acidophilus sp. was more sen-
sitive i.e. fewer bacteria survived the 
freezing process than the other bacterial 
species. Similarly, CALCOTT (1986) and 
JOHNSON et al. (1984) reported that the 
sensitivity of L. acidophilus to cryogenic 
treatments made its preservation diffi-
cult. The sensitivity of this bacterial spe-
cies is due to their cylindrical shape. Be-
cause the surface area exceeds the vol-
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ume (DUMONT et al., 2004) more water 
comes out of the cell which leads to de-
hydration of the cytoplasm and an in-
crease in solute density. Highly concen-
trated solutes can denature intracellular 
enzyme systems (THUNELL, 1996).

When the first day counts of LAB of 
strawberry ice cream were compared 
with the LAB counts on the 120th day, 
the value decreased at an approximate 
rate of 0.5 log cfu/g. This rate of decline 
however, was not uniform over the 120 
days. It is thought that the alteration of 
LAB counts in different days was due 
to injured cells or inherent errors with-
in the microbiological methods. Differ-
ent results have been obtained by oth-
er researchers. LOPEZ et al. (1998) ob-
served only a slight decline in LAB in 
three batches (pH = 4.32, 5.09, and 
5.53) of commercial frozen yogurt stored 
at -23°C for 1 year. CHRISTIANSEN et al. 
(1996) reported that the number of via-
ble bacteria decreased by 0.1-0.7 log units 
during storage at -20°C for 16 weeks. In 
contrast, DAVIDSON et al. (2000) report-
ed that frozen storage of their product 
had little or no effect on culture surviv-
al, and bacterial counts remained at lev-
els sufficient to offer the suggested ther-

apeutic effects. These data corroborate 
with our results.

Coliform bacteria and Staphylococ-
cus aureus were not detected in any of 
the samples. Yeast was determined at a 
level of 102cfu/g on the first day for LLF 
and on the 30th day for LCA. This was 
probably due to a re-contamination of 
the ice creams during the packing proc-
ess (Table 1).

Physico-chemical properties

Air in ice cream provides a light tex-
ture and influences the physical proper-
ties of melt down and hardness (SOFJANA 
and HARTEL, 2004). Our study indicates 
that overrun increases as pH increases 
(Table 2). When overrun and pH values 
of ice creams produced with the same 
species but different inoculation meth-
ods were compared, there was a signifi-
cant linear correlation (p<0.01) between 
the overrun and pH values. In both LAB 
addition methods, Lactococcus cremoris 
supplementation provided the highest 
overrun. In addition, the greatest over-
run was obtained with fermentation of 
the entire mix when the pH was lowered 
to 5.6. When WLAB was compared with 

Table 1 - LAB counts (log10 cfu/g) throughout storage of ice cream samples.

			   Storage time (days)

Samples	 1	 30	 60	 90	 120

LCFd	 7.756±1.15	 7.176±1.52	 7.568±1.30	 7.114±1.48	 7.176±1.35
LAWb	 6.491±1.25	 6.447±1.28	 6.380±1.32	 6.362±1.21	 6.398±1.40
LLFd	 7.556±1.21	 7.380±1.19	 7.491±1.25	 7.544±1.40	 7.477±1.23
LCAe	 8.041±1.33	 7.875±0.92	 7.763±1.23	 7.708±1.30	 7.462±1.27
LAAc	 7.146±1.20	 7.114±1.22	 7.079±1.32	 7.079±1.37	 7.000±1.28
LLAe	 8.079±1.43	 7.857±1.10	 7.839±1.36	 7.716±1.27	 7.447±1.43
WLABa	 -	 -	 -	 -	 -

Different lower cases indicate significant differences (p<0.01) among samples.
LCF: mix was inoculated with Lactococcus lactis subsp. cremoris, LAF: mix was inoculated with Lactobacillus ac-
idophilus, LLF: mix was inoculated with Lactococcus lactis subsp. lactis, LCA: mils part of the mix was fermented 
with Lactococcus lactis subs. cremoris, LAA: milk part of the mix was fermented with Lactobacillus acidophilus, 
LLA: milk part of the mix was fermented with Lactococcus lactis subsp. lactis, WLAB: control.
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the others, except LCF, Lactococcus lac-
tis subsp. lactis and Lactobacillus acido-
philus did not contribute to an increase 
in overrun. In this investigation, commer-
cial starters were used and it was not de-
termined whether these starters produce 
exopolysaccharides (EPS). However, it is 
well known that many lactic acid bacteria 
are capable of synthesizing EPS. When 
the stabilizer quantity is increased, the 
overrun decreases (STANLEY et al., 1996). 
The decrease of overrun in ice cream 
made with Lactobacillus acidophilus may 
have been caused by their EPS synthe-
sis property. This opinion is supported 
by the viscosity results. As seen in Ta-
ble 2, the viscosity value of Lactobacillus 
acidophilus indicates that this bacterium 
had a stabiliser effect. According to the 
viscosity and overrun values, Lactoba-
cillus acidophilus had a greater stabilis-
er effect when supplemented in the milk 
rather than in the mix. In other words, 
milk components are more suitable for 
L. acidophilus-mediated stabiliser effect 
than the mix. This means that fewer sta-
bilisers could be used in ice cream man-
ufacturing.

When ice cream is consumed it should 
not melt or lose its shape. The partial 

melting time test is performed to deter-
mine the stability of the ice cream at the 
time of its consumption, in a real sense. 
First, the partial melting time was sig-
nificantly (p<0.01) and positively affect-
ed by the use of LAB and the different 
LAB addition methods. In control sam-
ples produced without LAB, the partial 
melting time was shorter, resulting in a 
loss of ice cream shape in the shortest 
time. Despite the fact that Lactobacillus 
acidophilus supplementation showed the 
longest partial melting time in both cul-
ture addition methods, the best result 
was seen with the fermentation of milk 
with the above-mentioned bacteria. This 
result could also be due to EPS synthe-
sis. The lower pH used could also explain 
the melting time. Longer partial melt-
ing time could also be due to a great-
er stretching of milk proteins at this pH 
value which could provide a firmer and 
more stable structure.

As seen in Table 2, there are differenc-
es among the dry matter and fat content 
values. These dissimilarities appeared 
to be due to variations in batch process 
conditions such as evaporation of wa-
ter phase especially at the pasteurisa-
tion step.

Table 2 - Physico-chemical properties of the ice cream samples.

Samples	 Overrun	 Viscosity	 Dry matter	 Fat	 % acidity	 pH	 PMT
		  (Cp)	 (%)	 (%)

LCF	 42.3±7.1f	 15.9±1.4a	 28.59±0.23d	 5.88±0.12c	 0.34±0.03a	 5.68±0.06d	 59.6±9b
LAF	 35.9±4.9c	 21.3±2.1c	 29.29±0.10f	 5.90±0.07ef	 0.33±0.03a	 5.74±0.11d	 83.6±11e
LLF	 37.3±5.8d	 16.3±1.5b	 28.43±0.11c	 5.89±0.02de	 0.35±0.03a	 5.66±0.06d	 74.4±10c
LCA	 32.2±4.0b	 22.2±2.2d	 28.39±0.07c	 5.89±0.04cd	 0.75±0.04b	 4.57±0.22b	 87.7±12f
LAA	 31.4±4.4a	 26.3±0.7e	 27.91±0.07a	 5.77±0.07a	 0.71±0.01b	 4.72±0.15c	 93.1±1.5g
LLA	 31.6±4.9a	 15.7±1.6a	 28.24±0.14b	 5.90±0.9f	 0.90±0.01c	 4.33±0.17a	 79.6±11d
WLAB	 39.8±6.8e	 16.4±1.1b	 28.96±0.15e	 5.85±0.1b	 0.28±0.02a	 5.89±0.03e	 51.3±4a

Different lower cases indicate significant differences (p<0.01) among samples.
LCF: mix was inoculated with Lactococcus lactis subsp. cremoris, LAF: mix was inoculated with Lactobacillus ac-
idophilus, LLF: mix was inoculated with Lactococcus lactis subsp. lactis, LCA: mils part of the mix was fermented 
with Lactococcus lactis subs. cremoris, LAA: milk part of the mix was fermented with Lactobacillus acidophilus, 
LLA: milk part of the mix was fermented with Lactococcus lactis subsp. lactis, WLAB: control, PMT: partial melt-
ing time (mm).
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Sensorial properties

The results of the taste 
and flavour tests to evalu-
ate the effects of LAB sup-
plementation in strawber-
ry ice cream are shown 
in Fig. 2. The incubation 
of the mix at pH 5.6 gave 
better results in terms of 
taste and flavour. With the 
exception of LLA, the use 
of LAB to make strawber-
ry ice cream had a posi-
tive effect on the senso-
rial attributes. The best 
taste and flavour scores 
were obtained with LAF, 
at 0.328% acidity. SPECK 
(1983) stated that frozen 
yoghurts with the lowest 
titratable acidity (0.28 to 
0.38%) received the high-
est overall quality scores.

The highest score for 
structure and consist-
ency was obtained in ice 
creams prepared by the 
addition of fermented 
milk at a pH value of ap-
proximately 4.5 (Fig. 3). 
The addition of LAB was 
positively correlated with 
these sensorial criteria 
and the best result was 
obtained with LCA sup-
plementation.

CONCLUSIONS

Supplementation of 
strawberry ice cream with 
Lactococcus lactis subsp. 
lactis and Lactococcus lac-
tis subsp. cremoris had 
some positive effects on 
the sensorial properties. 
With the fermentation of 
milk at 10% of mix weight 

Fig. 2 - Taste and flavour scores (max 5 points).
Different lower case letters indicate significant differences (p<0.01) 
among samples. LCF: mix was inoculated with Lactococcus lactis sub-
sp. cremoris, LAF: mix was inoculated with Lactobacillus acidophilus, 
LLF: mix was inoculated with Lactococcus lactis subsp. lactis, LCA: 
milk part of the mix was fermented with Lactococcus lactis subsp. 
cremoris, LAA: milk part of the mix was fermented with Lactobacil-
lus acidophilus, LLA: milk part of the mix was fermented with Lacto-
coccus lactis subsp. lactis, WLAB: control.

Fig. 3 - Structure and consistency scores.
Different lower case letters indicate significant differences (p<0.01) 
among samples. LCF: mix was inoculated with Lactococcus lactis 
subsp. cremoris, LAF: mix was inoculated with Lactobacillus acido-
philus, LLF: mix was inoculated with Lactococcus lactis subsp. lac-
tis, LCA: milk part of the mix was fermented with Lactococcus lac-
tis subsp. cremoris, LAA: milk part of the mix was fermented with 
Lactobacillus acidophilus, LLA: milk part of the mix was fermented 
with Lactococcus lactis subsp. lactis, WLAB: control.
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or fermentation of the entire mix at pH 
5.6 an adequate number of viable organ-
isms were retained. Since ice cream is 
usually consumed as a dessert, a sour 
taste is often unappealing. The taste and 
flavour properties obtained by fermenta-
tion of the ice cream mix at pH 5.6 were 
accepted better than those from samples 
where the pH values were below 5.

Our results showed that the sour 
taste resulting from probiotic LAB sup-
plementation can be hidden by adding 
highly acidic fruit to ice cream. In addi-
tion, strawberry ice creams made with 
LAB had better sensorial properties than 
the control ice creams prepared with-
out LAB supplementation. Fermenting 
the mix at pH 5.6 successfully masked 
the sour taste. Supplementing ice cream 
with LAB also had a positive effect on the 
quality criteria such as overrun, viscos-
ity etc. The stabiliser effect, which may 
have been due to the production of EPS, 
may reduce the need for the addition of 
extraneous stabilisers. The low overrun 
values also had a positive effect on the 
structure and consistency.

Lactic acid bacteria, used in ice cream 
manufacturing, should have a low acid-
producing capacity and attain a mini-
mum viable cell count of 108 cfu/g before 
freezing. The different quality results ob-
tained by using LAB indicate that further 
studies are needed to determine which 
lactic acid bacteria would be must suit-
able for fruity ice creams.
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yapılışı ve genel özellikleri üzereinde arqaştır
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Abstract

“Vino cotto”, a typical product main-
ly produced in central Italy, is obtained 
by fermenting cooked must. Nine “vino 
cotto” samples from the Abruzzo region 
were analysed for their chemical com-
position. Alcohol content ranged from 8 
to 16%, reducing sugars content from 
83 to 350 g L-1 and total acidity from 9 
to 19 g L-1 of tartaric acid. On the ba-
sis of compositional data and literature 
data, “vino cotto” can be classified as 
either a dry or sweet dessert wine de-
pending on the chemical composition. 

Riassunto

Il “vino cotto” è un prodotto tipico 
dell’Italia centrale ottenuto dalla fer-
mentazione dei mosti cotti. La composi-
zione chimica di nove campioni di “vino 
cotto” prodotti in Abruzzo è stata ana-
lizzata: il contenuto in alcool è risulta-
to variabile tra 8 e 16%, il contenuto in 
zuccheri riducenti tra 85 e 350 g L-1 e 
l’acidità totale da 9 a 19 g L-1 di acido 
tartarico. Sulla base dei risultati anali-
tici ottenuti in questo studio e di alcu-
ni dati di letteratura, il “vino cotto” può 
essere classificato come vino da dessert 
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The must cooking process caused the 
activation of non-enzymatic browning 
reactions and the formation of Maillard 
reaction products (MRPs). The radical 
scavenging activity (RSA) of “vino cot-
to” was tested by the DPPH· and ABTS+· 
decolouration assays. The RSA is highly 
correlated with both the polyphenol and 
MRP content; these two classes of com-
pounds showed an additive combined 
effect on RSA. Phenolic (PE) and non-
phenolic (NPE) extracts were obtained 
from “vino cotto” and the MRPs were 
mainly eluted with the NPE. The sum 
of the antioxidant activities of the two 
extracts were equal to the total RSA of 
“vino cotto” samples. In highly browned 
“vino cotto” samples the antioxidant 
activity of NPE was higher than that of 
PE and accounted for 56% of the over-
all antioxidant activity.

dolce o secco a seconda della sua com-
posizione chimica. Il processo di cottu-
ra del mosto durante la produzione di 
“vino cotto” ha determinato l’attivazio-
ne della reazione di imbrunimento non-
enzimatico e la formazione di composti 
della reazione di Maillard (MRPs). L’at-
tività antiradicalica del “vino cotto” va-
lutata mediante i saggi di decolorazio-
ne dei radicali DPPH· e ABTS+· è risul-
tata altamente correlata con la concen-
trazione sia di polifenoli che di MRPs, e 
queste due classi di antiossidanti han-
no mostrato un effetto combinato ad-
ditivo sulla capacità antiradicalica del 
“vino cotto”. Estratti fenolici (PE) e non 
fenolici (NPE) sono stati ottenuti dal 
“vino cotto” e i prodotti della reazione di 
Maillard sono risultati eluiti con la fra-
zione non fenolica. La somma delle at-
tività antiradicaliche degli estratti feno-
lici e non fenolici è risultata uguale alla 
capacità antiradicalica totale e nei cam-
pioni maggiormente imbruniti l’attività 
antiossidante della frazione non fenoli-
ca risulta maggiore dell’attività antios-
sidante della frazione fenolica, rappre-
sentando fino al 56% dell’attività antios-
sidante totale.

INTRODUCTION

“Vino cotto” (namely cooked wine) is 
a dessert wine produced from the fer-
mentation of cooked must, with or with-
out the addition of fresh must. This is 
a practice in a specific area of the east-
ern regions of central Italy, mostly in the 
Marches and Abruzzo (FORLANI, 1904; 
DE ROSA, 1987).

“Vino cotto” is of historical importance 
in Italy (FORLANI, 1904, DE ROSA, 1987) 
but very few data are available in the lit-
erature about its composition (DE PISIS, 
1898) because, until 2000, it was not pos-
sible to market a product obtained from 
fermented cooked musts (except Marsa-
la) according to Italian law. Even if it was 

not marketed, “vino cotto” retained its 
traditional importance in the regions of 
production, being produced for self-con-
sumption (DE ROSA, 1987). “Vino cotto” 
was inserted in the “national list of tra-
ditional food products” for Marches and 
Abruzzo regions in 2000 and 2003, re-
spectively, and can be marketed as a 
traditional product (Repubblica Italiana, 
2000; 2003).

“Vino cotto” is traditionally produced 
from white grapes, mainly of Trebbiano, 
Passerina, Montonico and Moscato culti-
vars, even if red grapes such as Montepul-
ciano and Sangiovese can be used (FOR-
LANI, 1904; DE ROSA, 1987). The must is 
heated directly in copper boilers until it is 
concentrated to 40-90% and it becomes 
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darker and denser. Once cooled, the must 
is decanted and fermented in chestnut 
barrels of 3-5 hL (FORLANI, 1904; DE 
ROSA, 1987). The must fermentation is 
very slow due to the high sugar content 
reached upon concentration; thus active-
ly fermenting must (mosto fiore) is some-
times added to the cooked must in order 
to fasten the rate of fermentation (FOR-
LANI, 1904; DE ROSA, 1987). The product 
remains in the barrel for a long time and 
is periodically filled up with fresh cooked 
must (DE ROSA, 1987). “Vino cotto” can 
also be obtained by adding 10-15% sapa 
(must concentrated to 30% of its initial 
volume) to actively fermenting must; this 
wine requires at least three years of age-
ing and is characterized by a sweet taste 
(FORLANI, 1904).

The wine-making practice of adding 
cooked must to actively fermenting and 
fermented must is also used for other 
sweet wines: the Spanish “colour wine” 
and Marsala, respectively (DE ROSA, 
1987; ARENA, 1981; RIVERO-PEREZ et 
al., 2002).

When the must is heated, non-enzy-
matic browning reactions (NEB) such as 
the Maillard reaction and caramelisa-
tion occur (RIVERO-PEREZ et al., 2002). 
The former shows an Arrhenius-type de-
pendence on temperature and is limited 
at low pH (LABUZA et al., 1994; MARTINS 
et al., 2001). The latter requires temper-
atures higher than 120°C and a pH 3-9 
(KROH, 1994), so it is expected to play a 
minor role during must heating at atmos-
pheric pressure.

The Maillard reaction could take part 
in the formation of coloured brown com-
pounds such as melanoidins (RIVERO-
PEREZ et al., 2002) and of volatile aroma 
compounds that contribute to the aroma 
of sweet wines during ageing (CUTZACH 
et al., 1998a; b).

The generation of colour and flavour 
by heating also have a secondary use in 
foods: one is the enhancement of antioxi-
dant activity which is associated with the 
formation of brown coloured melanoidins 

(ELIZALDE et al., 1992; NICOLI et al., 1999; 
MORALES and JIMENEZ-PEREZ, 2001) that 
positively affect the antioxidant activity of 
sweet wines (RIVERO-PEREZ et al., 2002; 
MANZOCCO et al., 1999; MORALES and 
JIMENEZ-PEREZ, 2004).

In previous studies (MANZOCCO et al., 
1999, MASTROCOLA et al., 2001), a “vino 
cotto” sample was shown to have a higher 
antioxidant activity than the white wine 
produced from the same grapes. The pur-
pose of this study was to investigate the 
composition and the antioxidant activity 
of nine “vino cotto” samples as affected 
by product browning.

MATERIALS AND METHODS

Samples

Nine samples of “vino cotto” from the 
province of Teramo (Italy) were selected 
from the private collection of Prof. Leonar-
do Seghetti (Ascoli Piceno, Italy). A Treb-
biano white wine, vintage 2003, from the 
Abruzzo region was obtained from Trebbi-
ano grapes which are the most common 
raw material for “vino cotto”. Three repli-
cates were used for each sample. A model 
solution of MRPs was obtained by heat-
ing a solution of L-glutamine (280 mg L-1), 
glucose (90 g L-1) and fructose (90 g L-1) 
for 20 h at 100°C. Chemicals were from 
Sigma (Steinheim, Germany).

Solid phase extraction of the
phenolic and non-phenolic fraction

Commercially available octadecyl C18 
cartridges (1 g, 6 mL) (International Sorb-
ent Technology, Tucson, AZ) were used for 
extraction of the phenolic fraction accord-
ing to the following protocol: 1 mL of sam-
ple was loaded onto a column previously 
conditioned with 2 mL of methanol and 
5 mL of water (DI STEFANO and GUIDONI, 
1989). The column was eluted with 2x4 
mL of 0.1 N sulphuric acid to eliminate 
all the water-soluble compounds and the 
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solution obtained accounted for the non-
phenolic extract (NPE). The compounds 
retained by the column were recovered by 
eluting with 2x4 mL of 60% methanol so-
lution and the solution collected account-
ed for the phenolic extract (PE). Trapping 
and release of the phenolic fraction from 
the C18 solid phase was performed accord-
ing to DI STEFANO and GUIDONI (1989). 
Both fractions (NPE and PE) were made 
up to a final volume of 10 mL and the pH 
of the NPE fraction was adjusted to that 
of the original sample.

Analytical determinations

Chemical analyses were conducted us-
ing the official EU Community methods 
for the analysis of wines (EEC, 1990).

The total polyphenol content was de-
termined by the colourimetric reaction 
with the Folin Ciocalteau reagent. Be-
fore analysis, the phenolic compounds 
were extracted by solid phase extraction 
as previously reported because substanc-
es such as reducing sugars, alcohol and 
tartaric acid, as well as Maillard reaction 
products, could interfere in the determi-
nation of the polyphenols with the Folin 
Ciocalteau reagent (DI STEFANO and GUI-
DONI, 1989).

Hydroxymethylfurfural (HMF) content 
was determined by the official EU Com-
munity methods for the analysis of wines 
(EEC, 1990). 5 - (Hydroxymethyl) - fur-
fural (Sigma, Steinheim, Germany) was 
used for the calibration curves.

The melanoidin content was deter-
mined by spectrophotometric analysis 
reading the absorption value at a wave-
length of 280 nm (RIVERO-PEREZ et al., 
2002). Before melanoidin analysis, the 
“vino cotto” samples were dialysed using 
cellulose dialysis tubing (Sigma) that re-
tains most molecules ≥12.000 Da. Sam-
ples (15 mL) were put into dialysis tub-
ing which were then placed in a glass ves-
sel with 1 L of water. This solution was 
maintained at 5°C under stirring for 12 
h. This procedure was repeated. The vol-

ume of sample which remained in the di-
alysis tubing was diluted to a known vol-
ume with double distilled water.

Colour determinations

Reflectance analyses were carried out 
on a Minolta (Osaka, Japan) CM-500 
spectrophotometer using the CIE illumi-
nant D65 and 10° standard observer con-
ditions. Before analysis, the instrument 
was calibrated on a white standard (L*: 
96.58; a*: -0.09; b*: -0.05 on SCE modal-
ity). Samples were poured into white 1 cm 
tall conical beakers (L*: 68.08; a*: -0.54; 
b*: -0.52 on SCE modality) that were then 
covered with a transparent glass in order 
to set the optical path constant. Trans-
parent glass did not significantly influ-
ence colour determinations (data not re-
ported). Colour measurements were car-
ried out in SCE (Specular Component Ex-
cluded) modality because the glass caus-
es a high specular reflection.

Antioxidant activity determination

The radical scavenging activity was 
determined using two radicals, DPPH· 
and ABTS+·, and defined: RSADPPH· and 
RSAABTS+·.

RSADPPH· was measured by the meth-
odology described by BRAND-WILLIAMS et 
al. (1995). The bleaching rate of a stable 
free radical, 2,2-diphenyl-1-picrilhydra-
zyl (DPPH·) in the presence of the sam-
ple was monitored at 515 nm using a 
Lambda Bio 20 spectrophotometer (Per-
kin Elmer, Boston, MA). A volume of 1.9 
mL of 6.1 10-5 M DPPH· methanol solu-
tion was used. The reaction was started 
by adding 5-20 m µL of “vino cotto” sam-
ples. DPPH·  bleaching was monitored at 
25°C for at least 60 min and the decolour-
ation after 5 min was used as the meas-
ure of antioxidant activity. In this dilution 
range, the DPPH· -bleaching was propor-
tional to the concentration of sample add-
ed to the medium and the regression co-
efficient of the dose-response curve was 
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taken as a measurement of the antioxi-
dant activity. Antioxidant activity was 
measured as mmoles DPPH·  inhibited 
per mL of sample.

RSAABTS+· was measured by the meth-
odology described by RE et al. (1999). 
The bleaching rate of ABTS+· in the pres-
ence of the sample was monitored at 734 
nm using a Perkin Elmer Lambda Bio 20 
spectrophotometer. A volume of 2.97 mL 
of ABTS+· solution (Abs = 0.7±0.02) was 
used. The reaction was started by add-
ing 30 m µL of either “vino cotto” or ex-
tract samples diluted with double dis-
tilled water up to 1:100 and 1:10 respec-
tively. ABTS+·-bleaching was monitored 
at 25°C for at least 60 min and the de-
colouration after 5 min was used as the 
measure of antioxidant activity. In this 
dilution range, the ABTS+· bleaching was 
proportional to the concentration of the 
sample added to the medium and the 
dose-response curve was fitted by a line-
ar model. Antioxidant activity was meas-
ured as µmoles of Trolox equivalents per 
mL of sample and was calculated by the 
ratio of the regression coefficient of the 
dose response curve of the sample and 
the regression coefficient of the dose re-
sponse curve of Trolox (the hydrophilic 
homologue of tocopherol).

Statistical analysis

Principal components analysis (PCA) 
was applied to describe the data set and 
to detect the most important variables 
for determining the data structure. Final 
data processing by PCA was performed 
by subtracting non-significant variables 
(loading < 0.70) and redundant variables. 
Stepwise multiple regression analysis was 
applied to data and the response equa-
tions were calculated using a definitive 
model which considers only the influence 
of factors significant at a p<0.01 level. The 
goodness of fit of the models was checked 
by: the adjusted determination coefficient 
R2

adj, and the p value associated with the 
Fisher test (PIKE, 1986). Data were ana-

lyzed using the STATISTICA for Windows 
(StatSoftTM, Tulsa, OK) package.

RESULTS AND DISCUSSION

The composition of the nine “vino cot-
to” samples varied greatly (Table 1). The 
alcohol content ranged from 8 to 16%, 
reducing sugar content from 83 to 350 g 
L-1 and total acidity from 9 to 19 g L-1. DE 
ROSA (1987) reported reducing sugar val-
ues from 130 to 170 g L-1, alcohol content 
ranging from 13 to 17% and a total acidity 
of about 12 g L-1. However, DE PISIS (1898) 
reported acidity values up to 24 g L-1, re-
ducing sugar values up to 450 g L-1 and 
alcohol contents from 8 to 13.5%; these 
data were more similar to those found in 
this study. The sulphur dioxide values of 
the “vino cotto” samples in this study were 
very low (from 6.4 to 15.6 mg L-1) and all 
the samples except S3 were in the 10-15 
mg L-1 range in agreement with DE ROSA 
(1987). Samples S3 and S8 had copper 
content values that were higher than the 
1 mg L-1 limit fixed for wines by Italian 
law (REPUBBLICA ITALIANA, 1987). This 
could be due to the use of copper boil-
ers. All the “vino cotto” samples had very 
high concentrations of iron that were due 
to the metal concentration during cook-
ing and to the common practice of add-
ing a piece of iron to the cooking must in 
order avoid the copper taste in the wine 
(DE ROSA, 1987). The data obtained in 
this study and in previous studies con-
firm the high variability in “vino cotto” 
composition.

To find the simplest model to describe 
the data set, the compositional data were 
processed by principal component analy-
sis. The results showed an explained var-
iance of 74.03% (58.07 and 15.95% along 
the first and second principal compo-
nents, respectively Fig. 1). Based on the 
distribution of the samples, two groups 
could be identified, the first character-
ised by high sugar content, dry extract 
and acidity and the second characterised 
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by low sugar and high alcohol content. 
Samples with characteristics similar to 
those of the first and second group were 

Table 1 - Chemical composition of nine “vino cotto” samples and a white Trebbiano wine (TRB).

	 TRB	 S1	 S2	 S3	 S4	 S5	 S6	 S7	 S8	 S9

alcohol (% vol.)	 11.56	 8.47	 12.61	 12.48	 12.30	 13.80	 16.04	 10.26	 7.87	 11.79
reducing sugars (g L-1)	 1.280	 257.5	 171.6	 139.2	 83.06	 93.63	 114.4	 156.1	 343.5	 350.1
total dry extract (g L-1)	 22.4	 260	 190	 170	 110	 130	 180	 210	 410	 370
dry extract (g L-1)	 21.1	 2.50	 18.4	 30.8	 26.9	 36.4	 65.6	 53.9	 66.5	 19.9
pH	 3.14	 3.00	 3.21	 3.68	 3.31	 3.18	 3.21	 3.68	 3.05	 3.16
total acidity (g L-1)*	 5.10	 11.0	 10.4	 9.60	 8.60	 15.8	 17.6	 12.2	 16.8	 19.2
volatile acidity (g L-1)**	 0.30	 1.75	 1.39	 1.30	 1.15	 1.80	 1.92	 1.85	 2.21	 1.75
malic acid (g L-1)	 0.28	 3.50	 2.75	 2.12	 2.10	 3.04	 2.84	 3.28	 2.16	 2.7
tartaric acid (g L-1)	 2.96	 4.20	 3.45	 3.65	 3.30	 3.60	 3.65	 3.52	 3.48	 3.50
lactic acid (g L-1)	 0.64	 1.74	 2.10	 2.40	 1.56	 2.14	 1.92	 1.95	 1.84	 2.10
total sulphur dioxide (mg L-1)	 76.8	 12.8	 9.60	 6.40	 9.60	 12.8	 9.60	 15.6	 12.8	 9.60
ash content (g L-1)	 1.24	 2.94	 2.74	 2.36	 2.56	 2.82	 2.64	 2.56	 3.12	 3.26
alkalinity of ash (meq L-1)	 14.8	 32.0	 29.6	 27.2	 28.4	 28.6	 29.2	 28.4	 32.4	 34.0
iron (mg L-1)	 1.80	 16.5	 9.42	 20.2	 9.70	 5.65	 8.40	 26.4	 19.2	 22.1
copper (mg L-1)	 0.15	 1.72	 1.04	 2.14	 0.96	 0.86	 0.72	 1.18	 2.30	 0.84
TPP (mg L-1 GAE)	 277	 852	 407	 482	 693	 556	 860	 807	 793	 1214

Coefficient of variation < 5% for all the analyses.
*Expressed as tartaric acid; **expressed as acetic acid.

described as sweet and dry dessert wines, 
respectively, by other authors (FORLANI, 
1904; DE ROSA, 1987).

Fig. 1 - Loading plot and scores from compositional analysis of nine “vino cotto” samples (S1-S9) and 
a white Trebbiano wine sample.
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0.936, p<0.01), thus both these parame-
ters could be used as browning indices.

In order to better describe the “vino cot-
to” colour, the chromaticity values of the 
different samples were reported on the 
a*b* chromaticity plane (Fig. 2) together 
with those of a white Trebbiano wine and 
a red Montepulciano d’Abruzzo wine.

The white Trebbiano wine had a bright 
yellow color. S1 sample had a darker col-
our than white Trebbiano wine with a typ-
ical orange hue (h° = 45°) due to the ther-
mal treatment of the musts. From S1 to 
S9, the hue shifted towards red (h° = 0°) 
until the chroma values were similar to 
that of a red wine but the redder sam-
ples had a darker colour than that of red 
wine (Table 2). The colour shift on the a*b* 
chromaticity plane described the classi-
cal loop observed during a Maillard reac-
tion development (MORALES and JIMEN-
EZ-PEREZ, 2001; MASTROCOLA and LERI-
CI, 1991; MAC DOUGALL and GRANOV, 
1998).

Fig. 2 - Colour of nine “vino cotto” samples, a commercial Trebbiano (white) and a Montepulciano (red) 
wine on the a*b* chromaticity plane.

In order to investigate the colourimet-
ric characteristics of the nine “vino cotto” 
samples, colour was analyzed by reflect-
ance spectrophotometry because most 
samples did not allow light transmittance 
in the 300 to 450 nm range and sample 
dilution could influence the determina-
tion of chromatic characteristics.

From S1 to S9 it was possible to ob-
serve a reduction in both lightness (L*) 
and hue angle (h°) which describe a dark-
ening effect and a shift of colour toward 
the red zone (h° = 0°); this colour change 
can be described as browning (MASTRO-
COLA and LERICI, 1991). The cooking 
process of musts, in fact, activates non-
enzymatic browning (NEB) reactions 
(RIVERO-PEREZ et al., 2002; MANZOCCO 
et al., 1999; MORALES and JIMENEZ-PE-
REZ, 2004) that could affect the colour 
(BARBANTI et al., 1990; MASTROCOLA and 
LERICI, 1991).

The h° values show a positive linear 
correlation with lightness (L*) values (r = 
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The occurrence of the Maillard reac-
tion was also confirmed by absorbance 
at 420 nm and chemical indices (Table 
2); the HMF and melanoidins increased 
from S1 to S9.

The colour parameters L* and h° were 
correlated with the concentration of MRPs 

Fig. 3 - Regression between colour parameters L* and h° and melanoidins.

and showed a linear correlation with HMF 
(r = -0.576 and -0.641, p<0.05, respec-
tively) and a quadratic correlation with 
melanoidins (Fig. 3); in both cases, L* 
values decreased as the MRP content in-
creased.

Colour parameters were better corre-

Table 2 - Colour and MRP concentration of “vino cotto” samples and commercial white Trebbiano (TRB) 
and red Montepulciano (MTP) wines.

Sample	 L*	 h°	 Abs 420 nm	 HMF	 Melanoidins
				    (mg L-1)	 (Abs 280 nm)

TRB	 38.96±0.39	 92.68±1.29	 0.013	 -	 -
S1	 16.37±0.78	 47.34±0.82	 0.450	 657.0±18.2	 0.357±0.010
S2	 15.99±1.17	 44.21±0.61	 0.473	 767.0±27.9	 0.373±0.050
S3	 11.96±0.49	 37.06±0.67	 0.469	 480.1±23.1	 0.501±0.022
S4	 13.30±1.53	 33.25±1.33	 0.792	 901.0±2.4	 0.501±0.018
S5	 8.31±0.80	 29.30±0.18	 0.952	 763.6±13.4	 0.549±0.050
S6	 5.93±0.89	 23.29±0.76	 0.880	 1044±16	 0.595±0.028
S7	 5.40±0.09	 20.25±0.28	 0.677	 541.9±0.1	 0.713±0.052
S8	 5.03±1.71	 19.36±0.38	 1.180	 1154±58	 0.639±0.040
S9	 1.25±0.08	 17.93±0.07	 1.744	 1781±23	 0.947±0.064
MTP	 6.55±0.89	 3.10±0.77	 -	 -	 -
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Table 3 - Antioxidant activity of nine “vino cotto” 
samples and a white Trebbiano wine (TRB).

Sample	 RSAABTS+•	 RSADPPH•
	 (µmoles Trolox eq. mL-1)	 (mmoles DPPH•mL-1)

TRB	 0.914±0.107	 1.184±0.059
S1	 1.445±0.017	 3.178±0.105
S2	 1.364±0.007	 2.258±0.090
S3	 2.160±0.05	 2.054±0.109
S4	 1.880±0.077	 3.003±0.153
S5	 2.178±0.241	 3.587±0.251
S6	 4.361±0.263	 4.527±0.272
S7	 3.343±0.177	 5.105±0.276
S8	 3.546±0.155	 5.318±0.271
S9	 8.216±0.235	 10.67±0.267

lated with melanoidins than HMF. The 
former compounds are formed in the fi-
nal stages of the Maillard reaction, when 
product browning becomes visible, while 
the latter is mainly formed in the ad-
vanced stage of Maillard reaction (MAR-
TINS et al., 2001) and, once formed, could 
either decrease or increase depending on 
the relative rate of condensation and deg-
radation reactions.

Most of the browned products had gen-
erally high values of dry extract, total 
acidity and TPP (Table 1) because the nat-
urally occurring compounds are concen-
trated during the cooking process along 
with the development of the Maillard re-
action (FORLANI, 1904; DE PISIS, 1898).

The radical scavenging activity of the 
“vino cotto” samples was evaluated by 
two different methods: the ABTS and the 
DPPH assay (Table 3). The former allows 
the antioxidant activity to be measured 
in aqueous solutions, while the latter is 
measured in alcoholic or amphiphilic so-
lutions. These two methods were used be-
cause melanoidins have been reported to 
be effective antioxidants in alcoholic so-
lutions and lipids (LABUZA et al., 1994; 
ELIZALDE et al., 1992; MANZOCCO et al., 
2001; DALLA ROSA, 1996) and weak anti-
oxidants in watery fluids (MORALES and 
BABBEL, 2002).

The antioxidant activity of the “vino cot-
to” samples was up to 9-times higher than 
that of the white Trebbiano wine (Table 
3) and the most browned and concentrat-
ed products showed antioxidant activities 
that were similar to those of red wines as 
reported by FERNÁNDEZ-PACHÓN et al. 
(2004). However, even if the total RSA is 
affected by the concentration due to cook-
ing, the RSA of “vino cotto” expressed on 
dry matter was always higher than that 
of the Trebbiano wine.

The antioxidant activity increased from 
S1 to S9, as the product browning in-
creased. The relationship between anti-
oxidant activity and browning phenom-
ena in plant foods has been largely re-
viewed and attributed to either the oxi-

dation of natural antioxidants or to the 
formation of compounds with antioxidant 
activity due to the occurrence of NEB 
(MANZOCCO et al., 2001).

In the case of “vino cotto”, the increase 
of antioxidant activity during thermal 
processing could be due to changes in 
the naturally-occurring antioxidant com-
pounds, such as polyphenols, as well 
as to the formation of compounds with 
antioxidant activity (DALLA ROSA, 1996; 
NICOLI et al., 1999) such as melanoidins, 
which have been proven to be effective 
antioxidants (ELIZALDE et al., 1992; NICO-
LI et al., 1999; MANZOCCO et al., 2001).

Antioxidant activity values obtained 
by the DPPH and ABTS assays showed a 
positive quadratic correlation with mela-
noidins and TPP and as the content of 
these antioxidant compounds increased, 
the antioxidant activity increased.

Simple regression analysis of RSA as a 
function of the two classes of antioxidants 
(TPP and melanoidins) did not take into ac-
count the correlation between the two inde-
pendent variables. This correlation is due to 
the fact that samples with higher melanoi-
din content also showed a higher TPP con-
tent (Tables 1 and 2) because the concen-
tration of naturally-occurring compounds 
and the formation of MRPs were both de-
termined by the cooking process.

Multiple regression analysis was thus 
carried out to evaluate the individual 
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and interactive effect of the melanoidins 
and TPP on the total antioxidant activi-
ty of “vino cotto”. The total RSA was pos-
itively correlated with the sum of the in-
dividual effects of the TPP and melanoi-
din content (Table 4) and no interactive 
effect was observed.

Both melanoidins and polyphenols 
showed a lower regression coefficient in 
aqueous solution than in methanolic so-
lution (Table 4) but, on the basis of the 
statistical data, it is not possible to as-
sert that melanoidins are weak antioxi-
dants in aqueous solutions.

The statistical analysis showed that 
both TPP and MRPs contributed to the 
antioxidant activity of “vino cotto” but the 
relative contribution of these two classes 
of compounds to the overall antioxidant 
activity could not be quantified. In order 
to investigate this aspect, a tentative sep-
aration of the phenolic (PE) and non-phe-
nolic (NPE) fraction of “vino cotto” sam-
ples was carried out. Only the RSAABTS+· 
was tested on each fraction because it 
was deemed important to test the RSA in 
aqueous solution at biological pH.

The two fractions were separated by 
SPF, which has been reported to be a suit-
able technique of separation for phenol-
ic compounds (ANTOLOVICH et al., 2000; 
NACKZK and SHAIDI, 2004). The NPE, 
which contained MRPs, was recovered af-
ter washing with an acidic aqueous so-
lution. MRP elution from C18 with acidi-
fied aqueous solutions has been report-
ed in other studies (RESMINI et al., 1990; 
DELGADO et al., 1992; RUFIÁN-HENARES 

Fig. 4 - Antioxidant activity of “vino cotto samples” 
and sum of the antioxidant activities of their phe-
nolic (PE) and non-phenolic (NPE) extracts.

et al., 2004). RSA recovery after wash-
ing with sulphuric acid was tested on a 
MRP model system and the recovery was 
72%. The model system was obtained by 
heating an aqueous solution with a total 
sugar and amino acid content similar to 
that of a Trebbiano must. Glutamine was 
chosen because it is the most abundant 
amino acid in Trebbiano (CHINNICI et al., 
1999) and it has a medium tendency to 
browning (SHINODA et al., 2005).

The sum of the TEAC values of the 
PE and NPE was not significantly differ-
ent from the overall antioxidant capaci-
ty TEACTOT in all samples except S1 and 
S3 (Fig. 4).

The recovery of antioxidant compounds 
from the solid phase of the C18 column 
was almost complete even if SPE did not 
allow a perfect separation of the MRPs 
and polyphenols. MRPs that were not 
eluted in the aqueous solution were fur-
ther eluted by the 60% methanol solu-
tion since some MRPs are methanol-sol-
uble (BORRELLI et al., 2003), and this 
was also confirmed by the SPE of the 
MRP model solution. Thus the theoreti-
cal PE also contained small quantities of 
Maillard products which eluted togeth-
er with phenolics and caused an overes-
timation of the RSA of PE and an under-
estimation of that of NPE. In contrast, 
the SPE could not separate the phenol-
ic compounds that were incorporated in 

Table 4 - Multiple regression analysis of antioxi-
dant activity as a function of TPP and melanoidin 
concentration.

Antioxidant	 Equation
activity

RSADPPH•	 -4.0265 + 0.0047 [TPP] + 8.624 [Melanoidins]
	 R2

adj = 0.910; F(2.6) = 41.34; p<0.001; S.E. = 0.787

RSAABTS+•	 -3.635 + 0.0028 [TPP] + 8.212 [Melanoidins]
	 R2

adj = 0.874; F(2.6) = 28.90; p<0.001; S.E. = 0.761
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Fig. 5 - Antioxidant activity of “vino cotto” sam-
ples and their phenolic (PE) and non-phenolic ex-
tracts (NPE).

Table 5 - Correlation between the antioxidant ac-
tivity of the phenolic RSAPE and the non-phenolic 
extracts RSANPE, the total polyphenol content and 
the Maillard reaction indices.

	 RSAPE	 RSANPE

TPP	 0.864	 n.d.
HMF	 n.d.	 0.868
Melanoidins	 n.d.	 0.892
L*	 n.d.	 -0.861
Abs 420 nm	 n.d.	 0.901

n.d. = not determined.

the melanoidin structures and cause the 
opposite effect.

The overall antioxidant activity of “vino 
cotto” samples and those of the PE and 
NPE are reported in Fig. 5.

The antioxidant activity of NPE showed 
a positive and significant correlation with 
the browning and Maillard reaction indices 
and the antioxidant activity of the phenolic 
fraction showed a positive and significant 
correlation with TPP (Table 5).

The contribution of the antioxidant ac-
tivity of NPE to the total antioxidant activ-
ity was significantly correlated to product 
browning as described by L* (r = -0.857; 
p < 0.01). Thus, although it has been re-
ported that melanoidins show a low anti-
oxidant activity in aqueous solutions (MO-
RALES and BABBEL, 2002), in most of the 
browned “vino cotto” samples the contri-

bution of TEACNPE to TEACTOT was higher 
than that of the TEACPE.

This result is important because the bi-
oavailability of polyphenols in human me-
tabolism has been proven (MANACH et al., 
2005; WILLIAMSON & MANACH, 2005) and 
their bioefficacy is generally accepted. 
The metabolism of food-borne advanced 
MRPs has not been completely elucidat-
ed and it is still an open question wheth-
er isolated melanoidin structures undergo 
metabolic biotransformation and subse-
quently cause physiological effects in vivo. 
Moreover MRPs are known to act either as 
carcinogenic or as anticarcinogenic com-
pounds (MANZOCCO et al., 2001; LEE and 
SHIBAMOTO, 2002), so a more in-depth 
understanding of the toxicology of these 
functional compounds is needed.
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Abstract

Microorganism inactivation by high 
pressure CO2 treatment was deter-
mined in fresh grape must and toma-
to paste under both natural and inoc-
ulated conditions. The microorganisms 
present in these two substrates were 
isolated and identified. A number of 
samples were then subjected to dense 
phase CO2, and the reduction of micro-
organism viability was measured. Re-
sults are reported and discussed for 
natural grape must processed in a mul-
ti-batch contactor under conditions be-

Riassunto

Sono state determinate le cinetiche di 
inattivazione microbica attraverso CO2 
in pressione in mosto d’uva e passata 
di pomodoro naturali, sia tal quali che 
inoculati. Dapprima, sono stati isola-
ti ed identificati i microrganismi pre-
senti in questi due substrati. Succes-
sivamente, sono stati trattati numero-
si campioni con CO2 in pressione, mi-
surando poi la sopravvivenza dei mi-
crorganismi. Vengono presentati e di-
scussi i risultati ottenuti in mosto d’uva 
allo stato naturale trattato tra 80 e 120 
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tween 80-120 bar, 30°-40°C, for 5 to 50 
min, and for natural tomato paste be-
tween 75-110 bar, 32°-50°C, up to 24 h. 
Different combinations of temperature 
and pressure were also applied to fresh 
grape must inoculated with wild strains 
of Pichia awry and Bacillus subtilis. The 
dense phase CO2 treatment sterilized 
the grape must but only reduced the 
microbial load of tomato paste by less 
than 1 log.

bar, 30°-40°C, per un tempo di tratta-
mento da 5 a 50 minuti, e in passata 
di pomodoro allo stato naturale tra 75 
e 110 bar, 32°-50°C, fino a 24 ore. Ven-
gono applicate differenti combinazio-
ni di temperatura e pressione in mosto 
d’uva naturale inoculato con ceppi sel-
vaggi di Pichia awry e Bacillus subtilis. 
Nel loro insieme i risultati ottenuti di-
mostrano che il trattamento con CO2 in 
pressione è in grado di sterilizzare il mo-
sto d’uva e di ridurre la carica microbi-
ca della passata di pomodoro.

INTRODUCTION

In a safe food, the spoilage and patho-
genic microorganisms are eliminated by 
pasteurisation, and the growth of possi-
ble residual microbial load is suppressed 
in order to obtain a product with a long, 
stable shelf-life. If harmful spores are 
present in the foodstuff, a more severe 
treatment, sterilization, is normally re-
quired to eliminate them. This treatment 
is also required to reduce enzymatic ac-
tivity, which is a further aim in the in-
dustrial preservation of food.

Thermal treatment is the most widely 
used technology for food preservation. In 
some cases, it induces positive effects, 
such as the elimination of some anti-nu-
tritional components, but in most cases, 
it causes an undesirable deterioration 
of food quality. This is particularly neg-
ative since the freshness of the food is 
of utmost importance. Loss of vitamins, 
denaturation of proteins, loss of fresh 
taste, colour, aroma and texture are the 
most frequent drawbacks of thermal 
treatment because of the high temper-
ature applied to the natural substrate. 
Thus, efforts are currently being made 
to optimize the heat exchange mecha-
nism to overcome the inevitable physi-
cal limits of thermal treatment (Lee and 
COATES, 1999; Zanoni et al., 2003). At 

the same time, there is increasing con-
sumer demand for minimally processed, 
fresh-tasting foods. The food industry is 
therefore looking for advances in tech-
nology that cause the least deteriora-
tion in product quality. Investigations 
are intensifying in alternative, non-ther-
mal technologies, including the Pulsed 
Electric Field process (PEF), the appli-
cation of ionizing radiation, UV light, 
ultrasound, the use of membrane filtra-
tion and oscillating magnetic fields, mi-
crowave and radio frequency processes 
(Pothakamury et al., 1995; Knorr et 
al., 2004; Tajchakavit et al., 1998) and 
high hydrostatic pressure (Porretta et 
al., 1995; Butz et al., 2002). Combina-
tions of these methods have also been 
proposed, sometimes in association with 
classical thermal treatment (Raso et al., 
1998). Except for high hydrostatic pres-
sure, no industrial application using new 
technologies has been successfully im-
plemented at the industrial scale.

Dense-phase CO2 processing is a 
treatment that seems promising, for re-
ducing both microbial and enzymatic 
activity. Using this technique foodstuffs 
are pasteurised at moderate temperature 
and pressure, and the CO2 significant-
ly inactivates vegetative bacterial cells, 
moulds and yeasts and, under certain 
conditions, intracellular and pectolytic 
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enzyme activity can be reduced (Kami-
hira et al., 1987;. Balaban et al., 1991). 
Numerous studies have confirmed the 
antimicrobial action of CO2 under pres-
sure on food substrates (Haas et al., 
1989; Wei et al., 1991) as well as on pol-
ymeric materials for pharmaceutical and 
cosmetic use (Dillow et al., 1999). How-
ever, despite the large quantity of data 
collected, the mechanism of microbial 
inactivation induced by high pressure 
CO2 remains unknown. Some research-
ers have hypothesized that the internal 
pH of the microbes is decreased to a le-
thal level due to the easy penetration of 
CO2 into the cells. It has been demon-
strated that the amount of dissolved car-
bon dioxide is responsible for cell death, 
which is not necessarily accompanied by 
cell lysis (Isenschmid et al., 1995; Haas 
et al., 1989). Bertoloni et al. (2006) 
showed that CO2 treatment induced the 
release of cellular enzymes.

Other studies have demonstrated that 
dense-phase CO2 can only inactivate 
spores at drastic conditions (60°-95°C, 
120 min, 300 bar). Therefore, the ster-
ilisation process by dense phase CO2 is 
not practical for industrial applications 
(Ishikawa et al., 1997; Watanabe et al., 
2003).

Most of the high-pressure CO2 inacti-
vation studies currently available in the 
scientific literature have been performed 
in inoculated or spoiled foods, in inoc-
ulated simple model systems and liquid 
substrates, such as physiological saline 
solution or culture media. To date less 
attention has been paid to the treatment 
of foodstuffs in their natural conditions. 
The lack of studies using real foodstuffs, 
instead of model systems, and the fact 
that the structural and microbiological 
properties of food are modified due to 
CO2 treatment, are major obstacles to 
the development of this technology for 
industrial applications.

High pressure CO2 pasteurisation of 
grape must and tomato paste has been 
given little attention. For example, to im-

prove processing plants to obtain better 
quality products by thermal process-
es, Lee and Coates (1999) studied the 
changes in colour due to thermal pas-
teurisation of red grapefruit juice from 
two cultivars treated at 91°C using a 
plate heat exchanger. Thermal pasteur-
isation caused a change in the colour 
of the juice, with a slight shift towards 
a lighter, brighter juice. Talcott et al. 
(2003) applied the pasteurisation meth-
od by high hydrostatic pressure to mus-
cadine grape juice, but this processing 
was detrimental to juice quality, proba-
bly due to the action of residual oxidase 
enzymes. In contrast, Wu et al. (2005) 
reported that PEF treatment to inacti-
vate microorganisms in red and white 
grape juice only gave satisfactory re-
sults when combined with temperatures 
above 50°C.

The effects of time-temperature steri-
lisation conditions (90°, 95° and 100°C) 
on the overall quality of tomato puree 
were studied by Zanoni et al. (2003); 
heat and oxidative damage was observed 
in the samples. During sterilisation, the 
ascorbic acid content and antioxidant 
activity of the hydrophilic fraction de-
creased, and a colour change occurred, 
but no significant variations were found 
in the lycopene content. Porretta et 
al. (1995) subjected tomato juice to ul-
tra-high-hydrostatic-pressure; changes 
in the structure of the product were de-
tected, and the physical-chemical prop-
erties were altered when the tomato juice 
was treated at 5,000, 7,000 and 9,000 
bar, the viscosity and total pectin con-
tent increased and protein coagulation 
and high free glutamic acid levels were 
observed. In particular, the treated sam-
ples were inedible because of a strong 
rancid taste. This was due to a marked 
increase in n-hexane content, the same 
substance that, at a concentration less 
than 1-1.2 mg/kg, imparts the typical 
fresh tomato flavour.

In this work, a semi-continuous and 
multi-batch apparatus was designed to 
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investigate real foodstuff treatment by 
dense-phase CO2. Experiments were per-
formed with fresh red grape must and to-
mato paste at different CO2 pressures, 
temperatures and treatment times; the 
foodstuffs were used without any pre-
vious technological treatments. Differ-
ent combinations of process parame-
ters were also applied to fresh grape 
must that had been inoculated with wild 
strains of yeast (Pichia awry) and bacte-
ria (Bacillus subtilis), in order to investi-
gate the pasteurisation efficiency of pres-
surised CO2 in these cases, and to de-
termine the level of survival of their typ-
ical microbial population.

MATERIALS AND METHODS

Pressure treatment: 
apparatus and procedure

The experiments were carried out in 
both a multi-batch and semi-continu-
ous apparatus, specifically designed and 
constructed to investigate high-pressure 
CO2 food treatment and determine the 
related kinetics. The design of the appa-
ratus is shown in Fig. 1. The system has 
a high pressure CO2 storage tank pri-
marily to reduce the pressurisation time 
of the reactors and to prevent pressure 
fluctuations. The CO2 reservoir is tem-
perature-controlled by using circulating 
water. Details of this apparatus are re-
ported elsewhere (Parton et al., 2007).

During an experimental run, each 
batch reactor was loaded with about 1.8 
mL of well-mixed sample under sterile 
conditions, and then connected to the 
high-pressure apparatus. After temper-
ature equilibration, the six samples were 
subjected to the same CO2 pressure for 
different treatment times.

If larger sample volumes have to be 
treated, the system can be equipped 
with a single tubular reactor of 70 mL 
internal volume (SCR in Fig. 1), which 
can be used to carry out experiments in 

a semi-continuous mode in order to im-
prove the mass transport of CO2 to the 
substrate.

The experimental runs carried out in 
this study are listed in Table 1. Different 
combinations of temperature and pres-
sure were investigated. Each experiment 
was done at least twice, and the average 
value is reported. Values of process pa-
rameters were selected on the basis of 
previous experience with the pasteuri-
sation of other fruit juices; the operating 
temperature should be less than 40°C 
to prevent any changes in organoleptic 
properties.

Microbial characterisation of food

Red grape must and tomato paste 
were supplied by the Sapio S.r.l. Compa-
ny (Monza, Italy); the grape must came 
from mountains of Valtellina (Sondrio, 
Italy), whereas the tomato paste came 
from an Italian farm. These substrates 
were used as delivered, without any oth-

Fig. 1 - Sketch of the multi-batch system for deter-
mination of inactivation kinetics of enzymes and 
microorganisms subjected to high pressure CO2. 
V-1, V-2, V-3, V-4: on-off valves; V-5, V-6: microm-
etering valves; HE-1, HE-2: heat exchanges; P: 
pump; MM: pressure controller; R: high pressure 
CO2 reservoir; SCR: single cell reactor; MBR: mul-
ti-batch reactor; TB-1, TB-2: thermostatic bath; V: 
vent; P-1, P-2, P-3, P-4: pressure indicators; T-1, 
T-2: temperature indicators.
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er treatment. Both foods were wholesome 
and very aromatic. The pH value of the 
red grape must was 3.10 and the toma-
to paste was 4.03 (values provided by 
the suppliers).

Samples of the substrates (about 1 
L) were maintained at -12°C until anal-
ysis. Freezing and thawing did not sig-
nificantly affect the microbial popula-
tion. The same microbial population was 
identified by viable plate count in both a 
fresh sample and a frozen/thawed sam-
ple. This assessment was carried out be-
fore all the sample was frozen. Samples 
were slowly thawed at 4°C; after shaking, 
aliquots of 20 mL were taken for seed-
ing in both solid and liquid growth me-
dium for microbial culturing. Qualitative 
and quantitative microbiological analy-
ses were carried out in both substrates, 
in order to determine the typology and 
quantity of the microorganisms present 
in natural substrates.

For the quantitative analyses, the 
samples were serially 10-fold diluted 
in: i) liquid media (Brain Heart Infusion 
Broth, BHI, and thioglycolate) and in-
cubated in aerobic and anaerobic con-
ditions, respectively; ii) physiological sa-

line solution (0.9% NaCl) and, in order 
to determine colony forming units per 
mL (cfu/mL), each dilution was plated 
in two sets of plates for aerobic (28°C) 
and anaerobic (37°C) incubation con-
ditions, respectively. For the qualitative 
analyses, aliquots of sample were centri-
fuged at 3,000 g for 30 min, and the sed-
iment was spread on suitable growth me-
dia (Difco and Becton Dickinson, USA): 
Brain Heart Infusion Agar (BHA) for bac-
teria, Sabouraud Dextrose Agar (SAB) for 
yeasts and moulds, Agar Rogosa (AR) for 
lactic bacteria, Mannitol Salt Agar (MSA) 
for Staphylococcus sp., Mac Conkey Agar 
(McC) for coliforms and intestinal patho-
gens, Columbia for Gram positive cocci, 
growth medium for Acetobacter and Glu-
conobacter (only for grape must), Glucose 
Yeast Peptone (GYP) for yeast in grape 
must and Tomato Juice Agar (TJA) for 
Lactobacillus sp. (only for tomato paste). 
To avoid the colony masking due to the 
sediment, each pellet was distributed in 
five plates of each medium.

The isolated strains were identified 
based on morphological characteristics, 
the biochemical profile according to the 
manufacturer’s instructions (API system, 

Table 1 - Experimental runs carried out for microbial inactivation in fresh grape must and tomato paste 
by dense CO2. * Thermal shock; ** Semi-continuous; *** Inoculated.

	 Temperature (°C)	 Pressure (bar)	 Time (min)

Grape must	 30	 80	 5, 10, 20, 30, 40, 50
	 30	 100	 5, 10, 20, 30, 40, 50
	 30	 120	 5, 10, 20, 30, 40, 50
	 35	 80	 5, 10, 20, 30, 40, 50
	 32	 85	 5, 10, 20, 30, 40, 50 *
	 40	 85	 60 **
	 32	 85	 5, 10, 20, 30, 40, 60 ***
	 32	 110	 5, 10, 20, 30, 40, 60 ***
	 40	 85	 5, 10, 20, 30, 40, 60 ***
	 40	 110	 5, 10, 20, 30, 40, 60 ***

Tomato paste	 40	 110	 10, 20, 30, 45, 60, 75
	 35	 75	 15, 30, 45, 60, 75, 90 *
	 50	 100	 20, 30, 40, 60, 80, 100
	 32	 110	 60 **
	 40	 110	 Up to 24 h
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BioMerieux, France), and by sequencing 
16S (bacteria) or 26S (fungi) rDNA as de-
scribed below.

DNA extraction, amplification 
and sequencing

Two or three colonies of each micro-
bial strain were suspended in 100 µL of 
sterile double-distilled water. Cells were 
lysed by heating for 5 min at 100°C, cen-
trifuged at 13,000 g for 15 min at 4°C 
and the supernatant (containing DNA) 
was transferred to a microfuge tube. Two 
µL of each DNA samples were used as a 
template in the PCR (Polymerase Chain 
Reaction) assay after extraction. The 
primers used for prokaryotic cells were 
355F (5’- CCT ACG GGA GGC AGC AG 
-3’) and 910R (5’ –CCC GTC AAT TCC 
GAG TT – 3’), while those used for eu-
karyotic cells were NL1 forward (5’ GCA 
TAT CAA TAA GCG GAG GAA AAG 3’) 
and NL4 reverse (5’ GGT CCG TGT AAG 
ACG G 3’). In a final 50 µL volume, 5 µL 
of forward primer 10 µM (Sigma), 5 µL 
of reverse primer 10 µM (Sigma), 2 µL 
of template DNA, 5 µL of 10X Taq DNA 
polymerase buffer (Sigma), 4 µL MgCl2 
(25 mM) and 0.5 µL Taq DNA polymer-
ase (5 U/µL, Sigma) were used. The PCR 
conditions for bacteria were: 95°C for 1 
min, followed by 30 cycles at 95°C for 30 
sec, 50°C for 1 min, and 72°C for 1 min, 
followed by one final extension at 72°C 
for 6 min. The PCR conditions for fungi 
were: 95°C for 5 min, followed by 30 cy-
cles at 95°C for 45 sec, 53°C for 45 sec., 
and 72°C for 45 sec, followed by one fi-
nal extension at 72°C for 10 min.

The amplicons were purified using 
the Microcon PCR columns (Millipore, 
CA, USA) and the purified products were 
eluted with 35 µL of MilliQ sterile wa-
ter. Eighty ng of this DNA were used for 
a PCR sequencing reaction performed 
as follows: 3.2 µL of forward primer (1 
µM), 6 µL of Big Dye Buffer (Applied Bi-
osystems), 2 µL of Big Dye Mix (Termi-
nator RR Mix, Applied Biosystems), mil-

liQ sterile water up to 20 µL. The PCR 
conditions were the same as previously 
described. The DNA obtained was treat-
ed with 45 µL of pure ethanol (4°C) and 
3.75 µL of EDTA (125 µM), incubated for 
15 min in the dark and centrifuged at 
15,000 g for 15 min at 4°C. The pellets 
were washed with 150 µL of 70% ethanol 
and centrifuged again at 15,000 g for 15 
min at 4°C. The supernatants were dis-
charged and the pellets dried for 15 min 
at 37°C. The samples were suspended in 
15 µL formammide and sequenced in an 
ABI PRISM 310 Genetic Analyzer (Perkin 
Elmer). The sequences obtained were 
compared to those present in the Nation-
al Center for Biotechnology Information 
(NCBI) genome bank in order to identify 
the microorganisms with a percentage of 
similarity greater than 98.5%.

Microbiological procedures

Experiments were carried out on fresh 
foodstuffs both with their natural mi-
crobial load and after inoculation with 
a yeast (Pichia awry) and a bacterium 
(Bacillus subtilis). These microorganisms 
were isolated from original grape must 
micro-flora.

Treatment of fresh foodstuffs in their 
natural state did not require special pro-
cedures for sample preparation; micro-
organisms were cultured according to 
the identification procedure present-
ed above.

The yeast cultures were prepared by 
inoculating 2-3 colonies in 15 mL of Sab-
ouraud broth and incubating the result-
ing suspension at 32°C for 48 h. Under 
these conditions, the yeast population 
reached the stationary phase and a con-
centration of about 106 cfu/mL.

The bacterial cultures were prepared 
by inoculating 2-3 colonies in 15 mL of 
BHI and incubating the resulting sus-
pension at 37°C for 18 h. Under these 
conditions, the vegetative bacterial pop-
ulation reached the stationary phase and 
a concentration of about 107 cfu/mL.
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Cell survival assay

The number of viable cells in treat-
ed and untreated substrates was deter-
mined by the viable plate count meth-
od. A well-mixed volume of 100 µL of 
diluted 1:10 or non-diluted cell sus-
pension was plated on suitable solid 
media. After incubation at 32°C for 48 
h (yeasts) and at 37°C for 24 h (bacte-
ria) the colonies were counted. The fi-
nal concentration was obtained by tak-
ing the arithmetic mean of the counts 
determined in the plates of the same 
sample; the total microbial load was 
measured as colony forming units per 
mL (cfu/mL).

Each run was carried out in duplicate 
and the results are reported as the aver-
age of the separate counts; the calculat-
ed standard errors are also reported. In-
activation was expressed as Log(N0/N), 
where N0 is the number of microorgan-
isms initially contained in the sample 
at time 0 (control sample), and N is the 
number of microorganisms counted af-
ter treatment at any time t. The total in-
activation (N=0) was conventionally ex-
pressed as >Log(N0).

RESULTS

Microbial isolation and identification

The results obtained after the liquid 
media was incubated in aerobic condi-
tions showed microbial growth in grape 
must until a 10-3 dilution, indicating a 
total microbial load between 1,000 and 
9,000 cfu/mL; in tomato paste growth 
was observed until a 10-4 dilution, in-
dicating a total microbial load between 
10,000 and 90,000 cfu/mL. The same 
samples, incubated in anaerobic con-
ditions, showed microbial growth until 
a 10-4 dilution in both cases, indicating 
that the total anaerobic microbial load 
was between 10,000 and 90,000 cfu/
mL. These data were confirmed by cfu/
mL determinations (Table 2).

The isolated and identified microbial 
strains in grape must and tomato paste 
are shown in Tables 2 and 3. The major-
ity of bacterial strains identified in the 
grape must belonged to the genus Ba-
cillus followed by Acetobacter and Glu-
conobacter and Lactobacillus in the to-
mato paste. The genus Clostridium was 
scarcely present in both samples.

Table 2 - Isolated and identified bacteria in natural grape must and tomato paste.

	 Grape must	 Tomato paste

Microorganisms	 Total load cfu/mL	 Microorganisms	 Total load cfu/mL

Acetobacter sp.	 1,000	 Bacillus pumilus	 16,000
Gluconobacter oxydans	 1,000	 Bacillus sphaericus	 2,000
Paenibacillus sp.	 100	 Bacillus clausii	 1,000
Bacillus macroides	 1,500	 Bacillus licheniformis	 100
Bacillus pumilus	 2,000	 Bacillus magaterium	 100
Bacillus licheniformis	 100	 Bacillus subtilis	 60
Bacillus subtilis	 180	 Bacillus mojavensis	 30
Bacillus cereus	 10	 Bacillus cereus	 20
Clostridium perfrigens	 <10	 Pediococcus acidilactici	 2,000
Clostridium barati	 <10	 Acetobacter sp.	 <10
		  Lactobacillus delbrueckii	 2,500
		  Lactobacillus reuteri	 8,000
		  Clostridium beijerinckii	 <10
		  Clostridium xylanolyticum	 <10
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While yeasts were absent in the to-
mato paste, different strains belonging 
to the genera Candida, Pichia and Sac-
charomyces were present in the grape 
must (Table 3).

The mould load was very low in both 
foodstuffs (~10 cfu/mL), and they were 
environmental microorganisms (Alter-
naria and Penicillium).

Based on the results, the growth me-
dia chosen to determine the inactiva-
tion by dense-phase CO2 were BHA for 
most of the detected bacteria, SAB for the 
yeasts and moulds, and TJA for lactoba-
cilli (only for tomato paste).

Microbial inactivation 
in fresh grape must

The results (Figs. 2 and 3) from the 
pasteurisation of fresh grape must 
showed that yeasts, moulds and bac-
teria were almost completely inactivat-
ed by 30 min of treatment with dense-
phase CO2 (Fig. 2). Moreover, it was ob-
served that the two groups of microor-
ganisms showed the greatest sensitiv-
ity to the treatment at different pres-
sures: 100 bar and 80 bar for bacteria 
and fungi, respectively. In all cases the 
inactivation trends were initially fast and 
then reached a plateau after 10-20 min 
of treatment.

Under the same treatment condi-
tions, with the exception of the data at 
10-20 min for yeast (Fig. 2) and 5-10 
min for bacteria (Fig. 3), the inactiva-
tion of microorganisms in fresh grape 
must was comparable with good re-
peatability.

Another experimental run was per-
formed at 35°C and 80 bar of CO2; the 
results are shown in Figs. 4 and 5, 
and are compared to those obtained at 
30°C. The 5°C increase in the process 
temperature did not substantially im-
prove the extent of yeast inactivation 
(p=0.6); on the contrary, it was statis-

Table 3 - Isolated and identified yeasts in grape 
must.

	 Microorganisms	 Total microbial
	 load (cfu/mL)

Issatchenkia terricola (Pichia)	 1,000
Pichia sp. AWRI 1272	 4,000
Pichia kluyveri	 1,500
Candida valida	 130
Candida vinaria	 200
Zygoascus hellenicus (Candida hellenica)	 3,000
Candida stellata	 200
Candida vini	 200
Saccharomyces elongisporus	 2,000
Saccharomyces crataegensis	 160

Fig. 3 - Inactivation curves for bacteria natural-
ly contained in fresh grape must treated at 30°C 
at different values of CO2 pressure, 80, 100 and 
120 bar, for up to 50 min. (Error bars, ± stand-
ard error).

Fig. 2 - Inactivation curves for yeasts natural-
ly contained in fresh grape must treated at 30°C 
at different values of CO2 pressure, 80, 100 and 
120 bar, for up to 50 min. (Error bars, ± stand-
ard error).
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tically significant (p=0.01) for bacte-
ria (Fig. 5).

To determine the pasteurisation effi-
ciency of dense-phase CO2 in fresh grape 
must in a different contact system, a 
run was carried out in the semi-contin-
uous apparatus with a single cell reac-
tor, loaded with 20 mL of sample. A con-
tinuous flow of high pressure CO2 (5 mL/
min at 85 bar) was maintained for 60 min 
through grape must at a constant tem-
perature of 40°C. Under these conditions, 
there should be better contact between 
phases; results are given in Table 4. A to-
tal inactivation of yeast and mould cells 
was confirmed, while a residual load of 
bacteria persisted, as already seen.

After continuous exposure of dense-
phase CO2, the treated and control sam-
ples were maintained in a refrigerator at 
4°C in sterile tubes. After one month, a 
plate count was executed on treated and 
control grape must. No growth was ob-
served for the treated sample, whereas 
the untreated sample showed an enor-
mous microbial load due to grape must 
fermentation (~107 cfu/mL). In this case 
the results suggest that the cells injured 
by high pressure CO2 were not able to 
repair their damage and restore the in-
itial biological state necessary for cel-
lular reproduction. The induced dam-
age was probably irreversible and the 
microbial inactivation corresponded to 
real cell death rather than a transitory 
inhibiting effect.

The inoculated strains, Bacillus sub-
tilis and Pichia awry, were isolated from 
the grape must itself; they were cho-
sen as representative wild-type micro-
organisms normally contained in nat-
ural must.

Fig. 6 shows the results obtained for 
inoculated Bacillus subtilis (in vegeta-
tive form). It can be seen that 85 bar and 
40°C, and 110 bar and 32°C, were the 
most effective for the inactivation of B. 
subtilis. In addition, most bacteria were 
eliminated within the first 5 min of treat-

Fig. 4 - Temperature effect on inactivation curves 
for wild yeasts in fresh grape must treated at 80 bar 
at two different temperatures, 30° and 35°C, for up 
to 50 min. (Error bars, ± standard error).

Fig. 5 - Temperature effect on inactivation curves 
for wild bacteria in fresh grape must treated at 80 
bar at two different temperatures, 30° and 35°C, for 
up to 50 min. (Error bars, ± standard error).

Table 4 - Yeast (SAB) and bacteria (BHA) inactiva-
tion in fresh natural grape must treated by con-
tinuous flow of high pressure CO2 at 85 bar and 
40°C for 60 min. Samples were then kept in a re-
frigerator (4°C) for one month (last row) under at-
mospheric conditions.

	 N (cfu/mL)	 Log(N0/N)
Treatment
time (min)	 SAB	 BHA	 SAB	 BHA

0	 4,630	 1,228	 0	 0
60	 0	 920	 >3.67	 0.13
after 1 month	 0	 653	 >3.67	 0.28
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ment. The final inactivation values after 
60 min are almost identical to the re-
sults after 5 min; this confirms a rath-
er fast kinetics with respect to the time 
scale considered.

Fig. 7 shows the results obtained for 
inoculated Pichia awry yeast. As already 
observed, when treating fresh natural 
grape must, the yeast cells were very 
sensitive to the dense-phase CO2 treat-
ment. The best inactivation conditions 
are similar (40°C and 85 bar) to those 
observed for Bacillus subtilis, but the de-
gree of inactivation is much higher for 
the yeasts cells under all the conditions 
considered.

Microbial inactivation in fresh 
tomato paste

Microbial culturing in fresh tomato 
paste was carried out in BHA for bac-
teria and TJA for lactobacilli; howev-
er, some problems with sample cultur-
ing, such as rapid and irregular growth 
of the bacterial colonies, were always 
noted.

A preliminary experimental run car-
ried out at 40°C and 110 bar gave satis-
factory results (Table 5); some inactiva-
tion was achieved, but tomato paste pas-
teurisation was quite modest.

The inactivation under conditions 

Fig. 6 - Inactivation trends of vegetative form of Ba-
cillus subtilis wild type inoculated in fresh grape 
must treated under the conditions listed in Table 
1. (Error bars, ± standard error).

Fig. 7 - Inactivation trends of Pichia awry yeast 
wild type inoculated in fresh grape must treated 
under the conditions listed in Table 1. (Error bars, 
± standard error).

Table 5 - Microbial inactivation in natural fresh tomato paste treated at 40°C and 110 bar of CO2 up 
to 75 min. TJA indicates the growth of lactobacillus, BHA indicates the growth of bacteria. (SE, stand-
ard error)

	Time (min)	 N (cfu/mL)	 Log (N0/N)

		  TJA (±SE)	 BHA (±SE)	 TJA (±SE)	 BHA (±SE)

	 0	 32,000 (±1,000)	 25,000 (±720)	 0	 0
	 10	 1,110 (±577)	 8,640 (±120)	 1.70 (±0.39)	 0.45 (±0.05)
	 20	 1,140 (±611)	 6,965 (±903)	 1.74 (±0.44)	 0.56 (±0.10)
	 30	 2,250 (±150)	 7,980 (±952)	 1.15 (±0.04)	 0.50 (±0.00)
	 45	 985 (±516)	 8,330 (±912)	 1.76 (±0.39)	 0.48 (±0.09)
	 60	 1,100 (±565)	 7,365 (±730)	 1.69 (±0.36)	 0.53 (±0.01)
	 75	 767 (±288)	 7,130 (±479)	 1.73 (±0.24)	 0.54 (±0.08)
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close to the critical point of CO2 (35°C 
and 75 bar) was studied, supposing 
that its special properties could lead 
to higher microbial inactivation, as 
observed in previous cases (Sims and 
ESTIGARRIBIA, 2002). In addition, the 
treated and control samples were sub-
jected to thermal shock to detect the 
presence of spores; in fact, in tomato 
paste, a large microbial population is 
composed of spore-forming bacteria. 
However, the number of spores detect-
ed was much lower than expected and 
the survival level obtained in previous 
experiments was confirmed. Reasons 
for the moderate inactivation in toma-
to paste must be sought.

In an attempt to improve the microbi-
al destruction, temperature and treat-
ment time were further increased (50°C 
and 100 min, respectively), but the mi-
crobial load in treated tomato paste re-
mained quite high, as is evident in Ta-
ble 6.

Tomato paste is a highly viscous and 
complex substrate, with many organ-
ic suspensions and fibers. The resist-
ance to high pressure CO2 treatment 
may not be due to the strains of micro-
organisms, but rather to the properties 
of the substrate. To test this hypothesis, 
the tomato paste (previously sterilised 
by heat) inoculated with the same mi-
croorganisms isolated from the paste it-

self was treated and there was complete 
inactivation (data not reported). It may 
be that the particular texture of natu-
ral fresh tomato paste creates some re-
sistance to the mass transfer and dif-
fusion of CO2 within tomato pulp par-
ticles, thus reducing the treatment ef-
fectiveness; alternatively, some heat 
labile components in the tomato paste 
may protect the naturally present mi-
croorganisms.

In an attempt to increase the degree 
of microbial inactivation taking into 
account the mass transfer limitation, 
experimental runs under continuous 
CO2 flow were carried out with an im-
proved phase contact between tomato 
paste and CO2. The single cell reactor 
was used, operating at 32°C and 110 
bar with a CO2 flow equal to 5 mL/min 
for 60 min. No significant improvement 
with respect to previous data was found 
(Log(N0/N) = 0.35 in TJA, Log(N0/N) = 
0.12 in BHA). The results obtained for 
a very long treatment time (up to 24 h) 
are presented in Fig. 8. Under these 
conditions, the mass transfer should 
be very effective, but once again mi-
crobial inactivation was modest, with a 
slight trend towards increased values. 
After 24 h of treatment, bacteria were 
reduced to about one quarter of the ini-
tial population, and the lactobacilli were 
about halved.

Table 6 - Microbial inactivation in natural fresh tomato paste treated at 50°C and 100 bar of CO2 up to 
100 min. TJA indicates the growth of lactobacillus, BHA indicates the growth of bacteria. (SE, stand-
ard error).

	Time (min)	 N (cfu/mL)	 Log(N0/N)

		  TJA (±SE)	 BHA (±SE)	 TJA (±SE)	 BHA (±SE)
	
	 0	 12,300 (±750)	 19,800 (±606)	 0	 0
	 20	 9,500 (±565)	 14,400 (±294)	 0.11 (±0.05)	 0.14 (±0.00)
	 30	 5,800 (±115)	 13,050 (±418)	 0.33 (±0.01)	 0.18 (±0.03)
	 40	 5,450 (±375)	 11,450 (±288)	 0.35 (±0.00)	 0.24 (±0.01)
	 60	 7,150 (±790)	 11,800 (±577)	 0.24 (±0.02)	 0.22 (±0.02)
	 80	 5,600 (±496)	 10,450 (±721)	 0.34 (±0.01)	 0.28 (±0.01)
	 100	 5,400 (±565)	 9,000 (±317)	 0.36 (±0.01)	 0.34 (±0.02)
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CONCLUSIONS

An accurate and repeatable experi-
mental procedure was set up to investi-
gate dense-phase CO2 food pasteurisa-
tion in a new multi-batch apparatus, ex-
pressly designed and developed to eval-
uate inactivation kinetics.

The effectiveness of high pressure CO2 
treatment was determined on natural 
fresh grape must with respect to both its 
natural microbial population and inocu-
lated strains. The yeasts contained in the 
must were sensitive to the treatment at 
30°C and 80 bar; complete inactivation 
was achieved at temperatures and pres-
sures slightly higher than these. Bacte-
rial strains were more difficult to elim-
inate: after 40 min of treatment at the 
above-cited conditions about 20% of the 
initial microbial population survived in 
terms of resistant microorganisms and 
probably spores.

In the inoculated grape must, the best 
inactivation, both for Pichia awry yeast 
and Bacillus subtilis bacterium, was ob-
tained at 40°C and 85 bar. In these cases 
the inactivation kinetics was always fast 
with regard to the time scale considered 
(60 min); most microorganisms were in-
activated after only 5 min.

The effectiveness of dense-phase CO2 

treatment was determined on natural 
fresh tomato paste. Low microbial inac-
tivation was obtained at the conditions 
investigated, except in the case of a very 
long treatment time (around 24 h).

No physical or chemical changes 
were qualitatively detected in natural 
fresh grape must or tomato paste after 
dense-phase CO2 treatment. Normally, 
the foodstuffs maintained their typical 
colour and fragrance; thus, the dense-
phase CO2 treatment is a promising al-
ternative technology for the mild preser-
vation of food, in order to obtain a valua-
ble product with an extended shelf-life.
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Abstract

Baking assays under standardized 
conditions were carried out in order 
to compare the efficacy of ascorbic 
acid, cysteine and gluten as improv-
ers of 50-50% wholemeal rye-wheat 
flour doughs. A fermentation time of 
240 min was chosen taking into ac-
count the specific loaf volume with-
out additives; dough yeast profile, pH 
and bread crumb structure. Compos-

Riassunto

Sono state condotte prove di cottura al 
forno, in condizioni standardizzate, allo 
scopo di confrontare l’efficacia dell’acido 
ascorbico, cisteina e glutine nel migliora-
re gli impasti integrali di farina di sega-
le e grano tenero (50-50%). È stato scel-
to un periodo di fermentazione di 240 
minuti tenendo conto del volume della 
forma di pane ottenuto senza additivi, 
del tipo di lievito per l’impasto, del pH e 
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ite doughs baked with different glu-
ten levels were studied in regard to 
rheological, sensorial and microbio-
logical changes. No significant chang-
es in bread volume were observed 
when either ascorbic acid or cysteine 
were used at 50 and 100 ppm. Spe-
cific loaf volume was significantly in-
creased (p<0.05) with 8% gluten addi-
tion. Strength value of the dough was 
significantly increased with gluten ad-
dition; furthermore, texture and over-
all acceptance were improved in com-
parison with bread without gluten. 
No significant differences (p<0.05) 
were observed in other attributes like 
crumb color, smell and taste, in agree-
ment with Lactobacillus spp. and yeast 
counts.

della struttura della mollica. Sono sta-
ti studiati i cambiamenti delle proprie-
tà reologiche, sensoriali e microbiologi-
che degli impasti, con differenti livelli di 
glutine, cotti al forno. Non sono state os-
servate variazioni significative nel volu-
me del pane in seguito all’utilizzo sia di 
acido ascorbico sia di cisteina a concen-
trazioni di 50 e 100 ppm. Si è osserva-
to un significativo aumento del volume 
del pane (p<0,05) con l’aggiunta dell’8% 
di glutine. La resistenza dell’impasto è 
aumentata significativamente con l’ag-
giunta di glutine; sono, inoltre, miglio-
rate la tessitura e l’accettabilità generale 
del prodotto dopo confronto con il pane 
senza glutine. Non sono state osserva-
te differenze significative (p<0.05) in al-
tri attributi come il colore della molli-
ca, l’odore ed il sapore, in accordo con i 
cambiamenti nelle conte microbiche dei 
Lactobacillus spp. e dei lieviti.

INTRODUCTION

Rye is an important source of fiber 
and other nutrients. Rye products are 
traditionally consumed in many Euro-
pean countries. For example, in Fin-
land rye products comprise 20-30% of 
the fiber intake. Epidemiological studies 
have shown that consumption of foods 
rich in whole grains and cereal fiber re-
duce the risk of chronic diseases such 
as diabetes, cardiovascular disease and 
certain types of cancer, as reviewed by 
MURTAUGH et al. (2003) and JACOBS 
and GALLAHER (2004), and shown by 
LARSSON et al. (2005). Bakery products, 
like whole grain breads, are an impor-
tant source of fiber in the diet. Howev-
er, the addition of fiber has a negative 
effect on the final bread quality. The 
most evident effects are reduced loaf 
volume, increase of crumb firmness and 
dark crumb appearance (POMERANZ et 
al., 1977; LAI et al., 1989; KNUCKLES et 

al., 1997). In particular, rye flour has a 
lower baking quality than wheat flour, 
often due to the lower gas-holding ca-
pacity of rye flour dough (WARNERBER-
GUER et al., 1997). Because rye proteins 
are deficient both in polymerizing and 
in forming high-molecular-weight ag-
gregates, rye doughs release CO2 during 
fermentation and proofing (HE and HO-
SENEY, 1991). Moreover, the fiber-rich 
dough exhibits high water absorption, 
becomes shorter and has a reduced fer-
mentation tolerance (GAN et al., 1992; 
LAURIKAINEN et al., 1998).

The addition of dietary fibers to 
baked products requires changes in the 
processing techniques in order to obtain 
products that have good consumer ac-
ceptability (LAURIKAINEN et al, 1998). An-
other option is to use appropriate addi-
tives. L-threo ascorbic acid (Vitamin C) is 
widely used as a bread improver in wheat 
breads; it oxidizes into dehydro-ascorbic 
acid (DAA) which becomes the oxidiz-
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ing agent (ELKASSABANY and HOSENEY, 
1980; GROSCH and WIESER, 1999).

When L-threo-ascorbic acid (AA) is 
added to flour, it reduces dough stick-
iness, increases loaf volume and im-
proves the crumb structure. The concen-
trations commonly used in bread-mak-
ing are in the range of 20-150 mg/kg of 
flour. The amount of AA added depends 
on the wheat cultivars, the type and stor-
age time of the flour, and the processing 
technology and type of bread (KOEHLER, 
2003). The fact that L-ascorbic acid is a 
permitted food ingredient that is readily 
available, and does not leave toxic com-
pounds in the final product makes it 
superior to other oxidizing agents (MA-
FORIMBO et al., 2005).

Rheological studies have shown that 
the addition of either sulfhydryl com-
pounds or sulfhydryl-blocking reagents 
allows for the formation of disulfide 
bonds that are vital to dough stability. A 
small amount of cysteine increases the 
extensibility of dough (DONG and HO-
SENEY, 1995). It has been reported that 
the addition of cysteine to wheat flour 
accelerates stress relaxation and struc-
tural relaxation (FRATER et al., 1961). 
POMERANZ (1988) reported that cysteine 
reduces the mixing time of the dough; it 
reacts with wheat proteins by splitting 
the disulphide bonds rapidly which fa-
vors faster dough development.

SAIZ et al. (1997) found that the addi-
tion of gluten improved the baking per-
formance of wheat dough. The wheat 
flour dough was easier to handle, the 
loaf volume increased and sensory prop-
erties of the breads improved.

Lactic acid bacteria (LAB) and yeasts 
contribute to several organoleptic fea-
tures: homofermentative LAB are re-
sponsible for the development of a good 
grain and elastic crumb in the final 
bread, whereas heterofermentative LAB 
improve the taste and promote the leav-
ening process (DIMIANI et al., 1996).

The aim of the present work was to 
evaluate the effects of gluten on the sen-

sorial quality and rheological and micro-
biological characteristics of doughs made 
from a 50-50% wholemeal rye-wheat 
blend. Since the specific volume of bread 
is one of the most important character-
istics that determines consumer accept-
ability, this parameter was used both to 
select the optimum fermentation time 
and to verify that gluten is an appropri-
ate conditioner compared with ascorbic 
acid and cysteine.

MATERIALS AND METHODS

Materials

A commercial 000-quality wheat flour 
without additives and wholemeal rye 
flour (Lagomarsino S. A. mills, Buenos 
Aires province) were used. For the bak-
ing test, composite flours were made up 
of 50% wholemeal rye flour and 50% 
wheat flour.

The L-ascorbic acid and L-cysteine 
standards used were analytical grade 
and were purchased from Sigma Chem-
ical Co (St. Louis. MO, USA). Gluten 
flour was obtained from a local market. 
Commercial gluten flours are obtained 
by washing the wheat flour and separat-
ing the protein from the starch, followed 
by freeze-drying and grinding (WADHA-
WAN and BUSHUK, 1989). The compo-
sition of the flours and gluten is shown 
in Table 1.

L-ascorbic acid or L-cysteine was add-
ed at concentrations of 50 and 100 ppm. 
Gluten substituted 6, 8 and 10% of the 
50-50% composite flour. The composite 
flours were mixed thoroughly to ensure 
uniform distribution of the flour and con-
ditioner particles.

Experimental design

The baking process was performed ac-
cording to the experimental method sug-
gested by the SECRETARÍA DE AGRI-
CULTURA Y GANADERÍA (1952).
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In order to determine the optimum wa-
ter absorption, mixing and fermentation 
times, alveograms of wheat flour (control) 
were carried out according to the meth-
od of the AACC (2000).

Dough samples were prepared by 
mixing 300 g composite flour (with-
out additives) with 189 mL water, 9 g 
of pressed Baker´s yeast, 7.5 g of sug-
ar and 3 g of salt. Samples were incu-
bated at 30ºC for the initial rising and 
proofing time.

Fermentation times of 100, 120, 180, 
240, 300 and 360 min were evaluated 
for the 50-50% wholemeal rye-wheat 
blends. The 100 min fermentation time 
corresponded to that of the baking proc-
ess for wheat flour. Each fermentation 
time tested was divided as follows: 44% 
of the total fermentation time spent for 
the initial rising, which was sub-divid-
ed into two steps, 66 and 34%. After 
punching, the dough was divided into 
three equal pieces and each one was 
rolled and fitted into a mold. The dough 
was then proofed for the remaining 56% 
of the total time prior to baking. The 
loaves were then baked at 230ºC for 
30 min. After baking the breads were 
taken out of the moulds and left for 1 
h at room temperature before physical 
measurements and subjective determi-
nations were made. The baking assays 
were repeated three times.

The same baking procedure was car-
ried out using the composite blend and 
conditioners (L-ascorbic acid, L-cysteine, 
gluten). The optimum fermentation time, 
as described above, was taken into ac-
count.

Microbiological analyses

Ten g of composite dough were homog-
enized in 90 mL of sterile Butterfield`s 
phosphate-buffered dilution water (0.25 
M KH2PO4, pH 7.2) for 3 min using a 
Stomacher 400 Circulator. Microbiologi-
cal analyses were carried out in tripli-
cate. Lactobacillus spp. and yeasts were 
analyzed using the following culture me-
dia and culture conditions: Lactobacil-
lus spp. on MRS agar (Lactobacillus se-
lective agar) supplemented with keto-
conazol (Janssen-Cilag Farmacéutica 
S.R.L., Buenos Aires, Argentina) at 50 
ppm, incubated in anaerobic jars with 
Anaerocult C (Merck, Darmstadt, Ger-
many) at 30ºC for 5 days. Yeasts were 
analyzed on standard yeast extract-glu-
cose-chloramphenicol (YGC) agar incu-
bated at 22°-25°C for 3-5 days (ICMSF, 
1983). Counts obtained are expressed as 
colony forming units (cfu g-1). The Lacto-
bacillus genus was confirmed by: Gram 
reaction, catalase activity, motility, oxi-
dase test, growth on MRS agar with ox-
ygen-depleted atmosphere and CO2-en-
riched at 15°, 37° and 45ºC (CLAUS and 
BERKELEY, 1986).

Sensory evaluation

A sensory panel was made up of 30 
untrained judges (graduate and under-
graduate students from the Universidad 
Nacional de Mar del Plata (20-50 years 
old). They were introduced to the princi-
ples of sensory evaluation and descrip-
tive analysis by a panel leader. The or-
ganoleptic characteristics of the breads 

Table 1 - Chemical composition (g/100 g of dry matter) of the flours and gluten (harvest year 
2003-2004).

Flour	 Moisture content	 Protein	 Dietary fiber	 Ash

Wheat flour	 12.37±0.10	 12.01±0.10	 2.4±0.40	 0.66±0.18
Wholemeal rye flour	 10.73±0.33	 10.60±0.40	 15±0.40	 2.15±0.80
Gluten	 6.68±0.06	 71.78±4.57	 0.90±0.40	 0.77±0.11

Values represent means ± standard deviation of three replicates.
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evaluated by the judges were: crumb 
color, smell, taste, texture and overall ac-
ceptability. A five-point Hedonic Rating 
Scale ranging from like a lot (2) to dis-
like a lot (-2) was used (ANZALDUA-MO-
RALES, 1994).

Physicochemical analyses

Loaf volume was measured by the 
rapeseed displacement method. The spe-
cific loaf volume of the breads was cal-
culated as mL/100 g bread. The crust-
crumb ratio was calculated as the weight 
of crust per weight of crumb (BARBER 
et al., 1987). The pH values were deter-
mined on 10 g of dough blended with 90 
mL of distilled water using a HANNA pH-
meter (model HI 9321, Portugal).

Alveograph characteristics

The alveograms of wheat flour (con-
trol) and wholemeal rye-wheat blends 
with and without gluten were deter-
mined in order to evaluate extensibili-
ty, elasticity and strength of the differ-
ent doughs according to the method of 
AACC (2000).

The blends used for the alveograph-
ic measures contained 10, 25 and 50% 
wholemeal rye flour. In addition, 8% glu-
ten was added to each blend. All determi-
nations were carried out in triplicate.

Statistical analysis

Physical measurements and sensory 
scores of breads were subjected to analy-
sis of variance (ANOVA). When there were 
significant differences in ANOVA, means 
were compared using the Duncan’s Mul-
tiple Range test. The level of significance 
was 0.05. Sensory and analytical data 
were analyzed using the Statistical Anal-
ysis System (SAS) program package for 
analysis of variance (ANOVA) and Dun-
can’s test. The bread scores were sub-
jected to ANOVA using a completely ran-
domized block design.

RESULTS AND DISCUSSION

Fermentation time selection

Bread volume was used as a quality 
parameter to choose the optimal fermen-
tation time of composite breads baked 
from 50-50% wholemeal rye-wheat 
blends. The dough yeast profile, pH and 
bread crumb structure were also taken 
into account.

Fig. 1 shows the specific loaf volume, 
pH and yeast population in the dough at 
different fermentation times. No signifi-
cant differences (p<0.05) were found for 
specific loaf volumes between 240 and 
300 min of fermentation, therefore the 
time selected as optimal was 240 min. 
The bread volume increased 17% from 
217 mL at 100 min of fermentation time 
to 252 mL at 240 min of fermentation 
time, and the pH did not show any sig-
nificant changes.

At 240 min of fermentation the yeast 
population increased 3-log cycles re-
sulting in dough rising activity. When 
dough gets saturated with CO2, the lac-
tic acid bacteria begin to grow and con-
sequently the pH decreases (FAID et 
al., 1993). At the fermentation time se-
lected, the lactic acid bacteria popula-
tion was as low as 6.5x103 cfu g-1; con-
sequently the dough pH decrease from 
6.5 to 5.8 was not significant which al-
lowed an acceptable spread of the loaf. 
This is in agreement with POMERANZ et 
al. (1984), who reported that gluten can 
exert its unique viscoelastic properties 
better in the relatively neutral wheat 
dough than in the acidic rye dough. In-
deed the optimum pH of carbohydrate-
degrading enzymes such as amylase, 
pentosanase or cellulase varies widely 
(3.6-5.6) depending on the wheat cul-
tivar and germination status (FOX and 
MULVIHILL, 1982).

In addition, the crumb texture showed 
a homogeneous distribution of alveolus, 
and the sensorial characteristics were 
appealing (data not shown).
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Effect of conditioners on the quality 
of bread baked from 50-50%
wholemeal rye-wheat blends

Table 2 shows the results of the ef-
fect of L-ascorbic acid, L-cysteine and 
gluten on the specific loaf volume and 
crust-crumb ratio for the wholemeal rye-
wheat breads baked at 240 min fermen-
tation time.

No significant modifications (p<0.05) 
in specific loaf volume were observed 
when L-ascorbic acid was added at con-
centrations of 50 and 100 ppm. These 
results are in agreement with ANDREWS 
et al. (1995) who reported that dough 
mixing causes gluten to stretch points 
on the disulfide bonds causing its break-
age and resulting in thiol formation. 
This was detected in farinograph ex-
periments where L-ascorbic acid failed 
to improve the resistance to mixing 
soy-wheat dough but improved dough 

strength during resting. These findings, 
together with those of JONES et al. (1974) 
suggest that the stretching of disulfide 
bonds during dough mixing can exceed 
the effect of the oxidizing agents. The 
addition of 100 ppm ascorbic acid pro-
duced a more acceptable crust crumb 
ratio compared to that obtained with the 
addition of 50 ppm.

Slight changes in bread volume oc-
curred with the addition of cysteine at 
concentrations of 50 and 100 ppm. Pen-
tosans play an especially important role 
in rye baking. They influence the viscos-
ity and gas retaining ability of doughs 
(MEUSER and SUKOW, 1986) and retain 
gas in wheat dough (HOSENEY, 1984). 
Arabinoxylans, that constitute the ma-
jor cell-wall polysaccharides of wheat 
and rye endosperm can form gels by ox-
idative coupling of their feruloyl groups 
(GEISSMANN and NEUKON, 1973). 
Cysteine has been shown to hinder the 

Fig 1 - Specific loaf volume, pH and yeast population at different fermentation times for a 50-50% 
wholemeal rye-wheat blend.
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Table 2 - Effect of L-ascorbic acid, cysteine and gluten on the specific volume and crust-crumb ratio 
for wholemeal rye-wheat bread (50-50%) baked after 240 min fermentation time.

Flour blend and conditioners	 Specific loaf volume	 Crust/crumb
	 (mL/100 g bread)	 ratio

Wholemeal rye-wheat flour 50-50%	 252d	 0.20d

Wholemeal rye-wheat flour 50-50% + 50 ppm L- ascorbic acid	 262c	 0.17d

Wholemeal rye-wheat flour 50-50% + 100 ppm L- ascorbic acid	 263c	 0.33a

Wholemeal rye-wheat flour 50-50% + 50 ppm L-cysteine	 247d	 0.18d

Wholemeal rye-wheat flour 50-50% + 100 ppm L-cysteine	 253d	 0.27b

Wholemeal rye-wheat flour 50-50% + 6% gluten	 305b	 0.18b

Wholemeal rye-wheat flour 50-50% + 8% gluten	 371a	 0.25bc

Wholemeal rye-wheat flour 50-50% + 10% gluten	 369a	 0.23cd

Values are the means of triplicate analyses.
Values with different letters in the same column are significantly different at p=0.05.

oxidative gelation of pentosans in the 
presence of the H2O2/wheat peroxidase 
(POD) system (HOSENEY and FAUBION, 
1981; FIGUEROA-ESPINOZA et al., 1998). 
Wheat POD has been studied and puri-
fied by different authors (JEANJEAN et 
al., 1975; ZMRHAL and MACHACKOVA, 
1978; BILLAUD et al., 1999). In addi-
tion LIAO et al. (1998) showed that H2O2 
can be formed by baker´s yeast during 
fermentation. These findings could ex-
plain why no significant modifications 
were observed in composite bread vol-
ume when different amounts of cysteine 
were added.

Composite breads made from 50-50 
wholemeal-wheat blend with 6, 8 and 
10% gluten added had specific volumes 
that were greater than the control, 21, 
47 and 46%, respectively. The crust-
crumb ratios were acceptable for each 
addition. The 8 and 10% gluten levels 
rendered the specific loaf volume in-
creases similar to those obtained for 
bread made from wheat flour with a 
6% gluten addition (PEREZ BORLA et al., 
2004). Breads with 10% gluten flour 
added had dark crusts and a gummy 
mouth feel, this was also reported by 
FINNEY (1984). The addition of 8% glu-
ten enhanced the volume without hav-
ing a detrimental effect on bread qual-
ity (Tables 2 and 3).

Bread quality, microbiological and 
physicochemical analysis 
on wholemeal rye-wheat composite 
dough with 8% gluten added

As is shown in Table 3, composite 
breads without additives were assessed 
as acceptable by the judges, scoring 
> 0 for crumb color, smell and taste. 
The scores for texture and overall ac-
ceptance were 0, neither liked nor dis-
liked. Gluten addition at 8% improved 
the composite bread scores for all the 
characteristics. Differences between 
breads with and without gluten were 
significant at the 95% level for texture 
and overall acceptability. These findings 
are in line with the results reported for 
breads made wheat with 6% gluten add-
ed (PEREZ BORLA et al., 2004). Howev-
er, in sensory scores for crumb color, 
smell and taste, no significant differ-
ences (p<0.05) were observed between 
composite breads made from wholemeal 
rye-wheat flour (without gluten) and 
wholemeal rye-wheat flour with 8% glu-
ten added. This last result is support-
ed by microbiological analysis. Dough 
made with and without 8% gluten add-
ed did not show significant differenc-
es for the microbial population tested. 
The counts were 6.5x103 and 4.5x103 
cfu g-1 for Lactobacillus spp., and 8x109 
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and 7.5x109 cfu g-1 for yeast, respective-
ly, for both doughs. FAID et al., (1993) 
reported that both lactic acid bacteria 
and yeasts take part in the bread fer-
mentation process. Many of these mi-
croorganisms have metabolic activities 
that can be associated with the devel-
opment of typical bread flavor. Simi-
lar scores obtained for taste, smell and 
crumb color are in agreement with the 
slight changes observed in the micro-
bial counts.

On the other hand, the alveographic 
technique was used to evaluate and com-
pare the effect of gluten on the extensibil-
ity, elasticity and strength of the whole-
meal rye-wheat dough (Table 4).

As expected, addition of rye flour had 
a negative effect on the properties of the 
wheat flour dough. As the concentra-

tion of wholemeal rye increased from 
10 to 50% the elasticity of the dough 
increased slightly, while the extensi-
bility decreased significantly (p<0.05). 
The dough elasticity is related to the 
consistency, plasticity and water-ab-
sorptiveness and the dough extensibil-
ity, depending on the elasticity of glu-
ten and the ability of dough to hold gas-
es. The ratio of elasticity to extensibil-
ity (P/L) needs to be balanced for leav-
ened bread. A bread dough has to be ex-
tensible to allow it to expand during fer-
mentation. However, as expansion oc-
curs, elastic forces produce contraction. 
The 50% wholemeal rye flour addition to 
wheat flour increased the dough elastic-
ity (p<0.05) from 122.54 to 152.17 mm, 
but the extensibility decreased mark-
edly. Bran particles disrupted the co-

Table 4 - Alveographic characteristics of wholemeal rye-wheat flour blends with and without gluten.

Flour	 0% gluten	 8% gluten
	 Elasticity (P)	 Extensibility (L)	 Strength (W)	 Elasticity (P)	 Extensibility (L)	 Strength (W)
	 (mm)	 (mm)	 (x10-4 J)	 (mm)	 (mm)	 (x10-4 J)

Wheat 100%	 122 bd	 76 bc	 344 bc	 135 ad	 88 ac	 412 ac

10% wholemeal rye	 142 bc	 54 bd	 291 bd	 170 ae	 67 ad	 438 ac

25% wholemeal rye	 145 bc	 29 be	 172 be	 190 ac	 36 ae	 298 ad

50% wholemeal rye	 152 c	 23 f	 162 f	 Nr	 Nr	 Nr

Values represent means of triplicate analyses. Nr: not recorded.
Means within a row followed by different letters (a or b) are significantly different (p=0.05).
Means within a column followed by different letters (c, d, e or f) are significantly different (p=0.05).

Table 3 - Sensory characteristics of bread prepared from wholemeal rye-wheat flour (50-50%) with and 
without gluten addition.

Composite bread	 Crumb color	 Smell	 Taste	 Texture	 Overall acceptability

Wholemeal rye-wheat
Flour 50-50% (0% gluten)	 0.8a	 1.1a	 0.1a	 0b	 0b

Wholemeal rye-wheat
Flour 50-50% + 8% gluten	 1.2a	 1.3a	 0.4a	 0.8a	 1a

Organoleptic characteristics were determined by using a five point Hedonic Rating Scale ranging from like a lot (2) 
to dislike a lot (-2).
Means within each sensory attribute followed by different letters are significantly different (p=0.05).
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hesive gluten matrix and weakened the 
dough (POMERANZ et al., 1984). When 
8% gluten was added the strength of 
the dough increased due to more cross-
linked dough and greater resistance to 
dough breakdown. Stronger dough has 
more potential to hold the expanding 
air cells during fermentation, which ex-
pands the gluten network to give a po-
rous structure and high loaf volume (BU-
SUGU et al., 2001)

The addition of 8% gluten increased 
the strength of the composite dough 
(p<0.05) from 291x10-4 to 438x10-4 J 
(64%) with 10% wholemeal rye and from 
172x10-4 to 298x10-4 J (70%) with 25% 
wholemeal rye.

At 50% wholemeal rye substitution 
with 8% gluten, the alveographic data 
could not be technically recorded. How-
ever, the organoleptic characteristics 
(Table 3) and loaf volume values (Ta-
ble 2) improved the rheological proper-
ties of the dough, which was support-
ed by results on composite dough with 
10 and 25% wholemeal rye substitution 
(Table 4).

CONCLUSIONS

Gluten was an appropriate condition-
er for bread made from 50-50% whole-
meal rye-wheat flour. At 8% addition, 
the scores improved for all the senso-
ry characteristics judged. Texture and 
overall acceptance increased significant-
ly compared with the control compos-
ite bread. This result was in agreement 
with the improved strength value; there-
fore dough development characteristics 
and baking performance were also en-
hanced. In contrast, no significant dif-
ferences were observed in the senso-
ry characteristics such as crumb color, 
smell and taste between breads with 
and without the addition of gluten. This 
is in agreement with the slight changes 
observed in the Lactobacillus spp. and 
yeast counts.
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Abstract

Stretched (“Grissino stirato”) and 
rolled (”Rubatà”) bread-sticks are typi-
cal Italian bakery products that are also 
widely produced in other EU countries. 
Despite their wide distribution there 
are no studies available on these prod-
ucts. Therefore, the aim of this study 
was to distinguish them according to 
their chemical composition and tex-
tural characteristics determined by a 
compression test using a Texture An-
alyser. Fifty samples (25 of each kind 
of bread-stick), produced by different 

Riassunto

Il “Grissino stirato” ed il “Rubatà” 
sono grissini tipici italiani ampiamen-
te prodotti però anche in altri Paesi eu-
ropei, ma sui quali non sono mai stati 
svolti studi o ricerche. Lo scopo di que-
sto lavoro è stato quindi quello di ca-
ratterizzare dal punto di vista composi-
tivo, ma soprattutto strutturale questi 
prodotti. La ricerca ha interessato 50 
campioni (25 per ciascuna tipologia) e 
le misure di texture sono state eseguite 
mediante un Texture Analyser in mo-
dalità di compressione. I dati raccolti 
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bakers, were examined. Variance anal-
ysis showed that the two bread-sticks 
only differed with respect to texture pa-
rameters. There were no differences in 
chemical parameters. The higher val-
ues of the maximum force and of the 
average puncturing force indicate that 
the rolled “Rubatà” bread-stick has a 
firmer character than the stretched 
“Grissino stirato” bread-stick. On the 
contrary, the number of spatial rup-
tures and the ruggedness index were 
higher for the stretched “Grissino sti-
rato” bread-stick. For product authen-
tication an Artificial Neural Networks 
(ANN) with a three-layer, fully intercon-
nected, feed-forward architecture was 
used. ANN is an effective and powerful 
tool for distinguishing these products 
with a very high average learning (94% 
for rolled bread-stick and 93% for the 
stretched bread-stick). The model ob-
tained can be easily used for product 
authentication.

sono stati elaborati mediante l’analisi 
della varianza ed i campioni sono sta-
ti discriminati mediante una Rete Neu-
rale Artificiale a tre livelli con connes-
sioni complete. I maggiori valori di for-
za di rottura sono stati riscontrati per 
il grissino “Rubatà” mentre il numero 
di rotture nell’unità di spazio e l’indice 
adimensionale di frastagliatura sono ri-
sultati maggiori per il “Grissino stirato”. 
La Rete Neurale ha confermato queste 
differenze evidenziando una capacità 
di riconoscimento del 94% per il grissi-
no “Rubatà” e del 93% per il “Grissino 
stirato”. Il modello così costruito potrà 
essere vantaggiosamente utilizzato da-
gli Organi di Controllo per la definizio-
ne dell’origine del prodotto.

Introduction

Traditional bakery products such as 
“pizza” from Naples, “panettone” from 
Milan, “pandoro” from Verona and 
“bread-sticks” from Turin-Piedmont 
have a ubiquitous presence on the Ital-
ian food market. Some of these items, 
like pizza and panettone, have been be-
come important symbols of Italian cui-
sine worldwide. Bread-sticks are also 
well known and appreciated and rank 
high among Italian food exports. Bread-
sticks are native to the Piedmont region 
(north-western Italy), where they have 
been produced since 1600. There are 
currently two commercial types, “Grissi-
no stirato“ and “Rubatà“ on the market 
(SCARLINO and MAINA, 1989). The pro-
duction technology and raw materials 
are well-established and the products 

are very similar. There are no noticeable 
differences between the two types with 
respect to chemical composition or ap-
pearance but they differ in production 
technologies and they differ in struc-
ture (QUAGLIA, 1984; BARBERIS, 2000) 
and commercial price. Bread-sticks are 
crispy products and it is crispness that 
appears to be the single most versatile 
characteristic that has determined their 
success and is also the factor that dis-
tinguishes one from the other. Even if 
crispness has not yet been satisfactori-
ly defined, it is agreed that it is a textur-
al characteristic that has many positive 
connotations.

Until the 1960s crispness was defined 
as the quality of fracturing into many 
small pieces under compressive pres-
sure. It is associated with brittleness. 
Later, progress was made in optimising 
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testing methods and refining the vocab-
ulary of crispness, though interchange-
able terms describing the texture status 
are still in use. Most published studies 
investigating the importance of different 
sensory perceptions on consumer ac-
ceptability conclude that texture, flavour 
and appearance are the most important 
sensory modalities (VALLES PAMIES et al., 
2000; GÁMBARO et al., 2002; SCHER and 
HARDY, 2002; BOOTH et al., 2003; KA-
RADZHOV and ISERLIYSKA, 2003; MEUL-
LENET et al., 2003).

In addition to its direct contribution to 
consumer acceptance, texture has impor-
tant secondary effects, through modula-
tion of flavour release and its influence on 
appearance. Texture and food structure 
are inextricably linked: the micro- and 
macro-structural composition of foods 
will determine sensory perception and 
any change in the structure carries the 
risk of changing perceived texture and vi-
olating consumer expectation.

Based on recently published litera-
ture (BASMAN and KÖKSEL, 1999; PIAZ-
ZA et al., 2001; BOURNE, 2002; CROW-
LEY et al., 2002; MURRAY et al., 2002; 
ZEPPA et al., 2002; RAFFO et al., 2003; 
SHOGREN et al., 2003; DEMIREKLER et 
al., 2004; PASQUALONE et al., 2004) the 
aim of this study was to define the tex-
tural characteristics of the two commer-
cial types of typical Italian bread-sticks 
“Grissino stirato“ and “Rubatà” and to 
develop a model for distinguishing them 
by using the Artificial Neural Networks 
(ANNs) approach. As their product aspect 
is similar they can be easily mistaken 
by consumers but the “Rubatà” bread-
stick purchase price is higher than that 
of “Grissino stirato” bread-stick. So a 
technique to distinguish them is very im-
portant for product authentication and 
consumer safeguard. Among the mathe-
matical techniques for prediction, classi-
fication or control, the Neural networks 
provide a powerful tool for characteris-
ing, distinguishing and authenticating 
food products.  

ANNs is an information processing 
paradigm that is inspired by the way 
biological nervous systems process in-
formation and they have more recently 
been applied in many scientific fields: 
physics, medicine, botany and food sci-
ence (BOS et al., 1992; DAWN, 1994; 
VALLEJO-CORDOBA et al., 1995; HORIM-
OTO et al., 1997; GERBI et al., 1998; NI 
and GUNASEKARAN, 1998; MANCUSO et 
al., 1998; CICCHELLI et al., 2000; MIT-
TAL and ZHANG, 2000; BALESTRIERI et 
al., 2001). An ANN is a computational 
system which processes numerical in-
put (training data) through a learning 
process and converts it into a final out-
put. It is typically organised into “lay-
ers” which are made up of a number 
of interconnected “nodes”. The data (in 
this case the texture values) are usu-
ally transferred to ANN via the “input 
layer” and with a system of “transfer 
functions” and “node weights”. These 
weights correspond to synaptic efficacy 
in a biological neuron. Each neuron also 
has a single threshold value. When the 
weighted sum of the inputs is formed 
the threshold is subtracted to compose 
the activation of the neuron. This acti-
vation signal is passed through an ac-
tivation function and the network com-
putes a response at the output layer. 
These values are then compared to the 
actual values of the response variable 
(in this case the bread-stick classifica-
tions) and an error is computed. With a 
back-propagation algorithm this error is 
used to adjust the “node weights” and 
the network computes a new response. 
The iterative procedure of processing 
inputs, determining the errors and ad-
justing the weights is the “learning proc-
ess”. Iteration continues until the net-
work response errors are kept to a min-
imum. Very important in this architec-
ture is the weight of input neurons that 
are changed by an amount proportion-
al to the difference between the desired 
output and the actual output and are 
a proportional index of importance of 
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these input neurons for product clas-
sification. 

Neural networks, with their remarka-
ble ability to derive meaning from com-
plicate or imprecise data, can be used to 
extract patterns and detect trends that 
are too complex to be noticed by either 
humans or other computer techniques. 
Unlike other mathematical systems, 
such as Discriminant Analysis or Clus-
ter Analysis, for the classification of dif-
ferent samples, the mathematical model 
developed in the ANNs can be used in-
dependently from the value used for its 
construction and subsequently applied 
to product control. In this work ANNs 
were then applied to the textural char-
acteristics of “Rubatà” and ”Grissino sti-
rato” bread-sticks to define a mathemat-
ical model that can be used for product 
characterisation and authentication and 
consequently for market control.

Materials and methods

Samples

Bread-sticks were produced by fifty 
Piedmont (north-western Italy) bakers: 
twenty-five produce stretched bread-
sticks or “Grissino stirato” and the other 
twenty-five produce rolled bread-sticks 
or “Rubatà”.

Two production batches were exam-
ined for each baker and a sample of 1 
kg of bread-sticks was collected for each 
production batch.

In the stretched “Grissino stira-
to” bread-stick technology, flour (type 
00), water (40-60%), yeast (0.5-4%), 
pork fat (0.8-8%), olive oil (0.6-7%), salt 
(1.3-2.5%) and malt (0.5-3%) are typi-
cally used. Ingredients are mixed (about 
20 min) and then the dough is divided 
into small portions. After the fermenta-
tion step (about 1 h), cylindrical strips 
are hand-rolled into bread-sticks. These 
cylinders are gently lengthened by hand-
stretching to about 100 cm. Baking fol-

lows at 205°-300°C for 10-30 min. The 
attribute “stretched” (“stirato”) is there-
fore really due to this unique hand 
stretching mode that serves to give the 
dough the peculiar elongated properties 
characteristic of the final baked struc-
ture.

In the rolled “Rubatà” bread-stick tech-
nology, flour (type 00), water (50-60%), 
yeast (0.1-2.6%), pork fat (2-7%), salt 
(0.8-2.5%) and malt (2-4%) are used. In-
gredients are mixed (about 20 min) and 
then the dough is divided into small por-
tions. After the fermentation step (about 
1 h), the dough is formed into cylindri-
cal strips from which the bread-sticks 
are made. These cylinders are gently 
rolled by hand to about 50 cm length and 
then baked at 190°-270°C for 5-20 min. 
Shaping dough by means of a rolling ac-
tion promotes relevant biaxial extension 
stresses in the structure and the conse-
quent viscoelastic properties differ from 
those of the stretched bread-stick dough 
where only elongational stress induced 
in the shaping technology results in more 
elastic attributes. The rolled “Rubatà” 
bread-stick can be compared to a special 
elongated baked crumble bread.

Chemical analysis

Chemical analyses were performed im-
mediately after each production. Bread-
stick moisture, ash and protein (nitro-
genx5.7) contents were determined ac-
cording to the AACC methods 44-15A, 
08-01 and 46-11A, respectively (AACC, 
2000). Fat and starch were determined 
according to an official Italian meth-
od (Italian Government, 1994). Glu-
cose, fructose, lactose and maltose 
were determined according to ZEPPA et 
al. (2001) with an HPLC system (Ther-
mo Electron Corporation, Waltham, 
MA, USA) equipped with an isocratic 
pump (P1000), a multiple autosampler 
(AS3000) fitted with a 20 µL loop and a 
refractive index RI-150 detector. Data 
were collected on a EZChrom ver. 6.6 
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system (Thermo Electron Corporation, 
Waltham, MA, USA).

The analyses were performed iso-
cratically at 1 mL/min and 65°C with a 
300x7.8 mm i.d. ion exclusion column 
Aminex HPX-87H equipped with a Cation 
H+ Microguard cartridge (Bio-Rad Labo-
ratories, Hercules, CA, USA). The mo-
bile phase was 0.013 N H2SO4 prepared 
by diluting reagent grade sulphuric acid 
with distilled water, filtered through a 
0.20 µm membrane filter (Sartorius AG, 
Göttingen, Germany) and degassed un-
der vacuum. Five grams of bread-stick 
were added to 25 mL of 0.013 N H2SO4 
(mobile phase), the resulting suspen-
sion was then extracted for 10 min with 
a Stomacher (PBI, Milan, Italy). The use 
of a Stomacher laboratory blender al-
lowed a time reduction because the ex-
traction is considerably more effective 
than when using a magnetic stirrer. The 
extract was subsequently centrifuged 
for 5 min (7,000 g) and the supernatant 
was filtered through a 0.20 µm dispos-
able syringe membrane filter (Sartorius 
AG, Göttingen, Germany).

Sugars were represented as the sum 
of glucose, fructose, lactose and maltose 
while carbohydrates are treated as the 
sum of sugars and starch.

Cholesterol was determined by HRGC 
according to the AOAC 976.26 Method 
(2003). Analytical grade reagents were 
used as standards (Sigma-Aldrich Cor-
poration, Milan, Italy).

Image and texture analyses

Bread-sticks used for texture analysis 
were stored at 20°C and 20% relative hu-
midity and analysed no more than 24 h 
after production.

The moisture content of each sample 
was determined before texture analysis 
according to the AACC methods 44-15A 
(AACC, 2000).

Five cut specimens (10 mm long) were 
obtained from each sample to give a to-
tal of 250 replicates for each class. Each 

specimen was cut from the centre of dif-
ferent bread-sticks with an electric hack-
saw.

Geometrical measurements of the 
samples to be tested were taken by 
means of image analysis techniques. 
The cross-section image of each side of 
a specimen was captured with an Epson 
Perfection 1650 scanner (Seiko-Epson 
Corporation, Nagano, Japan) at 12,800 
dpi in a black and white photo with a 
16-bit resolution. Digitalized pictures 
were analysed by means of the commer-
cial software Sigma Scan Pro rel. 5.0 (Sy-
stat Software, Richmond, CA, USA). The 
cross-section area of the two sides was 
quantified and the mean value for each 
specimen was calculated.

For texture analysis, each specimen 
was analysed in the compression mode 
using a TA.XT2i Texture Analysis (Sta-
ble Micro Systems, Godalming, UK) fitted 
with a plate-plate geometry (Flat probe 
P/75; 75 mm diameter). The crosshead 
speed was 0.9 mm/s and data were ac-
quired with a resolution of 500 Hz. All 
samples were analysed for 50% defor-
mation.

For the acquisition of the compres-
sion stress-strain relationships, Tex-
ture Export Exceed software (Stable Mi-
cro Systems, Godalming, UK; release. 
2.54) was used.

Following VALLES PAMIES et al. (2000) 
and PIAZZA et al. (2001), the following pa-
rameters were taken from the force/de-
formation curve:

* Number of spatial ruptures (mm-1): 
Nsr = N0 /d

* Average Puncturing Force (N): Fm =
= A/d

* Crispness work (N mm): Wc = Fm / Nsr
* Average drop-off (N): Fs = Σ ΔF / N0

* Maximum Force (N): Fmax
* Fracture work (N mm): Wf

* Ruggedness adimensional index: RI = 
= lr / dr

where N0 is the total number of peaks, 
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d is the compression distance, Fmax is 
the value of the higher compression 
peak, ΔF is the individual force drops 
for each peak from Fmax to the defined fi-
nal compression point, A is the area un-
der the force deformation curve, Wf is 
the area under the first breaking point; 
lr is the length of the line on the force/
displacement plot encompassing from 
Fmax to the end of the curve and calcu-
lated using the Pythagorian theorem 
(Lr=Σ[(Δforce)2+(Δlength)2]0,5) and dr is the 
real displacement of the dynamometer 
cross-head encompassing from Fmax to 
the end of the compression curve.

Since the results of the texture analy-
sis are directly correlated to sample hu-
midity, all texture data taken or calcu-
lated from the stress/strain curves were 
normalised for sample humidity, i.e. the 
values were divided by the sample hu-
midity. Instead Fm, Wc, Fs, Fmax and Wf 
indexes were divided by the mean area 
value of each specimen.

Statistical analysis

Conventional statistical methods were 
used to obtain a basic statistical evalu-
ation of the chemical and mechanical 
data. Analysis of Variance (ANOVA) was 
applied using STATISTICA for Windows 
Release 7.1 (StatSoft Inc., Tulsa, OK, 
USA) to determine differences between 
bread-sticks.

For the Artificial Neural Network 
(ANN), the software used was NeuroShell 
2, Rel. 2 (Ward System Groups Inc., Fre-
derick, MD, USA). The network archi-
tecture used was a three-layer, fully in-
terconnected, feed-forward type with 7 
nodes in the input, 16 in the hidden and 
2 in the output layer. A learning rate of 
0.1 and a momentum of 0.1 were used. 
For the input slab the linear activation 
function was used while the logistic func-
tions were used for hidden and output 
layer slabs. Data set inputs were nor-
malised in the -1/+1 range before use in 
training and testing of the ANN. To avoid 

network overtraining, NET-PERFECT™ 
was used. This is an implemented pro-
cedure of NeuroShell 2 that creates an 
entirely separate set of data, called test-
set, and is used to evaluate how well the 
network is predicting. NET-PERFECT™ 
was used to compute the optimum point 
for saving the network when it is able to 
generalise new data well. Testing data 
were fed into test trained ANN after 200 
training epochs. In particular, the net-
work learning was carried out with a 
limit of 200,000 events after the mini-
mum mean value of re-classification er-
ror of the test set was reached. All sam-
ples were used for ANNs. These samples 
were randomly subdivided into a train-
ing set (70%) and a validation set (30%). 
There were approximately 175 samples 
in the training set and 75 samples in the 
validation set. The percentage distribu-
tion of the samples between the two data 
sets was chosen empirically and was a 
compromise between the need to have 
the maximum number of samples in the 
training set, while at the same time hav-
ing all product categories represented in 
the validation set. The ANN construc-
tion process, from the two data set ex-
tractions through learning, was repeat-
ed five times.

Results and discussion

Chemical evaluation

The composition of the typically-pro-
duced bread-sticks (Table 1) was similar 
to that of bread and crackers with low 
water and fat contents. The standard de-
viation of data was very high as expected 
for an artisanal production, particular-
ly due to the variability in the percent-
age and type of raw materials used by 
each producer. Hence, there was a sta-
tistically significant difference (p<0.01) 
between the stretched bread-sticks and 
the rolled bread-sticks only with respect 
to the moisture and protein contents. In 
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Table 1 - Chemical composition of stretched “Grissino stirato” bread-sticks and rolled “Rubatà” bread-
sticks and results of the Analysis of Variance performed between the two products.

	 Stretched	 Rolled
	 bread-sticks	 bread-sticks	 Significance

	 X	 σ	 X	 σ

Moisture (%)	 6.63	 1.51	 8.62	 2.32	 **
Ash (without sodium chloride) (% dm)	 0.44	 0.30	 0.62	 0.40	 ns
Energy (kcal/100 g)	 369	 28	 349	 28	 **
Protein (%)	 12.17	 0.98	 11.02	 1.49	 **
Carbohydrates (%)	 64.90	 3.92	 64.35	 4.46	 ns
Sugars (%)	 3.95	 1.76	 4.12	 1.30	 ns
Glucose (%)	 0.46	 0.52	 0.73	 1.14	 ns
Fructose (%)	 0.22	 0.08	 0.26	 0.12	 ns
Lactose (%)	 0.12	 0.03	 0.14	 0.04	 ns
Maltose (%)	 3.42	 1.60	 3.31	 0.98	 ns
Starch (%)	 60.95	 4.67	 60.23	 4.91	 ns
Fat (%)	 6.70	 3.62	 5.25	 2.68	 ns
Cholesterol (mg/100 g)	 4.07	 4.26	 3.55	 2.49	 ns

(X mean; σ standard deviation; dm dry matter; ** p<0.01; ns not significant).

particular, the stretched bread-sticks 
had the highest protein content, while 
the rolled bread-sticks had the highest 
moisture content.

Mechanical evaluation

Bread-sticks have a rigid, slightly-de-
formable, stiff structure that sudden-
ly collapses with a brittle fracture and 
a peculiar decay of the forces after the 

starting fracture point [i.e. the maxi-
mum stress (Fmax) applied in the com-
pression mode test]. Fig. 1 shows typical 
compression curves for the two types of 
bread-sticks which are characterised by 
three zones: 1) a steep ascent of stress 
with strain culminating in a fracture; 2) 
a jagged oscillating stress-strain func-
tion for a considerable strain range that 
expresses the crack propagation in crisp 
structures and involves cell wall break-

Fig. 1 - Typical force-deformation curves for “Grissino stirato” (A) and “Rubatà” (B) bread-sticks. For 
symbols see text.



456  Ital. J. Food Sci. n. 4, vol. 19 - 2007

age and 3) a second steep stress with 
ascent trend (PIAZZA et al., 2001). High 
values of jaggedness, typical of low mois-
ture foods, are present for both stretched 
and rolled bread-sticks (BARRETT et al., 
1992; ROHDE et al., 1993). Instrumen-
tal parameters of crispness are summa-
rised in Table 2. Differences in the shape 
and in the amplitudes of the force-defor-
mation curves are reflected in the cal-
culated parameters that were tentative-
ly chosen to quantify the brittle fracture 
behaviour.

The well-established influence of wa-
ter on all these parameters was taken 
into consideration by normalising the 
data on water content. The final mois-
ture content of bread-sticks accounts for 
both compositional differences, as well 
as baking time-temperature conditions. 
This artefact allows the quantified me-
chanical parameters to be related to the 
intrinsic and typical macro-structure of 
the products. The extremely high level of 
the standard deviation of the mean val-
ues for each parameter within the same 
product typology is due to variation in 
the composition of bread-sticks from the 
various manufacturers and the different 
traditions in the territory. So, the aim of 

Table 2 - Values of the mechanical parameters for stretched “Grissino stirato” bread-sticks and rolled 
“Rubatà” bread-sticks and results of the Analysis of Variance performed between the two products.

	 Stretched	 Rolled
	 bread-sticks	 bread-sticks	 Significance

	 X	 σ	 X	 σ

Nsr	 1.172	 0.467	 0.716	 0.316	 **
Fm (× 10E5)	 4.788	 2.519	 7.697	 4.988	 **
Wc (× 10E3)	 5.062	 0.478	 1.099	 2.032	 **
Fs	 0.011	 0.006	 0.015	 0.013	 **
RI	 28.208	 11.785	 21.613	 10.98	 **
Fmax	 0.151	 0.081	 0.229	 0.117	 **
Wf (× 10E5)	 8.767	 5.413	 14.75	 13.45	 **

(X-mean; σ-standard deviation; ** p<0.01).
Legend (see text for definitions): Nsr: Number of spatial ruptures (mm-1); Fm: Average Puncturing Force (N); Wc: Crisp-
ness work (N mm); Fs: Average drop-off (N); RI: Ruggedness adimensional index; Fmax: Maximum Force (N); Wf: Frac-
ture work (N mm).

this work was to try to classify these tra-
ditional products on the basis of objec-
tive measurements, notwithstanding the 
variability in the particular traditional 
recipe and processing.

The number of spatial ruptures (Nsr) 
and the ruggedness index (RI) were high-
er for the stretched “Grissino stirato” 
bread-stick. This product is character-
ised by higher porosity compared to the 
rolled “Rubatà” bread-stick, due to larg-
er cells with thin walls (Fig. 2). On the 
other hand, the rolling mode applied in 
the shaping step of the production tech-
nology results, from a macro-structure 
point of view, in a more regular sponge-
like network.

The higher values of the maximum 
force (Fmax), the average drop-off (Fs) 
and the average puncturing force (Fm) 
indicate that the porous structure of 
the rolled “Rubatà” bread-stick is firmer 
than that of the stretched “Grissino sti-
rato” one. Work (Wc) is a derived param-
eter of crispness (Wc = Fm/Nsr). Its sig-
nificance might be doubtful because of 
the extremely high level of the statistical 
standard deviation, but its mean values 
differentiate the rolled bread-sticks and 
classify them as the less crisp product.
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The degree of jaggedness of the force-
deformation curves for numerous cooked 
crisp cereal foods (crackers, snack foods, 
puffed extrudates and bread-sticks) has 
been quantified by using various ap-
proaches, in particular, Fractal Analy-
sis and Fast Fourier Transform Analy-
sis (BARRETT et al., 1992; SCHER et al., 
2004) or peak analysis (SRISAWAS et al., 
2003). In this work the peak analysis ap-
proach was used and the results were 
then examined with ANNs.

ANNs constructed with the experimen-
tal texture analysis parameters show a 
very high average learning (94% for the 
rolled “Rubatà” bread-stick and 93% for 
the stretched “Grissino stirato” bread-
stick) with small problems in the ANNs 
self-reconfiguration and only 6-7% re-
classification errors. To evaluate the im-
portance of each textural parameter on 
ANNs activities their “node weights” for 
input layers were extracted for each cy-
cle and mean values for the five learn-
ing process were calculated (Table 3). 
As the total weight for each input neu-
ron is directly correlated to the weight of 
the connection and the network struc-
ture the most important parameters for 
the ANNs construction are Nsr, Fm, Fmax 
and Wc, while Fs, RI and Wf are less im-
portant. This confirms the texture differ-
ences between the two classes of prod-
ucts; in particular the rolled “Rubatà” 
bread-stick has a higher hardness at-
tribute and the stretched “Grissino stira-
to” bread-stick has a higher friability.

Fig. 2 - Digitalized images of stretched “Grissino 
stirato” bread-stick (A) and rolled “Rubatà” bread-
stick (B) sections.

Conclusions

Food authenticity and the determi-
nation of the geographic origin are two 
aspects that are receiving increased at-
tention in food technology. In the bak-
ery product sector, due to the absence of 
a definite production protocol for tradi-
tional, regional and home-made bread-
sticks, many imitations have been pro-
duced to the detriment of the Piedmont 
producers and the image of this prod-
uct.

Results obtained in this work do not 
definitively solve authenticity problems, 
but they clearly show that the tradition-
al stretched “Grissino stirato” and tra-
ditional rolled “Rubatà” bread-sticks are 
two well-defined, distinguishable bakery 
products even though the artisan manu-
facturers’ production modes are respon-
sible for high variability.

Texture analysis performed by means 
of an objective instrumental method is 
a consolidated approach for quantifying 
the crispness attributes of these types 
of low-moisture bakery products and 
can define their characteristics, above 
all when combined with advanced ANN 
models. With this approach a mathe-
matical model can be defined that can 
also be applied by food regulation au-
thorities for product authentication. In 
particular rolled bread-sticks are stiffer 

Table 3 - Values of weight coefficient calculated 
for the mechanical parameters used in the ANNs.

	 Nsr	 0.458
	 Fm	 0.323
	 Wc	 0.318
	 Fs	 0.194
	 RI	 0.217
	 Fmax	 0.279
	 Wf	 0.215

Legend (see text for definitions): Nsr: Number of spatial 
ruptures (mm-1); Fm: Average Puncturing Force (N); Wc: 
Crispness work (N mm); Fs: Average drop-off (N); RI: 
Ruggedness adimensional index; Fmax: Maximum Force 
(N); Wf: Fracture work (N mm).
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than stretched bread-sticks which, on 
the other hand, are characterised by a 
higher crumbliness.
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Abstract

The antibacterial and antifungal ac-
tivities of acetone, methanol and aque-
ous extracts of the lichens Aspicilia ci-
nerea, Collema cristatum, Ochrolechia 
androgyna, Physcia aipolia and Physcia 
caesia were tested in vitro against six 
bacterial and 11 fungal species. Antimi-
crobial activity was checked by the disk 
diffusion test and by determining the 

Riassunto

Sono state testate in vitro le attività 
antibatteriche e antifungine dell’aceto-
ne, del metanolo e degli estratti acquo-
si dei Licheni Aspicilia cinerea, Collema 
cristatum, Ochrolechia androgyna, Phy-
scia aipolia e Physcia caesia, nei con-
fronti di sei specie batteriche e undici 
fungine. Le attività antimicrobiche sono 
state determinate tramite il metodo di 
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minimal inhibitory concentration (MIC) 
by the broth tube dilution method. In 
general, methanol extracts inhibited 
the greatest number of microorganisms 
tested. The methanol extract of Aspicil-
ia cinerea, in relation to Klebsiella pneu-
moniae and its acetone extract against 
Bacillus mucoides had the lowest MIC 
(0.09 mg/mL of extract). Aqueous ex-
tracts of all of the lichens had the low-
est activity. They were inactive against 
all of the tested organisms, with the ex-
ception of the aqueous extract of Phy-
scia aipolia (which only inhibited some 
of the bacteria tested) and that of Col-
lema cristatum (which inhibited all of 
them). Aqueous extracts of the lichens 
did not have antifungal activity.

diffusione su piastra e determinando la 
concentrazione inibitoria minima (MIC) 
tramite il metodo di diluizione in brodo 
di coltura (in provetta). In generale, gli 
estratti metanolici mostravano capacità 
inibitoria più alta nei confronti dei mi-
crorganismi testati. L’estratto metano-
lico di Aspicilia cinerea (nei confronti di 
Klebsiella pneumoniae) e il suo estrat-
to acetonico (nei confronti del Bacillus 
mucoides) presentavano la MIC più bas-
sa (0,09 mg/mL di estratto). Gli estrat-
ti acquosi di tutti i licheni presentava-
no l’attività più bassa. Essi risultavano 
inattivi contro tutti gli organismi testa-
ti, ad eccezione dell’estratto acquoso di 
Physcia aipolia (che inibiva solo alcuni 
dei batteri saggiati) e quelli di Collema 
cristatum (che li inibiva tutti). Gli estrat-
ti acquosi dei licheni non presentavano 
attività antifungina.

INTRODUCTION

Lichens are symbiotic organisms com-
posed of a fungus (the mycobiont) and 
one or more algae (photobionts). About 
17,000 species have been recorded 
worldwide (HUNECK, 1999). They com-
monly grow on rock surfaces, on poorly 
developed soils such as those found in 
arid lands and boreal-arctic regions, and 
as epiphytes on trees and shrubs (TAY-
LOR et al., 1995).

Lichens are an important food for 
many animals, including man (RICH-
ARDSON, 1991). The topical use of lichen 
extracts goes back to ancient Egyptian 
times (VARTIA, 1973). Many different bi-
oactive secondary metabolites have also 
been isolated from lichen species (CUL-
BERSON, 1969; DEMBITSKY et al., 1992; 
HUNECK and YOSHIMURA, 1996; HUNECK 
1999). They have also been used in phar-
maceutical sciences (MÜLLER, 2001).

Certain metabolites of lichens are pre-

sumed to protect these organisms from 
herbivores and pathogenic microorgan-
isms (LAWREY, 1986; 1989). It has been 
demonstrated that some lichen metab-
olites are toxic and repellent to insect 
larvae (EMMERICH et al., 1993), while 
others exert nematocidal action (AHAD 
et al., 1991). It has also been suggest-
ed that sequestered lichen compounds 
in insects may be utilized for chemical 
defense (HESBACHER et al.,1995). As 
certain phenolic compounds produced 
by lichens strongly absorb UVB light, 
these agents are used as photoprotectors 
(FERNANDEZ et al., 1996), and their anti-
oxidant capacity (HIDALGO et al., 1994) 
warrants their use as preservatives in 
cosmetic creams.

They are used in alcohol production, 
in the perfume and drug industries, and 
in folk medicine (VARTIA, 1973; RICH-
ARDSON, 1988). Several lichen extracts 
have been used for various remedies in 
folk medicine, and screening tests with 
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lichens have indicated the frequent oc-
currence of metabolites with antibiot-
ic, antimycobacterial, antiviral, antitu-
mor, analgesic and antipyretic proper-
ties (VARTIA, 1973; LAWREY, 1986; 1989; 
INGOLFSDOTTIR et al., 1995; 1997 and 
1998; HUNECK, 1999; MÜLLER, 2001).

Owing to the pronounced antimicrobi-
al activity of their secondary metabolites, 
lichens together with algae, macrofungi, 
and higher plants, are attracting consid-
erable attention as significant new sourc-
es of bioactive substances (MITSCHER et 
al., 1987; HOSTETTMAN et al., 1997; IN-
GOLFSDOTTIR et al., 1997).

The purpose of the present study was 
to investigate the antimicrobial activity 
of methanol, acetone and aqueous ex-
tracts of five different species of lichens, 
Aspicilia cinerea, Collema cristatum, Och-
rolechia androgyna, Physcia aipolia and 
Physcia caesia, in relation to a number 
of microorganisms, including agents of 
human, animal and plant diseases, my-
cotoxin producers, and food spoilage 
agents.

MATERIALS AND METHODS

Lichen samples

Samples of the lichens Aspicilia ci-
nerea (L.) Körb., Collema cristatum (L.) 
FH Wigg, Ochrolechia androgyna (Hoff.) 
Arnold, Physcia aipolia (Ehrh. ex Humb.) 
and Physcia caesia (Hofffm.) Fürnr. were 
collected on Mt. Zabljak (Montenegro) in 
August of 2005. The samples were dried 
at room temperature for 24 h. Documen-
tation samples were deposited in the my-
cological herbarium of the Department 
of Biology, Faculty of Science, Univer-
sity of Kragujevac (MHDB): Aspicilia ci-
nerea (L.) Körb. 189; Collema cristatum 
(L.) FH Wigg 204; Ochrolechia androgy-
na (Hoff.) Arnold 177; Physcia aipolia 
(Ehrh. ex Humb.) 291; and Physcia cae-
sia (Hofffm.) Fürnr. 312.

Aspicilia cinerea contains the “lichen 

substances” norstictic acid (CULBER-
SON, 1969), and stictic acid (BRODO et 
al., 2001). “Lichen substances” were not 
extracted from the lichen Collema cristat-
um, although it is believed that the pho-
tobiont can synthesize some metabolites 
(TORRES et al., 2003). Extract of the li-
chens Ochrolechia androgyna contains 
norstictic acid (CULBERSON, 1969) and 
stictic acid (BRODO et al., 2001). Phy-
scia aipolia contains the “lichen sub-
stances” atranorin and zeorin (CULBER-
SON,1969), while Physcia caesia con-
tains atranorin, leucotylin and zeorin 
(WALKER and LINTOTT, 1997).

Preparation of lichen extracts

Three solvents (water, methyl alcohol 
and acetone) were used to extract the li-
chens. To obtain aqueous extracts, dried 
lichen thalli (50 g of material from each 
species, separately) were ground to a 
particle size of <2.5 mm and flushed with 
distilled water. Extraction was performed 
in a Soxhlet extractor at 80°C for 7 h. 
The extract obtained was filtered through 
Whatman No. 1 filter paper and evapo-
rated in a water bath at 80°C until dry 
material was obtained. Dry extract was 
obtained in a quantity of 2.8 g (Aspicilia 
cinerea); 3.8 g (Collema cristatum); 2.1 g 
(Ochrolechia androgyna); 3.1 g (Physcia 
aipolia) and 4.32 g (Physcia caesia).

Acetone extracts. Powdered lichens 
(50 g) were extracted with 250 mL ac-
etone using the Soxhlet extractor for 7 
h at a temperature less than the boil-
ing point (56.2°C). The acetone extracts 
were filtered using Whatman No. 1 filter 
paper. The extracts obtained were evap-
orated on a rotary vacuum evaporator 
until a solid concentrate was recovered. 
Dry extract was obtained in a quanti-
ty of 0.73 g (Aspicilia cinerea); 2 g (Col-
lema cristatum); 2.2 g (Ochrolechia an-
drogyna); 2.27 g (Physcia aipolia) and 2 
g (Physcia caesia).

Methanol extracts. Powdered lichens 
(50 g) were extracted with 250 mL me-
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thanol using the Soxhlet extractor for 
7 h at a temperature less than the boi-
ling point (LIN et al., 1999). The metha-
nolic extracts were filtered using What-
man No. 1 filter paper and then concen-
trated in vacuum at 40°C using a Rota-
ry Evaporator. Dry extract was obtained 
in a quantity of 4.64 g (Aspicilia cinerea); 
3.2 g (Collema cristatum); 2.3 g (Ochrole-
chia androgyna); 7.36 g (Physcia aipolia) 
and 7.00 g (Physcia caesia).

The extracts were further dissolved in 
dimethyl sulfoxide (DMSO) for the disk 
diffusion test, and minimal inhibitory 
concentrations (MIC) were determined 
by making a series of dilutions in an ap-
propriate substrate ranging of from 0.05 
to 50 mg/mL. The final concentration of 
DMSO did not exceed 2%.

Microorganisms and media

The test organisms used in this study 
were the following: Bacillus mycoides 
(IPH), Bacillus subtilis (IPH), and Sta-
phylococcus aureus (IPH) (Gram-posi-
tive bacteria); and Enterobacter cloace-
ae (IPH), Escherichia coli (IPH), and Kleb-
siella pneumoniae (IPH) (Gram-negative 
bacteria). All of the bacteria used were 
isolates from the National Institute for 
Protection of Health (IPH) in Kraguje-
vac (Serbia). Their identification was 
confirmed in the Microbiological Labo-
ratory, Department of Biology, Univer-
sity of Kragujevac. The following fungi 
were used in the study: Aspergillus fla-
vus (ATCC 9170), Aspergillus fumigatus 
(DBFS 310), Botrytis cinerea (DBFS 133), 
Candida albicans (IPH 1316), Fusarium 
oxysporum (DBFS 192), Mucor muce-
do (ATCC 52568), Paecilomyces variot-
ii (ATCC 22319), Penicillium purpures-
cens (DBFS 418), Penicillium verrucosum 
(DBFS 262), Saccharomyces cerevisiae 
(DBFS 234) and Trichoderma harsianum 
(DBFS 379). The fungi came from the 
mycological collection of the Mycological 
Laboratory, Department of Biology, Fac-
ulty of Science, University of Kragujevac 

(DBFS). Bacterial cultures were main-
tained on Mueller-Hinton agar from Tor-
lak (Belgrade, Serbia). Fungal cultures 
were maintained on potato dextrose agar 
and Sabourad dextrose agar from Tor-
lak. All cultures were preserved at 4°C 
and subcultured every 15 days.

Antimicrobial activity

The sensitivity of microorganisms to 
extracts of different species of lichens 
was ascertained by the standard disk 
diffusion method approved by the Na-
tional Committee for Clinical Laborato-
ry Standards (BAUER et al., 1966 or NC-
CLS, 1993). The minimal inhibitory con-
centrations (MIC) of the extracts were 
also determined.

Bacterial inocula were obtained from 
bacterial cultures incubated for 24 h at 
37°C on Meuller-Hinton substrate and 
diluted to approximately 108 CFU/mL 
in relation to the 0.5 McFarland stand-
ard. Suspensions of fungal spores were 
prepared from fresh mature (3- to 7-day-
old) cultures reared at 30°C on a PDA 
substrate. Spores were rinsed with ster-
ile distilled water. Turbidity of spore sus-
pensions was determined spectrophoto-
metrically at 530 nm, after which they 
were further diluted to approximately 106 
CFU/mL according to the recommended 
procedure (NCCLS, 1998).

Disk diffusion was conducted as fol-
lows: suspensions of microorganisms 
were poured over solid nutrient sub-
strates, viz., Mueller-Hinton agar (for 
bacteria) and Sabourad dextrose agar 
(for fungi), in Petri dishes, 10 cm in di-
ameter.

Filter paper disks (7 mm in diameter) 
were soaked with 15 µL of a lichen ex-
tract (50 mg/mL) and placed on the in-
oculated substrates. After incubation at 
37°C for 24 h in the case of bacteria and 
at 27°C for 2-14 days in the case of fun-
gi, the diameter of the zone of inhibition 
of the tested microorganisms by the giv-
en extract was measured. Disks soaked 
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with 15 µL of DMSO in the same con-
centration as that of the lichen extract 
solution were used as a negative con-
trol. Streptomycin was used as a posi-
tive control of growth in the case of bac-
teria, while ketoconazole was used as a 
positive control of growth in the case of 
fungi. All experiments were performed 
in duplicate. Diameters of the inhibition 
zones were measured in millimeters and 
are expressed as mean values.

The minimal inhibitory concentration 
(MIC) was determined by the broth tube 
dilution method. The concentration of 
lichen extracts for MIC determination 
ranged from 50 mg/mL (starting concen-
tration) to 0.05 mg/mL (final concentra-
tion). A series of 12 sterile test tubes with 
stoppers (1 to 12) was used for each ex-
tract against each microorganism test-
ed. Two mL of a solution of a certain li-
chen extract (50 mg/mL) was put in the 
test tube, after which 1.0 mL of serial 
Mueller-Hinton broth (for bacteria) or 
Sabourad dextrose broth (for fungi) was 
added to each of the other test tubes. A 
measured volume (mL) of the dissolved 
lichen extract was then transferred from 
the first tube to the second one. The con-
tents of the second tube were stirred 
with a special sterile pipette, after which 
1 mL was transferred to the third tube. 
Dilution was carried out in this manner 
up to tube 11; the pipette was changed 
each time. After this, 1 mL of contents 
of tube 11 was removed and discarded. 
The 12th tube served as a control with 
no lichen extract (it only contained 1 mL 
of the substrate). Twenty µL of a bacteri-
al or fungal culture were then added to 
each tube (1-12). The tubes were subse-
quently incubated at 37°C for 24 h in the 
case of bacteria or at 27°C for 2-12 days 
in the case of fungi. The minimal inhib-
itory concentration was determined by 
evaluating the visible growth of micro-
organisms in the tubes. The boundary 
dilution without any visible growth was 
defined as the minimal inhibitory con-
centration (MIC) for the tested microor-

ganism at the given concentration of a 
certain lichen extract. The starting con-
centration in studying the antimicrobi-
al activity of lichen extracts was 1 mg/
mL. All experiments were performed in 
duplicate.

RESULTS

The antimicrobial activity of acetone, 
methanol and aqueous extracts of the li-
chens Aspicilia cinerea, Collema cristat-
um, Ochrolechia androgyna, Physcia aipo-
lia and Physcia caesia against the tested 
microorganisms was determined on the 
basis of the presence or absence of inhib-
itory zones, and their diameter (Table 1) 
and MIC values (Table 2).

The acetone and methanol extracts of 
Aspicilia cinerea manifested antibacteri-
al activity. They inhibited all of the test-
ed bacterial species except Staphylococ-
cus aureus, which was resistant. The larg-
est zones of inhibition (24 mm in diam-
eter) were obtained with the acetone ex-
tract against the species Bacillus subtilis. 
Minimal inhibitory concentrations (MIC) 
ranged from 1.56 to 6.25 mg/mL of ex-
tract in relation to the tested bacteria. Ex-
tracts of this lichen acted selectively on 
the tested fungi. Antifungal activity was 
manifested against five of the 11 fungal 
species tested. The diameter of inhibition 
zones ranged from 12-18 mm for the ace-
tone extract and 11-16 mm for the meth-
anol extract. The MIC values varied from 
0.78 to 25 mg/mL of extract. The aque-
ous extract of this lichen had no inhibi-
tory activity in relation to any of the test-
ed microorganisms. Our results are sim-
ilar to those reported by LAND and LUND-
STROM (1998), MADAMOMBE and AFO-
LAJAN (2003) and RANKOVI ’C and MIŠI ’C 
(2007), who likewise recorded weak anti-
microbial activity for aqueous extracts of 
different lichen species against the test-
ed species of bacteria and fungi.

The Collema cristatum extracts man-
ifested antibacterial activity against the 
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Table 2 - Minimum inhibitory concentration (MIC) of the lichen extracts against the test organisms ex-
pressed as mg/mL.

	 Lichen species
Organisms	 A. cinerea	 C. cristatum	 O. androgyna	 Ph. aipolia	 Ph. caesia	 Antibiot.

	 Aa	 B	 C	 A	 B	 C	 A	 B	 C	 A	 B	 C	 A	 B	 C	 S	 K

B. mycoides	 3.12b	 3.12	 -	 25	 12.5	 6.25	 0.09	 0.39	 -	 0.39	 0.78	 1.56	 0.78	 1.56	 -	 7.81	 -
B. subtilis	 3.12	 1.56	 -	 25	 12.5	 6.25	 0.19	 1.56	 -	 0.78	 0.19	 1.56	 0.19	 0.39	 -	 7.81	 -
E. cloacae	 3.12	 1.56	 -	 25	 6.25	 6.25	 0.39	 0.19	 -	 0.39	 0.39	 0.19	 0.78	 0.78	 -	 1.95	 -
E. coli	 1.56	 1.56	 -	 25	 12.5	 12.5	 12.5	 25	 -	 25	 25	 -	 -	 -	 -	 31.25	 -
K. pneumoniae	 6.25	 6.25	 -	 12.5	 6.25	 6.25	 0.31	 0.09	 -	 0.19	 0.19	 0.19	 0.39	 0.78	 -	 1.95	 -
S. aureus	 -	 -	 -	 25	 12.5	 6.25	 1.56	 1.56	 -	 1.25	 12.5	 -	 0.62	 0.39	 -	 31.25	 -
A. flavus	 -	 -	 -	 -	 -	 -	 -	 -	 -	 6.25	 25	 -	 -	 3.12	 -	 -	 3.9
A. fumigatus	 -	 -	 -	 -	 -	 -	 -	 -	 -	 6.25	 12.5	 -	 -	 3.12	 -	 -	 3.9
B. cinerea	 -	 -	 -	 -	 -	 -	 -	 -	 -	 1.56	 3.12	 -	 -	 6.25	 -	 -	 1.95
C. albicans	 0.78	 1.56	 -	 -	 -	 -	 6.25	 25	 -	 1.56	 6.25	 -	 -	 1.56	 -	 -	 1.95
F. oxysporum	 25	 25	 -	 -	 -	 -	 3.12	 50	 -	 6.25	 25	 -	 6.25	 3.12	 -	 -	 3.9
M. mucedo	 0.78	 3.12	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 31.25
P. variotii	 -	 -	 -	 -	 -	 -	 -	 -	 -	 1.56	 3.12	 -	 1.56	 3.12	 -	 -	 1.95
P. purpurescens	 -	 -	 -	 -	 -	 -	 -	 -	 -	 6.25	 25	 -	 -	 -	 -	 -	 3.9
P. verrucosum	 -	 -	 -	 -	 -	 -	 25	 12.5	 -	 3.12	 12.5	 -	 3.12	 6.25	 -	 -	 3.9
S. cerevisiae	 0.78	 0.78	 -	 -	 -	 -	 -	 -	 -	 12.5	 12.5	 -	 3.12	 3.12	 -	 -	 1.95
T. harsianum	 12.5	 25	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 6.25	 12.5	 -	 -	 7.81
a A - acetone extract; B - methanol extract; C - aqueous extract.
b Minimum inhibitory concentration (MIC); values given as mg/mL for lichen extract and as µg/mL for antibiotics.
Antibiotics: K - ketokonazole, S - streptomycin, µg/mL.

Table 1 - Antimicrobial activities of different lichen extracts using the disk diffusion method.

	 Lichen species
Organisms	 A. cinerea	 C. cristatum	 O. androgyna	 Ph. aipolia	 Ph. caesia	 Antibiot.

	 Aa	 B	 C	 A	 B	 C	 A	 B	 C	 A	 B	 C	 A	 B	 C	 S	 K

Bacillus mycoides	 18b	 13	 -	 15	 16	 21	 35	 28	 -	 16	 15	 14	 23	 18	 -	 28	 -
Bacillus subtilis	 24	 13	 -	 13	 15	 22	 29	 20	 -	 16	 15	 13	 18	 22	 -	 26	 -
Enterobacter cloacae	 19	 16	 -	 13	 16	 18	 36	 27	 -	 12	 14	 13	 21	 17	 -	 25	 -
Escherichia coli	 22	 20	 -	 14	 13	 20	 13	 11	 -	 20	 20	 -	 -	 -	 -	 15	 -
Klebsiella pneumoniae	 18	 21	 -	 14	 13	 30	 35	 31	 -	 17	 30	 13	 25	 20	 -	 40	 -
Staphylococcus aureus	 -	 -	 -	 14	 14	 23	 18	 16	 -	 16	 14	 -	 24	 18	 -	 20	 -
Aspergillus flavus	 -	 -	 -	 -	 -	 -	 -	 -	 -	 12	 12	 -	 -	 20	 -	 -	 27
Aspergillus fumigatus	 -	 -	 -	 -	 -	 -	 -	 -	 -	 12	 11	 -	 20	 23	 -	 -	 34
Botrytis cinerea	 -	 -	 -	 -	 -	 -	 -	 -	 -	 14	 12	 -	 -	 16	 -	 -	 39
Candida albicans	 14	 12	 -	 -	 -	 -	 20	 14	 -	 17	 12	 -	 -	 15	 -	 -	 40
Fusarium oxysporum	 12	 11	 -	 -	 -	 -	 20	 9	 -	 14	 12	 -	 16	 18	 -	 -	 35
Mucor mucedo	 16	 14	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 17
Paecilomyces variotii	 -	 -	 -	 -	 -	 -	 -	 -	 -	 14	 13	 -	 22	 20	 -	 -	 40
Penicillium purpurescens	 -	 -	 -	 -	 -	 -	 -	 -	 -	 11	 9	 -	 -	 -	 -	 -	 38
Penicillium verrucosum	 -	 -	 -	 -	 -	 -	 12	 11		  18	 16	 -	 20	 20	 -	 -	 36
Saccharomyces cerevisiae	 18	 16	 -	 -	 -	 -	 -	 -	 -	 10	 10	 -	 17	 15	 -	 -	 30
Trichoderma harsianum	 14	 11	 -	 -	 -	 -	 -	 -	 -	 -	 -	 -	 14	 14	 -	 -	 18

a A - acetone extract; B - methanol extract; C - aqueous extract - all 50 mg/mL.
b Diameter of inhibition zone (mm) including disk diameter of 7 mm. Values are the means of three replicates.
Antibiotics: K - ketokonazole, S - streptomycin, 1 mg/mL.
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tested bacterial species. The strongest 
antibacterial activity was manifested by 
the aqueous extract, and the most sen-
sitive bacterial species was Klebsiella 
pneumoniae (whose diameter of inhibi-
tion zone measured 30 mm). The MIC 
values ranged from 6.26-25 mg/mL of 
extract. Extracts of this lichen did not in-
hibit the tested fungal species. In agree-
ment with our results, TURK et al. (2003) 
and YILMAZ et al. (2005) reported anti-
bacterial activity for the lichen extracts, 
but no inhibitory action on filamentous 
fungi. Contrary to these results, SHA-
HI et al. (2003) found an aqueous ex-
tract of the lichen Parmelia cirrhatum to 
be very active against certain pathogen-
ic fungi and recommended it as a med-
icine against external fungal infections 
in humans.

The acetone and methanol extracts of 
Ochrolechia androgyna exerted strong 
inhibitory action on all of the tested 
bacteria. The largest zones of inhibition 
were recorded with the acetone extract, 
which were especially large in the case 
of Enterobacter cloaceae (36 mm). The 
MIC values for the acetone and meth-
anol extracts of this lichen in relation 
to the tested bacteria ranged from 0.09 
to 25 mg/mL of extract. With MIC val-
ues of 0.09 mg/mL, the acetone extract 
manifested maximal activity against the 
species Bacillus mucoides and Klebsiel-
la pneumoniae. The minimal inhibitory 
concentration in relation to the tested 
fungal species ranged from of 3.12-50 
mg/mL. Each of these extracts acted 
on only three of the fungal species test-
ed. The aqueous extract was inactive in 
relation to all of the tested organisms. 
GULLUCE et al. (2006) reported that 
ethanol extracts of five different lichen 
species manifested varying antimicro-
bial activity against the tested bacteria 
and fungi, which is in agreement with 
these results.

Extracts of the lichen Physcia aipo-
lia had selective, but relatively strong 
antimicrobial activity. The acetone and 

methanol extracts acted on all of the 
tested bacteria, the largest zones of in-
hibition (with diameter of 30 mm) were 
recorded for the methanol extract in re-
lation to the bacterial species Klebsiel-
la pneumoniae. The MIC values ranged 
from 0.19-25 mg/mL of extract. The 
aqueous extract did not act on the bac-
teria Escherichia coli and Staphylococ-
cus aureus, nor did it exert any antifun-
gal action. The acetone and methanol 
extracts of this lichen manifested sig-
nificant antifungal activity toward nine 
of the 11 fungal species tested. The MIC 
values ranged from 1.56-25 mg/mL of 
extract.

The acetone and methanol extracts of 
Physcia caesia exerted strong antibac-
terial action on all of the tested bacte-
ria except Escherichia coli, which was re-
sistant. The antifungal activity of these 
extracts was selective, the acetone ex-
tract inhibited six of the tested fungal 
species, and the methanol extract nine. 
The aqueous extract of this lichen did not 
manifest antimicrobial activity. BRODO 
(2001) reported that crude extracts of li-
chens of the genus Physcia have antibi-
otic properties and inhibit the bacterial 
species Staphylococcus aureus and Ba-
cillus subtilis, which was confirmed by 
our investigations.

The results obtained in these investiga-
tions indicate that the antimicrobial ac-
tivity of lichen extracts differs as a func-
tion of both the species of lichen in ques-
tion and the extracting solvent used. Sim-
ilar differences were also noticed by other 
investigators (INGOLFSDOTTIR et al. 1997; 
TURK et al., 2003; YILMAZ et al., 2004 
and 2005; RANKOVI ’C  and MIŠI ’C , 2007). 
Except in the case of Collema cristatum, 
aqueous extracts from all of the investi-
gated lichen species exerted the weakest 
inhibitory action on the tested microor-
ganisms. The reason for the weak activi-
ty of aqueous extracts is that active sub-
stances present in lichen thalli are insol-
uble or poorly soluble in water (KINOSHI-
TA et al., 1994).
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CONCLUSIONS

Different crude extracts of the lichens 
studied moderately and, in some cas-
es, significantly inhibited the tested mi-
croorganisms, the majority of which are 
pathogens of man, animals or plants. 
The results indicate which kinds of ex-
tracts of the lichen species possess po-
tentially isolable components with anti-
bacterial and antifungal properties. Nat-
urally, if the active ingredients of differ-
ent extracts of these lichens prove to 
be isolable, it can then be asserted that 
the lichens in question are an interest-
ing new source of bioactive substanc-
es. They could be used to treat bacteri-
al and fungal infections and diseases ad 
an alternative to synthetic antimicrobi-
al medicines.
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Abstract

Methanolic extracts of micropropagat-
ed Rubus ulmifolius plantlets were tested 
for antimicrobial activity against different 
strains of food-borne pathogenic bacte-
ria. Crude methanolic extract effectively 
reduced the growth (up to 70 and 90%) 
of seven Escherichia coli and five Sal-
monella strains, and caused a 40% and 

Riassunto

È stata saggiata l’attività antimicrobi-
ca di un estratto metanolico ottenuto da 
plantule di R. ulmifolius micropropagate 
in vitro, su diversi ceppi di batteri pato-
geni contaminanti gli alimenti. L’estratto 
riduceva efficacemente (dal 70 al 90%) la 
crescita di sette ceppi di Escherichia coli 
e cinque di Salmonella, mentre inibiva ri-
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10% growth inhibition on one strain of 
Pseudomonas spp. and Listeria monocy-
togenes, respectively. Tannin-rich frac-
tions, obtained by crude extract fraction-
ation, were active against E. coli (about 
65% inhibition), while fractions con-
taining chlorogenic acid or caftaric acid 
and caffeoyl derivatives were almost in-
effective (about 10% inhibition). The re-
sults suggest that in vitro cultures of R. 
ulmifolius could be a source of second-
ary metabolites to be used as preserva-
tives in food products and as antimicro-
bial agents.

spettivamente del 40 e del 10% la crescita 
di un ceppo di Pseudomonas spp. e Liste-
ria monocytogenes. Frazioni dell’estrat-
to ricche in tannini sono risultate attive 
contro E. coli (circa il 60% di inibizione), 
mentre quelle contenenti acido cloroge-
nico o acido caftarico e caffeoil-derivati, 
risultavano inefficaci (circa 10% di inibi-
zione). I risultati ottenuti suggeriscono un 
possibile impiego delle colture in vitro di 
R. ulmifolius per l’estrazione di composti 
dotati di attività conservante ed antimi-
crobica per uso alimentare.

INTRODUCTION

In recent years, particular attention 
has been given to antimicrobial com-
pounds of plant origin. Several of these 
molecules are synthesized by the plant 
in response to microbial attack (ZABEL 
and MORREL, 1992). Many studies have 
been conducted on plant extracts (HEISEY 
and GORMAN, 1992; HERALD and DAVID-
SON, 1983; MASOOD et al., 1994; SATO et 
al., 1994) to evaluate their antimicrobi-
al activity and their potential use in var-
ious applications, including food preser-
vation (HERRMANN, 1989; MASOOD et al., 
1994). In particular, it has been reported 
that extracts of Rubus (blackberry) exhib-
it antimicrobial activity on bacteria and 
fungi (McCUTCHEON et al., 1994; RAUHA 
et al., 2000). Rubus ulmifolius (Rosace-
ae) is a perennial shrub with deciduous 
leaves, common in shady and unculti-
vated areas in the northern hemisphere 
and present in Italy from 0 to 1,100 m 
a.s.l. (PIGNATTI, 1982). Antimicrobial ac-
tivity of extracts with increasing polarity 
of Rubus ulmifolius Schott was observed 
by PANIZZI et al. (2002); crude methanol-
ic extract showed a wide range of activity 
against Gram+ and Gram- bacteria, and 
yeasts, while n-hexane-, chloroform-, and 
chloroform/methanol 9:1- extracts were 
less active. The highest activity was ex-

hibited by the phenolic and tannin frac-
tions (McCUTCHEON et al., 1994; PANIZ-
ZI et al., 2002). The presence of differ-
ent flavonoids and flavonoid glycosides 
in leaves, branches and flowering tops of 
Rubus species, associated with a marked 
inhibitory activity against various Gram+ 
and Gram- bacteria has also been dem-
onstrated (PANIZZI et al., 2002).

Despite the widespread distribution of 
R. ulmifolius, the quantity of plant (such 
as leaves, young branches, and flower-
ing tops) material suitable for the extrac-
tion of secondary metabolites is strictly 
dependent on the season. Moreover, it is 
well-known that the secondary metabo-
lite contents of medicinal plants fluctu-
ates with changing environmental and 
geophysical conditions (FONSECA et al. 
2006). Therefore, the conditions required 
for a useful application are: the availa-
bility of large amounts of plant materi-
al, year-round, that is homogeneous in 
secondary metabolite content and free of 
phytopathogens and pesticides. For this 
reason, we have developed micropropa-
gation protocols for R. ulmifolius to ob-
tain uniform material, that is easy to 
handle and monitor, and has a polyphe-
nol content and an antioxidant activity 
similar to those in in vivo grown plants 
(FRATERNALE et al., 2006). The activity of 
the methanolic extract (crude and frac-



Ital. J. Food Sci. n. 4, vol. 19 - 2007  473

tionated) obtained from micropropagat-
ed R. ulmifolius plantlets against sever-
al human food-borne pathogenic bacte-
ria is reported. 

MATERIAL AND METHODS

In vitro plant culture

Plantlets were induced from nodal ex-
plants taken from young branches of Ru-
bus ulmifolius Schott according to FRATER-
NALE et al. (2006). Explants were cultured 
in MS medium (MURASHIGE and SKOOG, 
1962) supplemented with 3 mg L-1 N6-ben-
zyladenine (BA) and 0.2 mg L-1 naphtha-
leneacetic acid (NAA) and incubated in a 
growth chamber at 25°C ± 2 in the light 
(cool white fluorescent light at 50 µmol m-2 

s-1) under a 16-h photoperiod. The newly 
formed shoots were dissected and trans-
ferred to the same medium supplement-
ed with 0.1 mg L-1 BA to promote growth. 
Finally, elongated shoots were transferred 
to half-strength hormone-free MS medium 
for root initiation (rooting phase). Shoots 
and plantlets were maintained in a growth 
chamber under the same conditions re-
ported above.

Methanolic extract and fractions

Thirty-day-old R. ulmifolius plantlets 
in the rooting phase were collected, de-
prived of roots and dried at room temper-
ature. The dried pulverized material was 
successively subjected to extraction un-
der the same conditions reported by Mc-
CUTCHEON et al. (1994). Briefly, 40 g of 
powder were extracted in 100 mL of meth-
anol with 3 washes of 100 mL. The crude 
methanolic extract (300 mL) was first fil-
tered through a Buchner funnel using N. 
4 filter paper. The filtrate was evaporat-
ed to dryness on a rotary evaporator and 
then reconstituted with 10 mL of metha-
nol. Therefore, each millilitre of the con-
centrated methanolic extract correspond-
ed to 4 g of extracted dry material.

The crude methanolic extract was frac-
tionated by Sephadex LH-20 column chro-
matography with the resolution of 5 peaks 
(F1-F5) corresponding to phenolic frac-
tions differentiated on the basis of their hy-
drophobic characteristics. Total phenolics 
were determined with Folin-Ciocalteu re-
agent according to the method of SINGLE-
TON et al. (1999). Each chromatograph-
ic fraction was analyzed with an HPLC 
equipped with an UV/diode array detector 
as reported by SISTI et al. (2005); the main 
phenolic compounds were identified on the 
basis of the wavelength on which the maxi-
mum UV-Vis absorption was observed and 
by the use of commercial standard mole-
cules. Each fraction (F1-F5) was adjust-
ed to 35 mg mL-1 of phenolics which was 
the concentration of the working solution 
of the whole methanolic extract.

Microbial cultures

Fourteen bacterial strains were test-
ed: five clinical isolates of Salmonella ge-
nus (S. newport, S. meleagridis, S. derby, 
S. london, and S. bredeney); seven clinical 
isolates of Escherichia coli (three verocyto-
toxigenic, VTEC, strains: 1952, F146 and 
ATCC 35150; two heat labile toxin-pro-
ducing strains: 100B and 68B; two strains 
without associated virulence factors: EC1, 
EC2, used as control). One strain of Pseu-
domonas spp. and one strain of L. mono-
cytogenes (ATCC 9525).

The strains collected from clinical sam-
ples and food poisoning cases were sup-
plied by the Istituto Zooprofilattico Um-
bria e Marche (all the toxin-producing 
E. coli, L. monocytogenes and Salmonel-
la strains) and by the Urbino Hospital 
(EC1, EC2 and Pseudomonas spp.). All 
the microorganisms were routinely grown 
in our laboratory on Tryptone Soya Agar 
(TSA, Oxoid).

Evaluation of antimicrobial activity 
of methanolic extract and fractions

Bacterial cultures (5x105 CFU mL-1) 
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were grown in K medium [1% glucose, 1% 
casamino acids, 1 µg mL-1 thiamine hy-
drochloride, 25 µg mL-1 MgSO4·7H2O and 
2 µg mL-1 CaCl2 in M9 salts; M9 salts: 34 
mM Na2HPO4, 22 mM KH2PO4, 8.5 mM 
NaCl, 7.5 mM (NH4)2SO4] in the presence 
of different concentrations of the extract 
(0.25-8 µg µL-1) for 1-24 h at 37°C with ag-
itation. Growth control (GC) with a corre-
sponding volume of methanol was includ-
ed. After different contact times, cultures 
were serially diluted in M9 salts and plat-
ed in tri- and quadruplicate onto TSA. Af-
ter 24 h incubation at 37°C, colony-form-
ing units (CFU) were counted and the per-
centages of growth inhibition were calcu-
lated compared to the GC.

Antimicrobial activity of fractions F1-F5 
was evaluated on the EC1 strain of E. coli 
with the same procedure and at the same 
concentrations of phenolics used for the 
crude methanolic extract.

Statistical analysis

Analysis of variance was performed 
by 1-way ANOVA following the Bonferro-
ni post-hoc test. Differences in the data 
were considered statistically significant 
at P<0.05.

RESULTS

The antibacterial effect of different con-
centrations of the crude methanolic ex-
tract was initially tested on S. Newport, L. 
monocytogenes, Pseudomonas spp. and 
on the EC1 strain of E. coli.

Dose-response curves are reported in 
Fig. 1. A marked inhibitory effect of the ex-
tract was observed on S. Newport and E. 
coli (Fig. 1A and B), in particular, at con-
centrations higher than 1 mg mL-1 and 
within 5 h. This effect significantly di-
minished after long-term exposure (24 
h), after which bacterial cells started to 
grow again (data not shown). The growth 
of Pseudomonas spp. was moderately af-
fected by the extract (Fig. 1C), whereas 
L. monocytogenes was mildly susceptible 
(data not shown).

In subsequent experiments, the meth-
anolic extract was tested on a panel of dif-
ferent strains of the genus Salmonella and 
pathogenic E. coli. Fig. 2 shows that the 
growth of all strains tested was inhibited 
by the extract, with a reduction greater 
than 98% at the highest dose (8 mg mL-1) 
after 5 h.

The analysis of the phenolic fractions 
obtained by chromatographic separations 

Fig. 1 - Antimicrobial activity of different concentrations 
(0.25 - 8 µg µL-1) of crude methanolic extract against Sal-
monella Newport (A), E. coli EC1 (B) and Pseudomonas 
spp. (C). The results are the means of 3 separate ex-
periments that agree by 10%. *Different from the un-
treated cells, p<0.05.
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Fig. 2 - Antimicrobial activity of crude methanol-
ic extract (2-8 mg mL-1) on different strains of E. 
coli and Salmonella spp. Each point represents the 
mean of a triplicate determination.

from methanolic extract showed that the 
main components of F1-F2 were chloro-
genic and caftaric acid, respectively; caffe-
oyl derivatives were found in F3, while 
fractions F4-F5 were rich in tannins. F5 
was the most active against E. coli EC1, 
in partial accordance with PANIZZI et al. 
(2002), with a 65% inhibition after 3 h. Fi-
nally, fractions rich in caffeoyl derivatives 
and caftaric acid were ineffective, while F4 
slightly inhibited (about 10%) the growth 
of the EC1 E. coli strain.

DISCUSSION

R. ulmifolius Schott contains substanc-
es that have antimicrobial properties 
against bacteria and fungi (McCUTCHEON 
et al., 1994; RAUHA et al., 2000). Howev-
er, the concentrations of the active ingre-
dients can be markedly influenced by en-
vironmental and intrinsic factors, result-
ing in a pronounced variability in the an-
timicrobial activity.

In this study the antibacterial properties 
of a methanolic extract obtained from in 
vitro micropropagated R. ulmifolius plant-
lets was evaluated. This extract effective-
ly reduced the growth of all the E. coli and 
Salmonella strains tested with a maximum 
effect after 5 h of treatment when an in-
hibition of at least 2 log was observed. 
However, the antimicrobial effect seemed 
to be bacteriostatic; indeed the bacteri-
al growth resumed after long-term expo-
sure (24 h).

According to the results obtained by Mc-
CUTCHEON et al. (1994) and PANIZZI et al. 
(2002), tannin-rich fractions are the most 
active against E. coli. In the present study, 
fractions containing chlorogenic acid, 
caftaric acid and caffeoyl derivatives had 
only a slight activity or none at all.

Previous studies have shown that the 
activation of the phenolic pathway is crit-
ically involved in plant defense respons-
es against phytopathogenic microorgan-
isms (BROWN and MORRA, 1997; NITA-
LAZAR et al., 2004). The present work 

highlights the effect of phenolic agents of 
plant origin against microorganisms that 
are pathogenic for humans and animals. 
The mechanisms thought to be respon-
sible for phenolic toxicity to microorgan-
isms include enzyme inhibition by the ox-
idized compounds, possibly through reac-
tion with sulfhydryl groups, and the sub-
sequent impairment of processes of ener-
gy production and structural component 
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synthesis, by weakening or destroying the 
permeability barrier of the cell membrane 
or by altering the physiological status of 
the cells and affecting nucleic acid synthe-
sis (CUTTER, 2000).

The availability of a stable in vitro cul-
ture of R. ulmifolius plantlets, would there-
fore provide molecules, most probably in 
the form of phytocomplexes, that can in-
hibit the growth of some of the most com-
mon Gram-bacteria implicated in food-
borne diseases. Thus, the main object of 
future work will be to evaluate the antimi-
crobial activity of R. ulmifolius extract and 
its fractions in different food systems. The 
activity of the substances could be mod-
ified by an interaction with food compo-
nents, such as fats, carbohydrates, pro-
teins, and salts as well as by pH value, as 
already reported by some authors for other 
plant extracts (CUTTER, 2000; HOLLEY and 
PATEL, 2005; DUPONT et al., 2006). Fur-
thermore, the absence of negative effects 
on the organoleptic properties of R. ulmifo-
lius extracts should be investigated.
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Abstract

Fatty acid (FA) values, including 
C8:0, C10:0, C12:0, C13:0, C14:0, 
C16:0, C18:0, C18:1t, C18:1c, C18:2, 
C18:2 CLA, C20:0, C18:3 and C22:0, 
in sixteen infant formulas were deter-
mined through direct transesterifica-
tion of acyl lipids with sodium meth-
oxide by capillary gas chromatography. 
Total FA values ranged from 250.25-
256.06 mg/g sample and the conju-
gated linoleic acid (CLA) (cis-9, trans-

Riassunto

Sono stati determinati per transe-
sterificazione diretta dei lipidi acilici 
con metossido di sodio e gas croma-
tografia capillare, i valori degli acidi 
grassi, inclusi il C8:0, C10:0, C12:0, 
C13:0, C14:0, C16:0, C18:0, C18:1t, 
C18:1c, C18:2, C18:2 CLA, C20:0, 
C18:3 e C22:0, in sedici formulati per 
l’infanzia. Nei formulati per l’infanzia 
i valori degli acidi grassi totali varia-
vano da 250,25-256,06 mg/g e i valo-
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INTRODUCTION

Infant milk formulas are designed to 
provide infants with the required nu-
trients for optimal growth and develop-
ment. Follow-on infant milks are formu-
lated to be included as part of a mixed 
feeding diet for term infants from the 
age of 4 months upwards (EC COMMIS-
SION DIRECTIVE, 1996). These milks 
are usually marketed as spray-dried 
powders to be reconstituted with wa-
ter, or as ready-to-feed infant formu-
las. Many fatty acids are known to be 
very important in early childhood devel-
opment. Follow-on infant milks can be 
considered as one of the principal sourc-
es of essential fatty acids (FAs) dur-
ing this stage of life (AKALIN and TOKU-
SOGLU, 2004; TOKUSOGLU et al., 2002). 
Therefore, their identification and quan-
tification using a quick analytical meth-
od is crucial. Total nutritional fat anal-
ysis has generally included extraction 

of the crude fat and gravimetric analy-
sis, but this concept changed with the 
implementation of the Nutritional Labe-
ling and Education Act (NLEA) of 1990 
(CANTELLOPS et al., 1999).

Several methods have been estab-
lished to determine fatty acids in foods. 
According to these methods, fats are 
extracted from the matrix with organ-
ic solvents, and the extracted fats are 
saponified with acid or base hydroly-
sis to free FAs, that are then methyl-
ated to form fatty acid methyl esters 
(FAMEs) (FOLCH et al., 1957; LANZA et 
al., 1980; HOUSE et al., 1994). In the 
methods that use either acid hydrol-
ysis or base hydrolysis or a combina-
tion of both depending upon sample 
matrix, the lipid extract is hydrolyzed 
by refluxing for 30 min or longer. The 
sample obtained is extracted with ether 
and the free FAs are then methylated 
30 min or longer with boron trifluoride 
(BF3) or other sillilated reagents; the 

11 octadecadienoic acid) values were 
1.41-2.02 mg/g sample (p<0.01) in 
the infant formulas. The total saturat-
ed fatty acid, monounsaturated fat-
ty acid and polyunsaturated fatty acid 
values were also obtained. The C18:3 
(linolenic acid (n-3)) values were 0.63-
0.88 mg/g sample, whereas the C18:2 
(linoleic acid (n-6)) values ranged from 
35.64-35.82 mg/g sample. FA stand-
ard mix including CLA had linear cali-
bration curves through the origin (R2 = 
0.9999). The precision of the analytical 
method was (using C13:0, methyl tri-
decanoate, as internal standard) with-
in the 95% confidence limits and the 
mean recoveries determined for individ-
ual fatty acids in infant formulas var-
ied from 99.8 to 100%.

ri dell’acido linoleico coniugato (CLA) 
(acid cis-9, trans-11 octadecadienoico) 
erano 1,41-2,02 mg/g (p<0.01). Sono 
stati inoltre determinati i valori totali 
di acidi grassi saturi, monoinsaturi e 
poliinsaturi. I valori di C18:3 (acido li-
nolenico (n-3)) erano 0,63-0,88 mg/g, 
mentre i valori di C18:2 (acid linoleico 
(n-6)) erano 35,64-35,82 mg/g. La mi-
scela di acidi grassi standard, incluso 
il CLA, presentava una retta di cali-
brazione lineare passante per l’origine 
(R2 = 0,9999). La precisione del meto-
do analitico (utilizzando il C13:0, me-
tiltridecanoato, come standard inter-
no) era all’interno del limite di confi-
denza per il 95% e la media dei recu-
peri per ogni acido grasso nelle for-
mule per l’infanzia variava fra il 99,8 
e il 100%.
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FAMEs obtained are then analyzed by 
gas chromatography (GC). The various 
stages are time-consuming, labor inten-
sive and require laboratory resources. 
In addition, hazardous materials are 
used in these methods which are dan-
gerous for the environment. Therefore, 
it is necessary to develop new proce-
dures for effective analysis.

The objective of this study was to de-
termine the FAMEs and conjugated lino-
leic acids (CLA) of term follow-on infant 
formulas including spray-dried powders 
and ready-to-feed formulas consumed in 
Turkey. Direct transesterification of acyl 
lipids was used to optimize the extrac-
tion and capillary GC procedure.

MATERIALS AND METHODS

Material

Sixteen term follow-on infant formu-
las including different brands (Nestle, 
Milupa, Hero, Ülker) were obtained from 
Turkish, German and Swiss companies 
which manufacture infant foods. These 
samples included spray-dried powders 
to be used in feeding bottles and teats, 
ready-to-feed infant formulas such as 
spoon-fed baby foods and complemen-
tary formulas. Production and expira-
tion dates for all infant formulas were 
similar. FA analyses were performed in 
triplicate.

Standards and equipment

n-Hexane (analytical grade), methanol 
(99%) (CH3OH) (analytical grade), sodium 
hydrogen sulfate monohydrate (NaHSO4.
H2O) and sodium chloride (NaCl) were 
purchased from E. Merck Co. (Darm-
stadt, Germany), transesterification so-
lution (sodium methoxide) (NaOCH3) 
from Sigma Chemical Company (Poole, 
Dorset, UK), Supelcowax-10 capillary 
GC column (30 m x 0.25 mm ID x 0.25 
µm df) from Phenomenex, Zebron (Los 

Angeles CA, USA), FAMEs standard so-
lution and triglyceride internal stand-
ard solution C13:0, methyl tridecanoate 
(C42H80O6) from Sigma Chemical Compa-
ny (Poole, Dorset UK).

Direct extraction of lipids and 
methylation from a dry matrix 
of sample

The direct extraction methylation pro-
cedure was modified from previously 
published methods with infant formula 
powder (CANTELLOPS et al., 1999), dry 
grain products (LONG et al., 1988) and 
milk and milk product standard (ISO/
DIS 1987). According to our procedure, 
the internal std. C13:0 (methyl tride-
canoate) (300 µL) was transferred to a 
screw-capped reaction vial and evap-
orated to dryness with N2. The dry in-
fant food matrix (0.5 g) was put into this 
vial. Two mL of 0.05 N sodium methox-
ide (NaOCH3) in methanol+hexane (4/2 
v/v) mixture were prepared and 2 mL of 
this mixture were added to infant for-
mula+ internal std. matrix. The reac-
tion mixture in the test tube was heat-
ed at 80°C for 10 min with shaking. The 
mixture was then equilibrated to room 
temperature (25±1°C). The methyl ester 
phase was perfectly separated and the 
upper organic phase (including FAMEs 
in hexane) was transferred (1 mL) into 
a GC vial. Subsequently, FAMEs con-
taining CLA were analyzed (1 µL) by GC. 
With this procedure, the hexane is re-
sponsible for extracting the lipids from 
the dry matrix of the infant foods. Si-
multaneously, the NaOCH3 transester-
ified the extracted acyl lipids to form 
FAMEs. Care was taken to prevent the 
liquid from evaporating from the reac-
tion media.

 
Chromatographic GC conditions

The capillary GC procedure for subse-
quent FA profiles and CLA was described 
by TOKUSOGLU et al. (2003).
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Analytical quality control

The retention times (RT) of the peaks 
were compared to the retention times of 
pure standards. Peak identity was con-
firmed when peak retention times were 
identical to those of the pure standard 
FA mixture. Analytical precision (using 
C13:0, methyl tridecanoate, as internal 
standard) was within the 95% confidence 
limits. Linearities of FA standard solu-
tions were determined in triplicate (in 
the range 5, 10, 50, 100, 200, 400, 600 
µL) (p<0.01). Recovery studies of FAs in-
cluding CLA were performed in triplicate 
by spiking the extraction solution of the 
sample (two different samples of Ülker 
Hero Baby) with varying quantities of FA 
standard mixture ranging from 5 to 20 
µg/mL (50% of the measured content) 
prior to analysis.

Statistical analysis

Data were analyzed with Statistica for 
Windows using a one-way analysis of 
variance (ANOVA) (STATISTICA, 1998).

RESULTS AND DISCUSSION

The analytical parameters of the meth-
od are given in Table 1. The FA standard 

mixture including CLA had linear cali-
bration curves through the origin (R2 = 
0.9998-0.9999). Mean recoveries deter-
mined from the individual FAs in infant 
formulas varied from 99.8 to 100%. This 
is a rapid, interference-free, reproduc-
ible method for quantitatively identify-
ing FAMEs in infant food.

FAMEs of 16 infant formulas con-
sumed in Turkey were determined by 
using a simultaneous extraction-deriva-
tization procedure that included base-
media transesterification by capillary 
gas chromatographic separation. The 
GC chromatogram of FAMEs obtained 
from a follow-on infant milk (Milupa) is 
shown in Fig. 1. 

Table 2 shows the fatty acid compo-
sition of the sixteen infant formulas. In 
general, the infant formulas contained 
similar amounts of individual fatty ac-
ids. Total FA values ranged from 250.25 
to 256.06 mg/g sample. (All calculations 
were performed with an internal stan-
dard C13:0).

Total saturated fatty acid (SFA) con-
tent values ranged from 127.55 to 
131.31 mg/g sample and constituted 
50.76-51.42% of the total FAs in the 
infant formulas. These fatty acids are 
considered to be energy sources or sub-
strates for the synthesis of intermediate 
compounds (GIOVANNINI et al., 1991). 

Column	 :	S GE (BP70X fatty acid column), 60 m capillary; 0.25 µm; 0.25 
mm WCOT fused-silica

Model	 :	 Perkin Elmer (Auto System) model gas chromatograph
Column temp	 :

Initial temp.	:	 150°C (0 min isotherm)
Ramp 1	 :	 175°C (2 min isotherm) (15°C/min)
Ramp 2	 :	 220°C (15 min isotherm) (2.2°C/min)

Split rate	 :	 50:1 
Col.pressure	 :	 23 psi
Flow rate	 :	 1.5 mL/min
Carrier gas	 :	H elium (He) 
Inject.temp.	 :	 250°C
Detect. temp.	 :	 250°C (Flame Ionization Detector) (FID)
Inject.volume	 :	 1 µL
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KOLETZO and BREMER (1989) and HAYAT 
et al. (1999) reported similar values for 
the percent of SFA in the total FA content 
(51 and 51.35%, respectively) of infant 
formulas. In the present study, palmit-
ic acid (C16:0) did not constitute the high-
est proportion of SFA in infant formula 
samples (between 20.03 and 22.02%), in 
contrast to the findings of HAYAT et al. 
(1999) who found that half the source of 
the SFA (50.8%) was palmitic acid. Most 
of the SFA came from lauric acid (C12:0) 
in all samples. However the intermediate 

fatty acids, lauric acid (C12:0) and myris-
tic acid (C14:0), did not exceed the recom-
mended value (15% of FA) (EC COMMIS-
SION DIRECTIVE, 1991) in any of the in-
fant formulas.

Monosaturated fatty acids (MUFA) are 
known to supply energy and serve as 
structural membrane components; this 
explains the high proportion of these fat-
ty acids (> 30%) in both human and for-
mula milk fat. Elaidic C18:1t

 and oleic C18:1c
 

acids were determined as MUFA in infant 
milk formulas. Although oleic acid was 

the most abundant 
fatty acid in the sam-
ples, its proportion of 
the total FAs (ranging 
from 18.50 to 18.97%) 
were lower than those 
reported by other re-
searchers (HAYAT et al., 
1999; LOPEZ-LOPEZ et 
al., 2002). The same 
researchers reported 
similar values for the 
proportion of MUFA in 
the total FA content of 
infant formulas.

Polyunsaturated fat-
ty acids (PUFA) were 
determined as linoleic 
acid - C18:2 (n-6), lino-
lenic acid - C18:3 (n-3) 
and CLA. The content 
of the essential fat-

Table 1 - The analytical parameters of FAs and CLA in the infant formulas.

	 	 FAs	C LA

Linearity 	 R2	 0.9998-0.9999	 0.9999

Interday precision (n=9)	 µg/100 g infant formula	 1.33±0.00 -1.35±0.01	 1.35±0.01

Relative Std. Deviation	RS D (%)	 1.08-1.19	 1.18

Recovery (n=6)	 (%)	 99.8%-100.0%	 100.0%

Detection limit	 µg/100 g infant formula	 0.090-0.100	 0.100
	 µg 100 mL-1 assay	 0.050-0.055	 0.050

Fig. 1 - GC chromatogram of FAMEs from a follow-on infant milk (Mi-
lupa).
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ty acid, linoleic acid ranged from 
35.64 to 35.82 mg/g sample and 
made up 13.97-14.29% of the to-
tal FA content. The ratios meet the 
criteria recommended by the EC 
COMMISSION DIRECTIVE (1991) 
and LSRO (1998). In contrast, the 
proportion of linolenic acid in the 
total FA content was less than 1% 
which is less than the criteria de-
termined by FAO/WHO (1994), 
LSRO (1998) and the HEALTH 
COUNCIL of the NETHERLANDS 
(2001).

HAYAT et al. (1999) and LOPEZ-
LOPEZ et al. (2002) found similar 
linoleic acid levels in infant formu-
las, while the linolenic acid levels 
were higher.

The 18-carbon fatty acids, 
α-linolenic and linoleic acids, are 
converted into long-chain PUFAs 
by a series of elongation and de-
saturation steps. The dietary ra-
tio of linoleic acid to α-linolenic 
acid is more important than the 
absolute intake of either of these 
essential fatty acids because they 
compete for the same enzyme for 
further desaturation and chain-
elongation to form biologically ac-
tive LCPUFAs. The current study 
shows that the linoleic acid/α-
linolenic acid ratio (C18:2 (n-6)/
C18:3 (n-3)) ranged from 56.59 to 
40.68; the ratios were not with-
in the 1:5 and 1:15 range sug-
gested by the ESPGHAN COM-
MITTEE ON NUTRITION (1991). 
On the other hand, these linoleic 
acid to α-linolenic acid ratios are 
extremely high compared to oth-
er studies that reported a mean 
value of 13.49±5.50 and in the 
range of 4-13, resp. (HAYAT et al., 
1999; LOPEZ-LOPEZ et al., 2002). 
HAYAT et al. (1999) also reported 
high linoleic acid to α-linolenic 
acid ratios in three infant milk 
formulas.
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CLA is an important fatty acid for hu-
man health. This physiological fatty acid 
was detected in all samples and the lev-
els varied between 1.41 and 2.02 mg/g 
sample (Table 2). McGUIRE et al. (1997) 
found lower CLA values in infant formu-
la preparations. 

Long-chain derivatives of linoleic acid 
(n-6) LCP and α-linolenic acid (n-3)LCP 
were not detected in our follow-on in-
fant formulas. LCPUFAs (arachidonic 
acid and docosahexaenoic acid) make 
up a major proportion of the phospholip-
id content in the cell membranes of the 
retina and brain. Their supplementation 
in infant formula is under debate. Many 
committees of experts and professional 
organizations have recommended that 
arachidonic acid and docosahexaenoic 
acid should be added to infant formulas 
(ALLES et al., 2002), while WROBLE et al. 
(2002) concluded that LCPUFA supple-
ments should not be added to formulas 
for term, typically-developing infants. 
HAYAT et al. (1999) and LOPEZ-LOPEZ et 
al. (2002) detected arachidonic acid in 
only one out of fourteen infant formulas 
and docosahexaenoic acid in four out of 
eleven infant formulas.

Part of this study was presented at the 2002 
AOCS “World Conference and Exhibition on 
Oilseed and Edible, Industrial and Specialty 
Oils”, August 12-15, Military Museum, Istan-
bul, Turkey.
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AUTHOR INDEX...........................................................................................485
SUBJECT INDEX..........................................................................................487
CONTENTS OF VOLUME XIX........................................................................499
GUIDE FOR AUTHORS.................................................................................503


