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LINGUa FraNCa eNGLISH 
aND FOOD SCIeNCe eDUCaTION

e. CIaNFLONe1*, G. DI BeLLa2, and G.MO DUGO3
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AbstrAct

English is the most widely used medium of scientific communication. In contexts where it is a 
foreign language, this situation impacts university syllabi since language courses should aim at 
developing field-specific communicative skills in line with this Anglicised trend. this education-
al goal can be met by language and content-teacher collaboration, as is the case of a pilot project 
carried out within the undergraduate degree in Gastronomic Sciences at the University of Messina 
(Italy). the co-joined work has so far resulted in the implementation of a Food specification tem-
plate to serve English classes.
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today English is widely employed as the 
lingua franca of international communica-
tion among speakers of different nationalities 
(JENKINs, 2007; WIDDOWsON, 2003) and as the 
medium of election for research and scholar-
ship (FErGUsON, 2007; HYLAND, 2009). Avail-
able data show that 68% of the scholarly peri-
odicals use English as their official language of 
publication (HYLAND, 2009), a prevalent condi-
tion in Europe and Japan (sWALEs, 2004), as 
confirmed by the editorial policy of this same 
journal.

this almost English-driven situation is not an 
hindrance to research. the global use of English 
should be seen as a beneficial medium to un-
fold results within the international audience by 
means of a common idiom, or lingua franca, serv-
ing the communicative needs of speakers from 
different countries. this means that in Higher 
Education, and where this idiom is a foreign lan-
guage, the leadership of English asks language 
teachers to promote learning activities pivoted 
on the specific communicative practices required 
for study or workplace purposes.

to reach such specific learning outcomes, 
blending foreign language and contents by 
means of teacher collaboration is a solution 
highly recommended (Dudley-Evans and st. 
Johns 1998) since experts in the field can help 
language practitioners cope with an education-
al dilemma. this consists of language teach-
ers’ training, mainly based on foreign language 
teaching theory and praxis, and their engage-
ment with topics and the technical vocabulary 
of specific disciplines (ALMAGrO EstEbAN and 
VALLEJO MArtOs, 2002; DUDLEY-EVANs and st. 
JOHNs, 1998).

to bridge the gap, that is to solve the educa-
tional dilemma and to develop English classes 
cut on students’ needs, a pilot project of collab-
oration has been implemented for the under-
graduate degree in Gastronomic Sciences at the 
University of Messina (Italy) among the language 
teacher and the Dipartimento di scienze degli Al-
imenti e dell’Ambiente “G. stagno d’Alcontres”. 
the first result from the co-joined activity is a 
Food specification (Fs) template adapted for for-
eign language teaching purposes (cIANFLONE et 
al., 2010).

As an educational genre describing foodstuffs 
or agricultural products, Fss are an essential 
tool to future food-and-wine experts to acquire 
proficiency when labelling foodstuff. For this 
same reason, Fss are a suitable topic to exploit 
in English classes to facilitate the acquisition 
of written/oral skills to describe products in a 
foreign language and to assist language teach-
ers in developing the highly specialised English 
vocabulary practitioners will need.

In our pilot, students were offered a blank Fs 
template, developed to this aim with the con-
course of content experts, where the product’s 
main features, the geographical production area, 

the method to obtain or to grow it, together with 
relevant information on its use, its selling sea-
son and packaging details were described. In 
a second time, a model on sicilian red oranges 
was given and discussed to let learners have a 
specimen to be used in language classes. stu-
dents were, then, asked to surf the Internet to 
look for typical sicilian products, to describe 
and to examine them with the group in a work-
shop session. 

the trial workshop gave positive results, Fss 
were seen by the students as a motivating means 
to learn English. the model, in fact, offered ac-
tive involvement in the discovery and the pro-
duction of texts pertaining to their field of in-
terest. It also helped the language practition-
er with written and presentation skills, by ex-
ploiting discourse conventions to be used once 
in the profession. Additionally, Fs assisted the 
acquisition and correct use of technical vocabu-
lary (e.g. vitamin, anthocyanins), specific terms 
of general use (e.g. peel, skin, rind) and their 
correct collocation (orange peel, banana skin or 
lemon rind) while revising grammar (e.g. count-
able and uncountable nouns, the passive voice 
or the past tenses).

Although the project is at present in its pilot 
stage, this co-joined work was a benefit to the 
English syllabus because of the specific know-
how, in the form of the Fs, brought by content 
specialists and rarely addressed in the teach-
ing materials commercially available. Further-
more, language drills taken from university 
contents enhanced learning since students 
were motivated by the direct involvement in 
producing, in the target language, exemplars 
pertaining to their academic studies and to re-
vise grammar in a different way. these issues 
are in line with lingua franca use of English 
since at university this idiom should be read 
with the practical aim of allowing future prac-
titioners to enter their communities of practice 
as proficient speakers/users of English (cIAN-
FLONE et al., 2010).

NOtEs

the degree in Gastronomic sciences, formerly Mediterrane-
an food-and-Wine sciences and Health, is a course estab-
lished under the reform promoted by the Italian Ministry of 
Education University and research to align Italian Higher 
Education to European standards. the course, pivoted on 
Food science and food-related majors, wants to train ex-
perts interested in starting a career in food production and 
distribution, food inspection and evaluation, in catering or 
working as niche-products dealers.
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AbstrAct

Industrial bread (“fresh line” with a shelf life of five days and “long life” with a shelf life of for-
ty days) was evaluated through instrumental and sensory analyses. Assays were made consider-
ing moisture %, degree of acidity, digital image analysis, resistance to cutting and sensory pro-
file. Data were statistically analysed by Analysis of Variance and correlated by Principal compo-
nent Analysis. It is possible to conclude that the correlation between sensory and instrumental 
parameters constitutes a useful tool to determine the qualitative deterioration of this bread and 
the potential for its introduction into markets.
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INtrODUctION

Industrial bread constitutes a valid alterna-
tive to fresh bread. While still having great ap-
peal in Italy, fresh bread has a continuously de-
creasing market share owing to the inconven-
ience of having to purchase it on a daily basis. 
In Italy, the fresh bread sector consists of hand-
crafted bakeries (63%), industrial bread mak-
ing (25%) and “in-store” bakeries (12%), with a 
production of over 250 types of bread. In 2007, 
the market amounted to 3.5 million tons in vol-
ume and 6 million euros in value, with a per-
capita consumption of 55 kilograms per annum. 
thus bread is increasingly produced in indus-
trial bakeries in order to diversify the offer, fa-
vour the concentration of purchases and to serve 
vast numbers of consumers.

bread staleness, a complex phenomenon de-
scribing the time-dependent loss in its senso-
ry quality, is decisive for consumer acceptance. 
the problem of defining the shelf life of bakery 
products remains unsolved, despite extensive 
study. the present study was prompted by the 
consideration that along with physicochemical 
and digital image analyses (rIVA, 2003), sensory 
evaluation may be the key to determining bread 
quality (GÁMbArO et al. 2002; 2004; GIMENEZ et 
al., 2007). since 1976, a cooperative of durum 
wheat producers in the Province of Enna has 
employed strategies for the development of new 
product typologies (fresh and long-life bread) us-
ing suitable packaging to increase the shelf life 
and to increase its market (3,700 tons in 2000 
to over 6,000 tons in 2007). this success is due 
to the raw material (sicilian durum wheat), tra-
ditional methods (use of sourdough) (LOtONG et 
al., 2000) and an innovative continuous produc-
tion process. the product leader is fresh bread 
(sliced and uncut loaves), although the market-
ing of long-life bread has increased to approxi-
mately 10% of the total.

In order to improve the marketability of indus-
trial sicilian bread, the aging process responsi-
ble for important economic losses for both the 
industry and consumers was studied through 
sensory and instrumental parameters.

MAtErIALs AND MEtHODs

Fresh loaf (FL) and sliced fresh bread (Fs), 
produced daily with a shelf life of five days, was 
packaged (cryovac sealed Air corporation) in 
polyolefin micro-perforated film (OPt1330). For 
long shelf life bread (LsL), with a shelf life of 40 
days, different packaging (cryovac sealed Air 
corporation) was used: a multi-layer co-extrud-
ed film for the top (tM PLY t9250 permeability 
O2 45 bar cm3/m2/24 h, moisture vapour trans-
mission rate (MVtr) ≤10) and a multi-layer co-
extruded film (tM PLY t6010 b permeability 
O2 1 bar cm3/m2/24 h MVtr ≤10) for the base.

the fresh bread was checked daily for five days 
(t1, t2, t3, t4, t5) and repeated for three succes-
sive weeks, while samples of different “long life” 
breads were analysed over six weeks (wk1, wk2, 
wk3, wk4, wk5, wk6).

the samples were assessed, in triplicate, in 
terms of moisture percentage, degree of acidi-
ty, digital image analysis, resistance to cutting 
and sensory profile. Determination of moisture 
% and degree of acidity were performed accord-
ing to AOAc methods (1990). Digital image anal-
ysis (expressed as percentage pore area) was 
performed using a scanner (cannon), Pc Pen-
tium running Windows XP Professional and Im-
ageJ software. resistance to cutting was deter-
mined on cubes of bread using a Warner brat-
zler (Instron 4411) and results are expressed 
as kg/cm2. cubes, 1 cm x 1 cm x 1 cm, were 
obtained by slicing the bread using a knife; the 
loaf of bread, preliminarily cut into slices, was 
then cut into cubes. In order to define the at-
tributes characterizing the product, a sensory 
profile (UNI 10957, 2003) was constructed by 
a trained panel of 10 judges submitted to fur-
ther training over 4 weeks to develop a com-
mon vocabulary and to generate attributes us-
ing handmade and industrial breads, following 
the definitions given by rAFFO et al. (2003). As-
sessors were requested to evaluate, by assign-
ing a score between 1 (absence of the sensa-
tion) and 9 (extremely intense), the intensity of 
the twenty sensory descriptors selected on the 
basis of frequency (%): colour, alveolar struc-
ture, elasticity and moisture of crumb, aroma 
and flavour of bread, aroma and flavour toast-
ed, aroma and flavour wheat, aroma and fla-
vour yeast, sweet, salt, acid, bitter, soft, cohe-
sive, off-odour and off-flavour. the evaluations 
were conducted in the sensory laboratory (UNI 
IsO 8589, 1990) of the DOFAtA Department 
equipped with specific software (FIZZ biosys-
tèmes), randomizing the order of presentation 
among judges and sessions.

rEsULts AND cONcLUsIONs

the results of the instrumental analyses (ta-
ble 1) show that the moisture content of long-life 
samples did not change over the 6 weeks of pro-
duction, while in the FL and Fs samples, mois-
ture % increased from t2 due to the micro-per-
forated film used as packaging. On the contrary, 
the degree of acidity for all the samples remained 
constant. the resistance to cutting of LsL sam-
ples increased up to wk2 of shelf-life, maintain-
ing high values thereafter. In Fs and FL sam-
ples, resistance to cutting increased at t3 and 
t4, respectively. Digital image analysis did not 
provide any data correlated to the aging process.

statistical analysis of the sensory data (for 
samples FL and Fs at t1, t3, t5; for fresh bread 
and LsL at wk1, wk4, wk6) for each attribute 
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was performed using Analysis of Variance (ANO-
VA) on samples, judges and replicates, and their 
respective interactions Jxs, sxr, and Jxr. the 
significance of these effects was tested with the 
F test. Data analysis was carried out using stat-
graphics plus statistics software.

the results of ANOVA for fresh FL and Fs 
(table 2) show significant differences among 
samples for many of the attributes evaluat-
ed, except for colour, alveolar structure and 
wheat flavour for FL samples, aroma/flavour 
yeast and wheat aroma for Fs samples and at-
tributes salt, acid, bitter and aroma toasted in 
both types of bread. the judges found signif-
icant differences for all attributes considered, 
while the replicates showed good reliability for 
all attributes. the sxJ interaction revealed sig-
nificant differences for all attributes except for 
crumb moisture and bitterness in Fs samples 
and for the attributes of alveolar structure, acid 
and bitterness for FL samples. the sxr inter-
action showed a good homogeneity of the sam-
ples throughout the replicates except for yeast 
flavour for FL samples. Finally, the Jxr interac-
tion showed the good reliability of the responses 
given by the judges except for sweet and wheat 
flavour for Fs samples.

the results of ANOVA for LsL bread (table 3) 
showed significant differences among samples 
evaluated at wk1, wk4 and wk6 for all attributes, 
except colour, yeast aroma, off-odour, salt and 
bitter. the judges found significant differences 
for all attributes considered, while the replicates 
showed good reliability for all attributes except 
alveolar structure, soft, cohesive and bread fla-
vour. the sxJ interaction revealed significant dif-
ferences for all attributes. the sxr interaction 
showed good homogeneity of the samples except 
alveolar structure, wheat aroma and acid. the 
Jxr interaction indicated good reliability of the 

responses given by the judges except for salt, 
bread flavour and off-flavour.

the mean values were analysed using the mul-
tiple comparison test applying the LsD (Least 
significant Difference) procedure to determine 
which attributes differentiate the samples (ta-
ble 4). Many sensory attributes of fresh bread 
samples showed significant deterioration after 
three days. Only elasticity and crumb moisture 
behaved differently in FL samples where they de-
creased at t5. Instead, the results for LsL bread 
showed deterioration after four weeks of storage 
only for alveolar structure, elasticity and acid.

Principal component Analysis (PcA) was also 
applied to the sensory and instrumental mean 
values (except for digital image analysis results) 
in order to interpret the differences among sam-
ples.

Fig. 1 shows the bi-plot of fresh bread, over-
lapping the score plot (six samples for 3 replica-
tions) and Loading plot, representing the posi-
tion of the more significant variables considered. 
the variables chosen were three physicochemi-
cal and sixteen sensory ones; salt, acid, bitter-
ness and toasted aroma were excluded because 
they were not significant in either Fs or FL sam-
ples, with an explained variance of 69.47% by the 
first two principal components (Pc). the bi-plot 
shows the good reliability of replications and a 
clear distinction between samples at the differ-
ent time points. Along with the first component 
(Pc1) which explains 57.77% of variance, sam-
ples FL and Fs at t1 on the right correlate pos-
itively to elasticity, crumb moisture, soft, cohe-
sive, aroma/flavour bread and negatively to re-
sistance to cutting, moisture %, off-odour and 
off-flavour. samples Fs and FL at t5 are differ-
ently placed; the first (lower left) is character-
ised by off-odour, off-flavour, degree of acidity 
and resistance to cutting, while FL samples (up-

table 1 - Mean values and standard deviation of the physicochemical parameters of the breads studied.

Samples	 Humidity	%	 Degree	acidity	 Resistance	to	cut	kg/cm2	 	Pore	area	%

LSL	wk1	 35.0±0.3	 4.5±0.4	 0.75±0.1	 31.90±2.7
LSL	wk2	 32.2±0.4	 4.6±0.2	 1119±39	 23.55±0.5
LSL	wk3	 34.2±0.4	 4.3±0.2	 1110±56	 18.95±2.3
LSL	wk4	 34.2±0.4	 4.2±0.5	 1115±2	 19.60±1.3
LSL	wk5	 34.0±0.5	 4.7±0.4	 1117±12	 26.10±1.1
LSL	wk6	 33.4±0.2	 4.5±0.2	 1012±0.7	 25.63±5.9

FS	t1	 22.5±0.1	 4.1±0.3	 0.63±0.1	 28.75±0.6
FS	t2	 32.2±0.2	 4.0±0.4	 0.67±0.03	 18.60±1.3
FS	t3	 29.7±0.2	 4.3±0.5	 1099±0.7	 23.40±0.8
FS	t4	 32.2±0.2	 4.3±0.4	 1074±44	 21.60±3.4
FS	t5	 30.7±0.1	 4.6±0.4	 1053±19	 26.0±3.8

FL	t1	 20.8±0.1	 4.1±0.5	 0.76±0.01	 28.75±0.3
FL	t2	 34.4±0.2	 4.4±0.5	 0.65±0.02	 26.55±0.2
FL	t3	 33.2±0.2	 4.1±0.4	 0.77±0.06	 25.65±0.8
FL	t4	 33.0±0.3	 4.2±0.5	 1133±72	 28.67±0.2
FL	t5	 30.6±0.1	 4.4±0.5	 1082±24	 22.40±0.6
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per left) show high moisture %. Along with Pc2 
(explaining 11.70% of variance), at a higher po-
sition, the samples at t3 correlate positively to 
alveolar structure and colour and negatively to 
sweet, toasted flavour, off-odour and off- flavour.

the bi-plot of LsL samples at wk1, wk4, wk6 
(Fig. 2) shows a variance of 79.48%, explained 
by the first two Pcs. Along with the first Pc 
(45.89%), the samples at wk1, lower right, pos-

Fig. 1 - bi-plot: overlapping score (six samples for 3 replications) and loading plot (3 instrumental and 16 sensory variables).

itively correlate to elasticity, crumb moisture, 
sweet, soft and % moisture. the samples at wk6, 
lower left, show high values of resistance to cut, 
flavour toasted and off-flavour. Along with sec-
ond component, the samples at wk4, placed 
higher, positively correlate to aroma and bread 
flavour, aroma and wheat flavour, and yeast fla-
vour, negatively to alveolar structure, and de-
gree of acidity.

Fig. 2 - bi-plot: overlapping score (three samples for 3 replications) and loading plot (3 instrumental and 15 sensory variables).
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table 3 - Influence of samples (LsL), judges (10), replications (3) and their interactions on the twenty attributes.

	 F	values

Attributes	 Samples	 Judges	 Replications	 S	x	J	 S	x	R	 J	x	R

Colour	 1.64	n.s.	 22.76***	 0.58	n.s.	 2.01*	 0.45	n.s.	 0.72			n.s.
Alveolar	structure		 15.14***	 8.04***	 10.21***	 5.03***	 3.06*	 1.32		n.s.
Elasticity		 25.82***	 6.83***	 0.17	n.s.	 3.22***	 1.13	n.s.	 0.57		n.s.
Humidity		 51.79***	 7.41***	 1.29	n.s.	 5.71***	 0.57	n.s.	 0.95		n.s.
Bread	aroma	 3.92*	 10.88***	 1.83	n.s.	 3.22***	 1.05	n.s.	 0.58		n.s.
Yeast	aroma	 0.60	n.s.	 8.25***	 0.30	n.s.	 2.97**	 1.08	n.s.	 0.84		n.s.
Toasted	aroma	 17.31***	 16.99***	 2.60	n.s.	 5.17***	 2.28	n.s.	 0.99		n.s.
Wheat	aroma	 9.17***	 21.94***	 0.32	n.s.	 4.40***	 2.59*	 0.96		n.s.
Off-odour	 2.77	n.s.	 18.77***	 1.16	n.s.	 6.53***	 2.57	n.s.	 1.13		n.s.
Sweet	 12.47***	 29.41***	 1.31	n.s.	 	5.0***	 0.64	n.s.	 1.38		n.s.
Salt	 1.03	n.s.	 13.56***	 0.44	n.s.	 4.30***	 0.20	n.s.	 2.10*
Acid	 12.71***	 15.63***	 0.17	n.s.	 4.66***	 2.83*	 0.61		n.s.
Bitter	 1.85	n.s.	 11.49***	 0.41	n.s.	 4.69***	 0.57	n.s.	 0.64		n.s.
Softness	 20.60***	 3.65***	 4.58*	 7.70***	 1.59	n.s.	 0.57		n.s.
Cohesiveness	 15.32***	 15.20***	 3.27*	 3.02***	 1.77	n.s.	 0.95		n.s.
Bread	flavour		 8.91***	 20.48***	 3.49*	 9.19***	 1.20	n.s.	 2.0*
Yeast	flavour		 7.63**	 10.65***	 0.22	n.s.	 4.85***	 0.43	n.s.	 1.34		n.s.
Toasted	flavour	 5.08*	 11.34***	 1.10	n.s.	 2.58**	 0.96	n.s.	 0.66		n.s.
Wheat	flavour	 13.41***	 10.63***	 0.11	n.s.	 3.04***	 1.53	n.s.	 1.01		n.s.
Off-flavour	 31.66***	 31.28***	 2.44	n.s.	 13.75***	 2.20	n.s.	 2.26*

***	significant	difference	for	p≤0.001;	**	significant	difference	for	p≤0.01;	*	significant	difference	for	p≤0.05;	n.s.	no	significant	difference.

table 4 - Mean score of the 20 sensory attributes for Fresh loaf (FL), Fresh sliced (Fs) and Long shelf Life bread (LsL) at the 
different time points.

	 Mean	values

	 FS	 FL	 LSL

Attributes	 t1	 t3	 t5	 t1	 t3	 t5	 wk1	 wk4	 wk6

Colour	 5.02b1	 5.08b	 4.22a	 4.72	 4.75	 4.52	 4.86	 4.77	 5.13
Alveolar	structure	 4.91b	 4.44ab	 4.27a	 6.94	 6.33	 6.16	 5.25b	 4.22a	 4.27a

Elasticity	 6.22b	 4.50a	 4.44a	 5.66b	 5.52b	 4.00a	 6.72c	 6.00b	 4.75a

Humidity	 5.47b	 3.83a	 3.86a	 5.94c	 4.22b	 3.16a	 5.55b	 5.55b	 3.55a

Bread	aroma	 6.22c	 5.58b	 4.80a	 6.86c	 5.88b	 5.38a	 5.97ab	 6.33b	 5.61a

Yeast	aroma	 4.97	 4.88	 4.91	 5.33c	 4.75b	 4.08a	 4.91	 5.13	 4.83
Toasted	aroma	 5.50	 5.16	 5.00	 4.88	 4.61	 4.58	 4.44a	 5.63b	 5.61b

Wheat	aroma	 4.94	 4.66	 4.52	 5.05b	 4.50a	 4.33a	 4.61a	 5.47c	 5.05b

Off-odour	 1.72a	 1.97a	 2.58b	 1.75a	 1.88a	 2.30b	 1.77	 1.72	 2.02
Sweet	 4.19b	 3.52a	 3.86ab	 4.13b	 3.94b	 3.30a	 4.72b	 4.91b	 3.94a

Salt	 3.77	 3.97	 4.11	 3.47	 3.27	 3.47	 4.33	 4.27	 4.05
Acid	 2.16	 1.94	 1.75	 2.19	 1.86	 1.91	 2.61b	 1.97a	 1.97a

Bitter	 2.08	 1.69	 1.69	 2.02	 1.52	 1.69	 2.30	 1.94	 2.02
Soft	 5.58c	 4.47b	 3.58a	 6.13c	 4.94b	 3.61a	 4.94b	 4.83b	 3.50a

Cohesive	 5.88b	 4.75a	 4.27a	 5.94b	 4.83a	 4.63a	 5.69b	 5.58b	 4.55a

Bread	flavour	 5.72b	 5.11a	 4.77a	 6.55b	 5.44a	 4.97a	 5.91b	 6.25b	 5.52a

Yeast	flavour	 4.13	 3.77	 3.83	 4.55b	 4.02ab	 3.63a	 3.63a	 4.50b	 3.94a

Toasted	flavour	 5.16b	 4.41a	 4.61a	 4.94b	 4.05a	 3.75a	 4.27a	 5.11b	 5.16b

Wheat	flavour	 4.80b	 3.75a	 3.69a	 4.47	 4.02	 4.13	 3.91a	 5.19b	 4.41a

Off-flavour	 1.69a	 2.05a	 2.47b	 1.47a	 1.80b	 2.05b	 1.44a	 1.50a	 2.02b

1The	values	marked	with	different	letters	in	the	same	row	are	significantly	different	(p≤0.05)	according	to	LSD	Multiple	Comparison	Test.
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A large vocabulary of twenty sensory at-
tributes was developed for these industrial 
breads, showing a good prediction capacity 
for their sensory quality. The results obtained 
for the sensory attributes fixed the qualitative 
decay of sliced and loaf fresh bread at t3. The 
fresh loaf, however, differentiated to t5 for at-
tributes off-odour, off-flavour, degree of acidi-
ty and resistance to cut, confirming its great-
er stability. For the long life bread, significant 
changes were evident over 4 weeks. The lim-
its determined in the present study are, there-
fore, lower than those indicated on the pack-
aging. The shelf lives indicated on the label co-
incide with those determined by consumers, 
whose choice depends on the acceptability of 
the food. It would be interesting therefore to 
define these parameters by a specific method-
ology such as Survival Analysis to establish 
when deterioration of the products renders 
the bread unacceptable, and then use these 
results in bread making and packaging proc-
esses to improve quality. The sensory profile 
of the fresh bread loaf, which has recently ob-
tained the DOP as “Pagnotta del Dittaino”, is 
an important instrument able to distinguish 
this product from the others.
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AbstrAct

the effects of a n-3 fatty acid (FA) enriched yoghurt on blood FA were investigated in 23 fe-
males and 23 males, who consumed 2 yoghurts/day for 6 weeks, providing 64 mg EPA and 74 mg 
DHA. blood samples were collected before treatment, at the beginning, end, and after wash out. 
Yoghurt intakes increased blood EPA (35%) and DHA (11%) with different trends of changes in 
women versus men. In conclusion, the daily consumption of a yoghurt containing small amounts 
of n-3 FA significantly increases blood n-3 FA, providing a useful approach to reach the recom-
mended intakes in populations.
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INtrODUctION

there is a vast amount of literature support-
ing the favourable impact of n-3 long chain pol-
yunsaturated fatty acids (Lc PUFA) in the pre-
vention and treatment of chronic diseases, espe-
cially of the cardiovascular (cV) system (YAsHOD-
HArA et al., 2009; GALLI and rIsE’, 2009). stud-
ies on the effects of the administration of n-3 fat-
ty acid (FA) preparations, mainly in the form of 
capsules, are generally based on doses in the or-
der of at least 1 g/day, and the low doses men-
tioned in some investigations refer to at least 
600 mg/day (bAYs, 2007). the nutritional fea-
tures of these compounds, in relation to human 
physiology at different ages, the patho-physio-
logical processes at the basis of chronic diseas-
es, and the changes in dietary habits (individu-
al and age-related), clearly indicate that the in-
take of essential and bioactive nutrients, such as 
n-3 Lc PUFA, should be maintained throughout 
one’s entire life (FLEItH and cLANDININ, 2005; 
cALDEr, 2007). since these FA are rather pre-
cious and are present in very small amounts in 
most diets (HIbbELN et al., 2006), formulations 
that optimize their bioavailability and facilitate 
strategies aimed at maintaining optimal intakes 
should be developed. the ingestion of n-3 FA 
as components of foods rather than formulated 
preparations allows greater bioavailability (VI-
sIOLI et al., 2003; ELVEVOLL et al., 2006; GALLI 
and MArANGONI, 2006). this type of approach 
has been used, e.g. through the intake of milk 
enriched with n-3 FA (VIsIOLI et al., 2000), giv-
ing significant increments of the circulating lev-
els of these FA, even with relatively low intake. 
Milk-derived products such as yoghurt, a rath-
er popular food item in most countries, can also 
represent a potential form of administration of 
n-3 Lc PUFA, contributing to optimizing the in-
take of these compounds, especially in the case 
of subjects who do not generally consume fish 
or may not appreciate this type of food.

HLAVAtY et al. (2008) reported increments of 
circulating n-3 FA after 3 weeks of consumption 
of a yoghurt providing about 600 mg/day of n-3 
Lc PUFA; these amounts were lower than those 
used by DAWcZYNsKI et al. (2009), i.e. 1.2 g/day 
of n-3 Lc PUFA, a dose with favourable effects 
on the cardiovascular system and on rheuma-
toid arthritis. However, the consumption of the 
yoghurt containing 600 mg/day of n-3 Lc PUFA 
(HLAVAtY et al., 2008), in addition to increasing 
the proportion of n-3 FA in serum lipids, pre-
vented unfavourable changes in FA composition 
of serum lipid classes in obese females under a 
low caloric diet. 

On the basis of the above considerations we 
planned to specifically investigate the effects of 
a newly designed yoghurt preparation with low 
amounts of n-3 FA, i.e. 184 mg/day, lower than 
those used by HLAVAtY et al. (2008), on the FA 
profile in whole blood of volunteers. this study 

was conducted for six weeks, a time period that 
is followed in most nutritional interventions.

MAtErIALs AND MEtHODs

subjects and study design

subjects (46) were recruited by the Depart-
ment of Experimental Medicine, University of 
Parma, from people living in the Province of Par-
ma. the informed consent was obtained from all 
volunteers participating in the study.

At the beginning of the study, serum total 
cholesterol and triglycerides were assessed by 
enzymatic methods using commercially availa-
ble kits.

At t0 the subjects began to consume 2 yo-
ghurts/day, providing 184 mg/day of total n-3 
FA, of which 64 mg were eicosapentaenoic acid 
(20:5 n-3, EPA) and 74 mg were docosahexae-
noic acid (22:6 n-3, DHA). this regimen was 
maintained for 6 weeks (t6) and then followed 
by 4 weeks of washout, for a total duration of 10 
weeks. since the study was aimed exclusively at 
assessing the changes in blood FA profiles dur-
ing the consumption of a Lc n-3 FA-enriched yo-
ghurt, a control group consuming a preparation 
without these FA was not included.

blood samples for FA analysis were collected 
at the following times: 2 weeks before initiation 
of treatment (run-in period, i.e. t -2), at the be-
ginning of treatment (t0), at the end of 6 weeks 
of treatment (t6) and after 4 weeks of wash-out 
(t10). During the run-in period, recommenda-
tions were given to the subjects to avoid foods 
rich in linoleic acid (LA, 18:2 n-6), namely seed 
oils with high LA levels, e.g. corn, soy bean, sun-
flower, and especially foods rich in n-3 FA, such 
as walnuts and spinach containing ALA (alpha 
linolenic acid, 18:3 n-3), and fish providing EPA 
and DHA.

the yoghurt used in the study (yoghurt Ome-
ga 3 Plus® produced by Parmalat, Parma, Ita-
ly) consisted of a 115 g preparation/dose, con-
taining (g/100 g) 1.6 g fat, 60 mg EPA + DHA, 
0.1 g dietary fiber, 4 mg Vitamin E, 0.4 µg Vita-
min b12 and 80 µg folate. the detailed FA com-
position of the yoghurt is presented in table 1. 
the enriched yoghurt was obtained by adding 
0.25% of fish oil (rOPUFA ® ‘30’) that contained 
n-3 FA as triglycerides. 

Whole blood FA analysis

Whole blood drops, obtained from a finger-
tip, were collected on a special adsorbent paper 
embedded with the antioxidant butyl hydroxyl 
toluene both contained in a specific kit (sig-
ma-Aldrich, st. Louis, MO). the FA analysis of 
whole blood was then carried out as previously 
described (MArANGONI et al., 2004). FA methyl 
esters (FAME) were directly prepared by transes-
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terification with 600 µL of 3N Hcl/methanol and 
maintained in a dry bath at 90°c for 1 h. then, 
after extraction with a Kcl solution (2 mL) and 
hexane (400 µL), FAME were analysed by gas liq-
uid chromatography (shimadzu FAst Gc 2010), 
equipped with a PtV injector (220°c) and a FID 
detector (270°c). An Agilent Db-FFAb capillary 
column (15 m length, 0.10 mm I.D., 0.10 mm 
film thickness) was used with helium as carrier 
gas. Oven temperature was programmed from 
150° to 248°c. FA from 16 to 24 carbon atoms 
were identified by the use of pure reference com-
pounds, and were quantified as relative percent-
ages of total FA.

statistical analysis

It was calculated that the sample size, estab-
lished also on the basis of previous data (VIsI-
OLI et al., 2003), and allowing a type I error (α) 
level of 0.05 and a power of the test of 90% with 
the expected sD for EPA and DHA (30% of mean 
levels), would allow a change of 10% in varia-
tion with the same power to be detected. Data 
analysis was performed with the statistical soft-
ware sPss 16.0 for Windows (sPss Inc., chica-
go, IL, UsA). results are expressed as mean±sD; 
one-way ANOVA univariate between groups and 

table 1 - Percentage levels of major fatty acids in the yo-
ghurt enriched with omega 3.

FA	 %
	 (w/w)

C4:0	 3.38
C6:0	 2.25
C8:0	 1.20
C10:0	 2.75
C12:0	 3.23
C14:0	 11.35
C14:1	 0.94
C15:0	 1.08
C16:0	 32.20
C16:1	 2.29
C17:1	 0.19
C18:0	 8.70
C18:1	n-9	 16.48
C18:1	n-7	 0.96
C18:1	n-5	 0.26
C18:2	n-6	 1.21
C18:2 trans	 0.20
CLA	 0.29
C18:3	n-3	 0.59
C18:4	n-3	 0.32
C20:0	 0.15
C20:1	n-9	 0.50
C20:4	n-6	 0.14
C20:4	n-3	 0.26
C20:5	n-3	 1.91
C22:5	n-3	 0.32
C22:6	n-3	 2.22

Values	are	the	average	of	data	obtained	on	several	samples.	FA,	fatty	ac-
ids;	CLA,	conjugated	linoleic	acid.

tukey post-hoc for multiple comparisons were 
applied and a value of p<0.05 was considered 
significant. the significance of differences for 
FA analyses between males and females, at dif-
ferent times, was assessed using the unpaired 
student t-test.

rEsULts

the characteristics of the subjects are shown 
in table 2. the average ages of men and wom-
en were rather similar and ranged from 40 to 
50 years. Anthropometric data reflected aver-
age values of the population in the area, also 
including a certain percentage of smokers (> 5 
cigarettes/day). A rather small percentage of 
subjects were moderately hypercholesterolem-
ics (average value of total cholesterol 250±22 
mg/dL) and the proportion of hypertriglyceri-
demics (average value of triglycerides 360±170 
mg/dL) was even lower. A certain percentage 
of subjects occasionally took some drugs (an-
tibiotics, anti-inflammatory), which however do 
not affect lipid metabolism. 

the FA profiles of whole blood lipids, ex-
pressed as percentage values of total FA, at the 
different time periods are reported in table 3. 
At the various time points, there was a signifi-
cant difference in the trend of changes, especially 
for EPA, docosapentaenoic acid (DPA) and DHA. 
this is reflected in changes of sFA, PUFA and of 
the unsaturation index (U.I., it is the sum of the 
percentage of each FA x its number of double 
bonds) over time. Also total n-6 and n-3 PUFA, 
n-6 and n-3 HUFA were significantly different 
at the different time points.

In particular, there were significant incre-
ments in the n-3 Lc PUFA, while the precursor 
ALA, present in very small amounts in the yo-
ghurt, decreased at t6 versus t0. In fact, there 
was an increase of EPA from 0.40 to 0.54% 
(35%) between t0 and t6, followed by a decline 
from t6 and t10 (13%), although the final val-
ue (0.47%) remained higher than that at t0. 
As for DHA, the increments followed a different 

table 2 - characteristics of the subjects.

	 All	 Females	 Males
	 n=46	 n=23	 n=23

Age	(y)	 43.2±7.0	 42,2±6.7	 44.3±7.3
Weight	(kg)	 73.3±14.8	 64.7±11.4	 82.0±12.8
Height	(cm)	 170.8±8.7	 164.7±5.3	 177.0±6.8
BMI	 25.0±4.1	 24.0±4.7	 26.1±3.2
%	Smokers	 13	 13	 13
%	Hyperchol	 15	 17	 13
%	Hypertrigl	 6	 9	 4
%	Drugs	 24	 30	 17

BMI,	 body	 mass	 index	 (the	 ratio	 between	 the	 weight	 and	 the	 squared	
height	in	meters).
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trend and were of lower magnitude: from t0 to 
t6 there was an 11% increment, but the value 
was further increased after wash-out (15% ver-
sus t0). As for the changes in DPA, the inter-
mediate compound in the conversion of EPA to 
DHA, there was an increment especially dur-
ing consumption of the yoghurt, of the same 
magnitude as that of DHA (11%), and the in-
crement was substantially maintained after 
wash-out (12.6%). 

A further type of evaluation concerns dif-
ferences between females and males in the re-
sponse to the consumption of the yoghurt. At t0 
the EPA and DHA levels were similar in the 2 
groups with a tendency to be higher in females 
than in males. by comparing the changes of EPA 
and DHA levels from t0 to t10 it appears that 
increments of both DHA and EPA were greater in 
women than in men (Fig. 1). In fact, EPA incre-
ments in women, over values at t0 were 49% at 
t6 and 24% at t10, and those of DHA were 16% 
at both t6 and t10, while in men the changes 
for EPA were 21 and 13% and for DHA were 5 
and 17%, respectively. In addition, increments 
of DHA in women took place mainly in the t0 
to t6 time period, and remained constant dur-
ing wash out, while in men increments occurred 
mainly during wash-out.

table 3 - Whole blood fatty acid profiles of healthy subjects (n=46), consuming a yoghurt rich in n-3 fatty acids.

%	FA	 T-2	 TO	 T6	 T10
(w/w)

16:0	 25.72±1.51	 25.49±1.60	 25.91±1.86	 24.95±1.61§

18:0	 11.46±0.88	 11.25±0.85	 11.28±0.98	 10.91±0.75§

16:1	 1.38±0.66	 1.44±0.65	 1.48±0.67	 1.39±0.56
18:1	n-9	 20.32±2.45	 20.61±2.98	 19.88±3.95	 20.29±2.66
20:3	n-9	 0.13±0.03	 0.13±0.04	 0.13±0.04	 0.13±0.04
18:2	n-6	 18.24±1.63	 18.55±2.07	 18.26±2.17	 18.96±2.00
18:3	n-6	 0.20±0.07	 0.23±0.08	 0.26±0.11	 0.24±0.09
20:3	n-6	 1.38±0.26	 1.38±0.30	 1.46±0.30	 1.45±0.27
20:4	n-6	 7.46±1.19	 7.67±1.25	 7.91±1.36	 8.24±1.05
22:4	n-6	 0.96±0.23	 0.96±0.22	 1.00±0.25	 1.02±0.20
22:5	n-6	 0.21±0.07	 0.21±0.06	 0.22±0.06	 0.23±0.06
18:3	n-3	 0.29±0.19	 0.29±0.09	 0.24±0.06	 0.28±0.11
20:5	n-3	 0.43±0.14	 0.40±0.11	 0.54±0.20	 0.47±0.17#

22:5	n-3	 0.62±0.13	 0.63±0.13	 0.70±0.15	 0.71±0.14#

22:6	n-3	 1.78±0.45	 1.76±0.40	 1.95±0.50	 2.03±0.59§

SFA	 41.60±1.53	 40.96±1.71	 41.21±1.90	 39.77±1.75#

MUFA	 26.68±2.44	 26.83±3.01	 26.05±3.75	 26.40±2.65
PUPA	 31.57±2.21	 31.99±2.68	 32.57±3.28	 33.67±2.31#

U.I.	 119.90±5.84	 121.29±5.93	 123.48±7.11	 126.87±5.57#

n-6	 28.46±2.05	 29.00±2.69	 29.10±2.85	 30.15±1.93§

n-3	 3.12±0.62	 3.07±0.57	 3.43±0.75	 3.48±0.80#

n-3	HUFA	 2.84±0.65	 2.79±0.57	 3.19±	10.76	 3.20±0.81#

n-6	HUFA	 10.02±1.45	 10.23±1.55	 10.59±1.70	 10.94±1.26§

T-2	is	the	start	of	run	in	period;	after	2	weeks	the	start	of	treatment	is	T0;	T6	(after	6	weeks)	the	end	of	treatment	and	T10	the	end	of	wash	out	(a	4	week	peri-
od).	During	the	treatment,	volunteers	consumed	2	yoghurt/day	that	provided	202	mg/day	of	n-3	FA.	Values	are	mean	±SD;	one-way	ANOVA	univariate	between	
groups	(different	time	periods)	is	applied	and	the	significant	differences	are	§:	p<0.05;	#:	p<0.01.
FA,	fatty	acids,	SPA,	saturated	FA;	MUFA,	monounsaturated	FA,	PUPA,	polyunsaturated	FA;	U.I.	unsaturation	index;	HUFA,	highly	unsaturated	FA.

DIscUssION

Increments in the consumption of n-3 Lc 
PUFA are presently widely accepted as part of 
an effective strategy for optimizing physiological 
processes and preventing major diseases (HOOP-
Er et al., 2004). the relationship between in-
take of fish or fish oil and relative risk of death 
from cardiac heart disease shows that the mod-
est consumption of 250 mg/day EPA and DHA 
appears sufficient for primary prevention (MO-
ZAFFArIAN and rIMM, 2006). A contribution to 
this strategy may be provided by the use of food 
items containing these compounds or food items 
enriched with n-3 FA, and generally consumed 
by large population groups.

Among natural foods, milk is characterized by 
highly dispersed features such as fat globules 
(ranging from 0.1 to 10 µm in diameter), a con-
dition that favours the digestion and intestinal 
absorption of fats and FA. these characteristics 
are retained in yoghurt, a type of milk-derived 
product that is widely consumed.

the intake of 2x115 g of partially defatted yo-
ghurt (1.6% fat versus 3.2% in a standard yo-
ghurt) fortified with omega 3 and providing only 
64 mg EPA and 74 mg DHA/day resulted in sig-
nificant increments of both FA in blood lipids 
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after 6 weeks. the increments were statistical-
ly significant and especially concerned EPA, as 
predictable on the basis of lower starting val-
ues of this FA, that is also mainly incorporated 
into metabolically less stable lipid pools (rIsE’ 
et al., 2007). this last consideration partly ex-
plains the decline of EPA during the wash-out, 
in agreement with the trend towards a reduc-
tion of the FA during the run-in period. reduc-
tion of blood EPA levels during the wash-out pe-
riod was also observed in a previous study (GALLI 
and MArANGONI, 2006). conversion of the sup-
plemented EPA to its derivatives, supported also 
by the increments of DPA and especially of DHA 
even during wash-out, may contribute to the re-
duction of EPA after its intake is interrupted. 
We observed a similar trend, i.e. increments of 
blood DHA levels at the end of wash-out follow-
ing a 3 weeks intake of Lc n-3 PUFA through ei-
ther fish consumption or ingestion of encapsu-
lated preparations in male subjects and this in-
crement was greater when the FA were ingest-
ed through food (GALLI and MArANGONI, 2006).

HLAVAtY et al. (2008) showed combined in-
crements of EPA + DHA of about 60% from ba-
sal values, after the daily intakes of an n-3 FA 
(620 mg/day) enriched yoghurt. Interesting-
ly in our study, the increment of 15% in these 
FA in blood was obtained with a dose of about 
25% (138 mg/day) of that in the study by HLA-
VAtY et al. (2008). On the other hand, the basal 
values of DHA, which in a previous comparative 
assessment in plasma versus whole blood lipids 
were very similar (rIsE’ et al., 2007), were sig-
nificantly higher in our study than in the czech 
population, possibly reflecting the low intake of 
fish in this population, as mentioned in the ar-
ticle (HLAVAtY et al., 2008).

Another interesting finding concerns the 
different patterns of EPA and DHA changes, 
i.e., greater in women than in men. In addi-
tion, during washout EPA declined in women 
more than in men while DHA remained sta-
ble in women and increased in men, although 
remaining lower than in women. Higher cir-
culating levels of DHA associated with lower 
levels of the precursor DPA, suggesting more 
efficient conversion to the end product, have 
been previously reported in pre-menopausal 
women versus men (MArANGONI et al., 2007). 
these differences have been attributed to es-
trogenic effects (GILtAY et al., 2004) and great-
er efficiency in the conversion of ALA to DHA 
has been described using stable isotope tech-
niques (bUrDGE and WOOttON, 2002). In ad-
dition gender-related differences have been 
described in the kinetics of various “exoge-
nous” compounds, such as drugs (bioavaila-
bility, distribution, metabolism and elimina-
tion) (GHANDI et al., 2004). the gender differ-
ences in blood increments with the same dos-
es of n-3 FA should, however, be more care-
fully explored, although they were recently de-
scribed (MEtHErEL et al., 2009), also in term 
of functional responses to the different incre-
ments, in order to optimize the supplementa-
tion of these compounds in women versus men.

Our data show that the consumption, for a rel-
atively short duration, of a low fat yoghurt con-
taining small amounts of n-3 FA, compared to 
the generally administered doses in most sup-
plementation studies, resulted in appreciable 
increments in blood levels of these compounds, 
thus providing a useful approach to reach the 
recommended intake in large population groups 
consuming this type of food item.

Fig. 1 - 20:5 n-3 and 22:6n-3 levels in whole blood of male and female subjects.
Values represent the mean±sEM; ■ 20:5 n-3 male; ◆ 20:5 n-3 female; ▲ 22:6 n-3 male; ● 22:6 n-3 female.
One-way ANOVA univariate between groups (p values) was applied; differences between males and females, at different times, 
were assessed using the unpaired student t-test. the differences were significant for §: p<0.05.
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AbstrAct

Dimethyl sulfide (DMs) is an important beer flavour compound and when there is more than 100 
µg/L as free DMs, it is considered an off-flavour because it may give an undesirable cabbage flavour 
and smell to the beer. the aim of this work was to set up a gas chromatography-mass spectrom-
etry (Gc-Ms) method, coupled with headspace, to determine the DMs present in the beer chain. 
this could then be useful for setting up the quality control of parameters in malting and brew-
ing. A case study for application of the proposed method is reported for barley variety screening.
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INtrODUctION

A wide variety of sulphur compounds has 
been reported to occur in beer (NYKÄNEN and 
sUOMALINEM, 1983). Even if the malt, hops 
and water used in brewing may all be possi-
ble sources of sulphur compounds, the prin-
cipal volatile and semi-volatile compounds do 
not come directly from the raw materials, but 
they mainly originate during malting and fer-
mentation (HILL and sMItH, 2000; WALKEr and 
sIMPsON, 1992;). the main volatile sulphur 
compound in beer is dimethyl sulfide (DMs), 
a thioether which plays an important role in 
beer flavour (bAMFOrtH, 1998; HILL and sMItH, 
2000; KUNZE, 2004). the contribution of DMs 
in beer is well known (YANG and scHAWArZ, 
1998a). Its threshold level in beer is about 30-
50 µg/L (bAMFOrtH, 1998; ZHAO et al., 2006). 
In the range of 50-100 µg/L, DMs contributes 
to the taste of lager-type beers, whereas above 
100 µg/L it may give an undesirable vegetable-
like or cabbage flavour and smell to the beer. 
the control of DMs formation, or its removal, 
is therefore desirable.

two DMs precursors (DMs-p) or two routes 
of DMs formation during malting and brewing 
have been proposed and different techniques 
have been used to identify the precursors: s-
methyl-L-methionine (sMM) and dimethyl sul-
foxide (DMsO). both of these precursors origi-
nate from malt but they form DMs in different 
ways (YANG and scHAWArZ, 1998a).

sMM, which is synthesized in the seed germ 
and rootlets during barley germination, is con-
verted into DMs under high temperatures during 
malt kilning and wort boiling. DMsO, instead, is 
reduced to DMs by yeast during wort fermenta-
tion (ANNEss and bAMFOrtH, 1982).

It has widely been accepted that the final DMs 
level in beer will depend mainly on the sMM 
content of the malt. However, it is also believed 
that the level of DMsO in wort plays a major 
role in determining the DMs level in the final 
beer (KUNZE, 2004; ZHAO et al., 2006; YANG and 
scHAWArZ, 1998a).

During steeping and germination some at-
tempts have been made to transform sMM as 
little as possible into active free DMs (KUNZE, 
2004). the residual part of sMM is thermally 
degraded into DMs mainly during malt kilning, 
and a small amount is lost to the atmosphere 
with the evacuation of gases. 

During the kilning process, part of the sMM 
is degraded into DMs, and, at the same time, 
some DMs is oxidized to DMsO. During wort 
fermentation, DMsO can be transformed into 
DMs and water (DMsO → DMs + H2O) through 
metabolic reduction by brewer’s yeast, cata-
lyzed by DMsO-reductase in a NADPH-depend-
ent manner (bAMFOrtH, 1980). the amount of 
DMs produced by yeasts changes from strain 
to strain (WALKEr and sIMPsON, 1992) and this 

kind of DMs production is one of the main caus-
es of beer off-flavours. the reduction of DMsO 
is probably affected by the formation of me-
thionine sulfoxide (MetsO). MetsO competitive-
ly inhibits DMsO-reductase because it is the 
preferred substrate of the enzyme. the affinity 
of DMsO reductase for MetsO is higher than 
that of DMsO (ANNEss and bAMFOrtH, 1982; 
HANsEN et al., 2002).

Intensive wort boiling causes the DMs con-
centration in the final beer to be reduced (HEr-
tEL and sOMMEr, 2008; KUNZE, 2004; VAN DEN 
EYNDE, 1991).

the DMs produced from DMsO during fer-
mentation is removed together with the other 
volatile compounds present by mean of strip-
ping with cO2. (VAN DEN EYNDE, 1991).

Given the importance of DMs in beer flavour, 
and taking into account the influence of tech-
nical parameters of malting and brewing on the 
DMs content of beer, a sensitive instrumen-
tal method of analysis for the routine determi-
nation of this compound is required (cOGHE et 
al., 2004).

the study and determination of DMs is diffi-
cult principally due to its low concentration in 
beer. Various techniques have been reviewed: 
amperometry, titrimetry (GArZA-ULLOA, 1980), 
colorimetry (INstItUtE OF brEWING, 1982), 
fluorimetry (bLOcKMANs et al., 1981) and po-
tentiometry (NArZIss et al., 1985) but none of 
them provide the level of sensitivity and selec-
tivity usually required.

Actually, the simplest analytical methods in-
volve headspace sampling of the beer followed 
by direct injection into a gas cromatograph 
(Gc) (WALKEr, 1991), but this type of analysis 
is not useful when the concentration of the sul-
phur compounds is low or when they are par-
tially volatile. Generally, in these cases meth-
ods, which involve “purge and trap”, whereby 
the volatile components in the beer headspace 
are concentrated onto a suitable adsorbent ma-
terial, have been described (LEPPANEN, 1979). 
Furthermore, it is possible to set up an analyti-
cal method using columns and detectors specif-
ic for separating and identifying sulphur com-
pounds (MUNDY, 1991; HILL and sMItH, 2000). 
several researchers have indicated the use of 
headspace gas chromatography or sometimes 
Gas -Liquid chromatography (GLc) equipped 
with a Flame Photometric Detector (FPD) or a 
sulphur chemiluminescent Detector (scD) or 
a Pulsed Flame Photometric Detector (PFPD) 
or a Flame Ionization Detector (FID) as possi-
ble analytical devices, with or without prelimi-
nary solid-Phase Micro Extraction (sPME) (bAK-
Er, 1988; DrOZD et al., 1990; DUPHIrE, 1999; 
HILL and sMItH, 2000; VAs, 1997; WALKEr, 
1992; YANG and scHWArZ, 1998b). sPME has 
already been applied in many areas of the food 
and beverage industries with important results 
(HILL and sMItH, 2000).
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Little information is available, however, on the 
use of gas chromatography coupled with Mass 
spectrometry (Ms) for DMs analysis in barley, 
malt, wort and beer.

the aim of the present work was to demon-
strate the possibility of setting up a Headspace-
Gas chromatography-Mass spectrometry (Hs-
Gc-Ms) method able to identify and quantify 
DMs as free DMs, total-DMs and DMs precur-
sors (DMs-p) (total DMs - free DMs) in barley, 
malt, wort and beer, in order to control the malt-
ing and brewing process.

With Gc, DMs in beer can be sampled and 
at the same time, coupling Gc with Ms, it is 
possible to use the high selectivity, precision 
and sensitivity of Ms to identify the substance 
of relevance from barley and malt as well as 
from elaborate matrices such as wort and beer.

Different varieties of barley and their respec-
tive malts, worts and beers were analysed as a 
case study for the application of the proposed 
method.

MAtErIALs AND MEtHODs

reagents

DMs and ethyl methyl sulfide (EMs) stand-
ards were purchased from sigma-Aldrich (Mil-
waukee, WI). Ethanol 99% (v/v) was purchased 
from VWr International s.r.L. (Milano, It). so-
dium hydroxide was purchased from J.J. baker 
(Deventer, NL). Distilled water was of high purity.

barley samples

six two-row varieties of barley were used: 
Henley, Cheri, Scarlett, Barke, Regina and Puf-
fin. the first four were spring and the last two 
were autumnal. All samples were grown in the 
experimental fields of the University of Perugia.

Malting process

For the evaluation of barley malts, a standard 
malting program was followed. the steeping, 
germination and drying programs were suit-
able for the production of “pilsner” type malt. 
the barley samples were malted in a micro-
malting pilot-plant (custom Laboratory Prod-
uct, Keith, scotland, UK) consisting of 4 inde-
pendent steeping/germination tanks, each hav-
ing a 5 kg capacity.

the steeping phase lasted 20 hours and was 
divided into 3 steps:

- step 1: 5 h of soaking in water at 18°c fol-
lowed by 7 h of resting at 17°c.

- step 2: 2 h of soaking in water at 16°c fol-
lowed by 5 h of resting at 16°c.

- step 3: 1 h of soaking in water at 16°c be-
fore starting of germination.

the germination phase lasted 4 days, during 

which time the temperature was regularly de-
creasing: 16°c during the first day, 15°c during 
the second day and 14°c for the last two days. 
the green malts were dried using a drying plant 
(custom Laboratory Product, Keith, scotland, 
UK) consisting of 4 units and applying the fol-
lowing drying temperatures:

- 55°c for 15 h;
- 72°c for 4 h and 30 min;
- 82°c for 3 h and 30 min;
- cooling (to room temperature).

brewing process

Mashing
Each sample of barley malt was processed in 

a pilot-scale plant (braumaister, Feltre, I) pro-
grammed in order to produce 25 litres of wort 
suitable for “pilsner” type beer. Five kilograms of 
malt were milled in a two-roller mill (120 kg/h 
capacity, ENGL maschinen Gmbh, schweb-
heim, Germany,) with a 0.5 mm gap between 
the crushing rollers. the grist was then mixed 
with 23 L of water. the properties of the brew-
ing liquor were: 0.5 Millival, 15 mg/L of carbon-
ate (cO3

-2), 30.5 mg/L of hydrogen-carbonate 
(HcO3

-2), 11 mg/L of dissolved cO2 and pH 6.5. 
the milled malt was mashed in the brewing liq-
uor at 52°c for 30 min to allow protein break-
down. the temperature was increased to 65°c in 
15 min and maintained for 45 min for develop-
ment of the beta-amylase activity. the tempera-
ture was increased to 72°c in 5 min and main-
tained at this temperature for 20 min to allow 
the alpha-amylase activity to develop. the effi-
ciency of saccharification was tested by the io-
dine solution test.

the last temperature step was a short rest at 
76°c to inactivate the enzymes. Afterwards, the 
mash was transferred to a 30 L lauter-tun ves-
sel. the first wort was collected from the laut-
er-tun, then the spent grains were sparged with 
12 L of water (78°c) to wash out the second 
wort. the total amount of wort was collected in 
a heated 30 L kettle for boiling; the temperature 
was raised to 100°c and maintained for 75 min. 
100 grams of hops pellets (saaz variety, 2.1% of 
α-acids) were added: 70% of hops was added at 
the beginning of boiling, and 30% was added 15 
min before the end of boiling.

Fermentation
the wort was cooled to 18°c and transferred 

to a 30 L fermentation vessel (spadoni, Orvieto, 
I). 11.5 grams of ale yeasts (Safale S-04, Fermen-
tis, Marcq-en-baroeul cedex - France) were acti-
vated with 100 mL of sterile wort. the fermenta-
tion temperature was maintained at 18°c for 5 
days. When the gravity of the wort reached the 
limit of attenuation (85%), the beer was bottled 
to continue fermentation at 18°c. At the end of 
maturation, the bottles were kept at 4°c for two 
weeks and then analysed.
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Apparatus

the DMs concentration was determined in stat-
ic headspace with an Agilent technologies 6850 
gas chromatograph equipped with an Agilent tech-
nologies Mass spectrometer 5975c (santa clara, 
cA) coupled with Maestro Autosamples Gerstel 
Multi Purpose sampler (MPs) (baltimore, MD).

Gc-Ms conditions

the gas chromatograph-mass spectrometer 
was fitted with a Db-5Ms capillary column, 60 

m X 0.32 mm X 1 µm (J&W scientific Inc, Fol-
som, cA) consisting of cross-linked 5% phenyl 
methyl siloxane. Helium was the carrier gas at a 
flow rate of 1.2 mL/min. the injection port tem-
perature was 250°c, and the detector was set 
at 280°c. the source and the quadrupole tem-
perature were 230° and 150°c, respectively. the 
ionization energy was 70eV. Detection and data 
acquisition was performed in selected Ion Mon-
itoring (sIM) mode.

the target molecular ions for EMs were select-
ed to be (m/z) 48, 61 and 76 (Fig. 1) and those 
for DMs were selected to be 47 and 62 (Fig. 2).

Fig. 1 - EMs molecular fragmentation.

Fig. 2 - DMs molecular fragmentation.
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the oven temperature program used was 40°c 
for 2 min, followed by an increase of 3°c/min to 
100°c and 10°c/min to 150°c. the final temper-
ature was held for 3 min. the headspace condi-
tions were 30 min of incubation at 50°c on un-
rest (250 rpm). the shaker temperature was 60°c, 
the syringe capacity was 2.5 mL, and the temper-
ature was 70°c. the volume injected was 1 mL.

standard solutions and calibration

DMs stock solution was prepared at 2,553 
mg/L in ethanol whereas the DMs working so-
lution was prepared at 25.53 mg/L in ethanol. 
EMs was used as internal standard (Is). the 
EMs stock solution was prepared at a concen-
tration of 8,422 mg/L in ethanol and the work-
ing standard solution at 5 mg/L in ethanol.

DMs calibration curve (Fig. 3) was determined 
for five different concentrations in a range from 
1.66 µg/L to 150.00 µg/L and with EMs as Is 
(0.05 mg/L). the calibration solutions were pre-
pared from the working standard solution. Each 
concentration was analyzed three times. 

sample preparation

the sample preparation was carried out fol-
lowing European brewery convention (Ebc) and 
Mebak methods with some modifications. the 
free DMs concentration of barley and malt sam-

Fig. 3 - calibration curve for DMs.

ples was determined on a cold water extract of 
10 +/-0.01 g of ground barley and malt, respec-
tively, mixed with 100 mL of water under mag-
netic agitation at 150 rpm for 35 min. at room 
temperature (20°c). then, 5 mL of the extract 
were mixed with 5mL of water and 100 µL of Is, 
and the solution was directly analysed by Hs-
Gc-Ms. the total DMs concentration was deter-
mined by adding 1 mL of 1N NaOH, 6.5 mL of wa-
ter and 100 µL of Is to 2.5 mL of the barley and 
malt extract. then the solutions obtained (10.1 
mL), with an Is concentration of 0.05 mg/L, were 
boiled and analyzed by Hs-Gc-Ms.

the free DMs concentration in wort and beer 
was quantified directly in 10 mL of sample, 
adding 100 µL of Is solution. the total DMs 
concentration was determined by adding 2.5 
mL of 1N NaOH, 1 mL of water and 100 µL of 
Is solution to 6.5 mL of wort sample and boil-
ing them for 60 min. the sample solutions 
were prepared in 20-mL vials in duplicate and 
then analyzed by Hs-Gc-Ms. the beer sam-
ples were not degassed to remove the carbon 
dioxide in order to avoid removing of DMs, be-
cause of its high volatility.

the total and free DMs concentration in bar-
ley, malt, wort and beer was obtained by mean of 
the calibration curve (Fig. 3). the DMs-p was cal-
culated by subtracting free DMs from tot-DMs.

rEsULts AND DIscUssION

the first step was the setting up of an innova-
tive analytical method by Gc-Ms to identify and 
quantify DMs in different kinds of samples af-
ter elimination of interferring substances. bar-
ley and malt samples for the analysis of the DMs 
content were mainly prepared following the offi-
cial methods, but with some modifications (AN-
ALYtIcA-Ebc 3.39; HILL and sMItH, 2000; ME-
bAK rOHstOFFE 3.1.4.17; WALKEr, 1991; YANG 
and scHWArZ, 1998b). Filtration of the extract 
was excluded because it causes DMs losses. Fig. 
4 shows that a satisfactory separation of DMs 
was achieved in a short time.

the performance of the Gc-Ms method was 
evaluated taking into account the calibration 
curve, the linearity, the repeatability, the lim-
it of detection (LOD) and the limit of quantifica-
tion (LOQ) (table 1). the confidence interval of 

table 1 - concentration range, repeatability, slope (a), intercept (b), and coefficient of determination (r2) of calibration plots *, 
limit of detection (LOD) and limit of quantification (LOQ) of the optimized method for determination of DMs in barley, malt, 
wort and beer.

Concentration	 Repeatability†	 a	 b	 r2	 LOD†	 LOQ†
range	(µg/L)	 ±	RSD	(%)	 	 	 	 (µg/L)	 (µg/L)

1.66-150.00	 4.96	 1.71*10-2	 1.10*10-1	 0.996	 0.09	 0.23

†	n=10;	*	y=ax+b;	RSD=	relative	standard	deviation.
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Fig. 4 - DMs and EMs Gc-Ms chromatogram of a beer sample.

the calibration curve included the origin of the 
axes, and the coefficient of determination was 
r2=0.996. the LOD was calculated as sb+3s, 
where sb was the average signal of ten blank in-
jections and s the standard deviation. the LOQ 
was calculated as sb+10s, where sb was the av-
erage signal of ten blank injections and s the 
standard deviation (EUrAcHEM GUIDE, 1998). 
the blank sample was obtained by boiling the 
beer for 30 min to evaporate all free DMs. the 
LOD was 0.09 µg/L and the LOQ was 0.23 µg/L.

the repeatability of the method was measured 
by performing the determination of the same 
beer sample with a free DMs concentration of 
25 µg/L 10 times on the same day and estimat-
ing their rsD (%) (EUrAcHEM GUIDE, 1998). the 
rsD calculated on each concentration used to 
work out the calibration curve was 4.96%.

the accuracy of the method for DMs in malt 
was verified by participating in the Internation-
al Proficiency MAPs test (Malt Analytes Profi-
ciency testing scheme) (LGc standards Pro-
ficiency testing, Lancashire, UK) every three 
months. the results of the participation in the 
MAPs rounds are reported in table 2. the ac-
curacy of the method for DMs in beer was ver-

ified by participating in the International Profi-
ciency bAPs test (brewing Analytes Proficiency 
scheme). the results of the participation in the 
bAPs rounds are reported in table 3.

the efficiency of the proposed method was 
evaluated by performing the recovery test on 
beer samples with the addition of three differ-
ent DMs concentrations: 25, 50 and 75 µg/L. 
the recovery test results are reported in table 
4. the recovery ranged from 69 to 101% with a 
mean value of 80%. the data showed good re-
sults at the lowest spiked level which corre-
sponds to the acceptable range for free DMs in 
beer. therefore, the recovery test and the MAPs 
results confirmed the efficiency of the method.

the analytical screening of different samples 
allowed the development of DMs to be stud-
ied during malting and brewing. A comparative 
study of the results enables the following re-
marks to be made.

the majority of total DMs in barley was repre-
sented by DMs-p which was more than 80% in 
each case. the Regina, Puffin and Barke varie-
ties showed a similar DMs-p concentration, with 
values of 0.23, 0.14 and 0.20 mg/kg, respec-
tively, confirming that a low amount of DMs-p 

table 2 - results obtained by participating in 4 rounds of a Malt Analytes Proficiency testing scheme (MAPs test).

	 Round	1	 Round	2	 Round	3	 Round	4

	 Assigned	 Result	 Z	score	 Assigned	 Result	 Z	score	 Assigned	 Result	 Z	score	 Assigned	 Result	 Z	score
	 value	 	 	 value	 	 	 value	 	 	 value
	 (mg/kg)	 (mg/kg)	 	 (mg/kg)	 (mg/kg)	 	 (mg/kg)	 (mg/kg)	 	 (mg/kg)	 (mg/kg)

DMS-p	 3.60	 4.10	 0.83	 11.30	 13.50	 0.65	 0.60	 0.49	 -0.18	 1.90	 1.44	 -0.83
Free	DMS	 5.70	 6.00	 0.30	 3.60	 3.00	 -0.60	 1.20	 0.78	 -0.43	 2.00	 1.71	 -0.30
Total	DMS	 9.60	 10.20	 0.50	 14.55	 16.51	 1.34	 1.80	 1.27	 -0.44	 4.10	 3.15	 -0.75

|z|≤	2.00	Satisfactory	result;	2.00	<	|z|	<	3.00	Questionable	result;	|z|≥	3.00	Unsatisfactory	result.
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is present in barley (table 5) (YANG and scHA-
WArZ, 1998a). the differences between the six 
barley varieties are probably due to their differ-
ent genetic characteristics.

table 6 reports the free DMs, total DMs and 
DMs-p contents of the malts analysed. All malts 
contained DMs and DMs-p. It is well known that 
during germination the level of sMM increas-
es and then kilning which leads to an increase 
in the temperature until 82°c, causing an en-
hancement of free DMs because of the thermo-
degradation of sMM to DMs. 

the Cheri variety malt showed the highest 
amount of DMs-p, while the other five varieties 
showed similar concentrations (p<0.05). Among 
the six varieties, Scarlett had a significant con-
centration of free DMs with 8.47 mg/kg. this 
can be explained by the hypothesis that a high 
level of sMM in Scarlett green malt was produced 
during germination and then it was broken down 
during kilning to produce DMs. Scarlett is prob-
ably the variety with the highest amount of en-
zymes involved in sMM synthesis (ANNEss and 
bAMFOrtH, 1982). therefore, considering that 
all the barley samples were subjected to the 
same malting process, the different DMs con-
centration should be related to the variety and 
its genetic factors. It is interesting to focus on 
the reaction of the six different barley types to 
the heat treatment.

the free DMs concentration in wort ranged 
from 9.91 µg/L for Scarlett to 83.59 µg/L for 
Barke (table 7). the autumn varieties Regina 
and Puffin had a DMs-p concentration similar 
to Henley; among the spring varieties only Scar-
lett and Barke were similar. the concentration of 
DMs-p in Cheri was different from the other five 
varieties. It is important to take into account the 

table 3 - result obtained by participating in the brewing 
Analytes Proficiency scheme (bAPs).

	 Round	1

	 Assigned	Value	 Result	 Z	score
	 (µg/L)	 (µg/L)

Free	DMS	 14.60	 12.00	 -0.59

|z|≤	2.00	Satisfactory	result;	2.00	<	|z|	<	3.00	Questionable	result;	|z|≥	3.00	
Unsatisfactory	result.

table 4 - recovery test performed by adding three different 
amounts of DMs to a beer sample.

	Original	DMS	(µg/L)	 Added	(µg/L)	 Recovery	(%)	 s.d.

	 40	 25	 101	 7
	 40	 50	 69	 8
	 40	 75	 71	 5

n=2;	s.d.=standard	deviation.

table 5 - the DMs concentration in barley samples.

	 DMS-p	 free	DMS	 total	DMS
	 (mg/kg)	 (mg/kg)	 (mg/kg)

Henley	 0.07a	 0.02a	 0.09a

s.d.	 0.02	 0.01	 0.02
Cheri	 0.13a,c	 0.01a,	b	 0.14a,	b

s.d.	 0.03	 0.01	 0.03
Scarlett	 0.13a,	c		 0.01c	 0.13a,	b

s.d.	 0.01	 0.01	 0.01
Barke	 0.20b	 0.01b,	c	 0.21b,	c

s.d.	 0.01	 0.01	 0.01

Regina	 0.23b	 0.01c	 0.24c

s.d.	 0.02	 0.01	 0.02
Puffin	 0.14b,	c	 0.01b,	c	 0.15a,	b,	c

s.d.	 0.01	 0.01	 0.01

n=2;	
s.d.=	standard	deviation.
Samples	in	the	same	column	with	the	same	letters	are	not	statistically	dif-
ferent	(p≤0.05).

table 6 - the DMs concentration in malt samples.

	 DMS-p	 free	DMS	 total	DMS
	 (mg/kg)	 (mg/kg)	 (mg/kg)

Henley	 3.35a	 5.70a	 9.05a

s.d.	 0.46	 0.13	 0.52
Cheri	 6.82b	 7.25b	 14.07b

s.d.	 0.64	 0.18	 0.46
Scarlett	 4.94a	 8.47c	 13.41b

s.d.	 0.52	 0.56	 0.04
Barke	 4.31a	 5.32a	 9.64a

s.d.	 0.38	 0.04	 0.34
Regina	 4.93a	 5.48a	 10.41a

s.d.	 0.01	 0.15	 0.14
Puffin	 3.28a	 4.97a	 8.25a

s.d.	 0.20	 0.13	 0.33

n=2;
s.d.=	standard	deviation.
Samples	in	the	same	column	with	the	same	letters	are	not	statistically	dif-
ferent	(p≤0.05).

table 7 - the DMs concentration in wort samples.

	 DMS-p	 free	DMS	 total	DMS
	 (µg/L)	 (µg/L)	 (µg/L)

Henley	 78.04a	 32.75a	 110.78a

s.d.	 5.59	 9.81	 8.26

Cheri	 131.75c	 46.80a	 178.55b

s.d.	 5.31	 0.10	 5.31
Scarlett	 102.38b	 9.91b	 112.29a

s.d.	 9.41	 0.10	 9.32
Barke	 113.30b	 83.59c	 196.89b

s.d.	 4.80	 0.95	 3.84
Regina	 90.92a,	b	 41.24a	 132.16a

s.d.	 2.36	 0.14	 2.22
Puffin	 61.54a	 15.49b	 77.02c

s.d.	 4.90	 0.11	 4.79

n=2;
s.d.=	standard	deviation.
Samples	in	the	same	column	with	the	same	letters	are	not	statistically	dif-
ferent	(p≤0.05).
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value of DMs-p in wort, as DMsO, because the 
concentration of free DMs in the beer may de-
pend on it (KUNZE, 2004; VAN DEN EYNDE, 1991). 
In fact, the level of sMM in the wort does not in-
fluence the production of DMs in the beer be-
cause the yeast is not able to produce DMs from 
sMM (ANNEss and bAMFOrtH, 1982).

the beer samples were Pilsner type, and tra-
ditionally they should be characterized by a 
concentration of free DMs around 50-60 µg/L, 
but not higher than 100 µg/L. table 8 reports 
the free DMs concentration of the beer ana-
lyzed, which ranged from 38.34 µg/L to 148.61 
µg/L. brewers should pay attention to the level 
of free DMs as the off-flavour of beer is caused 
by the free DMs (KUNZE, 2004). this phenom-
enon may be the consequence of yeast activity 
during fermentation which produces free DMs 
from the DMsO.

the beer samples had acceptable concentra-
tions of free DMs: out of the six beers, Cheri, 
Scarlett , Regina and Puffin were within lim-
its. Cheri and Regina barley varieties produced 
beers with low concentrations of free DMs de-
spite the high concentrations of total DMs in 
the barleys. this means that the brewing proc-
ess influences the free DMs concentration in 
the final product. Henley and Barke samples 
showed a significant concentration of free DMs 
(138.63 µg/L and 148.61 µg/L, respectively). 
However, these data are acceptable because 
they are in the same range of concentration 
as the threshold. the results about free DMs 
concentration in beer showed that the six sam-
ples were statistically different (p≤ 0.05). tak-
ing into account the apparent DMs production 
during fermentation, as the difference between 
the DMs concentration of the final beer and 
the wort, just 2 µg/L of DMs were produced 
by yeast during fermentation of the Cheri wort, 

while 106 µg/L were produced for the Henley 
wort. Hence, it was hypothesized that the DMs-
p in Cheri wort were mainly represented by 
sMM, while in Henley wort they were mainly by 
DMsO. It also seemed that DMs-p in the wort 
obtained from the autumnal variety malts were 
mainly constituted by sMM.

All the barley samples showed low levels of 
total DMs and precursors because DMs is pro-
duced from sMM by heating. therefore, DMs 
is not present in barley, but it increases during 
germination. In the majority of malt samples, 
DMs was constituted by a significant amount 
of DMs-p. the wort samples in each case had a 
small concentration of free DMs. At the end of 
the brewing process, in the final beer, the DMs 
concentration was mainly represented by free 
DMs as reported by YANG and scHWArZ (1998a) 
and VAN DEN EYNDE (1991).

cONcLUsIONs

the Head-space Gas chromatography-Mass 
spectrometry (Hs-Gc-Ms) method set up in this 
study provides an important tool for the study 
of DMs development during malting and brew-
ing processes. the precision, accuracy and re-
peatability of the analytical method allows the 
quality of raw materials to be controlled, as well 
as the choice of materials in order to produce a 
better quality beer. It requires routine and ver-
satile equipment, and therefore it can be easily 
adopted by laboratories worldwide.

the proposed method enables the presence 
and concentration of DMs to be checked dur-
ing the brewing process. the screening of dif-
ferent barley varieties demonstrated the ap-
plicability of the proposed Hs-Gc-Ms meth-
od. considering DMs concentrations, the re-
sults showed that the six varieties studied pro-
duced different beers (p≤0.05), indicating that 
the variety has to be considered due to its in-
fluence on beer DMs concentration. this con-
firms data and knowledge already available 
(YANG and scHWArZ, 1998a). the best results in 
term of free DMs concentration were obtained 
from the autumn barley samples, Regina and 
Puffin, probably due to their lower content of 
nitrogen compounds suggesting that they are 
suitable for beer production; among the spring 
varieties Cheri is suggested.

Some of the data reported were presented 
at the 1st Mass Spectrometry Food Day, 

2-3 December 2009, Parma, Italy.
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table 8 - the free DMs concentration in beer samples.

	 free	DMS
	 (µg/L)

Henley	 138.63a

s.d.	 2.31
Cheri	 48.80b

s.d.	 0.13
Scarlett	 84.40c

s.d.	 1.40
Barke	 148.61d

s.d.	 2.66
Regina	 61.95e

s.d.	 1.07
Puffin	 38.34f

s.d.	 0.74

n=2;
s.d.=	standard	deviation.
Samples	in	the	same	column	with	the	same	letters	are	not	statistically	dif-
ferent	(p≤0.05).
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AbstrAct

the study aimed to evaluate four Saccharomyces cerevisiae strains, one intraspecific S. cerevisiae 
hybrid, and five interspecific S. cerevisiae×S. uvarum hybrids with respect to the quality of Mosca-
to di siracusa DOc wine by comparing them with a commercial Saccharomyces cerevisiae strain.

Most of the interspecific hybrids maintained volatile acidity (VA) at very low levels, produced 
high concentrations of glycerol, malic and succinic acid, and yielded the highest concentration 
of positive sensory attributes.

On the basis of the results of these experimental fermentation trials, a real opportunity to pro-
duce special wines employing S. cerevisiae×S. uvarum hybrids is proposed.
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INtrODUctION

the fermentation of high-sugar grape musts, 
such as in the production of iced or dried grape 
wines, can give rise to stuck or sluggish fermen-
tations due to the high osmotic pressure and 
toxicity of ethanol to yeast cells (bIssON, 1999; 
bIssON and bUtZKE, 2000). When the fermen-
tation of these musts stops prematurely, wines 
of low quality and stability are produced due to 
high volatile acidity (VA) from the growth of ace-
tic acid bacteria, heterofermentative lactic acid 
bacteria, non-Saccharomyces yeasts (cArIDI et 
al., 1999; FLEEt and HEArD, 1993), and/or Sac-
charomyces cerevisiae wine yeasts used as start-
er cultures (MUrAtOrE et al., 2007). the latter 
seems to be a major contributor of VA in high 
°brix musts because previous studies demon-
strated that sugar stress regulates the expres-
sion of structural genes involved in the synthe-
sis of acetic acid from acetaldehyde (sHIMAZU 
and WAtANAbE, 1981; AttFIELD, 1997; bAUEr 
and PrEtOrIUs, 2000; ErAsMUs et al., 2003), 
and the production of VA is inversely correlated 
with the maximum cell concentration and the 
assimilable nitrogen concentration (bELY et al., 
2003). concerning this problem, MUrAtOrE et 
al. (2007) demonstrated the successful use of a 
S. uvarum strain as a starter culture in the pro-
duction of Malvasia delle Lipari wine; ‘uvarum-
type’ strains found in the fermenting yeast bio-
ta of sweet wines, which are usually osmotoler-
ant and psychrotolerant, are frequently able to 
overgrow Saccharomyces cerevisiae by the end 
of the fermentation (sIPIcZKI et al., 2001; NAU-
MOV et al., 2002). As an alternative approach, 
a recent study of bELY et al. (2008) suggested 
the use of a mixed culture of Torulaspora del-
brueckii and S. cerevisiae as the best combina-
tion for improving the analytical profile of sweet 
wine, particularly volatile acidity and acetalde-
hyde production.

However, the degree of acetic acid formation 
is yeast-strain dependent (rEMIZE et al., 1999) 
because different yeast strains react to the same 
osmotic pressure by producing different con-
centrations of acetic acid and glycerol. For this 
reason, the selection and genetic improvement 
of the starter yeast should consider other more 
specific properties in addition to the basic oeno-
logical traits for the type of wine desired.

At present, wine yeast selection is based main-
ly on screening wild yeast populations. Howev-
er, the likelihood of identifying a strain express-
ing all of the optimal properties for winemaking 
is very low. An alternative approach to obtain-
ing a strain with numerous oenological proper-
ties without using recombinant DNA technol-
ogy is breeding. crossing Saccharomyces spe-
cies is considered to be a useful tool for obtain-
ing improved wine yeast strains combining fer-
mentative features of both parents (rOMANO et 
al., 1985; ZAMbONELLI et al., 1997; rAINIErI et 

al., 1998; MArULLO et al., 2004; 2006; GIUDI-
cI et al., 2005). Interspecific hybrids between 
cryotolerant S. uvarum and non-cryotolerant S. 
cerevisiae strains have been successfully em-
ployed in oenology because they possess higher 
fermentation competitiveness than the parental 
strains as well as characteristics of the parents 
in new and interesting combinations (cAstEL-
LArI et al., 1994; ZAMbONELLI et al., 1997). How-
ever, a noteworthy study by sOLIErI et al. (2008) 
demonstrated that the type of mtDNA is an im-
portant trait for constructing new improved hy-
brids for winemaking. Hybrids with S. uvarum 
mtDNA have a higher tendency to ferment and 
a lower tendency to respire than those with S. 
cerevisiae mtDNA, suggesting that mtDNA type 
and fermentative:respiratory performance are 
correlated in S. cerevisiae×S. uvarum hybrids.

the aim of this study was to compare four 
S. cerevisiae yeast strains, one intraspecif-
ic S. cerevisiae hybrid, and five interspecific S. 
cerevisiae×S. uvarum hybrids with respect to 
the acidic component, glycerol formation, etha-
nol tolerance, and sensory characteristics in a 
very high sugar content must for the production 
of Moscato di siracusa from sun-dried grapes, 
which is one of the most ancient wines pro-
duced in Italy. In such a high osmotic must, the 
practice of inoculating a Saccharomyces strain 
to carry out the vinification requires the pre-
vious selection of a suitable wine yeast strain, 
both for maintaining volatile acidity below the 
legal limit fixed by cOUNcIL rEGULAtION (Ec) 
No. 479/2008 and for improving overall qual-
ity (2008).

MAtErIALs AND MEtHODs

Yeast strains and fermentation trials

Four strains of S. cerevisiae, one S. cerevisiae×S. 
cerevisiae hybrid, and five S. cerevisiae×S. uvar-
um hybrids bearing S. cerevisiae mtDNA (sOLIErI 
et al., 2008) were used. the list of the strains 
and origins is reported in table 1. the strains 
were cultured for 48 h at 25°c on fresh YPD me-
dium (w/v: yeast extract 1%, peptone 2%, glu-
cose 2%, agar 2%) before their use in fermenta-
tion experiments.

the strains’ ability to perform alcoholic fer-
mentation of special wines was tested in Mus-
cat grape must. Moscato di siracusa wine is pro-
duced from dried grapes in sicily in the siracu-
sa area, and its production is regulated by the 
controlled origin wine appellation system, known 
in Italy as DOc (Denominazione di Origine con-
trollata), which was instituted in 1973 (DPr, OF-
FIcIAL GAZEttE OF ItALIAN rEPUbLIc, 1973).

Lightly dried Muscat blanc grapes produced 
on sandy soil and siliceous clay in the siracu-
sa area and surroundings (sicily, Italy), undam-
aged and without Botrytis cinerea, were used.
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table 1 - Saccharomyces strains used in this study.

Strain	 Species	 Origin	 Characteristics

LS3	 S. cerevisiae×S. uvarum Dipartimento	di	Scienze	Agrarie	e	degli	Alimenti	 S. cerevisiae mtDNA
	 	 (University	of	Modena	and	Reggio	Emilia,	Italy)
LS6	 S. cerevisiae×S. uvarum “	 S. cerevisiae mtDNA
(4003-1A×7877-10A)
LS7	 S. cerevisiae×S. uvarum “	 S. cerevisiae mtDNA
(4003-1B×7877-10B)
LS8	 S. cerevisiae×S. uvarum “	 S. cerevisiae mtDNA
(6167-3A×7877-9B)
LS9	 S. cerevisiae×S. uvarum “	 S. cerevisiae mtDNA
(6167-8C×7877-6C)
FRENCH	 S. cerevisiae “	 Parental	A3B
16003	 S. cerevisiae “	 Parental	A3B
AL41	 S. cerevisiae DOFATA	(University	of	Catania,	Italy)	 b-glucosidase	positive
	 	 	 strain	(RESTUCCIA	et al.,	2002)
522	 S. cerevisiae Davis	(California)	 Commercial	reference	strain
A3B	 S. cerevisiae×S. cerevisiae Dipartimento	di	Scienze	Agrarie	e	degli	Alimenti	 High	fermentation	power
	 	 (University	of	Modena	and	Reggio	Emilia,	Italy)

the grape berries were crushed and clari-
fied by pressurised filtration through a sack-fil-
ter (spagni s.n.c., reggio Emilia, Italy); then, 1.5 
L was poured into 2-L glass fermentors and in-
oculated in triplicate with a 48-h yeast pre-cul-
ture (5% of volume) that had been prepared in 
the same sterilised must. Pre-cultures were in-
oculated independently with the different yeasts 
to reach an initial population of 7 log cFU mL-1; 
yeast population densities were estimated by di-
rect count using a haemocytometer.

Fermentation was carried out in a conditioned 
room where the temperature was maintained at 
18°±1°c. the fermentation was monitored by 
daily measuring of the weight loss associated 
with the liberation of carbon dioxide. Fermenta-
tion was considered complete when the weight 
loss was negligible.

At the end of fermentation, the wine was fil-
tered, poured into 0.375-L glass bottles, corked, 
and stored at 4°c.

Analytical determinations

Ethanol content, total acidity, volatile acid-
ity, reducing sugars, and pH were determined 
for the musts and wines according to the official 
methods of the Office International de Vigne et 
du Vin (OIV, 1990).

Wine colour was determined using a spectro-
photometer set at 420 nm.

L-malic acid, succinic acid, and glycerol were 
quantified using enzymatic assay kits (K-LMALr, 
K-sUcc and K-GcrOL, Megazyme International 
Ireland Ltd, bray, co. Wicklow, Ireland).

All analyses were performed in triplicate. the 
data shown are the average of all repetitions with 
standard deviations.

Principal component analyses (PcA) and anal-
ysis of variance (ANOVA) were performed by 

stAtGrAPHIcs® Plus version 4.0 (Manugistics, 
scottsdale, AZ, UsA) on chemical and physical 
data to ascertain significant differences among 
mean values.

sensory analysis

to define the attributes of the products and 
to investigate the differences among the sam-
ples, the sensory profile method (IsO 13299, 
2003) was used. the wines were evaluated by a 
panel of ten (six female and four male) trained 
judges experienced in wine sensory analysis and 
ranging in age between 20 and 30 years select-
ed from among the Food science and technol-
ogy Department staff members of the Universi-
ty of catania.

A preliminary session was performed using 
several commercial Moscato di siracusa wines 
to develop a common vocabulary, and this al-
lowed the assessors to use the same terms for 
describing their perceptions. Descriptors with at 
least a 70% frequency of citation were chosen. 
the nineteen descriptors used included: two for 
appearance (yellow intensity and golden reflec-
tion), seven for aroma (fruity, exotic fruit, raisins, 
wood, honey, sourdough, alcohol), two for taste 
(sour and sweet), one for mouth feel (sharp), one 
for rheological properties (viscosity), and six for 
flavour (fruity, exotic fruit, raisins, wood, honey, 
sourdough). All evaluations were conducted in 
individual testing booths at the sensory labora-
tory (IsO 8589, 1988) at 20°c, asking the judg-
es to quantify the intensity of each attribute by 
assigning a score between 1 (absence of percep-
tion) and 9 (extremely intense). A data collection 
program was used (FIZZ software® solutions for 
sensory Analysis and consumer tests, Ver.2, bi-
osystemes, couternon, France). samples were 
evaluated in five sessions (two by two) using 20 
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mL of wine in approved wine glasses (IsO 3591, 
1977) labelled using a 3-digit code and covered 
with a plastic lid to minimise the loss of vola-
tile compounds.

Data were statistically processed using stAt-
GrAPHIcs® Plus version 4.0 (Manugistics, 
scottsdale, AZ, UsA). Each attribute was ana-
lysed by one way analysis of variance (ANOVA) 
to verify significant differences among the sam-
ples. the significance was evaluated by means 
of the F test; the mean values were subjected to 
the multiple comparison test using the LsD pro-
cedure (least significant difference), which allows 
the attributes differentiating the samples to be 
determined. Principal component analysis was 
applied to the sensory data.

rEsULts AND DIscUssION

Different yeast strains were screened for their 
vinification properties in must from partially 
dried Muscat blanc grapes to select the most 
appropriate strain for this kind of product. Fer-
mentations of high-sugar grape musts are often 
sluggish, taking months to reach the desired eth-
anol level, and they usually have high levels of 
volatile acidity.

the sugar content of freshly squeezed Mus-
cat must was 319 g L-1, comparable with those 
reported by NIcOLOsI AsMUNDO et al. (1990) for 
similar grape musts (280-340 g L-1). total acidity 
was 7.0 g L-1 of tartaric acid; malic acid content 
was estimated at 0.5 g L-1, and the pH was 3.34.

Fermentation with the different yeast strains 
resulted in widely variable residual sugar con-
tent. the sample inoculated with strain Ls9 pre-
sented the highest sugar content (98.3 g L-1), 
while the strains Ls7, 522, and AL41 showed a 
strong ability to reduce the initial amount, and 
therefore to perform alcoholic fermentation, in 
musts with high sugar content (table 2).

Except for the Ls9 strain, which probably was 
influenced by both ethanol and sugar stressors 
(trOLLMO et al., 1988; PIPEr, 1995), ethanol 
content (table 2) was about 15% vol. for all the 
hybrid strains, as required by the disciplinary 
regulations of production; among them, Ls7 
yielded the highest value (16.2% vol.).

In spite of the very low levels of reducing sug-
ars at the end of the alcoholic fermentation, 
strains AL41 and 522 exhibited lower ethanol 
levels (14.3 and 14.6% vol., respectively) than the 
interspecific hybrids, which could be explained 
by the diversion of sugar metabolism into by-
products other than ethanol.

Except for Ls9 and Ls8, which produced the 
highest total acidity values, the total acidity of 
the wine samples at the end of fermentation was 
largely unaffected by the identity of the yeast 
strain (table 2). the ability to increase the acid-
ic component is considered particularly favour-
able, especially for wines produced in warm cli-

mates such as southern Italy, because advanced 
ripening leads to products with very low acidi-
ty that lack the sensory characters of freshness 
and vivacity. In addition, acidity contributes re-
sistance to oxidative and microbial spoilage.

VA content was below 1 g L-1 for most of the 
wine samples, except for Ls9 and 16003, which 
produced the highest VA levels (2.06 and 1.14 g 
L-1 respectively). In particular, strains Ls3, Ls6, 
and Ls7 showed a marked ability to maintain vol-
atile acidity at very low levels (table 2). VA has a 
negative effect on the quality of wines and is con-
sidered one of the principal problems for the mar-
ketability of wines produced from dried grapes. 
the results of the present study are particularly 
interesting if compared with those found by MA-
LAcrINÒ et al. (2005) in wines from partially dried 
corvina grapes fermented with selected S. cerevi-
siae (0.81-1.24 g L-1), and with those reported by 
MUrAtOrE et al. (2007) in Malvasia delle Lipari 
wines fermented with S. uvarum strains during 
two consecutive vintages (0.64-0.85 g L-1).

the malic acid content of the grape must was 
very low due to the over-ripening of the grapes. 
the production of malic acid during the fermen-
tation process was variable among the S. cere-
visiae strains, with a minimum content of 0.89 
g L-1 and a maximum of 1.46 g L-1. On the other 
hand, the interspecific hybrids produced higher 
amounts of malic acid, with Ls9 producing the 
highest level of 2.00 g L-1 (table 2).

succinic acid is not usually present in grape 
must, and its origin is related to the yeast strain 
employed. S. cerevisiae strains produced the 
lowest concentrations, with a minimum of 0.23 
g L-1. the interspecific hybrids, except for Ls9, 
showed a good ability to synthesise succinic 
acid as reported in the literature (ZAMbONELLI 
et al., 1997; rAINIErI et al., 1998), with a peak 
content of 1.20 g L-1 for Ls8 (table 2). this was 
probably due to stimulation of succinic acid pro-
duction by sugar stress, as the transcription of 
all genes involved in the production of succin-
ic acid is enhanced under these conditions (Er-
AsMUs et al., 2003).

Enzymatic assessment of glycerol levels 
showed wide variability among the strains. the 
lowest values were synthesised by the S. cere-
visiae strains and the intraspecific hybrid A3b. 
the highest concentrations of glycerol were pro-
duced by the interspecific hybrids, as demon-
strated by EUstAcE and tHOrtON (1987), with a 
maximum value of 11.63 g L-1 for Ls8 (table 2). 
this is a considerable amount if compared with 
what is usually formed by S. cerevisiae in wine, 
which is in the range of 4-9 g L-1 (rIbErEAU-GAY-
ON et al., 1972; GrAZIA et al., 1995). this find-
ing confirms a previous study that demonstrat-
ed a direct correlation between succinic acid and 
glycerol production (GIUDIcI et al., 1995). Glyc-
erol is a non-volatile compound with no aromat-
ic properties, but it significantly contributes to 
wine quality by providing sweetness and fullness 
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(MALAcrINÒ et al., 2005; rIbErEAU-GAYON et al., 
1972). Wine yeasts generally adapt to increased 
osmotic stress by enhanced production of intra-
cellular glycerol, which is the main compatible 
solute that counter-balances the osmotic pres-
sure (NEVOIGt and stAHL, 1997). Due to the fa-
vourable impact of glycerol on wine quality, the 
benefits of increasing glycerol production to im-
prove the sensory characteristics of wines lack-
ing in body have been emphasised (PrEtOrIUs 
and VAN DEr WEstHUIZEN, 1991; bArrE et al., 
1993; DEGrE, 1993; bIssON, 1996).

the absorbance values at 420 nm, indicating 
the influence of the yeast strains on the yellow-
ness of the wines, are reported in table 2. the 
ability of the yeast strains to delay browning has 
recently been investigated by several authors 
such as LOPEZ-tOLEDANO et al. (2006), who as-
cribed this characteristic to an inhibitory effect 
on the formation of coloured compounds. spec-
trophotometric analysis revealed a different yel-
low intensity for each sample. the results of the 
experimental trials indicated no correlation be-
tween browning prevention and the type of yeast 
strain, as strains Ls7, AL41, and A3b, which all 
showed a good ability to maintain the pale yel-
low colour of Moscato di siracusa wine, are (re-
spectively) an interspecific hybrid, a Saccharo-
myces cerevisiae, and an intraspecific hybrid.

the relationships among the chemical param-
eters are shown in Fig. 1, where the first two 
principal components explained 82.76% of the 
variance. sugar, total acidity, and volatile acid-
ity had the highest negative loading on Pc1 (ex-
plained variance 53.48%), and the sample Ls9 
had the highest values for these parameters. 
Ethanol content, succinic acid, and glycerol had 
the highest positive loading on Pc2 (explained 

variance 29.28%); in particular, the sample pro-
duced by the strain Ls7 (unlike the other sam-
ples) was characterised by a high level of etha-
nol and low sugar content. Except for the inter-
specific hybrid Ls3, all the S. cerevisiae strains 
and the intraspecific hybrid were grouped as a 
separate cluster, which was characterised by 
lower levels of acid and glycerol.

Among the 19 sensory attributes considered, 
only 11 (table 3) significantly contributed to the 
character of the wines: yellow intensity (p≤0.001), 
golden reflection (p≤0.05), raisin aroma (p≤0.01), 
honey aroma, sourdough aroma (p≤0.05), sour 
aroma (p≤0.01), sweetness (p≤0.001), viscosity 
(p≤0.01), fruity flavour, (p≤0.05), raisin flavour, 
and honey flavour (p≤0.001).

the relationships among the eleven significant 
attributes were explicated by PcA analysis; the 
first two principal components explained 90.43% 
of the variance. As can be observed from the PcA 
plot (Fig. 2), the wines were distinct in terms 
of sensory attributes. Moving from left to right 
along the first component (explained variance 
80.72%), the samples produced with Ls3, 522, 
and AL41 are distinct from the others. the sec-
ond component (explained variance 9.71%) dis-
tinguishes the Ls7 sample (in the upper left cor-
ner) from the other wines. raisin aroma, sweet-
ness, raisin flavour, and honey flavour (positive 
loading), as well as acid (negative loading) are on 
Pc1; sourdough aroma and golden reflection had 
the highest positive loading on Pc2, while the 
attribute viscosity was equally positively loaded 
on Pc1 and Pc2.

the sample fermented with Ls7 was char-
acterised by a more intense sourdough aroma, 
while Ls6, Ls8, and Ls9 provided wines with in-
tense yellow colour and golden reflection, high 

Fig. 1 - Principal component analysis of mean chemical data from the Moscato di siracusa DOc wine samples.
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Fig. 2 - Principal component analysis of mean significant sensory attributes of the Moscato di siracusa DOc wine samples.

viscosity and sweetness, raisin and honey fla-
vours, and a negative correlation with undesir-
able attributes.

the sensory profiles of six of the wine samples 
selected on the basis of the previous PcA (those 
fermented with 522, 16003, A3b, FrENcH, Ls6, 
and Ls8) were defined by the mean values of the 
eleven significant attributes. Except for the sour 
attribute, the wine fermented with the commer-
cial 522 strain had the least intense sensory at-
tributes in comparison with the other five sam-
ples, while strains Ls8 and Ls6 showed a rich-
ness of aroma and flavour compounds in addi-
tion to intense yellow colour, golden reflection, 
and high viscosity. An intermediate sensory pro-
file was found for the A3b sample.

cONcLUsIONs

to make wines of high quality, starter cul-
tures are usually used to induce effective and 
rapid fermentation. thus, strains of S. cerevi-
siae characterised with respect to their princi-
pal technological traits are normally used. How-
ever, in some cases, such as in the production 
of special wines from dried grapes, strains that 
match the specific characteristics of the par-
ticular wine should be selected. the results of 
the present study demonstrate that hybrids be-
tween cryo- and non-cryotolerant Saccharomy-
ces strains may be technologically promising 
for the production of Moscato di siracusa wine.

their ability to perform alcoholic fermentation 
in grape must with high sugar content was com-
parable (Ls8) or higher (Ls3, Ls6, Ls7) than that 
of a Saccharomyces cerevisiae reference strain. 
In addition, they were able to increase total acid-

ity, malic acid, succinic acid, and glycerol, and 
they strongly reduced VA.

the sensory analysis performed on the wine 
samples by experienced judges revealed (espe-
cially for the interspecific hybrids Ls6 and Ls8) 
a greater richness of aroma and fruity, raisin, 
and honey flavour compounds relative to the 
commercial yeast strain, in addition to intense 
yellow colour, golden reflection, and high vis-
cosity; most of these attributes are reported in 
the production disciplinary of Moscato di sira-
cusa DOc as characterising this precious wine.

the PcA plot of chemical and sensory param-
eters revealed that the Saccharomyces strains 
employed in this study strongly differ in their 
chemical and sensory properties.

Among the interspecific hybrids, Ls9 pro-
duced the highest VA content, while Ls7 and Ls3 
yielded a sourdough aroma and a sour taste, re-
spectively, that were considered to be negative 
traits. thus, Ls6 and Ls8 provided the best fit 
and might be of use for the production of this 
quality wine.

this study proved and clearly confirmed the 
contribution that newly selected yeast strains 
can make to improve the quality of wine pro-
duced according to the most ancient traditions.
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AbstrAct

In this study a sensory profile definition by a trained panel and instrumental measures deter-
mination (pH, acidity, reducing sugar content) were carried out on the sicilian chocolate known 
as “Modica” that is a niche cacao product spiced (cinnamon, vanilla) so as to obtain the Protected 
Geographical Indication (PGI) branding for such a product. sensory and instrumental data were 
also submitted to statistical analysis. the chocolate of Modica has shown a sensory profile differ-
ent from other industrial products; in fact it is unique for the presence of sugar crystals and its 
gritty texture resulting from the manner of its production.
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INtrODUctION

chocolate originates from Mexico where the 
Mayas, Incas and Aztecs cultivated the cacao 
tree (Theobroma cacao) preparing this product 
only on special occasions (cOE and cOE, 1996). 
While we eat chocolate the pleasure centres of 
our brain are activated. One typical quality of 
chocolate is its melt point; it is solid at ambient 
temperature but it melts in the mouth and it is 
dissolved in saliva allowing a clear final assess-
ment of its texture.

Particle size distribution and ingredient com-
position of chocolate (sugar and cocoa about 
70% total in a continuous fat phase) play an im-
portant role in shaping its rheological behaviour 
and sensory perception (AFOAKWA et al., 2007).

In the past chocolate was seen only as a food of 
sensual pleasure with negative effects on health, 
however, today chocolate has been revaluated 
positively, thanks to greater nutritional infor-
mation that discredits many fallacies. Despite 
high lipid and sugar content, its consumption 
has some beneficial effects on the human diet; 
cocoa is rich in antioxidants, above all polyphe-
nols and minerals such as potassium, magnesi-
um, copper and iron, so its intake may be use-
ful in dietary deficiencies or may balance low 
levels of neurotransmitters involved in the reg-
ulation of food intake (serotonin and dopamine) 
(brUINsMA, 1999). thus it is not surprising that 
chocolate has always been the most commonly 
and intensely craved food in western cultures 
(WEINGArtEN and ELstON, 1990; OsMAN and 
sObAL, 2006).

switzerland ranks first among the world’s con-
sumers of chocolate, it is a “chocolate heavy user 
country” followed by belgium and Denmark; It-
aly only ranks 12th place with a constant grow-
ing trend, in fact, the per capita consumption 
passed from 3.2 kg in 1997 to 4.3 kg in 2006 
(+36.4%) (bOMMEZZADrI, 2007).

In the choices of the consumer, tradition has 
prevailed: as for bars, milk chocolate is always 
the best seller, and there is a continuing rise in 
dark chocolate sales, while white chocolate sales 
are declining (bOMMEZZADrI, 2007).

Differences in the sensory characters of choco-
late can be ascribed to the use of different cocoa 
types, i.e. flavour quality of chocolate usually de-
pends on the origin of the cocoa beans (JINAP et 
al., 1995), variations in ingredient proportions 
and in the processing methods (JAcKsON, 1999) 
that differ in relation to national consumer pref-
erences and producer company practices (bEcK-
Ett, 2000; WHItEFIELD, 2005). In this panorama 
there are niche chocolates that offer variety in 
sensory characteristics. For these products it is 
useful to define the standard of sensory identity 
through analyzing the characteristics of locally 
crafted chocolates. In this research the choco-
late of Modica has been characterized.

During the spanish domination (1516-1713), 

an Aztec recipe to prepare the “xocoatl”, cocoa 
mass mixed with vanilla or cinnamon and sugar, 
was transferred to the inhabitants of the county 
of Modica (sicily) as a gift of fidelity. the formu-
la of this chocolate was lost and only through 
historical sources the original recipe has been 
recovered. Until 1992 the chocolate of Modica 
was quite unknown, it was mainly consumed at 
a local level with a production of a few thousand 
bars/year. Unlike other chocolate commercial 
products, this type of chocolate has often been 
considered as a new product (cIUFFOLEttI and 
crEstI, 2004).

today some techniques and ingredients are 
employed to prepare a primitive type of choc-
olate bar whose ancient formula may be ex-
ploited to put on the market as a new product. 
Winning strategies of correct visibility regard-
ing marketing and packaging gave a new sta-
tus to the product. In fact, 300.000 bars/year 
of production have entered into national dis-
tribution only in specialized shops. One of the 
greatest producers of chocolate of Modica has 
had a 25% growth trend in 2006 and the choc-
olate spiced with cinnamon/vanilla has been 
the most sold with a 10% growth trend (bOM-
MEZZADrI, 2007).

With reference to the chocolate production 
technology (roasting of cocoa beans, mixing, 
conching, and tempering) the chocolate of Mod-
ica processing method is very simple.

For the production of chocolate of Modica, the 
Disciplinary (2003) compiled by the consortium 
of Guardianship foresees that a mass of cocoa 
heated to 45°c and mixed with sugar and spic-
es (vanilla, cinnamon, chilli) without addition 
of emulsifiers is manually worked with stone 
tools at a constant temperature that does not 
allow the melting of sugar crystals. by subse-
quent cold tempering the cocoa butter consoli-
dates and the product is ready to be formed in 
rectangular shape (www.cioccolatomodica.it).

since there are no scientific publications 
about this product and considering that the 
characteristics of chocolate have been assessed 
by sensory and instrumental measures (GUI-
NArD and MAZZUccHELLI, 1999), the aim of this 
study is to underline the diversity of this choc-
olate percepted by the consumers safeguard-
ing its identity. the memory of this chocolate 
was lost and only through historical sources 
the original recipe has been discovered. For 
this ancient chocolate that is produced by a 
number of craft-made producers, the definition 
of the sensory profile as well as the analytical 
measures of pH, titratable acidity and reduc-
ing sugar on the cinnamon and vanilla choc-
olate of Modica can constitute a fundamen-
tal step to identify the parameters that should 
be included in the PGI disciplinary (reg. cEE, 
1992). this step constitutes a winning strate-
gy so that the memory becomes enterprise giv-
ing a new status to the product.
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MAtErIALs AND MEtHODs

sampling

samples analyzed were: 3 craft-made choco-
lates of Modica spiced with cinnamon (bc, DAc, 
sc), 5 craft-made chocolates of Modica spiced 
with vanilla (bv, Ev, cv, rv, sv) obtained from 
different producers, a craft-made chocolate of 
Modica without spices (bNA), a sample of dark 
chocolate by intermediate sensory character-
istics due to muscovado sugar (D), and a com-
mercial chocolate (N) (extra bitter Italian choco-
late with 72% of cocoa), indicated as Nc and Nv 
in the sensory evaluation, respectively of cinna-
mon and vanilla chocolate of Modica. the choc-
olate samples were brought to room tempera-
ture (25°±0.5°c) prior to chemical and senso-
ry analyses.

sensory evaluation

A descriptive panel of 8 judges (5 females and 
3 males, aged between 25 and 40 years) select-
ed from students and university staff was uti-
lized to define the sensory profile (UNI 10957, 
2003). the judges were trained in 12 sessions, 
each approximately 1 h in duration, using both 
commercial and Modica craft-made chocolate, 
in order to develop a common vocabulary for 
the description of the sensory attributes of dark 
chocolate samples and to familiarize the panel-
lists with scales and procedures. Each attribute 
term was extensively described and explained to 
avoid any doubt about the relevant meaning. the 
panel had agreed on attributes utilized includ-
ing a list of reference standards for each partic-
ipant (table 1). these attributes correspond to 
the highest intensity score on the rating scale 
used, and were established according to a pre-
vious study (LANZA et al., 2004).

Experimental design

to reduce perception fatigue of the judges, 
the working plan fixed the sensory evaluation of 
the three cinnamon and the five vanilla choco-
late in triplicate at different times. In every ses-
sion, the set submitted to judges was composed 
of four samples: the sample to evaluate and as 
reference standards chocolate of Modica with-
out spices, chocolate with muscovado sugar and 
commercial chocolate.

random samples, prepared by cutting the 
chocolate bar into squares were evaluated in 
triplicate; this was performed by assigning to 
every attribute a score between 1 (absence of cor-
responding sensation) and 9 (extremely intense) 
in individual booths under incandescent white 
lighting in the sensory laboratory of the DOFA-
tA Department. Within each session the design 
was balanced for carry over effect among sam-
ples and session (PAGLIArINI, 2002).

Water at room temperature was used to rinse 
after sample tasting. A computerized data col-
lection program was used (FIZZ software solu-
tions for sensory Analysis and consumer tests, 
biosystemes, couternon, France).

pH and titratable acidity determination

the pH and titratable acidity were determined, 
in triplicate, as described by JINAP and DIMIcK 
(1990): 10 g samples were pulverized in 90 mL 
boiling water.

the extract was filtered and the pH was meas-
ured.

titratable acidity was determined on the ex-
tract with 0.10 M sodium hydroxide to an end-
point of pH 8.0.

reducing sugars

the concentration of reducing sugar was de-
termined by the Fehling titration method on the 
extract after the inversion of sucrose with sul-
phuric acid (AOAc, 1990).

statistical analysis

the sensory data for each attribute were sub-
mitted to Analysis of the Variance (ANOVA) with 
samples (s), judges (J), replicates (r) and their 
relevant interactions J x s, s x r, J x r as effects 
by using sAs/stAt® statistical software pack-
age version 9.1 (sAs Institute Inc., cary, UsA). 
the significance of these effects was tested with 
the F test. the mean values were submitted to 
the multiple comparison test using the proce-
dure LsD (Least significant Difference) that en-
ables the determination of the attributes that 
differentiate the samples.

Principal component Analysis (PcA) was also 
applied to sensory and instrumental means data 
in order to interpret differences among choco-
late samples using tHE UNscrAMbLEr® sta-
tistical software package version 9.2 (camo As, 
trondheim, Norway).

rEsULts AND DIscUssION

the mean values of the instrumental data are 
reported in table 2. the different values of pH 
and titratable acidity among samples can be as-
cribed to the different origins of the cocoa mass 
utilized by the different producers. the large 
range in reducing sugar values for these prod-
ucts are indicative of the absence of a standard-
ized process for producing chocolate of Modica.

During their training period the judges pro-
duced a list of attributes that were useful to de-
fine the sensory profile. Among the terms gener-
ated, those with a percentage of elicitation great-
er than 70% are included in the evaluation card: 
colour uniformity, bright and Presence of crys-
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table 1 - List of sensory attributes evaluated, their definitions and corresponding standards.

Attribute	 Definition	 Reference

Appearance
Bright	 Perceived	color	of	an	object	indicating	the	 Dark	chocolate(Perugina*®)
	 relationship	between	reflected	and	absorbed	light
Presence	 Amount	of	sugar	crystals	present	in	the	surface	 Chocolate	of	Modica
of	crystals	 of	sample	(appearance)

Aroma
Butter	aroma	 Characteristic	aroma	of	butter	perceived	with	 White	chocolate	(Milka®)
	 the	sense	of	smell
Cocoa		 Characteristic	aroma	of	cocoa	perceived	with	 Cocoa	powder	(Perugina)
	 the	sense	of	smell
Cinnamon/		 Characteristic	aroma	of	cinnamon	perceived	with	 Dark	chocolate	(Perugina)
	 the	sense	of	smell	 with	1%	of	cinnamon	aroma	
Vanilla	 Characteristic	aroma	of	vanilla	perceived	with	 Dark	chocolate	(Perugina)
	 the	sense	of	smell	 with	1%	of	vanilla	aroma	
Chocolate		 Characteristic	aroma	of	chocolate	perceived	with	 Dark	chocolate	(Perugina)
	 the	sense	of	smell

Taste
Sour	 One	of	the	four	basic	tastes	caused	by	aqueous	 Dark	chocolate	(Perugina)
	 solutions	of	acid	compounds	perceived	 with	5%	of	citric	acid
	 on	the	tongue
Bitter	 One	of	the	four	basic	tastes	caused	by	aqueous	 Dark	chocolate	(Lindt**®)
	 solutions	of	bitter	compounds	perceived
	 on	the	tongue
Sweet	 One	of	the	four	basic	tastes	caused	by	aqueous	 Dark	chocolate	(Perugina)
	 solutions	of	sweet	compounds	perceived	 with	10%	of	sucrose
	 on	the	tongue

Flavour
Cocoa		 Characteristic	flavour	of	cocoa	perceived	 Cocoa	powder	(Perugina)
	 with	the	swallowing		
Cinnamon		 Characteristic	flavour	of	cinnamon	perceived	 Dark	chocolate	(Perugina)	with
	 with	the	swallowing	 1%	of	cinnamon/vanilla	aroma
Vanilla	 Characteristic	flavour	of	vanilla	perceived	 Dark	chocolate	(Perugina)
	 with	the	swallowing	 with	1%	of	vanilla	aroma
Chocolate		 Characteristic	flavour	of	chocolate	perceived	 Dark	chocolate	(Perugina)
	 with	the	swallowing

Mouthfeel
Astringent	 Sensory	perception	in	the	oral	cavity	that	may	 Dark	chocolate	(Perugina)
	 include	drying	sensation,	and	roughing	 with	1%	of	tartaric	acid
	 of	the	oral	tissue

Texture
Firm	 Strength	required	to	compress	a	substance	 Chocolate	of	Modica
	 between	the	molars	
Cohesive	 Degree	of	compression	(between	the	teeth)	 Dark	chocolate	(Lindt)
	 obtained	prior	to	breaking	of	the	product
Adhesive	 Strength	required	to	remove	product	completely	 Dark	chocolate	(Lindt)
	 from	palate	using	tongue,	after	compression	of
	 the	sample	between	tongue	and	palate
Melting	 A	phase	change	in	the	mouth	due	to	the	 Dark	chocolate	(Perugina)
	 increasing	of	temperature	in	oral	cavity
Friable	 Strength	with	which	a	product	crumbles	and	flakes	 Dark	chocolate	(Perugina)	with
	 	 20%	of	cereal	powder
Gritty	 Amount	of	small	particles	perceived	in	the	mouth	 Dark	chocolate	(Perugina)	with
	 when	biting	the	sample	 20%	of	“Pavesini”®	biscuits

*dark	chocolate	with	60%	of	cocoa	mass;	**	dark	chocolate	with	99%	of	cocoa	mass.
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table 3 - Influence of samples (6), judges (8) and replications (3) on the nineteen descriptors for cinnamon chocolate.

	 F	value

Attributes	 Samples	 Judges	 Replications	 SxJ	 SxR	 JxR

Colour	uniformity	 110.45***	 0.89	n.s.	 1.90	n.s.	 1.07	n.s.	 1.23	n.s.	 1.38	n.s.
Bright	 97.10***	 1.29	n.s.	 2.26	n.s.	 1.12	n.s.	 1.97*	 0.94	n.s.
Presence	of	crystals	 119.25***	 3.60**	 0.42	n.s.	 3.21***	 0.27	n.s.	 0.58	n.s.
Cocoa	aroma	 2.52*	 4.37***	 3.73*	 1.67*	 0.97	n.s.	 0.50	n.s.
Chocolate	aroma	 15.60***	 1.57	n.s.	 0.05	n.s.	 1.65*	 0.50	n.s.	 0.48	n.s.
Cinnamon	aroma	 109.54***	 0.53	n.s.	 0.42	n.s.	 2.51***	 2.12*	 1.40	n.s.
Butter	aroma	 4.12**	 0.93	n.s.	 0.46	n.s.	 2.31**	 1.04	n.s.	 0.76	n.s.
Sweet	 28.13***	 1.46	n.s.	 0.44	n.s.	 1.08	n.s.	 0.42	n.s.	 0.30	n.s.
Sour	 7.30***	 0.68	n.s.	 0.32	n.s.	 3.20***	 1.44	n.s.	 0.80	n.s.
Cocoa	flavour	 0.72	n.s.	 2.18*	 0.62	n.s.	 1.99**	 1.24	n.s.	 0.43	n.s.
Chocolate	flavour	 14.51***	 3.98***	 0.73	n.s.	 1.83*	 1.20	n.s.	 0.53	n.s.
Cinnamon	flavour	 76.50***	 0.75	n.s.	 0.36	n.s.	 1.45	n.s.	 1.21	n.s.	 0.52	n.s.
Astringent	 10.44***	 2.34*	 0.39	n.s.	 3.64***	 0.40	n.s.	 1.43	n.s.
Firm	 5.31***	 0.90	n.s.	 1.33	n.s.	 2.34**	 0.83	n.s.	 0.62	n.s.
Cohesive	 8.93***	 2.68*	 0.29	n.s.	 1.98**	 1.10	n.s.	 0.52	n.s.
Adhesive	 6.11***	 2.00	n.s.	 1.46	n.s.	 1.38	n.s.	 0.49	n.s.	 0.72	n.s.
Melting	 2.25	n.s.	 2.95**	 2.09	n.s.	 1.82*	 0.85	n.s.	 0.97	n.s.
Friable	 71.12***	 4.02***	 0.09	n.s.	 1.60*	 0.49	n.s.	 0.37	n.s.
Gritty	 112.62***	 4.04***	 0.20	n.s.	 3.69***	 0.54	n.s.	 1.06	n.s.

***	significant	difference	for	p	≤	0.001;	**	significant	difference	for	p	≤	0.01;	*	significant	difference	for	p	≤	0.05;	n.s.	no	significant	difference.

table 2 - Instrumental means data.

Sample	 pH	 Std.	dev.	 Tritatable	acidity	 Std.	dev.	 Reducing	sugar	 Std.			dev.
	 	 	 Meq	NaOH/g	 	 g/100	g

N	 5.70	 ±0.18	 4.30	 ±0.35	 28.00	 ±0.05
BNA	 5.92	 ±0.04	 2.73	 ±0.02	 55.44	 ±3.09
D	 5.51	 ±0.01	 4.32	 ±0.00	 40.97	 ±0.01
Cinnamon
Bc	 5.74	 ±0.02	 3.03	 ±0.02	 40.41	 ±0.79
Dac	 6.78	 ±0.06	 1.21	 ±0.12	 67.11	 ±1.56
Sc	 5.77	 ±0.02	 2.73	 ±0.02	 41.68	 ±0.24
Vanilla
Bv	 5.76	 ±0.08	 2.81	 ±0.14	 54.90	 ±0.49
Ev	 6.92	 ±0.08	 0.99	 ±0.08	 62.17	 ±0.01
Cv	 6.94	 ±0.06	 1.28	 ±0.11	 58.48	 ±1.38
Rv	 6.97	 ±0.10	 1.07	 ±0.06	 64.42	 ±2.03
Sv	 6.08	 ±0.00	 2.12	 ±0.07	 62.35	 ±1.26

tals (appearance), butter Aroma, cocoa Aroma, 
chocolate Aroma (olfactive), sour, bitter, sweet 
(gustative), cocoa Flavour, chocolate Flavour 
(flavour), Astringent (mouthfeel), Firm, cohesive, 
Adhesive, Melting, Friable, Gritty (texture), for 
the cinnamon samples while for the vanilla choc-
olates they were classified by their vanilla aroma 
and flavour, however for the vanilla samples the 
judges did not elicit the attributes colour uni-
formity, bright, sour, Astringent, and Friable.

the results of ANOVA for cinnamon chocolates 
(table 3) showed significant differences among 
the samples for all the attributes with the ex-
ception of cocoa flavour and Melting. the judge 
effect indicated significant differences for many 
attributes however the replication effect was not 
significant except for cocoa aroma attribute. the 

interactions sxJ revealed significant differences 
with the exception of colour uniformity, bright, 
sweet, cinnamon flavour, Adhesive. the inter-
actions s x r showed a good homogeneity of the 
samples during replicates, with the exception of 
bright and cinnamon aroma, and finally, the in-
teractions J x r underlined a good reliability of 
the answers furnished by the judges.

ANOVA of vanilla chocolate (table 4) showed 
significant differences among samples for all of 
the attributes, except that for cocoa aroma and 
flavour and Melting. the judge effect indicated 
significant differences for all attributes howev-
er the replication effect was not significant ex-
cept for the Presence of crystals attribute. the 
interactions sxJ reveal significant differences, 
except that for chocolate aroma and flavour. 
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the interactions s x r did not show a good ho-
mogeneity of the samples during replicates, and 
finally, the interactions J x r underlined a good 
reliability of the answers furnished by the judg-
es with the exception of chocolate aroma and 
cohesive.

the mean values of the samples’ sensory data 
submitted to the multiple comparison test (LsD) 
were useful to determine what attributes differ-
entiate the samples (tables 5 and 6).

With respect to the cinnamon chocolate, the 
commercial sample (Nc) shows the highest mean 
score as far as color uniformity, bright, but-
ter aroma and Astringent attributes are con-
cerned, while with respect to the vanilla samples, 
the commercial sample (Nv) shows the highest 
mean scores for Aroma and chocolate Flavour, 
butter Aroma and Adhesive attributes. Even if 
the samples of Modica have different rheologi-
cal characteristics (Presence of crystals, Gritty 

table 4 - Influence of samples (8), judges (8) and replications (3) on the fourteen descriptors for vanilla chocolate.

	 F	value

Attributes	 Samples	 Judges	 Replications	 SxJ	 SxR	 JxR

Presence	of	crystals	 131.31***	 38.64***	 4.98**	 4.50***	 20.80***	 0.87	n.s.
Cocoa	aroma	 1.73	n.s.	 5.09***	 0.71	n.s.	 2.72***	 1.67	n.s.	 1.35	n.s.
Chocolate	aroma	 22.32***	 12.29***	 1.04	n.s.	 1.29	n.s.	 0.80	n.s.	 1.91*
Vanilla	aroma	 7.01***	 11.09***	 0.19	n.s.	 2.58***	 2.50**	 0.85	n.s.
Butter	aroma	 3.14**	 12.80***	 1.22	n.s.	 2.15***	 1.44	n.s.	 0.60	n.s.
Sweet	 25.03***	 27.60***	 1.64	n.s.	 2.53***	 10.63***	 0.61	n.s.
Cocoa	flavour	 1.40	n.s.	 10.90***	 0.03	n.s.	 2.74***	 0.99	n.s.	 0.76	n.s.
Chocolate	flavour	 10.90***	 10.38***	 0.79	n.s.	 1.40	n.s.	 1.16	n.s.	 1.09	n.s.
Vanilla	flavour	 9.75***	 11.82***	 1.39	n.s.	 2.65***	 2.48**	 0.91	n.s.
Firm	 2.91**	 17.98***	 0.83	n.s.	 1.78**	 0.62	n.s.	 0.61	n.s.
Cohesive	 3.33**	 17.10***	 0.06	n.s.	 2.17***	 0.81	n.s.	 2.06*
Adhesive	 5.57***	 19.51***	 0.88	n.s.	 2.04**	 1.25	n.s.	 1.65	n.s.
Melting	 1.40	n.s.	 7.54***	 0.61	n.s.	 2.16***	 1.92*	 1.12	n.s.
Gritty	 93.85***	 36.90***	 1.14	n.s.	 5.26***	 10.88***	 1.14	n.s.

***	significant	difference	for	p	≤	0.001;	**	significant	difference	for	p	≤	0.01;	*	significant	difference	for	p	≤	0.05;	n.s.	no	significant	difference.

table 5 - Mean of the score among the 19 sensory attributes for cinnamon and no spicy samples (6).

Attributes	 Bc	 BNA	 DAc	 Sc	 Dc	 Nc

Color	uniformity	 1.60a1	 2.54b	 5.10c	 6.85d	 7.33d	 8.42e

Bright	 1.58a	 1.95a	 4.85b	 6.29c	 6.46c	 7.43d

Presence	of	crystals	 7.90e	 7.42de	 6.54c	 6.98cd	 4.46b	 1.00a

Cocoa	aroma	 4.52abc	 5.17c	 4.06a	 4.29ab	 4.88bc	 5.07bc

Chocolate	aroma	 4.10bc	 2.83a	 3.46ab	 3.90bc	 4.58c	 6.31d

Cinnamon	aroma	 4.83b	 1.00a	 5.71c	 6.13c	 1.00a	 1.00a

Butter	aroma	 1.85a	 2.33a	 1.92a	 1.85a	 2.33a	 3.10b

Sweet	 7.06c	 6.42c	 6.79c	 6.44c	 4.25b	 3.28a

Sour	 2.42ab	 2.88b	 2.06a	 2.73ab	 4.00c	 3.10b

Cocoa	flavour	 4.56	 4.75	 4.44	 4.56	 5.08	 4.74
Chocolate	flavour	 4.08b	 2.79a	 3.92b	 3.88b	 4.46b	 6.11c

Cinnamon	flavour	 4.42b	 1.00a	 5.52c	 6.35d	 1.00a	 1.00a

Astringent	 2.38a	 2.67a	 2.58a	 3.04a	 4.38b	 4.08b

Firm	 4.02a	 4.46ab	 5.40c	 5.50c	 5.42c	 5.07bc

Cohesive	 2.92a	 4.17b	 3.94b	 4.13b	 4.96c	 5.31c

Adhesive	 3.23a	 4.54c	 3.52ab	 4.06abc	 4.42bc	 5.57d

Melting	 4.77	 4.92	 5.40	 5.42	 5.29	 5.83
Friable	 6.86d	 5.63c	 6.90d	 6.71d	 3.96b	 1.39a

Gritty	 7.56d	 6.88c	 7.00cd	 6.73c	 4.33b	 1.14a

1The	values	marked	with	different	letters	in	the	same	line	are	significantly	different	(p	≤	0.05).
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and Friable), they are not significantly different 
from commercial chocolate samples as for the 
intrinsic attributes of chocolate that is Melting 
and cocoa flavour.

the next step regards the principal compo-
nent analysis of all of the sensory and instru-
mental data of the cinnamon and vanilla sam-
ples in order to identify the importance of vari-
ous attributes to discriminate among the sam-
ples obtaining a multidimensional space. Fig-
ures 1 and 2 report the principal component 
score plot and the principal component load-
ing plot from chocolate sensory and analytical 
data, respectively. 

the variance explained by the first two prin-
cipal components was 75%. Figure 1 (score plot) 

shows the position of the samples in the 3 repli-
cates. since the distance among the replicates of 
the same product is very little, it can be affirmed 
that the results are reliable and that the judges 
have furnished their judgments in a consistent 
way. Furthermore, chocolate samples appear to 
be well separated in the space.

Moving left to right along the first component 
(explained variance 54%), commercial chocolate 
samples (N and D) are distinct from the Modi-
ca chocolate. the second component (explained 
variance 21%) distinguishes the cinnamon and 
not spicy samples from the vanilla chocolate.

Principal components loading were examined 
in order to identify the importance of various at-
tributes in discriminating among the samples. 

table 6 - Mean of the score among the 14 sensory attributes for vanilla and no spicy samples (8).

Attributes	 BNA	 Bv	 Ev	 Cv	 Dv	 Rv	 Sv	 Nv

Presence	of	crystals	 7.42e1	 6.84e	 7.33e	 5.44c	 5.04bc	 4.81b	 6.31d	 1.08a

Cocoa	aroma	 5.17	 5.33	 4.81	 4.60	 5.63	 5.00	 4.94	 4.92
Chocolate	aroma	 2.83a	 4.60cd	 3.71b	 4.33bc	 5.00d	 4.48cd	 4.96cd	 6.58e

Vanilla	aroma	 1.00a	 2.35d	 2.02cd	 2.10cd	 1.71bc	 2.25d	 2.15cd	 1.50b

Butter	aroma	 2.33a	 2.38a	 2.27a	 2.56a	 2.54a	 2.29a	 2.38a	 3.54b

Sweet	 6.42d	 6.10cd	 6.42d	 5.50b	 4.29a	 5.73bc	 6.34d	 3.79a

Cocoa	flavour	 4.75	 5.33	 4.83	 4.60	 5.25	 4.94	 4.58	 4.96
Chocolate	flavour	 2.79a	 4.58c	 3.65b	 4.17bc	 4.46c	 4.54c	 4.73c	 5.54d

Vanilla	flavour	 1.00a	 2.19c	 1.81bc	 2.17c	 1.63b	 2.17c	 1.98bc	 1.13a

Firm	 4.46a	 5.54c	 4.81ab	 5.06abc	 5.54c	 5.46bc	 5.57c	 5.42bc

Cohesive	 4.17ab	 3.73a	 3.96ab	 4.34b	 4.13ab	 4.46b	 4.02ab	 5.17c

Adhesive	 4.54cd	 3.21a	 3.58ab	 4.04bc	 3.92bc	 4.19bc	 3.90abc	 5.13d

Melting	 4.92	 5.73	 5.65	 5.46	 5.21	 5.38	 5.79	 5.17
Gritty	 6.88d	 6.56d	 7.04d	 5.04b	 5.33bc	 4.83b	 5.65c	 1.04a

1The	values	marked	with	different	letters	in	the	same	line	are	significantly	different	(p	≤	0.05).

Fig. 1 - score plot of chocolate samples.
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Figure 2 represents the plot of the sensory and 
physico-chemical parameters in the plane de-
fined by the first two components.

the commercial samples (N and D) on the 
left of the first Pc in Fig. 1 are negatively corre-
lated to the Presence of crystal, Friable, Gritty 
and sweet, and positively correlated to choco-
late Aroma and Flavour, cohesive and Astrin-
gent. the results from PcA show that the senso-
ry profile of the chocolate of Modica is very dif-
ferent from that of the other samples. In gener-
al, the second dimension makes the difference 
between the chocolate of Modica and commer-
cial products.

cONcLUsIONs

the results obtained in this research show the 
peculiar sensory profile of the chocolate of Modi-
ca, a fact that differentiates it from the commer-
cial dark chocolate, and principally the choco-
late of Modica’s attributes of appearance (Pres-
ence of crystals), taste (sweet), and texture (Grit-
ty), that are a result of its production technolo-
gy. Despite its diversity, the chocolate of Modi-
ca did not lose two sensory attributes that are 
typical characteristics of chocolate: melting and 
cocoa flavour.

If aroma makes the difference between the cin-
namon and vanilla references, it is not clear why 
some attributes (colour uniformity, bright, sour, 
Astringency, and Friable) of the cinnamon sam-
ples are not present in the sensory profile of va-
nilla samples. this result underlines the scarce 
homogeneity among the samples examined. In 
fact, each producer of the Association has “in-

Fig. 2 - Loading plot of chocolate samples.

terpreted” the original recipe, varying the ingre-
dients in their quantities and modifying some 
phases of the workmanship to shorten the pro-
duction process. therefore a follow up study is 
necessary to set a range of chemico-physical and 
sensory parameters to conform and standard-
ize the production, so as to achieve the identi-
fication with the PGI brand. In fact, cacao and 
its products are still developing and there are 
some avant-gardists with strangest tastes who 
like orange, chilli, cinnamon, ginger, and even 
absinthe flavoured chocolate. this study made 
it possible to sort out the sensory dimensions 
on an ancient chocolate helping to get relevant 
and useful information to guide product devel-
opment. It is nevertheless a fact that the indus-
try and marketing must better understand the 
consumer sensory development in order to sat-
isfy his needs.
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AbstrAct

the HAccP system is based on an assumption that the virtual hazard and irregularities in food 
processing may be detected before or during technological processes, so that their risk is mini-
malised. Preventing health hazards is a major objective of the HAccP system, which is currently 
considered as one of the most efficient tools available in this respect.

the aim of the present study is to elaborate selected sections of the HAccP system for meat 
products, to adapt and verify it in the production chain. the study involved a description of se-
lected representative meat product – Pork Loin chops, the production design, designation of crit-
ical control points (ccP) in the process, the hazard and the development of a hazard identifica-
tion analysis sheet. A monitoring system, prevention and correction measures were also planned. 
the HAccP system was practically verified by testing its introduction and implementation dur-
ing the production process.
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PrActIcAL APPLIcAtIONs

Present investigations aimed at the minimi-
zation of contamination risk as the HAccP sys-
tem are based on hazard identification during 
all stages of the food chain process. the sys-
tem’s main goal is the prevention of problems, 
facilitating the elimination of hazards originat-
ing from raw materials, equipment, human re-
sources and accessories. Presented results are 
guidelines for modern catering industry, which 
may not work properly without quality con-
trol systems. the preparation of the present-
ed HAccP system included a representative 
meal, starting with raw material acceptance 
and ending with consumption by consumers. 
biological, physical and chemical hazards had 
been formulated and located. Quality control 
systems in catering business turned out to be 
beneficial on the condition that all actions are 
systematically controlled.

INtrODUctION

today’s consumers’ confidence in food safe-
ty is ensured by applied quality control sys-
tems. the Hazard Analysis critical control 
Point (HAccP) system is based on the control 
focused on operation points critical for food 
safety (cODEX ALIMENtArIUs, 2003). the oth-
er standards widely used include the Danish 
standard (2002) or the new IsO 22000 stand-
ard (2005). the main system’s advantages are 
monitoring, preventiveness and easiness (HEN-
sON et al., 1999). Another positive aspect of 
the HAccP system is managing the resourc-
es, food hygiene, improved productivity and 
profitability and reduced production costs 
(WOrsFOLD, 2001; WOrsFOLD and GrIFFItH, 
2003). On the other hand, also negative rea-
sons why HAccP system incorrectly imple-
mented would fail (MItcHELL, 1998). the most 
important of these are: no business and cus-
tomers’ demand, constraints on financial and 
human resources, and the absence of legal re-
quirements (ENGEL, 1998; WOrLD HEALtH Or-
GANIZAtION, 1999). the first step in the imple-
mentation of food safety and quality systems 
along the entire food production chain is the 
GHP and GMP practice (cHArIsIs, 2004; UsDA, 
2005; FDA, 2008). Good Hygiene Practice (GHP) 
refers to procedures that must be undertak-
en and hygiene conditions that must be ful-
filled and monitored at all stages of produc-
tion or trade in order to guarantee food safe-
ty, while Good Manufacturing Practice (GMP) 
is focused on actions, conditions that must be 
fulfilled and materials admissible for contact 
with food, that are properly executed, guar-
antying food safety for human consumption.

the accession of Poland to the European Un-
ion was a milestone for the development of food 

and catering industry. According to the coun-
cil regulation (Ec) No 852/2004, since 1st of 
January 2006 the implementation of the HAc-
cP system is obligatory for all sectors of food 
business that participate in food production 
and distribution processes. the HAccP system 
was introduced and extended by the govern-
ment aiming at enhancing food safety (WOrLD 
HEALtH OrGANIZAtION, 2003.). Free trade ex-
change within the European Union requires 
the unification of food legislation and quality 
standards within the EU. the HAccP system 
was primarily recommended to food exporters, 
then it became a required system for all food 
industry units as a food safety assurance tool 
(HEALtH & cONsUMEr PrOtEctION D.G., 2005.). 
As the living standards in Poland are improv-
ing and more foreigners visit our country every 
year, it has become very important to increase 
food product safety and thus welfare of the do-
mestic consumer.

catering and restaurant meals have been 
mainly implicated in foodborne disease out-
breaks (tAYLOr, 2008; cOMMUNItY sUMMArY 
rEPOrt, 2009; WIENEKE et al., 1993). Main 
contributors to general outbreaks are Clostrid-
ium perfringens, Salmonella, Staphylococcus 
aureus, Listeria monocytogenes and Bacillus 
cereus (DerOEVEr, 1999; sOrIANO et al,. 2002). 
research showed that the introduction of a 
HAccP system facilitated an improvement of 
microbiological quality of meals (brYAN, 1990; 
MArtINEZ-tOME et al., 2000; LIttLE et al., 
2002; WALKEr and JONEs, 2002). the applica-
tion of the HAccP system also makes it possi-
ble for producers to take correct and safe ac-
tions in case of governmental inspection. the 
benefits of quality control systems would be 
manifested on the condition that all food chain 
actions are systematically controlled. Hazard 
analysis and critical control points system is 
applied both in basic production and at all 
stages of the food chain, starting with farms 
and finishing with consumer safety (sUN and 
OcKErMAN, 2005; bAs et al., 2006; KNAFLEWs-
KA and POsPIEcH, 2007).

Practically no research has been conducted 
in this field, especially on practical guidelines 
and examples of implementation of the HAc-
cP system in Poland. Although current litera-
ture shows many aspects of HAccP and advan-
tages and disadvantages of its implementation, 
there is still a limited body of literature show-
ing the manner of applying the quality assur-
ance system particularly in food production, 
e.g. grocery products (GrAMZA-MIcHALOWsKA 
and KOrcZAK, 2008; VArZAKAs and ArVANI-
tOYANNIs, 2008).

the objective of this study is to elaborate se-
lected aspects of the HAccP system based on 
a representative meat product, i.e. pork loin. 
research involved a description of the select-
ed meat product, production design, designa-
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tion of critical control points (ccP) in the proc-
esses, the hazard and the identification analy-
sis sheet. On the basis of received data select-
ed chapters of the HAccP manual for cater-
ing meat products were created. research also 
showed the complexity and precision that is 
required for the HAccP system for its correct 
adoption and satisfactory operation.

MAtErIALs AND MEtHODs

the subject of the study is the implemen-
tation of the HAccP system in food produc-
tion at a restaurant. the menu of the restau-
rant was checked and corrected following the 
actual technological process, all the HAccP 
system procedures were presented and adapt-
ed. Pork loin was selected as a representa-
tive of meat products, and then technolog-
ical processing and its production flow dia-
gram were elaborated, corrected and verified 
according to its daily application. Afterwards 
hazard identification, its controlling proce-
dures and critical control points identification 
were evaluated. Identification of ccP was car-
ried out using the HAccP decisive tree (cO-
DEX ALIMENtArIUs, 2003). subsequently pa-
rameters and inspection characteristics for 
critical limit assessment, ccP monitoring and 
controlling methods and corrective measures 
have been elaborated. the last step of HAc-
cP implementation in practice was to conduct 
the documentation and HAccP system verifi-
cation processes.

rEsULts AND DIscUssION

the implementation of basic sanitary and 
HAccP system requirements allows food pro-
ducers to evaluate a complete HAccP manu-
al. the most important step is product specifi-
cation, so not the sensory value, but consum-
er safety should be the most important aspect 
(table 1). A conventional product description 
should include: materials, recipe, basic storage 
conditions (label), and expiration date or instruc-
tion for use. It is also very important to foresee 
all possible uses and evaluate a potential nega-
tive effect on consumers’ health, including oth-
er preparation methods or a possible presence 
of allergens.

the next step is the elaboration of techno-
logical process design (Fig. 1). the technolog-
ical process flow diagram should be drawn 
by technologists or cooks that know best the 
specific production steps. All production flow 
diagrams need to be verified in practice, oth-
erwise they will never be adequate for a cor-
rect operation of HAccP systems. the verifi-
cation process makes it possible to find poten-
tially forgotten side processes and procedures 

that play an essential role in integral food pro-
duction. this step is not concerned with any 
hazard analysis, but it includes only specif-
ic processes.

the most common mistakes in the eval-
uation of hazard analysis include confus-
ing causes and effects, or even ignoring oth-
er hazards that might occur during the pro-
duction chain. A standard procedure for the 
hazard analysis sheet is to create a table con-
sisting of process stages, hazard identifica-
tion, description, category (biological, physi-
cal and chemical), prevention procedures and 
corrective measures (table 2). the next step 
is to evaluate the importance of control points 
with the use of a decisive tree. A series of dif-
ferent questions and answers leads to the de-
termination of critical control points. Accord-
ing to the HAccP system regulations, the ccP 
is a part of procedure or step which should 
be controlled and where food safety hazard 
can be prevented, eliminated or reduced to 
acceptable levels. the most common criti-
cal control points in catering production are 
shown to be: the acceptance of materials and 
products, storage, heat processing or cooling, 
and washing of consumers’ utensils. An aver-
age ccP list consists of too many points de-
termined. Usually it is done by thinking for-
ward (commonly called “just in case”), which 
is surely not a good manner of HAccP imple-
mentation. the number of marked ccPs is 
clearly reversely proportional to the moder-
nity of a given catering institution and em-
ployees’ knowledge. the next step of HAccP 
implementation is the designation of param-
eters for critical ccP values (table 3). crit-
ical values should be described as easy to 
measure, especially since the catering proc-
ess is very fast and it could be a problem to 
conduct microbiological analysis of products. 
the monitoring system should be defined as a 
specific and detailed information source, con-
cerning who and how should monitor ccPs. 
the possibility of losing control over a ccP 
(exceeding critical limits) should be easy to 
identify, while produced food needs to be con-
demned, specifically labeled, protected and 
separated from other food products. such an 
inadequate food product should be marked 
and considered as an incompatible product. 
the verification process should be continu-
ous with the use of audit or laboratory evalu-
ations (e.g. levels of pathogens or chemicals), 
especially when the food process is modern-
ized. the HAccP system verification is main-
ly based on the correct critical control point 
monitoring and efficient sanitary procedures. 
Apart from actual practical evaluations, the 
correctness of HAccP system documentation 
should also be continuously checked. When 
a food safety assurance system is regularly 
working the Quality Manual is introduced to 
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table 1 - Product description “Pork loin chops”.
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Fig. 1 - the description of technological process of “Pork loin chops”.
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the auditor for the system docu-
mentation approval.

cONcLUsIONs 
AND IMPLIcAtIONs

consumer protection as the last 
step of the food chain is the most 
essential step during the HAc-
cP quality control system evalua-
tion. the application of the HAc-
cP system facilitates a faster and 
simpler execution of adequate con-
trol measures and as a result the 
elimination of hazards. It promotes 
consumer confidence in food safe-
ty and quality.

restaurants or catering business 
with the applied HAccP system 
proved its correct and safe operation 
in case of governmental inspection. 
Quality control systems may turn 
out to be beneficial on the condi-
tion that all actions are systemati-
cally controlled. the catering indus-
try should first work on the basis of 
GHP and GMP systems, creating an 
accurate and safe environment for 
the correct realization of the produc-
tion process. the preparation of the 
presented HAccP system included 
pork loin chop production, starting 
with raw material acceptance and 
ending with consumption by clients. 
the present study formulated and 
located biological (e.g. pathogens), 
physical (e.g. bones), and chemical 
hazards (e.g. cleaning liquid resi-
dues). For meat products two crit-
ical control points were identified. 
the most important is the con-
trol of storage conditions, but heat 
processing is crucial for meat prod-
uct safety and quality. Aiming at 
the minimization of contamination 
risk the HAccP system is based on 
hazard identification in the techno-
logical process, during all stages of 
the food chain process. the system’s 
main goal is the prevention of prob-
lems, facilitating the elimination of 
hazards originating from raw mate-
rials, equipment, human resourc-
es and accessories. Modern cater-
ing industry may not work proper-
ly without quality control systems 
following government and Europe-
an Union regulations and directives. 
Moreover, today’s conscious con-
sumers demand high quality food 
products provided with meal safe-
ty assurance.
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table 3 - critical limits of parameters, control, monitoring and correction characteristics for “Pork loin chops”.
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AbstrAct

In this study, potato peel (PPE), orange peel (OPE) and apple pomace (APE) ethanolic extracts 
were used as natural antioxidants in sunflower oil and their antioxidant activity was evaluated 
during 45 days storage at 40°c. the peroxide value (POV), free fatty acid (FFA) and iodine val-
ues (IV) of oil samples were determined and the results were compared to the control sample and 
butylated hydroxytoluene (bHt), a synthetic antioxidant. After storage sunflower oil containing 
1,500 ppm APE showed lower POVs (123.85 meqO2/kg oil) among the natural extracts than the 
control sample (140.82 meqO2/kg oil). the lowest POV was observed in the sample containing bHt 
(93.11 meqO2/kg oil). the FFA values of the control sample were determined in the range of 0.16-
0.28% during storage but samples containing natural extracts showed lower FFA values. the IVs 
of samples decreased with increasing storage time because of oxidation. the addition of natural 
extract inhibited the decrease in IV. these results showed that PPE, OPE and APEs have strong 
antioxidant activity and can be used as a natural antioxidant agent for the inhibition of deterio-
rative oxidation in vegetable oils or other food products.
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INtrODUctION

One of the principal reasons for edible oils, 
quality deterioration is lipid peroxidation (GOr-
DON, 1991). Oxidative reactions occur in food 
because of O2 caused lipid peroxidation and be-
cause of this loss of nutritional value, flavor, aro-
ma and texture degradation may develop. In ad-
dition, high levels of oxidation can cause health 
problems like tumors, heart failure, cataract and 
brain dysfunction by means of acting cytotoxical-
ly (MANIAK and tArGONsKI, 1996). Edible vege-
table oils are a popular and beneficial food con-
sumed by humans in their daily diet because of 
cholesterol lowering effects; however, their pres-
ervation is rather difficult. they are rather sus-
ceptible to oxidation and easily deteriorate when 
they react with air oxygen (MAtALGYtO and AL-
KHALIFA, 1998). the addition of antioxidants to 
food formulations is a popular, effective method 
to prevent oxidative reaction in food and increas-
es the shelf life of lipids, especially oils, and lipid 
containing foods (HALLIWELL et al., 1995). In the 
food industry, synthetic antioxidants, such as 
butylated hydroxytoluene (bHt), butylated hy-
droxyanisole (bHA) and tertiary butyl hydroqui-
none (tbHQ) are commonly used to prevent ox-
idation in food formulation. However, there are 
some questions about the use of synthetic anti-
oxidants because of issues related to their tox-
icity and carcinogenicity (ItO et al., 1985). rE-
HMAN et al. (2004) reported that synthetic anti-
oxidants may cause liver swelling and influence 
liver enzyme activity. For these reasons, there is 
an increased demand for natural antioxidants 
due to consumer concerns about the safety of 
synthetic antioxidants; there is also a need for 
natural antioxidants to prevent the deterioration 
of food, especially oils, because of the health ef-
fects. there are many scientific studies which 
report that natural antioxidants obtained from 
natural sources have strong antioxidant activity 
(GAMEZ-MEZA et al., 2009). In addition, extracts 
obtained from spices, herbs and hulls by differ-
ent methods of solvent extraction have varying 
degrees of antioxidant activity. Moreover, some 
of these natural extracts, generally obtained 
from natural organic substances, have greater 
antioxidant activity than some synthetic anti-
oxidants (rEHMAN et al., 2004).

Fruits are a good source of phenolic com-
pounds (EbErHArDt et al., 2000). It is known that 
the concentration of total phenolic compounds is 
much greater in the peel of fruits than in the flesh 
(EscArPA and GONZALEZ, 1998; LI et al., 2006; 
GOrINstEIN et al., 2001). the structure and dis-
tribution of these phytochemicals between the 
flesh and the peel of the fruit is also different. the 
peel possesses additional flavonoids not found 
in the flesh (VAN DEr sLUIs et al., 2001). It has 
been noted that in all fruits and vegetables peels 
have high phytochemical concentrations or high 
antioxidant activity (tALcOtt et al., 2000a; GIL et 

al., 2000; tALcOtt et al., 2000b). this suggests 
that the peels alone would be even more effective 
(WOLFE et al., 2003). In the food industry, large 
amounts of byproducts, such as skin, peel, seed 
and pomace, are generated during food process-
ing (bOccO et al., 1998). the fruit peels are typi-
cally used for unimportant purposes. they are of-
ten pressed to make fruit juice or vinegar, pressed 
into a cake for livestock feed, or used as fertiliz-
er. sometimes they are used as a source of pectin 
(WOLFE et al., 2003). It seems, therefore, that fruit 
peels are a rich source of natural antioxidants and 
worthy of further study (LI et al., 2006). For that 
reason, the extracts obtained from waste materi-
als containing different antioxidant compounds 
can be used to prevent oxidative deterioration in 
food, especially edible oils, and also for inhibit-
ing oxidative damage in living systems by scav-
enging oxygen free radicals (MAKrIs et al., 2007). 
Apple pomace, orange peel and potato peel are 
waste materials obtained from the food process-
ing industry and many studies have shown that 
they are a valuable source of natural antioxi-
dants and bioactive compounds. Due to their 
having different antioxidant compounds, it was 
determined in earlier studies that apple pomace 
(LU and FOO, 2000; ĆEtKOVIĆ et al., 2008; sUÁ-
rEZ et al., 2010), orange peel (JOHN, 2004; ANAG-
NOstOPOULOU et al., 2006; cHErIF et al., 2006; 
LONDOŃO-LONDOŃO et al., 2010) and potato peel 
(rEHMAN et al., 2004; sINGH and rAJINI 2004; 
KANAtt et al., 2005; sEVcIK et al., 2009; MOH-
DALY et al., 2010) extracts showed strong anti-
oxidant or antiradical activity.

Although it is known that these byproducts 
have more antioxidative activity, there are very 
few studies on the use of these waste materi-
als for increasing the stabilization of edible oils. 
the aim of the present study was to evaluate the 
antioxidant efficiency of PPE, OPE and APEs as 
natural antioxidants in sunflower oil in view of 
the fact that they are rich sources of phenolic 
compounds with antioxidant capacity.

MAtErIALs AND MEtHODs

Materials

refined, bleached and additive-free sunflow-
er oil was purchased from the Zade vegetable 
oil factory (Konya-turkey). Apple pomaces were 
supplied from Gülsan-Meysu Juice co. (Kayseri-
turkey). Orange and potato peels were obtained 
from the student cafeterias at Erciyes Universi-
ty. butylated hydroxytoluene (bHt), a synthetic 
antioxidant, was purchased from Merck (Darm-
stadt, Germany).

Preparation of natural extracts

the apple pomace and orange and potato peels 
(washed) were dried at 45°c for 48 hours in a hot 
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air oven (Nuve FN 120, turkey) and ground to a 
fine powder by a grinder (Waring blender, UsA). 
A powdered sample (10 g) was then extracted 
with 100 mL ethanol (80%) (Merck-Darmstadt, 
Germany) at 30°c for 2 h in an ultrasonic wa-
ter bath (bandalin sonore rK100H, Germany). 
the extract was filtered and the residue was re-
extracted under the same conditions. After that, 
all of the combined extracts were concentrat-
ed by using a rotary evaporator (buchi, r-200, 
switzerland) under vacuum at 50°c to obtain 
the crude extracts.

Incorporation of natural extracts 
into sunflower oil

the sunflower oil without extracts and those 
containing 1,500 ppm APE, OPE or PPE were 
separately prepared. Each 100 mL prepared 
sample was placed into an open beaker and for 
a comparative study, a sample containing bHt 
at its legal limit of 200 ppm was prepared. Af-
terwards, prepared oil samples were stored at 
40ºc in a hot air oven (Nuve EN 120, turkey) ex-
posed to constant sunlight and air during stor-
age for 45 days. Analyses of the samples were 
then carried out periodically at 15-day intervals.

Antioxidant efficiency test procedures

Peroxide value (POV)
the POVs of the samples were determined ac-

cording to the procedure described by the AOAc 
(2000). For this purpose approximately 5 g oil 
were weighed into an erlenmeyer flask (250 mL) 
and dissolved in 10 mL chloroform. then, 15 
mL acetic acid and 1 mL saturated potassium 
iodine (KI) were added and mixed. the mixture 
was left in the dark at room temperature for 5 
min. Distilled water (75 mL) was then added and 
the mixture was shaken vigorously. 1 mL pre-
pared starch solution (1%) was added and the 
resulting solution titrated with 0.01 N sodium 
thiosulphate (Na2s2O3) until the color became 
clear. the peroxide value was calculated using 
the following formula:

where V1 is the amount of Na2s2O3 used for ti-
tration (mL), V0 is the amount of Na2s2O3 used 
for the blank (mL), N is the normality of Na2s2O3 
and M is the weight of the sample (g). POV was 
expressed as milliequivalents (meq) of active ox-
ygen per kg of oil.

Free fatty acids (FFA)
the FFA values of the samples were deter-

mined according to the procedure described by 
the AOAc (2000). For this purpose, a range of 
5-10 g oil was weighed into an erlenmeyer flask 
and dissolved in 100 mL ethanol:diethylether 
(1:1 v/v). Next, a few drops of phenol-phthalein 

(1%) were added and the resulting solution ti-
trated with 0.1 N sodium hydroxide (in ethanol 
prepared NaOH) until the color became pink. 
the free fatty acid value was calculated using 
the following formula:

where V=titration volume of NAOH (mL); 2.82: 
gram molecule of oleic acid; M=weight of sample 
(g). FFA% was expressed as oleic acid.

Iodine value (IV)
the IVs of the samples were determined ac-

cording to the procedure described by the AOAc 
(2000). Approximately 0.2 g oil was weighed into 
an erlenmeyer flask (500 mL) and dissolved in 
15 mL cyclohexane-acetic acid (1:1 v/v). then, 
25 mL Wijs solution (Merck, Germany) was add-
ed and the mixture was left in the dark at room 
temperature for 60 min. Next, 20 mL KI solution 
and distilled water (150 mL) were added respec-
tively. 1 mL prepared starch solution (1%) was 
added and the resulting solution titrated with 
0.1 N sodium thiosulphate (Na2s2O3) until the 
color became clear. the iodine value was calcu-
lated using the following formula:

where V1=titration volume of Na2s2O3 for blank 
(mL); V2=titration volume of Na2s2O3 for sample 
(mL); N=normality of Na2s2O3 solution; M=weight 
of sample (g)

statistical analysis

statistical analyses were conducted using the 
statistical Analysis system (sAs) (sAs, 1988). 
the effect of extract addition and storage peri-
od and their interactive effect on POV, FFA and 
IVs were determined using a two-way Analysis of 
Variance (ANOVA) with the general linear model 
(GLM) procedure.

rEsULts AND DIscUssION

the POVs of sunflower oil samples contain-
ing different antioxidant agents are illustrat-
ed in Fig. 1. As shown in figure, the POV of the 
control sample increased rapidly during stor-
age at 40°c. It was determined as 2.19 meqO2/
kg oil at day 0th, but because of intense light 
and oxygen exposure during storage, oxidation 
was accelerated and peroxide values increased 
to 140.82 meqO2/kg oil on the 45th day. Expo-
sure to air (IsAbEI and MArIANO, 2001; KrIstI-
NA and HANs, 1998), heat (MAtALGYtO and AL-
KHALIFA, 1998; WIttING et al., 1999) and light 
(XIAOYING and AHN, 1998) accelerated the ox-
idation process. the addition of different ex-
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tracts as natural antioxidants provided a sig-
nificant reduction in the POV and FFA values 
of sunflower oil during 45 days storage at 40°c. 
As can be seen from Fig. 1, the addition of ex-
tracts to the oil provided stability against oxi-
dative reactions in the sunflower oil. In general, 
natural extracts slightly inhibited peroxide for-
mation compared to the control sample and the 
POV decreased in the sample containing natu-
ral extract. After 45 days storage at 40°c, the 
POV of the samples with PPE, OPE and APE 
were 138.27, 124.79 and 123.85 meqO2/kg oil, 
respectively. the POVs of the sunflower oil sam-
ples with extracts were found to be lower com-
pared to the control sample after 45 days stor-
age. the reduction of POV in the sunflower oil 
samples treated with different natural extracts 
during storage was found to be statistically sig-
nificant (p<0.01). In addition, the effect of stor-
age period, extract type and their combined effect 
were found to be statistically significant (p<0.01). 
the POV of samples at different storage periods 
was statistically different (p<0.01) but in treat-
ment with a natural extract, there was no dif-
ferent antioxidant effect between OPE and APE 
during the storage period (p<0.01). It can be said 
that OPE and APE were generally the most ef-
fective extracts against oxidation compared to 
the other natural extracts. Different phenolic 
compounds are responsible for the antioxidant 
properties of APE and OPE. Hesperidin is an 
abundant phenolic compound found in citrus 
peels and has strong antioxidant activity. More-
over, it improves vascular integrity and decreas-
es capillary permeability. It has been reported 
that hesperidin can inhibit copper-induced low 

density lipoprotein (LDL) oxidation (VALENsI et 
al., 1996; cIrIcO and OMAYE, 2006; LONDOŃO-
LONDOŃO et al., 2010). there are many impor-
tant bioavailable phenolic compounds such as 
flavonols (e.g., quercetin, hyperin, monomer-
ic and oligomeric flavanols), dihydrochalcones 
(e.g., phloridzin), anthocyanidins, p-hydroxy-
cinnamic (e.g., caffeic, chlorogenic acid) and p-
hydroxybenzoic acids in apple pomace (EscAr-
PA and GONZALEZ, 1998; ĆEtKOVIĆ et al., 2008; 
sUÁrEZ et al., 2010) the POVs of samples treat-
ed with OPE were 33.65 and 60.43 meqO2/kg 
oil on the 15th and 30th storage day while they 
were 39.65 and 82.56, 35.03 and 61.08, 38.24 
and 66.84 meqO2/kg oil for the control sample 
and samples treated with APE and PPE, respec-
tively. bHt, a synthetic antioxidant used in the 
food industry, was found to be more effective 
compared to all the other extracts used as anti-
oxidants in sunflower oil. the reduction in POV 
was more pronounced in samples treated with 
bHt. the POV of the sample with added bHt was 
93.11 meqO2/kg oil at the end of the storage pe-
riod while the control sample’s POV was 140.82 
meqO2/kg oil. rEHMAN et al. (2004) studied the 
use of the petroleum ether extract of potato peel 
in soybean oil and compared the efficiency of this 
natural extract with bHt and bHA. they found 
that after 45 days storage, the POV of the soy-
bean oil sample treated with bHt at 45°c was 
4.80 meqO2/kg oil while the POVs of soybean 
oil treated with PPEs at different concentrations 
were 23.0, 7.0 and 6.70 meqO2/kg oil for sam-
ples containing 800, 1,600 and 2,400 ppm nat-
ural extract, respectively. As seen from the re-
ported results, synthetic antioxidants such as 

Fig. 1 - Peroxide values of samples.
bHt: butylated hydroxytoluene; APE: Apple Pomace Extract; OPE: Orange Peel Extract; PPE: Potato Peel Extract.
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Fig. 2 - Free Fatty Acid values of samples.
bHt: butylated hydroxytoluene; APE: Apple Pomace Extract; OPE: Orange Peel Extract; PPE: Potato Peel Extract.

bHt and bHA are generally more effective than 
natural antioxidants, but the concentrations of 
natural extracts are important. the concentra-
tions of synthetic antioxidants should not exceed 
200 ppm. If the concentrations of natural anti-
oxidants used in refined oils are increased, the 
efficiency of natural antioxidants would be high-
er than synthetic antioxidants. In another study 
carried out by the same author, the antioxidant 
efficiency of bHt was more prominent than that 
of citrus peel extract. the POV of bHt at 45°c 
after two months storage was 4.3 meqO2/kg oil 
while the POV of corn oil samples containing 
1200 ppm citrus peel extract was 5 meqO2/kg 
oil at the same conditions. However, increasing 
the citrus peel extract concentration in oil de-
creased the POV of the oil. It was 3.5 and 3.0 
meqO2/kg oil in samples containing 1,600 and 
2,000 ppm citrus peel extract, respectively (rE-
HMAN, 2006). In the present study, our samples 
were exposed to sun light and oxygen. there-
fore our results were found to be greater than 
those of other studies. In one study, the POV of 
additive-free sunflower oil was reported as 0.5 
meqO2/kg oil, but after 6 months of storage at 
45°c, the POV increased to 198 meqO2/kg oil 
(rEHMAN et al., 2003). In another study carried 
out by the same researchers, the POV of the soy-
bean oil control sample was 0.32 meqO2/kg oil, 
but after 60 days storage at 45°c, the POV val-
ues of the sample increased to 79 meqO2/kg oil 
(rEHMAN et al., 2004).

the FFA values of all samples can be seen in 
Fig. 2. As illustrated in the figure, the FFA val-
ues of the control sample increased a little. In-
itially the FFA value of the control sample was 
0.16%, and it increased slowly and reached 

0.28% at the end of the storage period (Fig. 2). 
the differences among the FFA values of the con-
trol sample at different storage periods was sta-
tistically significant (p<0.05). Also, the effect of 
extract type and its combined effect with stor-
age period were found to be statistically signifi-
cant (p<0.01) on FFA values. the FFA values of 
samples treated with natural antioxidants were 
found to be lower than the control sample’s FFA 
content. Using natural antioxidants reduced the 
formation of FFA during the storage period com-
pared to the control sample. It was found that 
the FFA value of the control sample was 0.28% 
after 45 days storage. the FFA values of sam-
ples containing APE, OPE and PPE were 0.26, 
0.23 and 0.23%, respectively. the reduction in 
FFA in different samples was statistically signif-
icant (p<0.05) on the last storage period. Howev-
er, there was no significant difference in the FFA 
values of all samples at the end of the 45th stor-
age day (p>0.05). storage period had a significant 
effect on the FFA content of the control sample 
(p<0.05). the addition of bHt did not have an 
important positive effect on the FFA value but 
reduced the formation of FFA compared to the 
control (Fig. 2). rEHMAN et al. (2003) reported 
that the FFA value of sunflower oil not contain-
ing any extract was 0.12% after three months 
storage at 45°c. In the same study, the FFA 
values of samples containing bHt, 1,600 and 
2,400 ppm of ginger extract were 0.043, 0.052 
and 0.049%, respectively. In another study, cit-
rus peel extracts were added to corn oil and the 
FFA values for the control and samples contain-
ing 1,600 and 2,000 ppm citrus peel extract were 
determined as 5.0, 1.2 and 1.0% at 45°c for two 
months storage. the effect of citrus peel extracts 
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on the reduction of corn oil samples FFA values 
was found to be statistically significant (p<0.05) 
(rEHMAN, 2006).

the IV of the control sample decreased with 
increasing storage time as expected (Fig. 3). IV is 
seen as an indicator of unsaturation. the most 
important chemical reaction is oxidation and be-
cause of this reaction, the double bonds of un-
saturated fatty acid in the oil are broken during 
storage and the iodine value decreases (NOOr 
and AUGUstIN, 1984; rEHMAN et al., 2004). the 
value of iodine was 122.46 at the beginning of 
the storage period for the control sample and 
it decreased to 118.15 after 45 days storage at 
40°c (Fig. 3). the decrease in IV from 122.46 to 
118.15 was found to be statistically significant 
(p<0.05). Also, the IV of samples decreased with 
increasing storage time because of oxidation. 
the effect of storage time and its interactive ef-
fect with extract type on the IVs of the sample 
was found as significant (p<0.05). While the IV 
of the control sample was 118.15 after 45 days 
storage, the IVs of samples containing APE, PPE 
and OPE were 118.82, 116.41 and 115.41, re-
spectively. the samples containing natural anti-
oxidative extracts showed lower IVs than the 
control sample. similar results were reported by 
rEHMAN et al. (2003). they found that the IV of 
control samples was 109 at 45°c while the IV of 
the sample containing 800 ppm ginger extract 
was 96. In another study, the IV of the control 
soybean oil sample was found as 99 at 45°c af-
ter 15 days storage and the samples containing 
PPE had a lower IV than the control and it was 
determined as 85, 88 and 90 for samples con-
taining 800, 1,600 and 2,400 ppm PPE, respec-
tively (rEHMAN et al., 2004). Many studies have 
shown that edible and non-edible plant mate-

Fig. 3 - Iodine values of samples.
bHt: butylated hydroxytoluene; APE: Apple Pomace Ex-
tract; OPE: Orange Peel Extract; PPE: Potato Peel Extract.

rials have antioxidant activity due to the pres-
ence of phenolic compounds in their structure.

cONcLUsIONs

It can be said that potato peel, orange peel 
and apple pomace ethanolic extracts, waste ma-
terials which were used as natural antioxidants 
in model oil samples, showed strong antioxi-
dant activity during storage. In general the use 
of natural extracts reduced the formation of ox-
idative reactions and so decreased the perox-
ide value. When compared to natural antioxi-
dants, the synthetic antioxidant (bHt) showed 
better antioxidative properties. However, it is a 
fact that good results can be obtained by us-
ing natural antioxidants by increasing the level 
of natural waste extracts. thus, it is suggested 
that natural extracts obtained from food waste 
such as apple pomace, orange peel and potato 
peel, can be used as a safe alternative to syn-
thetic antioxidants.
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AbstrAct

this research investigated the effect of stone removal before processing on the antioxidant ac-
tivity of monovarietal extra virgin olive oil (EVOO) in comparison with the non-destoned counter-
part. the antioxidant activity of the polar compounds in the EVOO extract from destoned olives 
and the scavenging properties against 2,2’-diphenyl-1-picrylhydrazyl radical showed high efficiency 
in preventing the damages induced by free radicals. Moreover, polar extract showed the presence 
of flavonoic compounds and the ability to preserve b-carotene from products of linoleic acid lipid-
ic peroxidation. the comparison of the antioxidant properties of the destoned EVOO polar extract 
with the non-destoned EVOO extract proved an increased antioxidant activity by stone removal.
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1. INtrODUctION

Olive oil is obtained from the fruit of Olea eu-
ropaea, a traditional tree crop of the Mediterra-
nean basin of the family Oleaceae. As a conse-
quence, virgin olive oil is one of the edible fats 
most highly prized by the Mediterranean people 
and therefore it constitutes a fundament of their 
diet. Moreover, it is commonly used in cooking, 
cosmetics and pharmaceuticals. the beneficial 
effect of the consumption of virgin olive oil on 
human health is well known and it is related ei-
ther to the characteristic fatty acid composition 
or to the presence of minor components, such 
as squalene, phytosterols and antioxidant mol-
ecules as tocopherols and other phenolic com-
pounds (OWEN et al., 2000). A large increase in 
demand for high-quality virgin olive oil during 
the past few years can be attributed not only 
to its potential health benefits, but also to its 
particular organoleptic properties. the quality 
of extra virgin olive oil (EVOO) is strictly relat-
ed with both agronomic and technological pa-
rameters (rANALLI et al., 2001) such as culti-
var, harvesting systems and oil extraction tech-
niques (crushing, the olives, olive paste knead-
ing, oil phase separation, etc). Different kinds 
of crushers used to produce olive pastes and 
the essential malaxation operation (ANGErOsA, 
1995; MONtEDOrO et al., 1992) modify phenol-
ic compound contents and are also responsi-
ble for the changes of volatiles because of the 
activation of enzymes involved in the lipoxyge-
nase pathway. Also the preparation of the ol-
ive paste is one of the most important stage of 
the process where oil is mechanically extract-
ed from the fruits. In all of the Mediterranean 
countries the more currently used EVOO ex-
traction processes require grinding of the whole 
olives and malaxation of the paste, followed by 
separation of the oil from the solids and vege-
tation water by centrifugation or pressure. In 
this sense, a new technological procedure is be-
ing developed that includes stone removal be-
fore the olive oil extraction process (AMIrANtE 
et al., 2001).

the ancient Latin writer columella (1st cen-
tury A.D.) firstly described an alternative proc-
ess for olive oil production, using destoned ol-
ives for oil production (cOLUMELLA, 1997). Al-
though destoning lowers olive oil yields, manu-
facturing plants for stone removal and milling 
of pulp have been recently set up, showing good 
oil yield. Interest in this technology is increas-
ing, and some producers believe that oils ob-
tained from destoned olives are of better quali-
ty than oils extracted from the whole fruit (bAc-
cIONI, 2001). Nevertheless, reports on this is-
sue are contradictory. the first study by FrEGA 
et al. (2001) showed that oils extracted from de-
stoned olives had a greater oxidative stability, as 
measured by the rancimat test, and better sen-
sory properties than oils obtained from the tra-

ditional milling of entire fruits. Accordingly, AN-
GErOsA et al. (1999) showed that oils obtained 
from olive pulp had a higher content in volatiles 
arising from the lipoxygenase pathway than oils 
obtained by the whole olives. bENtIVENGA et al. 
(2001) identified the presence of α-copaene and 
α-murolene in the volatile fraction of an oil ex-
tracted from destoned olives, but these com-
pounds were not present in oils obtained from 
whole olives. sErVILI and MONtEDOrO (2002) 
found that total phenolic concentration can be 
improved by extracting oil from destoned olives. 
On the contrary, PAtUMI et al. (2003) found no 
effect of destoning on olive oil quality, as meas-
ured by acidity, peroxide number, spectrophoto-
metric indices, phenolics, and volatiles. As doc-
umented by these studies, destoning had no in-
fluence on the fatty acid and sterol composition 
of olive oil.

the aim of the present work is to verify the in-
fluence of the employment of the de-stoner on 
the oil quality by measurement of the antioxi-
dant properties of the polar fraction produced by 
hot extraction with methanol both from EVOO 
and destoned EVOO. the evaluation of the anti-
oxidant activity of the produced polar fractions 
was performed by determination of total anti-
oxidant activity, polyphenol and flavonoid con-
tents. In addition, the scavenging activity of the 
hydrophilic parts and their ability to preserve 
b-carotene from linoleic acid lipidic peroxida-
tion products were also reported. the extrac-
tion procedure proposed in this paper allows 
the obtaining of an alcoholic extract of EVOO 
that could be largely used either in cosmetic or 
in food industry.

2. MAtErIALs AND MEtHODs

2.1. Materials and instrumentation

(+)-catechin hydrate (ct), Gallic acid (GA), 
2,2’-diphenyl-1-picrylhydrazyl radical (DPPH), 
Folin-ciocalteu reagent, sodium carbonate, 
sulphuric acid (96% w/w), trisodium phos-
phate, ammonium molybdate, b-carotene, li-
noleic acid, tween 20, were obtained from sig-
ma-Aldrich (sigma chemical co., st Louis, 
MO, UsA). Ethanol, chloroform, methanol were 
HPLc-grade and provided by Fluka chemika-
biochemika (buchs, switzerland). UV-Vis ab-
sorption spectra were recorded with a Jasco 
V-530 UV/Vis spectrometer.

2.2. Olives and olive oil production

Extra-virgin olive oil (EVOO) from organic ag-
riculture was made from pitted olives of Ceras-
uola variety, located in the Partinico in Palermo 
country area. EVOO was obtained from imme-
diately cold pressed olives which were harvested 
by hand on M. Layla Fatta’s farm from the end 
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of september to mid-October. the crushing op-
eration, for the traditional process, was carried 
out by a hammer crusher model Gr 32 (rapan-
elli Fioravante s.p.a., Foligno, Italy). the olives 
were subjected to a separation of the stone from 
the pulp by a toscana Enologica Mori (Firenze, 
Italy) destoner. the malaxation was carried out 
at 25°c for 30 min, and the oil separation was 
obtained using a three phase decanter at low 
water addition (0.2:1 v:w), rAMEF model 400 
EcO-G (rapanelli Fioravante s.p.a., Foligno, 
Italy). the oil was not filtred and for this rea-
son some deposits may be found on the bottom 
of the bottle indicating that the oil was actually 
from the year written on the label. Immediate-
ly afterward, the oil was poured into large con-

tainers and was left to deposit. the oil was then 
bottled. the EVOO samples were stored in the 
dark at 13°c until analysis.

2.3. Extraction procedures 
of polar compounds

the stones represent a relevant part of the to-
tal weight of the fruit (Fig. 1) and starting from 
the olive fruit, the stone was removed from the 
drupe, without significantly pulp modifications. 
In order to extract polar compounds from the 
EVOOs, the procedure reported in Fig. 2 was 
employed, according to the literature with some 
modifications (OWEN et al., 2000). the extraction 
procedure of the compounds from the EVOOs 

Fig. 1 - Olive fruit composition of Cerasuola cv.

Fig. 2 - Extractive procedure of polar extract from olive drupe.
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was carried out employing methanol at 35°c. 
the mixture was then centrifuged and the as-
piration of alcoholic fractions provided the po-
lar extracts from destoned EVOO (A) and non-
destoned EVOO (b).

2.4. Measurement of antioxidant activity

2.4.1. Evaluation of disposable phenolic 
equivalents by Folin-Ciocalteu procedure
the amount of total phenolic equivalents was 

determined using Folin-ciocalteu reagent pro-
cedure, according to the literature with some 
modifications (PAN et al., 2007). A 2 mL aliquot 
of four different alcoholic extracts was mixed 
thoroughly with 1 mL of Folin-ciocalteu rea-
gent in a volumetric flask. After 3 min, 1 mL of 
Na2cO3 (7.5% w/w) were added, and then the 
mixture was allowed to stand for 2 h with in-
termittent shaking. the final concentrations of 
extracts in the samples were 0.02, 0.05, 0.08, 
0.20 mg/mL, respectively. the absorbance of the 
solutions was measured at 760 nm to record a 
calibration curve and the correlation coefficient 
(r2), slope and intercept of the regression equa-
tion obtained were calculated by the method of 
least square. the amount of total phenolic com-
pounds in the extracts was expressed as mean 
(micromoles of gallic acid equivalents per gram 
of polar extract) ± sD for five replications, by us-
ing the equation obtained from the calibration 
curve (R2 = 0.996) of the antioxidant. this one 
was recorded by employing five different gallic 
acid standard solutions in the same conditions 
reported for the olive stone extracts. the final 
concentrations of gallic acid in the test tubes 
were 0.8, 2.4, 3.2, 4.0 µM, respectively.

2.4.2. Determination of scavenging effect 
on DPPH radicals
In a standard procedure alcoholic extracts 

was allowed to react with a stable free radical, 
2,2’-diphenyl-1-picrylhydrazyl radical (DPPH), 
with the aim of evaluating their free radical scav-
enging properties (PArIsI et al., 2009). A solution 
of DPPH in ethanol (200 µM) was prepared fresh-

ly. A 8.0 mL aliquot of this solution was mixed 
with 12.0 mL of six different extract solutions to 
obtain the final concentrations of 2.0, 4.0, 10, 
20, 30, 40 mg/mL, respectively. the solutions 
in the test tubes were shaken well, incubated in 
the dark for 30 min at room temperature and 
the absorbance of the remaining DPPH was de-
termined colorimetrically at 517 nm. the scav-
enging activity of the extracts reported in table 
1 was measured as the decrease in absorbance 
of the DPPH and it was expressed as percent in-
hibition of DPPH radicals calculated according 
to the following equation:

where A0 is the absorbance of a standard that 
was prepared in the same conditions, but with-
out extracts, and A1 is the absorbance of ex-
tract samples. 

2.4.3. Determination 
of Total Antioxidant Activity
the total antioxidant activity of alcoholic ex-

tracts was evaluated according to the method re-
ported in literature (cUrcIO et al., 2009). brief-
ly, in five test tube, 0.3 mL of five different ex-
tract solutions were mixed with 1.2 mL of re-
agent solution (0.6 M H2sO4, 28.0 M Na3PO4, 
and 4.0 M (NH4)2MoO4) to rise the final concen-
trations of 0.02, 0.05, 0.08, 0,11, 0,16 mg/mL, 
respectively. then the reaction mixture was in-
cubated at 95°c for 150 min and, after cool-
ing to room temperature, the absorbance of the 
mixture was measured at 695 nm to record the 
calibration curve. the total antioxidant activity 
of the extracts was expressed as mean (micro-
moles of gallic acid equivalents per gram of polar 
extract) ± sD for five replications, by using the 
equation obtained from the calibration curve of 
the antioxidant. this one was recorded by em-
ploying five different gallic acid standard solu-
tions with the same procedure (r2). the final con-
centrations of gallic acid in the test tubes were 
8.0, 16.0, 24.0, 32.0, and 40.0 µM, respectively.

table 1 - Antioxidant  properties of polar extracts from EVOO obtained from stoned and destoned Cerasuola cv olives.

 ANTIOXIDANT ACTIVITY

 Total antioxidant Disposable Total flavonoids Scavenging effect b-Carotene-Linoleic
 activity phenolic groups 	 on DPPH radical Acid assay
	 µmol	equ	GA/	 µmol	equ	GA/	 µmol	equivalent	CT/	 IC30 (mg	polar	extract/mL)	 IC30 (mg	polar	extract/mL)
	 g	polar	extract	 g	polar	extract	 g	of	polar	extract

Destoned EVOO 3.66±0.11a	 2.65±0.07a	 0.38±0.02a	 9.7x10-3±0.0001a	 0.043±0.002a

Polar Fraction (A)

EVOO Polar 3.15±0.13a	 1.53±0.05b	 0.09±0.01b	 2.4x10-2±0.0008b	 0.090±0.003b

Fraction (B)

a-bWithin	the	same	treatment,	values	not	sharing	a	letter	were	significantly	different	(P <	0.05;	Fisher’s	test).
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2.4.4. b-Carotene-Linoleic Acid Assay
the antioxidant properties of alcoholic extract 

were evaluated through measurement of percent 
inhibition of peroxidation in linoleic acid system 
by using the b-carotene bleaching test (sPIZZIr-
rI et al., 2009). briefly, 1.0 mL of b-carotene so-
lution (3.0 mg/mL in chloroform) was added to 
7 µL of linoleic acid and 70 µL of tween 20. the 
mixture was then evaporated at 40°c for 10 min 
in a rotary evaporator to remove chloroform. Af-
ter evaporation, the mixture was immediately 
diluted with 35 mL of distilled water. the wa-
ter was added slowly to the mixture and agitat-
ed vigorously to form an emulsion. the emul-
sion (5 mL) was transferred to five different test 
tubes and 1.5 mL of extract was added to rise 
the final concentrations of 0.015, 0.050, 0.090, 
0.130, 0.180 mg/mL, respectively. the tubes 
were then gently shaken and placed in a water 
bath at 45°c for 60 min. the absorbance of the 
filtered samples and control was measured at 
470 nm against a blank, consisting of an emul-
sion without b-carotene. the measurement was 
carried out at the initial time (t = 0) and succes-
sively at 60 min. the antioxidant activity (AA), 
reported in table 1, was measured in terms of 
successful bleaching of b-carotene using the fol-
lowing equation:

where A0 and A0
° are the absorbance values 

measured at the initial incubation time for 
samples and control, respectively, while A60 
and A60

° are the absorbance values measured 
in the samples and in control, respectively, at 
t = 60 min.

2.4.5. Determination of flavonoids
A slightly modified version of the spectrophoto-
metric method was used to determine the fla-
vonoid contents of samples (DEWANtO et al., 
2002). briefly, in a graduate flask 0.7 mL of 
five different alcoholic extract solutions were 
mixed with 2.0 mL of distilled water followed 
by addition of 0.3 mL of a NaNO2 solution (5% 
w/w). After 6 min, 600 µL of a Alcl3 x 6H2O 
solution (10% w/w) were added and allowed 
to stand for another 5 min before 2.0 mL of 1 
M NaOH was added. the mixture was brought 
to 10 mL with distilled water and mixed well. 
the final concentrations of extract in the sam-
ples were 0.10, 0.25, 0,030, 0,045, 0,060 mg/
mL, respectively. the absorbance was meas-
ured immediately against the blank at 510 nm 
to record the calibration curve. the amount of 
total flavonoids in the starting material was 
expressed as mean (micromoles of catechin 
equivalents per gram of initial material) ± sD 
for five replications, by using the equation ob-
tained from the calibration curve of the antioxi-
dant (r2). this one was recorded by employing 

five different catechin standard solutions with 
the same procedure. the final concentrations 
of catechin in the test tubes were 10, 25, 50, 
75, 100 µM, respectively.

2.4.6. Statistical analysis
the results are presented as the average of 

five experiments and standard deviation (± sD). 
Data in table 1 were analyzed using one-way 
analysis of variance (ANOVA). When significant 
values were found (P < 0.05), post-hoc com-
parison of means was made using the Fisher’s 
test. the inhibitory concentrations 30% (Ic30) 
were obtained by interpolation from linear re-
gression analysis.

3. rEsULts AND DIscUssION

3.1. Extraction procedure

the antioxidant composition of EVOO is the 
result of a number of variables acting before oil 
extraction (such as olive variety, environmental, 
climatic, soil and cultivation conditions, olive 
ripeness, olive health) and during EVOO extrac-
tion and storage (VELAscO et al., 2002). In order 
to test antioxidant activity of the oils, as report-
ed in Fig. 2, the EVOO and destoned EVOO of 
Cerasuola variety were treated with methanol at 
35°c to extract from the oils all the polar com-
pounds, mainly with a phenolic structure, poten-
tially useful as antioxidant molecules (OWEN et 
al., 2000). the extraction procedure allows ob-
taining two polar extracts from destoned EVOO 
(Fraction A) and EVOO without stone removal 
(Fraction b). these fractions represent about 0.3 
and 0.2% of the pulp and 0.05 and 0.06% of the 
fruit, respectively.

3.2. Measurement of Antioxidant Activity

3.2.1. Total phenolic content
the olive drupe contains high concentrations 

of phenolic compounds that can range between 
1-3% of the fresh pulp weight. the main class-
es of phenols present in olive fruit are phenolic 
acids, phenolic alcohols, flavonoids, lignans and 
secoiridoids (sErVILI and MONtEDOrO, 2002). 
the (3, 4-dihydroxyphenyl) ethanol (3,4-DH-
PEA) and (p-hydroxyphenyl) ethanol (p-HPEA) 
are the most abundant phenolic alcohols in the 
olive fruit. the flavonoids include flavonol glyco-
sides such as luteolin-7-glucoside and rutin as 
well as anthocyanins, cyanidin and delphinidin 
glycosides, in particular. secoiridoids including 
aglycon derivatives of oleuropein, demethyloleu-
ropein and ligstroside, that are present in olive 
fruit, are the most abundant phenolic antioxi-
dants of EVOO.
the Folin-ciocalteu reagent is used to obtain a 
crude estimate of the amount of total phenolic 
compounds present in the sample (sPIZZIrrI et 
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al., 2010). they undergo a complex redox reac-
tion with phosphotungstic and phosphomolyb-
dic acids present in the Folin-ciocalteu reac-
tant. the color development is due to the trans-
fer of electrons at basic pH to reduce the phos-
phomolybdic/phosphotungstic acid complexes 
to form chromogens in which the metals have 
lower valence. by comparing the data with the 
GA calibration curve, the amounts of GA equiv-
alent were 2.65 and 1.53 µmol GA/g polar ex-
tract for fractions A and b, respectively.

the results confirm previous researches (AMI-
rANtE et al., 2002; AMIrANtE et al., 2001; sErVI-
LI et al., 2000). In particular sErVILI et al. (2007)
studied olive stoning during the VOO mechani-
cal extraction process, to show the effect on the 
phenolic and volatile composition of the oil. to 
study the impact of the constitutive parts of the 
fruit in the composition of olive pastes during 
processing, the phenolic compounds and several 
enzymatic activities such as polyphenoloxidase, 
peroxidase, and lipoxygenase of the olive pulp, 
stone, and seed were also studied. the olive pulp 
showed large amounts of oleuropein, demethyl-
oleuropein, and lignans, while the contribution 
of the stone and the seed in the overall phenol-
ic composition of the fruit was very low. It was 
found that the occurrence of crushed stone in 
the pastes, during malaxation, increased the 
peroxidase activity in the pastes, reducing the 
phenolic concentration in VOO and, at the same 
time, modifying the composition of volatile com-
pounds produced by the lipoxygenase pathway. 
the oil obtained from stoned olive pastes con-
tained higher amounts of secoiridoid derivatives 
such as the dialdehydic forms of elenolic acid 
linked to (3,4-dihydroxyphenyl)-ethanol and (p-
hydroxyphenyl)ethanol (3,4-DHPEA-EDA and p-
HPEA-EDA, respectively) and the isomer of the 
oleuropein aglycon (3,4-DHPEA-EA) and, at the 
same time, did not show significant variations 
of lignans. 

More recently, rANALLI et al. (2010) analysed 
destoned and organic-destoned virgin olive oils 
coming from all the Italian olive-growing re-
gions. It was found that destoning significant-
ly increased the concentration of biophenols in 
the pulp oil, such as lignans, flavonoids, phenol 
acids, phenol alcohols and natural and oxidised 
oleuropein and ligstroside aglycons. these new 
crop oil kinds, owing to the soft action of deston-
er, also were richer in α- and γ-tocopherol and 
in α- and γ-tocotrienol, which are considered to 
be other very bioactive compounds.

All obtained results seem to confirm the rela-
tionships between the control of oxidative reac-
tions during processing and the phenolic con-
centration in the oil because peroxidase is high-
ly concentrated in the olive seed. the soft ac-
tion of destoner on olive drupes results in low-
er thermal quinonisation of phenols; moreover, 
since the kernel tissues are richest in polyphe-
noloxidase and peroxidase enzymes, there is 

lower enzymatic oxidation of phenols (rANALLI 
et al., 2007). the destoning process, excluding 
the olive seed before malaxation, partially re-
move the peroxidase activity in the pastes and 
consequently can reduce the enzymatic degrada-
tion of the hydrophilic phenols in the oils during 
the process thus improving their concentration 
and oil oxidative stability and sensory proper-
ties (sErVILI et al., 1999). Although it is a well-
known circumstance that other olive processing 
steps (crushing and malaxing noticeably) can en-
hance the concentration of biophenol and vola-
tile compounds in the oil phase (rANALLI et al., 
2003; 2009), authors (rANALLI et al., 2010) be-
lieve that destoning is more effective compared 
to them (rANALLI et al., 2008).

3.2.2. Determination 
of Total Antioxidant Activity
the assay is based on the reduction of Mo (VI) 

to Mo (V) by antioxidant compounds and sub-
sequent formation of a green phosphate/Mo (V) 
complex at acid pH. As can be seen in table 1, 
total antioxidant activity of extract A is about 
1.2 times that the extract b. comparing this 
data with total phenolic content of the extracts, 
it appears as the antioxidant properties of ex-
tracts A are mainly due to phenolic compounds 
(72% of the molecules showing antioxidant ef-
ficiency), while the contribution of these mole-
cules at the total antioxidant activity significant-
ly decreased in the extract b (48% of the mole-
cules showing antioxidant efficiency). It follows 
that the total antioxidant activity is phenol con-
centration-dependent.

3.2.3. Total flavonoids content
It has frequently been reported that flavo-

noids are a particular class of compounds asso-
ciated with antioxidant activity (DEWANtO et al., 
2002). thus, for the characterization of the anti-
oxidant activity of the polar extracts, Alcl3 assay 
was employed to have a direct determination of 
the total flavonoid content of the olive-product 
expressed as µmol catechin equivalent per g of 
polar extract. catechins are one of main class-
es of flavonoids and present in large amounts 
in green and black tea, in red wine, chocolate, 
fruits, etc. they are potentially beneficial to hu-
man health as they are strong antioxidants, an-
ti-carcinogens, anti-inflammatory agents, and 
inhibitors of platelet aggregation in vivo and in 
vitro studies (VAN AcKEr et al., 1996). In par-
ticular, this assay allowed to estimate for A ex-
tract a flavonoid amount of 0.38 µmol of ct/g 
polar extract, while in the extract b the flavo-
noid compounds were 0.09 µmol of ct/g polar 
extract. In addition, it is important to note as 
in the extract A, the flavonoids represent about 
the 10% of antioxidant molecules with phenolic 
groups while this percentage decreases 4 times 
in the extract b. It could be inferred from our 
results that there was a positive correlation be-
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tween flavonoid content and antioxidant activi-
ty, as a higher activity of the methanol fraction 
could be related to a higher flavonoids content.

3.2.4. Determination of scavenging effect 
on DPPH radicals
the antioxidant activity of phenolics of dif-

ferent sources is well known (GArrOtE et al., 
2009). compounds such as benzoic acids and 
hydroxicinnamic acids have been assayed for 
antioxidant activity using different tests, but 
none of the available methods provides an ab-
solute measurement of the phenomena involved 
(FrANKEL et al., 2000).

the scavenging of hydrogen radicals is one of 
the important mechanisms of antioxidation. In 
this study, DPPH was used to determine the free 
radical scavenging activity of the alcoholic ex-
tracts obtained by olive stone. the DPPH radical 
is a stable organic free radical with an absorp-
tion maximum band around 515-528 nm and, 
thus, it is a useful reagent for evaluation of the 
antioxidant activity of compounds. In the DPPH 
test, the antioxidants reduce the DPPH radical 
to a yellow compound, diphenylpicrylhydrazine, 
and the extent of the reaction depends on the 
hydrogen-donating ability of the antioxidants. It 
has been documented that cysteine, glutathione, 
ascorbic acid, tocopherols, and polyhydroxy ar-
omatic compounds (e.g., ferulic acid, hydroqui-
none, catechin, gallic acid) reduce and decolorize 
1,1-diphenyl-2-picrylhydrazine (DPPH) by their 
hydrogen-donating capabilities. EVOO extracts 
(A and b) scavenger property was evaluated in 
terms of DPPH reduction using different alco-

holic extract concentration. Data are expressed 
as percent of inhibition, as shown in Fig. 3. the 
Ic30, which is the efficient concentration required 
to reduce initial DPPH concentration by 30% 
of sample, was also calculated as was found to 
be 9.7 x 10-3 and 2.4 x 10-2 mg polar extract/
mL for extracts A and b, respectively (table 1). 
these data show as the scavenging activity of the 
chemical compounds in the polar extracts A is 
about 2.5 times higher than the compounds in 
the b fraction. In addition, the scavenger activ-
ity of the polar extracts was also calculated as 
micromoles of gallic acid equivalents per volume 
of solution and micromoles of catechin equiva-
lents per volume of solution. In this way, it was 
possible to assess whether the different antioxi-
dant activities of the extracts were due to differ-
ences in the concentration of the phenolics/fla-
vonoids compounds or could be related to dif-
ferences in the antiradical activity of the molec-
ular mixture irrespective of their phenolic/flavo-
noid content. In particular, for the extract A the 
scavenger activity was 2.6 x 10-5 µmol equiva-
lent GA/mL and 3.7 x 10-6 µmol equivalent ct/
mL, while the scavenger activity of the extract b 
was 3.6 x 10-5 µmol equivalent GA/mL and 2.3 
x 10-6 µmol equivalent ct/mL.

 the results indicate that the extracts pos-
sess phenol concentration-dependent antirad-
ical activity, as already reported for total anti-
oxidant activity. It is worth commenting on the 
relationship between the total phenolic content 
and scavenging activity against DPPH, since 
phenolics contribute to the antiradical activity. 
Fractions rich in total phenolics are more effec-

Fig. 3 - scavenging activity of polar extract from destoned EVOO (- - - -) and EVOO (_____).
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tive scavengers of DPPH radicals than phenol 
poor fractions. However, the inhibition of DPPH 
radical scavenging by different extracts is not 
strictly proportional to the concentration of total 
phenolics, since it has been reported that frac-
tions possessing similar antioxidant properties 
show different concentration of phenolics (XAN-
tHOPOULOU et al., 2009). this may be attribut-
ed to the different quality of phenolics they con-
tain, and, consequently, to the different antioxi-
dant activity they posses, but also to the differ-
ent content of other constituents (carbohydrates, 
phospholipids, fatty acids), that may contribute 
to the antioxidant activity as well.

It’s well known that antioxidant properties 
depend on several structural features of the 
molecule of polyphenols in its base structure 
and are primarily attributed to the high reac-
tivity of hydroxyl substituent. Among EVOO 
phenolics, compounds with the presence of a 
3,4-dihydroxy moiety linked to an aromatic ring 
were more active than those with only one hy-
droxyl group (cIOFFI et al., 2010; MOrELLO et 
al., 2005); the glycosidation decreased the anti-
oxidant activity. Oleuropein derivatives, which 
share an o-diphenolic structure, are reported to 
be mainly responsible for the effects potential-
ly indicative of possible health effects of EVOO 
on cells rather than ligstroside derivatives, as 
studied in vitro by different cell or cell-free sys-
tems (VIsIOLI et al., 2002; VIsIOLI and GALLI, 
2002; bALDIOLI et al., 1996; LAVELLI, 2002; VI-
sIOLI et al., 1998). In particular, LAVELLI and 
bOrDEsAN reported in 2005 a positive relation 
between changes in the contents of dialdehy-

Fig. 4 - Linoleic acid-b-carotene assays of polar extract from destoned EVOO (- - - -) and EVOO (_____).

dic form of decarboxymethyl oleuropein agly-
cone and variation of the DPPH radical scaveng-
ing ability of EVOOs, although data were influ-
enced also by genetic factors and by ripening 
stage, as well as by the presence or absence of 
the stone during oil extraction.

3.2.5. b-Carotene-Linoleic Acid Assay
In this model system, b-carotene undergoes 

rapid discoloration in the absence of an antioxi-
dant, which results in a reduction in absorbance 
of the test solution with reaction time. this is 
due to the oxidation of linoleic acid that gener-
ates free radicals (lipid hydroperoxides, conju-
gated dienes and volatile byproducts) that at-
tacks the highly unsaturated b-carotene mole-
cules in an effort to reacquire a hydrogen atom. 
When this reaction occurs, the b-carotene mole-
cule loses its conjugation and, as a consequence, 
the characteristic orange colour disappears. the 
presence of antioxidant avoids the destruction 
of the b-carotene conjugate system and the or-
ange colour is maintained (AMIN et al., 2004). 
the inhibition percentages of lipidic peroxida-
tion by alcoholic extracts was evaluated at dif-
ferent concentration as shown in Fig. 4 and the 
Ic30 value was found. In our experiments, after 
one hour of incubation the Ic30 of the extracts 
were found to be 0.043 and 0.090 mg polar ex-
tract/mL for extracts A and b, respectively (ta-
ble 1). these data clearly show as the activity of 
the compounds in the polar extracts A is about 2 
times higher than the compounds in the b frac-
tion. In addition, in order to correlate the differ-
ent ability of the extracts to preserve b-carotene 
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from products of linoleic acid lipidic peroxida-
tion with their differences in the concentration 
of the phenolics/flavonoids, the activity of the 
polar extracts was also calculated as micromoles 
of gallic acid equivalents per volume of solution 
and micromoles of catechin equivalents per vol-
ume of solution. In particular, for the extract A 
the activity was 1.2 x 10-4 µmol equivalent GA/
mL and 1.7 x 10-5 µmol equivalent ct/mL, while 
the activity of the extract b was 1.6 x 10-4 µmol 
equivalent GA/mL and 8.3 x 10-6 µmol equiva-
lent ct/mL. the data confirm as the ability of 
the extracts to preserve b-carotene from prod-
ucts of linoleic acid lipidic peroxidation due to 
differences in the concentration of the pheno-
lics/flavonoids in the extracts.

the antioxidant tests carried out on the de-
stoned EVOO and on the EVOO of Cerusola Cv 
proved that for this variety of olive fruit the effect 
of olive stone removal before milling process in-
crease the antioxidant properties of the extract 
suitable for use in food, cosmetic, nutraceutical 
and pharmaceutical applications.
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AbstrAct

this study examines the effects of partially or completely replacing pork backfat with soybean 
oil in mortadella production. Mortadella sausages of various formulations showed no differences 
(P > 0.05) in any of the technological and physico-chemical parameters evaluated (process yield, 
shear force, pH, water activity and proximate composition). When compared to products made 
with pork backfat, those made with vegetable oil had a higher unsaturated fatty acid content (P ≤ 
0.05) and a similar cholesterol content (P > 0.05). Products made with vegetable oil scored lower 
(P ≤ 0.05) than those made with pork fat on all of the evaluated sensory attributes (colour, odour, 
flavour, texture and overall acceptability).
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INtrODUctION

High dietary intakes of saturated fatty acids 
increase total cholesterol and LDL cholesterol. 
In the treatment of hypercholesterolemia, pa-
tients are advised to reduce their dietary con-
sumption of saturated fat. Animal fats (except 
those from fish), palm and coconut oils are rich 
in saturated fatty acids. It is therefore advisa-
ble to limit the consumption of these fats, par-
ticularly animal fat in fatty meats and sausag-
es. Dietary cholesterol increases blood cholester-
ol in several animal species, including humans. 
replacing saturated fatty acids with polyunsat-
urated fatty acids reduces total cholesterol and 
blood LDL (sOcEsP, 2006). the American Heart 
Association recommends a daily intake of 300 
mg of cholesterol for humans (AHA, 2009). Oleic 
and linoleic acids increase HDL (good choles-
terol) and decrease LDL (PErEIrA et al., 2000).

soybean oil is very rich in polyunsaturated 
fatty acids, particularly linoleic acid (55.62%). It 
also has the highest PUFA percentage of any oil 
(59.70%, compared to 30.08% for canola oil) and 
the largest PUFA/sFA ratio (MAIA et al., 2006). 
According to the brazilian Association of Vegeta-
ble Oil Industries (AbIOVE, 2009), brazil produc-
es about 28% of the world’s supply of soybeans, 
with the 2006 harvest estimated to be 57 million 
tons. brazil is the second-largest world produc-
er and exporter of soybeans, soy meal and soy-
bean oil. In 2008, brazil produced 6.19 million 
tons of soybean oil. there are several advantag-
es to replacing animal fat with soybean oil in 
meat products; soybean oil can be produced in 
large volumes and is healthier like olive, corn 
and sunflower oils. soybean oil is also a rela-
tively inexpensive alternative to animal fat; the 
price of soybean oil in brazil is almost half the 
price of pork backfat (weight by weight).

Meat products such as hamburgers, morta-
della and salami are popular with consumers 
and are a major market for the sector industries. 
their consumption is affected by many factors, 
including the product’s sensory and nutrition-
al characteristics, safety, price and convenience 
(JIMENEZ-cOLMENErO et al., 2001). the relative-
ly high cholesterol content and low ratio of pol-
yunsaturated to saturated fatty acids (PUFA/
sFA) presented by animal fats play a negative 
role in the development of several diseases, in-
cluding coronary artery disease. Pork lard, the 
main source of animal fat used in the develop-
ment of sausages, contains 38% saturated fatty 
acids, while soybean oil contains only 16% sat-
urated fatty acids (MAIA et al., 2006; brAGAG-
NOLO and rODrIGUEZ-AMAYA, 2002).

Mortadella, one of the most commonly con-
sumed meat products, is produced from a meat 
emulsion that may contain pork backfat and oth-
er ingredients. this emulsion is wrapped in nat-
ural or artificial casings, shaped and submitted 
to appropriate heat treatment (brAZIL, 2000). 

Animal fat may be primarily responsible for the 
development of an acceptable aroma, taste, tex-
ture and succulence in meat products. YILMAZ 
et al. (2002) replaced animal fat with sunflower 
oil and found significant differences in texture, 
odour and succulence, but not in flavour. Howev-
er, HsU and YU (2002) showed that replacing an-
imal fat with vegetable oils from various sources 
did not significantly change the texture, colour, 
odour, flavour and acceptability of meatballs.

the objective of this study was to evaluate the 
nutritional, technological and sensory character-
istics of mortadella sausages produced with soy-
bean oil instead of the traditional pork backfat.

MAtErIALs AND MEtHODs

sausage manufacture

three types of mortadella were produced: a 
“Pork” formulation made with 100% pork back-
fat; a “50/50” formulation made with 50% pork 
backfat and 50% soybean oil; and an “Oil” for-
mulation made with 100% soybean oil.

the raw animal materials included beef meat 
that had been cleaned of excess fat and colla-
gen and pork backfat that had been skinned, 
ground and homogenised before freezing. com-
mercial soybean oil (Liza brand) was used. the 
levels of protein, lipid and moisture of the meat 
and pork backfat were determined, and the vege-
table oil composition was considered to be 100% 
fat. based on the composition of the raw mate-
rials, each of the three formulations was devel-
oped to ensure equal levels of protein (12.5%) 
and fat (15%) and a moisture to protein ratio of 
5:1. two batches (two replicates) of 15 kg were 
processed for each treatment. table 1 shows 
each of the three formulations used in the first 
replication of the experiment. Other ingredi-
ents used in identical proportions in all of the 
treatments included: 1.5% mortadella season-
ing mix (Aglomix s100-t - DicArNE) containing 
an antioxidant (sodium erythorbate) and emul-
sifier (sodium polyphosphate); 1.6% table salt 
(cisne); 0.35% cure salt (standard, DicArNE); 
1% isolated soy protein (supro 500L - solae); 
0.5% crushed garlic; 0.1% ground white pepper; 
and 0.1% monosodium glutamate (Ajinomoto). 
A combination of starch was also used in a ra-
tio of 1.5% OsA starch (rD 474tM) to 3.5% waxy 
maize starch (AMIsOLtM 4000); both starches 
were obtained from corn Products. Added fat 
and/or oil was homogenised with the meat and 
other ingredients in a cutter for approximate-
ly 10 minutes according to the following pro-
cedure: the meat (at an initial temperature of 
around 1°c) was combined with the regular salt, 
cure salt and seasoning mix and comminuted 
for two minutes. Next, half of the ice was added; 
after one minute, the vegetable oil and/or pork 
fat was added. the fat was added directly, which 
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means that neither the oil nor the pork fat was 
pre-emulsified. the mass was then chopped for 
two minutes, and the isolated soy protein was 
added. After one additional minute, the rest of 
the ice was added. the mass was chopped for 
one more minute and the starches were added. 
Finally, the entire mass was chopped for about 
two minutes and was removed with a tempera-
ture of around 14°c. the emulsion was stuffed 
into 70 mm diameter cellulosic casings; each 
unit was approximately 500 g. the mortadel-
las were heat-processed in a smokehouse for 
about 4 hours until the internal temperature of 
the coolest product reached 72°c. temperature 
was measured with thermocouples placed in the 
centre of three sausages located in different ar-
eas of the smokehouse. the temperature of the 
smokehouse varied from an initial 55° to 85°c 
at the end of the cooking process. After they 
were cooked, the mortadellas were cooled in a 
cold water shower, vacuum packed and stored 
at 0°c (±1°c) until analysis. the sausages were 
analysed between five and seven days after they 
were processed. the sausages were kept under 
vacuum to avoid dehydration during cold storage 
that can result from the use of cellulosic casing 
that are permeable to water vapour. this meth-
od of packaging (cellulosic casing plus vacuum 
storage) is also used by the leading commercial 
mortadella producer in brazil.

Physical and chemical determinations

the official AOAc methodology (cUNNIF, 1998) 
was used to determine moisture, protein, lipid 
and ash contents. these determinations were 
made in triplicate for each treatment.

two tests were conducted to characterise the 
texture of the products; both tests used a tex-
turometer (tA.Xt2i, sMs) at 25°c. ten cylinders 
of each treatment were tested as follows:

- to measure hardness (compression strength: 
maximum force required to compress the sam-
ples), the products were cut into 20x20 mm cyl-
inders and submitted to compression tests with 
a 20 mm cylindrical probe moving at 500 mm/
min until 50% deformation was achieved.

- to measure tenderness (shear force: max-

imum force required to shear the samples on 
their round surface), the products were cut into 
cylinders with a diameter of 14 mm and a height 
of 20 mm and sheared with a Warner-bratzler 
probe moving at a speed of 500 mm/min.

- to calculate the process yield, stuffed mor-
tadellas were weighed before they entered the 
smokehouse and immediately after they were 
cooked and cooled. the yield was calculated 
using the following equation: Yield (%) = (final 
weight / initial weight) x 100.

- to assess water activity, mortadellas were 
crushed and homogenised. Water activity was 
measured by means of the Aqualab appara-
tus (series 3tE) at 25°c. this analysis was per-
formed in triplicate for each treatment.

- to determine pH values, the electrode of a 
portable pH meter (model F-1002) was immersed 
in a solution created with 200 g of mortadella 
sample per litre of water.

Fatty acid composition 
and cholesterol determination

A three-stage process was used to determine 
the fatty acid composition. Lipid extraction was 
performed using the method described by FOL-
cH et al. (1957), and fatty acid esterification was 
performed using the method described by HArt-
MAN and LAGO (1973). Finally, gas chromatog-
raphy was performed. the hexanic fraction con-
taining the esters was analysed in a gas chro-
matograph (HP 5890 series II) equipped with a 
capillary column (Db-23 from Agilent) with di-
mensions of 60 m x 0.25 mm x 0.25 µm; the 
capillary column was coupled to a flame ion-
isation detector. the gas flow included 1 mL/
min of helium, 10 mL/min of hydrogen and 100 
mL/min of air. the following temperature gra-
dient was used: 130°c for 1 minute, from 130° 
to 170°c at 6.5°c/min, from 170° to 215°c at 
2.8°c/min, 215°c for 12 minutes, from 215° to 
230°c at 40°c/min, and 230°c for 3 minutes. 
the temperature in the injector was 270°c and 
the temperature in the detector was 280°c. sat-
urated and unsaturated fatty acids with 6, 8, 10, 
12, 14, 15, 16 (cis and trans), 17, 18 (cis and 
trans), 20, 22 and 24 carbon atoms were ana-
lysed through comparison with data obtained 
from the Gc authentic standards (sUPELcO - 
catalog. No 18920-1AMP) that were methylat-
ed and eluted under the same conditions. the 
calculations were made by a computer coupled 
to the gaschromatograph using the Gc solu-
tion software.

cholesterol content was determined in two 
stages. cholesterol was first extracted and then 
submitted to high-performance liquid chroma-
tography (HPLc). the analysis was conducted, 
with some adjustments, according to the meth-
od described by sALDANHA et al. (2004). For the 
cholesterol extraction, 2 g of KOH and 50 mL of 
alcohol were added to 2 g of the homogenised 

table 1 - Formulations used in mortadella preparation (per-
centages of 15 kg formulations).

Raw material Oil 50/50 Pork

Vegetable oil (%) 13.00 6.50 ---
Beef (%) 56.85 56.03 55.60
Pork backfat (%) --- 7.62 15.22
Added ice (%) 20.00 19.70 19.03
Subtotal (%) 89.85 89.85 89.85
Other ingredients (%) 10.15 10.15 10.15
Total (%) 100 100 100
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sample. Flasks containing this solution were 
placed in a water bath at 90°c for 30 minutes 
and then cooled under running water and ice; 
50 mL of distilled water were added. the solu-
tion was transferred to a separation funnel and 
20 mL of hexane were added. the funnels were 
agitated and left to rest until phase separation. 
the lower phase was collected in another sepa-
ration with the addition of hexane and was dis-
carded. the collected solutions (hexane phas-
es) were washed with distilled water. the filtrate 
was evaporated, first in a water bath at 90°c and 
then with N2. A liquid chromatograph (sHIMAD-
ZU) with a photodiode array detector was used 
for the high-performance liquid chromatogra-
phy. A c18 (250 mm x 4.6 mm x 5 µm) regis 
analytical column was used. the mobile phase 
consisted of acetonitrile and isopropanol in a ra-
tio of 85:15; the flow rate was 1.0 mL/min and 
the analysis was conducted for 12 minutes at 
40°c. cholesterol was identified by comparing 
the retention time of the samples with the stand-
ard (sIGMA c8667-1G) and quantified through 
the corresponding peak areas by internal stand-
ardisation.

sensory evaluation

to evaluate the sensory characteristics of the 
mortadellas, acceptance tests were performed 
to evaluate the differences perceived by con-
sumers in the various formulations. sixty con-
sumers were recruited from students, faculty 
and staff at the sao Paulo University (UsP), Pi-
rassununga, brazil; consumers were recruit-
ed based on their affinity for the product. the 
samples were sliced into approximately 1.5 
mm thick pieces just before the beginning of 
the tests and kept in a refrigerator (8°±1°c) 
during the entire sensory evaluation (about 3 
hours). consumers were accommodated in in-
dividual tasting booths where they received in-
structions about the use of the scale, the na-
ture of the products and the type of evaluation 
to be carried out. samples were served under 
white light in a randomised and monadic man-
ner. the samples were served on small plastic 
plates coded with three-digit random numbers 
and with a plastic fork. For each sample, two 
superposed slices were served.

the consumers were asked to use a nine-point 
hedonic scale to evaluate the samples with re-
gard to colour, odour (which should be evaluat-
ed by raising one of the slices of mortadella and 
smelling between the slices), flavour, texture and 
overall quality.

statistical analyses

A completely random design with 3 treatments 
and 2 replicates was used. the data on physico-
chemical and technological parameters were an-
alysed with an analysis of variance (ANOVA) to 

compare results among the treatments; means 
were compared using tukey’s test. consumer 
acceptance data were analysed by ANOVA, us-
ing a mixed model, considering the random ef-
fect for panelist and the fixed effect for treatment. 
to evaluate the differences among the samples, 
a comparison of the means was carried out us-
ing student’s t test. significance was defined at 
P ≤ 0.05. sAs® (©2000, sAs Inst. Inc.) software 
was used for the statistical analyses.

rEsULts AND DIscUssION

Physical and chemical characteristics

there were no significant differences (P > 0.05) 
in the moisture, protein, fat and ash contents 
of the various treatments (table 2); these find-
ings show that the calculations used to deter-
mine the proximate composition of the formula-
tions were adequate and that the emulsification 
and cooking processes did not affect the final 
composition of the products. Other researchers 
have also evaluated the use of vegetable oil in-
stead of animal fat in sausages and have found 
no differences in the proximate composition of 
the products (bLOUKAs et al., 1997; VALENcIA et 
al., 2008; YILDIZ-tUrP and sErDArOGLU, 2008). 
the fat, protein and moisture contents (table 
2) of the final products were in accordance with 
brazilian legislation (brAZIL, 2000) establishing 
the “Identity standards and Quality of Morta-
della”; these standards set maximum and min-
imum levels for some of these contents (maxi-
mum moisture of 65%, maximum fat of 30% and 
minimum protein of 12%). In addition to meet-
ing current legal regulations, the mortadella for-
mulations also simulated conditions normally 
found in the market. some national commercial 
mortadella, made without apparent pork back-
fat pieces, contain 12.5% protein and 15% fat.

the hardness (compression strength) and 
tenderness (shear force) did not change signifi-
cantly (P > 0.05) when animal fat was replaced 
with soybean oil (table 2). similarly, when 60% 
of the pork backfat was replaced with olive oil 
in a cooked meat batter with a total fat content 
of approximately 11%, FErNANDEZ-MArtÍN et 
al. (2009) found no difference in the hardness 
of the products (values were around 24-26 N). 
On the other hand, AMbrOsIADIs (1996) found 
that the shear force values of frankfurter sau-
sage made with 19.5% pork backfat were high-
er (1.7 kg) than those of frankfurters made with 
19.5% soya oil (1.2 kg). the shear force values 
observed in this experiment (between 1.6 and 1.7 
kg) were higher than those found by trINDADE 
et al. (2005) for mortadella prepared with me-
chanically separated chicken meat (between 0.3 
and 0.7 kg). the higher shear force values found 
in this experiment may be due to the use of cel-
lulosic casing, which is susceptible to moisture 
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loss and may lead to dehydration in the cook-
ing process.

No significant differences (P > 0.05) were ob-
served in the process yields of the various treat-
ments (table 2). because oils have a lower melt-
ing point than animal fat, greater losses due to 
dripping oil during the cooking process could 
adversely affect of the process yield; however, 
this effect was not confirmed. Emulsion stabil-
ity and consequent losses due to cooking can 
be influenced by several factors, including the 
functionality of myofibrillar proteins, tempera-
ture, size of the fat droplets, pH, viscosity and 
the amount of salt used in the formulation (PAr-
DI, 1994; cOFrADEs et al., 1998). All of these fac-
tors, combined with the addition of starch and 
soy protein in the various formulations, ensured 
stability and adequate yield despite the use of 
vegetable oil instead of animal fat (MAtULIs et 
al., 1995). PAPPA et al. (2000) presented results 
similar to those of the present study; these re-
searchers found no change in the process yield 
of low-fat frankfurters when pork backfat was 
replaced with olive oil (0-100%). HsU and YU 
(2002) evaluated an emulsified meatball (Kung 
Wan) prepared with various vegetable oils in 
place of pork fat and found no differences in the 
yield assessments during cooking between the 
control product (prepared with pork fat) and the 
product prepared with soybean oil.

All of the water activity values were approxi-
mately 0.95; there were no significant differenc-
es (P > 0.05) among the treatments (table 2). 
this finding was expected because the formula-
tions were calculated to present the same mois-
ture contents; in addition, the same ingredients 
were used in all of the treatments. Furthermore, 
the source of variation between treatments (veg-
etable oil or pork fat) does not influence water 
activity. the water activity values found in the 
present work are similar to those found by other 
researchers examining mortadella bologna-type 
sausages; cÁcErEs et al. (2008) found that sau-

sages with 1-6% fish oil instead of pork back-
fat had a water activity value of 0.96-0.98, and 
NOWAK et al. (2007) found that sausages with 
3-12% inulin instead of pork backfat had a wa-
ter activity value of 0.97.

the pH value of the mortadellas in this study 
was 6.2 and did not differ (P > 0.05) among the 
various treatments (table 2). Our data agree 
with those of PAPPA et al. (2000), who also did 
not observe differences in the pH values (about 
6.5) of low-fat frankfurters prepared with olive 
oil (0-100%) instead of pork backfat. the pH val-
ue may have an effect on proteins, which reach 
their maximum emulsifying capacity when the 
pH is close to neutral (MOHLEr, 1982; MAtULIs 
et al., 1995). the results of this study indicate 
that the meat proteins in the tested mortadel-
las show a good emulsifying capacity because 
the pH values were reasonably close to neutral.

Fatty acid profile and cholesterol content

the “Oil” treatment contained 51.32% polyun-
saturated FA (PUFA) and 26.40% saturated FA 
(sFA), the “50/50” treatment contained 33.69% 
PUFA and 34.89% sFA and the “Pork” treatment 
contained 16.00% PUFA and 46.60% sFA. the 
PUFA/sFA ratios of the three treatments were 
1.94, 0.97 and 0.34, respectively (table 3). the 
World Health Organization (WHO, 2010) recom-
mends a PUFA/sFA intake ratio of one or higher; 
the Oil treatment exceeds this recommendation 
and the 50/50 treatment almost achieves it. the 
linoleic and α-Linolenic acid contents were high-
er (P ≤ 0.05) in mortadella made with 100% soy-
bean oil, and mortadella with 50% soybean oil 
gives an intermediate value that does not differ 
significantly (P > 0.05) from that of mortadella 
made with 100% soybean oil or with 100% pork 
backfat. On the other hand, the pork formulation 
shows a higher (P ≤ 0.05) content of oleic acid. 
MUGUErZA et al. (2003) evaluated “chorizo de 
Pamplona” and observed that, as pork backfat 

table 2 - Averages (and standard deviations) of the physico-chemical parameters of different mortadella formulations.

 Oil 50/50 Pork

Moisture (%) 60.49±0.27a 59.71±0.91a 59.30±0.091a

Fat (%) 13.99±0.61a 14.84±0.48a 15.16±0.25a

Protein (%) 14.03±0.30a 14.58±0.13a 14.85±0.25a

Ashes (%) 3.81±0.15 a 3.80±0.06 a 3.88±0.07a

Process yield (%) 88.06±2.47a 88.00±3.07a 88.98±2.60a

Water activity 0.95±0.01a 0.94±0.01a 0.95±0.01a

pH 6.21±0.02a 6.22±0.04a 6.21±0.06a

Texture parameters
  Hardness (N) 61.50±6.40a 63.00±7.10a 58.00±1.40a

  Tenderness (kg) 1.75±0.07a 1.65±0.49a 1.60±0.71a

Oil: mortadella made with 100% soybean oil.
50/50: mortadella made with 50% pork backfat and 50% soybean oil.
Pork: mortadella made with 100% pork backfat.
a Averages with the same letters on the same row are not significantly different (0.05).
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was increasingly replaced with soybean oil (0-
25%), sFA, and particularly palmitic acid (23.7 
for 18.8 g/100 g) and myristic acid (1.4 for 1.0 
g/100 g), decreased while PUFA increased (15.2 
for 23.9 g/100 g).

As shown in table 3, the 50/50 treatment 
contained approximately 56% of the ω3 content 
found in the Oil treatment; this finding shows 
that the amount of ω3 was proportional to the 
amount of soybean oil added. Vegetable oils are 
the main source of ω6 fatty acids. the amount 
of ω6 in the three formulations declined con-
siderably with the amount of soybean oil (i.e., 
Oil treatment > 50/50 treatment > Pork treat-
ment). the ω6 content was reduced by approx-
imately 30.7% in mortadellas made with 100% 
pork backfat when compared to the mortadel-
las made with 100% soybean oil. In the 50/50 
treatment, the ω6 content was reduced by exact-
ly 49.85% of this 30,7% reduction, showing that 
the ω6 reduction results exclusively from the re-
duction in the soybean oil content. According to 
MOrEIrA and MANcINI-FILHO (2004), the pro-
portions of ω6 and ω3 fatty acids should be bal-
anced. Long-chain polyunsaturated fatty acids 
(EPA and DHA) are formed from the elongation 
and desaturation of linoleic and α-linolenic ac-
ids. When they are insufficient in diet, the body 
has to synthesise them from counterparts with a 

higher number of carbon atoms. Excessive lino-
leic acid will compete with the α-linolenic acid for 
desaturases, possibly leading to a low produc-
tion of eicosapentaenoic acid. the World Health 
Organization (WHO, 2010) recommends that ω6 
fatty acids make up between 5-8% of the total 
daily fat intake for healthy individuals and that 
ω3 fatty acids make up between 1-2% of the to-
tal daily fat intake. It could therefore be inferred 
that a ω6 to ω3 ratio of about 4:1 is necessary to 
maintain a balanced diet. In this study, the Oil 
treatment showed this proportion with a value 
of 11.25 (table 3); this value is higher than the 
recommended value but is lower than the value 
shown by the Pork treatment (17.19).

the Oil treatment showed a higher (P ≤ 0.05) 
cLA1 content than the Pork treatment (table 2). 
When we measured the total trans conjugated 
linoleic acid content (cLA1 + cLA2), we found 
that the Oil and 50/50 treatments showed high 
amounts of total cLA (0.76 and 0.62%, respec-
tively) when compared with the Pork treatment 
(0.27%). cLA is a mixture of positional and ge-
ometric isomers of linoleic acid found primarily 
in dairy and meat products. several studies in-
dicate that cLA is a powerful compound that af-
fects several different kinds of cancers, metas-
tases, atherosclerosis, diabetes, immunity, and 
body fat/protein composition. this type of fat-

table 3 - Fatty acid profile (%) and cholesterol levels (mg/100 g) in different mortadella formulations.

Fatty acid Oil 50/50 Pork

Myristic (C14:0) 0.95±0.35a 1.59±0.68a 2.70±1.18a

Palmitic (C16:0) 16.89±2.16a 21.90±3.88a 30.15±5.77a

Palmitoleic (C16:1) 0.60±0.22a 2.07±0.58a 3.79±1.09a

Margaric (C17:0) 0.52±0.16a 0.66±0.20a 0.75±0.22a

Stearic (C18:0) 8.03±1.38a 10.75±0.25a 13.00±1.63a

Oleic (C18:1) 20.83±0.72a 28.44±0.65a,b 32.47±2.61b

Linoleic (C18:2) 46.67±3.90a 31.36±5.04a,b 16.00±2.88b

α-Linolenic (C18:3) 4.15±0.36a 2.33±0.63a,b 0.93±0.32b

CLA1 0.50±0.02a 0.41±0.05a,b 0.27±0.09b

CLA2 0.26±0.08a 0.21±0.03a *
Arachidic (C20:0) 0.44±0.01a 0.35±0.02b 0.29±0.06b

Gadoleic (C20:1) 0.25±0.05a 0.37±0.20a 0.80±0.27a

SFA 26.40 34.89 46.60
UFA 72.74 64.20 52.25
MUFA 21.42 30.51 36.26
PUFA 51.32 33.69 15.99
ω-3 4.15 2.33 0.93
ω-6 46.67 31.36 15.99
PUFA/SFA 1.94 0.97 0.34
ω-6/ω-3 11.25 13.48 17.19
Cholesterol 33.34±2.71a 36.26±3.01a 39.78±3.82a

Mean±SE.
Oil: mortadella made with 100% soybean oil.
50/50: mortadella made with 50% pork backfat and 50% soybean oil.
Pork: mortadella made with 100% pork backfat.
1Conjugated linoleic acid (cis 9, trans 11); 2Conjugated linoleic acid (trans 10, cis 12).
SFA = total of saturated fatty acids; UFA = total of unsaturated fatty acids; MUFA = total of monounsaturated fatty acids; PUFA = total of polyunsaturated fatty acids.
*Values not identified through gas chromatography.
a, bAverages with the same letters on the same row are not significantly different (0.05).
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ty acid is unique because it is present in food 
from animal sources, and its anticancer effica-
cy is expressed at concentrations close to hu-
man consumption levels (KrAMEr et al., 2004; 
PArIZA et al., 2001).

the average cholesterol content of the three 
treatments did not differ significantly (P > 0.05) 
and were approximately 33 mg/100 g and 40 
mg/100 g of sample for the Oil and Pork treat-
ments, respectively (table 3). this minor differ-
ence in the cholesterol content of the two treat-
ments is probably because the beef meat con-
tributes most of the cholesterol to the mortadel-
las. this type of meat, with 3% fat, contains ap-
proximately 52 mg of cholesterol per 100 g of 
meat (ALMEIDA et al., 2006). the tested morta-
dellas contained 54-58% beef meat (which con-
tained approximately 3.5% fat); it is therefore pos-
sible that approximately 30-35 mg of the choles-
terol present in every 100 g of mortadella were 
from the beef. A small contribution from pork 
backfat to the cholesterol content of mortadel-
las could also be expected. the cholesterol level 
in pork backfat is around 53 mg per 100 g (brA-
GAGNOLO and rODrIGUEZ-AMAYA, 2002), and the 
50/50 and Pork treatments included only 7.5% 
and 15% pork backfat, respectively. MUGUErZA 
et al. (2003) found that cholesterol levels in chor-
izo de Pamplona made with soybean oil (15-25%) 
instead of pork backfat were higher (92.96-87.71 
mg/100 g) than those found in the present study; 
this higher cholesterol level was probably due to 
the higher level of fat (30%) added to the chori-
zo de Pamplona. In general, the cholesterol levels 
found in all of the mortadella formulations were 
relatively low; a 100 g mortadella would contrib-
ute little more than 10% of the American Heart 
Association’s (2009) recommended maximum dai-
ly intake of 300 mg of cholesterol.

sensory evaluation

When sensory characteristics were evaluat-
ed (i.e., colour, odour, flavour, texture and over-
all acceptability), mortadellas made with 100% 
pork backfat scored significantly better (P ≤ 0.05) 
on a number of variables than those made with 
100% soybean oil (table 4). Mortadellas made 
with 100% pork backfat and 50/50 pork fat 
and soybean oil had similar (P > 0.05) colour 
and texture attributes, although the pork for-
mulation was more acceptable (P ≤ 0.05) than 
the 50/50 formulation in the other attributes. 
However, while the Oil and 50/50 formulations 
had a similar odour and flavour, the 50/50 mor-
tadella was significantly more acceptable (P ≤ 
0.05) than the Oil mortadella in colour, texture 
and overall acceptability. AMbrOsIADIs et al. 
(1996) observed a similar decrease in the senso-
ry acceptability of emulsified cooked meat prod-
ucts when pork fat was replaced with vegetable 
oil (soybean, sunflower, cotton-seed and corn); 
however, their products maintained good qual-

ity for consumption. brOcE et al. (2007) evalu-
ated the acceptability of the odour and taste of 
low fat chicken frankfurters that had a 10% fat 
content and were made with pork fat (control) or 
vegetable oil (canola, sunflower, olive or a mix-
ture). these researchers found that the hedon-
ic scores for the control sausage were highest 
and those for the sausage made with sunflow-
er oil were the lowest; however, neither product 
showed scores that were significantly different 
from those attributed by the untrained panel to 
the rest of the vegetable oil sausages. cÁcErEs 
et al. (2008) added pre-emulsified fish oil (1-6%) 
to mortadella as a source of PUFA n-3 and eval-
uated the sensory acceptability of the products 
using a hedonic scale. Even with the addition 
of 6% fish oil, no changes were observed in col-
our, texture and overall acceptability and all of 
the batches were rated as generally acceptable.

All of the treatments in our study were ac-
ceptable; the Oil treatment received an aver-
age score of about 6 (liked moderately) while 
the Pork treatment received an average score of 
about 7. Moreover, absolute differences among 
the scores obtained for the three products, for all 
parameters, were small (less than 0.9 on a nine-
point hedonic scale). For example, the difference 
in the overall acceptability scores between the 
Pork and 50/50 treatments was smaller than 
0.5. When developing this kind of product, the 
meat industry should consider the need to bal-
ance a loss in the sensory profile with a gain in 
the nutritional profile.

cONcLUsIONs

the use of vegetable oil instead of animal fat 
produced a healthier product with an improved 
fatty acid profile without affecting the physico-
chemical and technological characteristics of 
mortadella sausage. However, products with vege-
table oil had less acceptable sensory characteris-

table 4 - Averages (and standard errors) of the sensory ac-
ceptance results for the different mortadella formulations.

Attribute	 	 Sensory score*

 Oil 50/50	 Pork

Colour 6.19±0.25b 6.65±0.24a 6.73±0.27a

Odour 6.13±0.24b 6.22±0.27b 6.96±0.21a

Flavour 6.38±0.24b 6.76±0.20b 7.20±0.18a

Texture 6.04±0.26b 6.54±0.23a 6.85±0.19a

Overall acceptability 6.18±0.20c 6.62±0.20b 7.07±0.20a

Oil: mortadella made with 100% soybean oil.
50/50: mortadella made with 50% pork backfat and 50% soybean oil.
Pork: mortadella made with 100% pork backfat.
a, b, cValues in the same row followed by same letter do not differ signifi-
cantly at the level of 5%.
*Average of 60 responses.
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tics than those made with the traditional animal 
fat. replacing 50% of the pork fat with soybean oil 
is more acceptable, representing a good balance 
between nutritional gains and sensory biases.
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AbstrAct

the study aimed at determining mathematical models able to describe the kinetics of substrates 
consumptions (L-malate and D-glucose) and synthesis of end-products involved in malolactic and 
lactic fermentations promoted by Oenococcus oeni ML 34. the strain was added to aqueous solu-
tions of L-malate or/and D-glucose and to a white wine. the time evolution of bacterial cells and 
concentrations of both substrates and final products were evaluated by mathematical equations 
based on a same kinetic approach which involved the introduction of a reduced number (five) 
of functional parameters characterised by a well identified biological meaning, namely bacterial 
charge, substrate consumption and accumulation of end-products.
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INtrODUctION

because of the effects induced by malolactic 
fermentation (MLF) on sensorial characteristics 
of wines, this secondary fermentation is particu-
larly desirable for structured red or white prod-
ucts (VErsArI et al., 1999), but it can produce 
deleterious effects on microbial stability and or-
ganoleptic properties of not-structured wines 
produced in warm climatic zones, which are of-
ten characterised by low malic acidity (HErVÉ 
et al., 2004).

the MLF is promoted by some Gram+ Eubac-
teria, not sporigens (Oenococcus, Leuconostoc, 
Pediococcus, Lactobacillus) which prefer anaer-
obic conditions but can proliferate also in air 
(O2 tolerant), and involves the decarboxilation 
of L(-) malic acid to produce mainly a, D- and 
L-lactic acid (GrANcHI et al., 2005; LONVAUD-
FUNEL, 1999; sAAYMAN and VILJOEN-bLOOM, 
2006; VOLscHENK et al., 2006). When the MLF 
is promoted by Oenococcus oeni, the L form 
largely prevails on the other isomer (LIU, 2003).

the synthesis of D-lactic acid may occur ei-
ther by direct racemisation (GArVIE, 1980) or 
reduction of the intermediate pyruvate cata-
lysed by D-lactic acid dehydrogenase. In its 
turn, pyruvate can be produced by L-lactate 
dehydrogenation (LIU, 2003) or by reduction of 
L-malate to give oxalacetate which, after decar-
boxylation, produces pyruvate which is subse-
quently reduced by L- or D-lactic acid dehydro-
genase to give L or D-lactate (LAFON-LAFOUr-
cADE, 1975).

When reducing environmental conditions are 
ensured, O. oeni converts D-glucose to give, via 
the pentose phosphate pathway, ethanol, cO2 
and mainly D-lactic acid together with more re-
duced amount of the L-isomer.

Although the conversion of L-malate to L/D-
lactate has been widely investigated (ZAPPArOLI 
et al., 1998; LIU, 2003; cOUcHENEY et al., 2005) 
more information on the kinetics involved in this 
transformation is needed to allow a better control 
of this fundamental process. Due to the impor-
tance of MLF in winemaking, the development 
of a mathematical model based on few param-
eters characterised by a clear biological mean-
ing might represent a valid tool to allow a bet-
ter control of this fundamental process involved 
in winemaking of many important wines. More-
over, the kinetic approach followed and the re-
lated mathematical algorithms obtained have 
not been previously considered in this context.

In an attempt to reduce the large number of 
possible variables which could affect the MLF 
kinetics, in this study the time course of mal-
ic acid conversion was investigated by aque-
ous buffered (pH = 3.4) model solutions of L-
malate or/and D-glucose into which heterof-
ermentative lactic acid bacteria (O. oeni ML 34 
strain) were inoculated. to validate the MLF ki-
netic model developed on the basis of the ex-

perimental data collected using the solutions, 
the experimental points concerning the time 
evolution of L-malic acid in a white wine were 
compared with the theoretical values calculat-
ed by the model.

MAtErIALs AND MEtHODs

the experimental kinetic runs used to iden-
tify the values to be assigned to the different 
equation parameters were carried out utilis-
ing a batch reactor able to ensure anaerobic 
(N2) and sterile conditions. the characteristics 
of this bioreactor, realised at the Dipartimento 
di biologia delle Piante Agrarie of the Univer-
sity of Pisa, were already reported in a previ-
ous paper (ANDrIcH et al., 1988). briefly, the 
bioreactor was formed by a three bottle-neck 
flask with a central neck joined to a bubble 
cooling column. A lateral neck was joint to a 
suitable apparatus which allowed the sampling 
of homogenous reaction medium aliquots un-
der sterile and reduced condition obtained by 
an overpressures of N2 previously sterilised by 
filtration. A second lateral neck was used to 
inoculate O. oeni bacteria previously separat-
ed from their growth media by filtration. the 
fermentation temperature was maintained by 
an heat exchanger, whereas the homogenei-
ty of the reaction medium was ensured by a 
magnetic stirrer.

O. oeni ML 34 cells (collection of the Depart-
ment of crop biology, Pisa) were grown in ster-
ile conditions in a modified Mrs medium (DE 
MAN et al., 1960) (Fluka, Milan, Italy), named 
Mrs-tJc and containing 20 g l-1 tomato Juice 
broth (Fluka), 5 g l-1 L-malic acid (Fluka) ad-
justed to pH 5.

the bioreactor was initially filled with 500 
mL of an acetate buffer aqueous solution (pH 
= 3.4) containing L-malic acid or D-glucose at 
the concentrations of 10 and 8 g L-1, respective-
ly. these solutions, before being added to the 
flask, were sterilised by filtration (0.2 µm). the 
bacterial cells were separated from their growth 
medium by filtration, repeatedly rinsed with the 
sterile acetate buffer solution and then added 
to the reaction medium by an inverse flow of 
the sterile buffer solution. the inoculation rep-
resented the initial time (t=0) of the fermenta-
tion process, which the following sampling time 
points refer to. the experimental runs were car-
ried out under inert atmospheres (100% N2 or 
cO2). At each time point a sample of the reac-
tion media was collected by the sampling ap-
paratus and divided in two aliquots. the first 
aliquot was used to determine the number of 
bacterial viable cells by a total plate count on 
tomato juice agar (incubation at 30°c for 7 
days), while the second aliquot was previously 
heated to inactivate the O. oeni ML 34 cells and 
then analysed to determine the concentrations 
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of substrates (L-malate or D-glucose) and final 
products (L/D-lactate, ethanol) using specif-
ic commercial (Megazyme) enzymatic kits (AN-
DrIcH et al., 1988). In order to validate the ki-
netic model, the same experimental procedure 
above cited was carried out filling the bioreac-
tor with both L-malate and D-glucose (run f) 
or using a sterilised ‘trebbiano toscano’ white 
wine (pH=3.18±0.01; titrable acidity=9.1±0.2 g 
L-1 tartaric acid; malic acid=4.12±0.02 g L-1; lac-
tic acid (D- + L-)= 0.66±0.1 g L-1; volatile acidity 
= 0.56±0.03 g L-1 acetic acid; sO2 =not detecta-
ble; alcoholic degree = 10.5±0.1; residual sug-
ars < 2 g L-1) added with malic acid to reach a 
concentration equal to 4 g L-1 (run w).

the identification of the best values to be as-
signed to the model parameters was carried out 
by a specific statistical programme (bUrENL) able 
to identify in a space of j-dimensions (where j is 
equal to the number of model parameters) the 
minimum value of the F function, which is giv-
en by the sum of squares of differences occur-
ring among experimental (Yi, exper.) and calculat-
ed (Yi,calc.) data:

 N
F = S (Yi,calc. – Yi,exper.)

2

 i=1

In this expression N represents the total 
number of experimental determinations. the 
values assumed by the model parameters at the 
minimum of the F function represent the de-
sired best values.

For each experimental run the calculation of 
the two parameters related to the time evolu-
tion of the bacterial cells (kb = kinetic constant 
of bacterial population growth [min-1]; b0 = bac-
teria concentration [cFU∙mL-1] at the initial run 
time) was carried out utilising the experimental 
data deriving from the determination of the bac-

teria concentration (e.g. run 1 reported in table 
1 involved 10 experimental determinations for kb 
and b0 determinations, whereas run a shown in 
table 2 involved 9 determinations). to evaluate 
the kinetic constants related to the time evolu-
tion of L-malic acid ([M]t=0 = concentration of L-
malate initially added; kM = specific kinetic ac-
tivity shown by a single cell [L∙cFU-1∙min-1]) the 
experimental data related to L-malic acid de-
crease and L/D-lactic acid accumulation were 
used (e.g. run 1 reported in table 1 involved 
10 experimental determinations of L-malic acid 
plus 10 determinations for L- and D- lactic acid, 
respectively, for a total of 30 experimental val-
ues). the rL,M parameter (constant related to the 
percentage of L-lactic acid produced for unit of 
L-malic acid converted) was evaluated utilising 
20 experimental values (10 for L- and 10 for D- 
lactic acid, respectively; see run 1 shown in ta-
ble 1). to evaluate the kinetic constants re-
lated to the time evolution of D-glucose ([G]t=0 
= concentration of D-glucose initially added; 
kG = specific kinetic activity shown by a single 
cell [L∙cFU-1∙min-1]) the experimental points re-
lated to D-glucose decrease and both ethanol 
and L-/D-lactic acid productions were used 
(e.g. run a reported in table 2 involved 9 ex-
perimental determinations for D-glucose plus 
9 determinations for ethanol and L/D- lactic 
acid, respectively, for a total of 36 experimen-
tal values). the rL,G parameter (constant relat-
ed to the percentage of L-lactic acid produced 
for unit of D-glucose converted) was evalu-
ated utilising 18 experimental points (9 of L- 
and 9 of D- lactic acid, respectively; see run 
a reported in table 2). As regards the two dif-
ferent atmospheres tested (100% N2 or cO2), 
five replications were performed for MLF (ta-
ble 1), whereas three replications for N2 and 
two for cO2 were performed for lactic fermen-
tation (table 2).

table 1 - Parameters (mean ± cI) and corresponding square values of the correlation coefficients of the kinetic model adopt-
ed to describe the time evolution of the bacterial population (b) and L-malate (M), L-lactate (L) and D-lactate (D) concentra-
tions during malolactic fermentation.

Run No. e.a.† T kB 104 B0 10-11 kM 1016 M0 RL,M rB
2 rM

2 rL
2 rD

2

  (°C) (min-1) (CFU∙L-1)‡ (L∙CFU-1∙min-1) (mmol∙L-1)

  1 (10)*  N2  21.5  0.47±0.01**  0.94±0.02  9.47±8.92  33.1±0.2  0.77±0.03  0.58  0.98  0.96  0.96
  2 (9)  N2  23.5  -2.45±0.01  0.60±0.01  9.13±8.32  39.5±0.2  0.82±0.01  0.71  0.90  0.65  0.79
  3 (9)  N2  23.0  -5.86±0.02  6.35±0.01  9.60±10.5  34.7±0.1  0.82±0.01  0.60  0.98  0.98  0.92
  4 (8)  N2  23.0  1.27±0.03  1.65±0.01  9.86±11.5  68.7±0.2  0.79±0.02  0.44  0.95  0.88  0.98
  5 (10)  N2  23.5  -2.36±0.02  3.86±0.01  8.92±9.30  86.4±0.2  0.76±0.03  0.63  0.98  0.98  0.90
  6 (11)  CO2  22.0  -0.09±0.03  0.53±0.50  8.97±10.3  103.1±0.1  0.92±0.01  0.80  0.98  0.98  0.92
  7 (7)  CO2  21.5  1.42±0.04  1.12±0.42  9.71±12.4  82.3±0.2  0.91±0.02  0.07  0.97  0.96  0.98
  8 (8)  CO2  24.0  -2.63±0.02  1.48±0.02  9.94±11.1  36.7±0.1  0.93±0.02  0.20  0.93  0.97  0.74
  9 (8)  CO2  22.0  0.06±0.01  1.55±0.02  8.43±9.53  34.8±0.2  0.88±0.01  0.12  0.97  0.95  0.59
10 (11)  CO2  21.5  -0.50±0.02  0.71±0.01  8.38±4.45  77.4±0.1  0.91±0.01  0.46  0.98  0.98  0.84

* number of experimental points; ** P < 0.05; † environmental atmosphere (100% N2 or CO2); 
‡ CFU = colony forming units.

kB, kinetic constant of bacterial population evolution; B0, concentration of bacteria at the initial time; kM, kinetic constant of L-malate conversion; M0, concentra-
tion of L-malate at the initial time; RL,M, accumulation rate of L-lactate.
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rEsULts AND DIscUssION

A kinetic model 
to describe malolactic fermentation

MLF, promoted by the malolactic enzyme, in-
volves the direct decarboxylation of L(-)-malate 
to produce L(+)-lactate and cO2 (ArtHUrs and 
LLOYD, 1999; KUNKEE, 1991; LAbArrE et al., 
1996; LIU, 2003; GrANcHI et al., 2005). Fig. 1 re-
ports the decrease of concentration of L-malate 
([M]t=t) and the increase in the two stereo isomer-
ic forms L(+) and D(-) of a-lactic acid with time. 
As together with the predominant presence of 
the L stereo isomer ([L]t=t) also a more reduced 
amount of the D form ([D]t=t) was always detect-
ed in the reaction medium, different concomitant 
and competitive reactions must be involved (LA-
FON-LAFOUrcADE, 1975; LONVAUD et al., 1977; 
LIU, 2003).

According to the stoichiometry of MLF, the 

table 2 - Parameters (mean ± cI) and corresponding square values of correlation coefficients of the kinetic model adopted to 
describe the time evolution of the bacterial population (b) and D-glucose (G), ethanol (E) and L/D-lactate (L, D) concentra-
tions during lactic acid fermentation.

Run No. e.a.† T kB∙104 B0∙10-11 kG∙1016 G0 RL,G rB
2 rG

2 rE
2 rL

2 rD
2

  (°C) (min-1) (CFU∙L-1)‡ (L∙CFU-1∙min-1) (mmol∙L-1)

a (9)*  N2  23  1.15±0.01*  11.51±0.01  0.68±1.63  42.7±0.1  0.40±0.01  0.88  0.98  0.98  0.98  0.94
b (11)  N2  24  2.54±0.01  12.69±0.01  0.70±0.35  20.5±0.1  0.40±0.01  0.82  0.86  0.82  0.07  0.86
c (9)  N2  25  1.33±0.01  3.84±0.01  0.65±0.45  27.1±0.1  0.40±0.01  0.31  0.98  0.91  0.49  0.63
d (7)  CO2  23  0.15±0.01  2.82±0.01  0.71±1.65  42.8±0.1  0.41±0.01  0.04  0.93  0.93  0.95  0.89
e (8)  CO2  24  3.01±0.10  6.16±0.01  0.50±0.42  61.4±0.1  0.44±0.01  0.89  0.49  0.42  0.52  0.52

* number of experimental points; ** P < 0.05; †environmental atmosphere (100% N2 or CO2); 
‡CFU = colony forming units.

kB, kinetic constant of bacterial population evolution; B0, concentration of bacteria at the initial time; kG, kinetic constant of D-glucose conversion; G0, concen-
tration of D-glucose at the initial time; RL,G, accumulation rate of L-lactate.

Fig. 1 - time evolution of the chemical species involved in malolactic fermentation.
M = malic acid; L = L-lactic acid; D = D-lactic acid.

sum of the experimental values determined for 
the three species involved in this transformation 
([M]t=t, [L]t=t and [D]t=t) did not change significantly 
with reaction time, to assume values quite con-
stant and statistically equivalent to the concen-
tration of L-malate ([M]t=0) initially dissolved in-
side the bioreactor (Fig. 1):

 [M]t=0 = [M]t=t + [L]t=t + [D]t=t (1)

so that no significant accumulation of any other 
possible intermediate involved in this fermenta-
tion process seemed to take place. From equation 
1 the following relation can be easily obtained:

[M]t=0 - [M]t=t = [L]t=t + [D]t=t

which, after derivatization respect to the run 
time, can be written as:

-d[M]t=t//dt = [L]t=t /dt + [D]t=t/dt



84  Ital. J. Food Sci., vol. 23 - 2011

It follows that the rate of L-malate consump-
tion is always equal to the sum of the accumu-
lation rates of L- and D-lactate. If the time evo-
lution of L-malate ([M]t=t) decrease is described 
by a first order kinetics, the following mathe-
matical equation can be written:

-d[M]t=t/dt = k’ ⋅ [M]t=t

where -d[M]t=t/dt is the rate of L-malate conver-
sion, [M]t=t is the concentration of L-malate dis-
solved in the reaction medium at a random time 
t=t, and k’ represents the first order kinetic con-
stant. Assuming the concentration of the en-
zyme involved in this transformation to be pro-
portional to the density of lactic bacteria cells 
([b]t=t) in the reaction medium, the following re-
lation can be drawn:

k’ = kM × [b]t=t

where the proportional factor kM is related to the 
kinetic activity shown by a single active cell of the 
bacterial population. If the rate of cells density 
evolution (d[b]t=t/dt) during time can be evalu-
ated as the difference between the bacteria rep-
lication (rr) and inactivation (rD) rates, this ex-
pression can be obtained:

d[b]t=t/dt = rr - rD

and assuming that both rr and rD rates follow a 
first order kinetics, the below reported relations 
can be deduced:

d[b]t=t/dt = rr - rD = kr ⋅ [b]t=t - kD ⋅ [b]t=t = 
= (kr - kD) ⋅ [b]t=t = kb ⋅ [b]t=t

where the kinetic constant kb is equal to the dif-
ference between the kinetic constant of the bac-
teria replication rate and that of their inactiva-
tion (kb = kr - kD). thus, to calculate the time 
course of L-malate concentration in the reaction 
medium, the following system of two differential 
equations must be solved:

 {-d[M]t=t/dt = k’ ⋅ [M]t=t = kM ⋅ [b]t=t ⋅ [M]t=t
  d[b]t=t/dt = kb ⋅ [b]t=t

and this mathematical relation can be obtained:

[M]t=t = [M]t=0 · e
 kM/kb · bt=0 · (1 – ekb · t)

where [M]t=0 is the L-malate concentration ini-
tially (t=0) present in the reaction medium, kM 
the kinetic constant of L-malate conversion ex-
pressed for active cell, kb the kinetic constant re-
lated to the time evolution of the active bacterial 
population, and [b]t=0 the number of active cells 
initially present in the unit volume of the reac-
tion medium. this expression is able to satisfy 
the two limit conditions, namely run time equal 
to zero (t=0, initial point) and run time tending to 

infinite (t→∞) so to ensure the complete trans-
formation of L-malate ([M]t=0). Indeed:

lim t→0 [M]t=t = lim t→0 [M]t=0 · e
 k

M
/k

b
 · b

t=0
 · (1 – ekb · t) = 

= [M]t=0 ∙ e
0 = [M]t=0

lim t→∞ [M]t=t = lim t→∞ [M]t=0 · e
 k

M
/k

b
 · b

t=0
 · (1 – ekb · t) =

= [M]t=0/e∞ = 0

Apart from the sign assumed by the kinetic 
constant kb (kb > 0 when the bacterial popula-
tion increases and kb < 0 when it decreases), the 
exponential expression:

kM/kb · bt=0 · (1 – e k
b
∙t)

is always negative. Indeed, if kb > 0 then 1 – e 
k

b
∙t will be negative and so the whole exponential 

expression as well, while on the contrary if kb < 
0 then 1 – e k

b
∙t will be grater than 0 but the to-

tal exponential factor will assume the same sign 
of kb and then will be still negative. thus, the 
possible increase or decrease of the lactic acid 
bacterial population affects only the degree of L-
malate conversion but obviously cannot change 
the direction of this transformation.

On the basis of the relation previously re-
ported:

[M]t=0 - [M]t=t = [L]t=t + [D]t=t

and dividing both members of this equation by 
the amount of substrate converted ([M]t=0 - [M]t=t) 
the following expression can be obtained:

1 = [L]t=t/([M]t=0 - [M]t=t) + [D]t=t/([M]t=0 - [M]t=t) = 
= rL,M + rD,M

where rL,M and rD,M represent the accumulation 
rates of the two isomeric forms of lactic acid de-
rived from L-malate. Assuming that the values 
of rL,M and rD,M do not change in relation to L-
malate conversion, it can be written:

rL,M = [L]t=t/([M]t=0 - [M]t=t)

and

[L]t=t = rL,M ∙ ([M]t=0 - [M]t=t) = 
= rL ∙ [M]t=0 · (1 - e k

M
/k

b
 · b

t=0
 · (1 – ekb∙t))

while

[D]t=t = rD,M ∙ ([M]t=0 - [M]t=t) = (1 - rL,M) ∙ [M]t=0 · 
· (1 - e k

M
/k

b
 · b

t=0
 · (1 – ekb∙t))

In this way, with five parameters (kb, b0 = [b]t=0, 
kM, M0 = [M]t=0, and rL,M) it is possible to describe 
the time evolution of the bacterial population, of 
malate decrease and of L/D-lactic acid accumu-
lations (Fig. 2).

the identification of the best values to as-
sign to the five functional parameters of the 
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kinetic model was carried out utilising the 
experimental data related to the time courses 
of the bacterial population ([b]t=t), L-malate 
([M]t=t) consumption and those of L ([L]t=t) and 
D ([D]t=t)-lactate accumulation (table 1). the 
kinetic constant of the bacterial population 
evolution (kb) was affected by a high variabil-
ity so that the correlation coefficient showed 
a remarkable variation passing from 0.27 to 
0.89. the number of bacterial cells did not 
change significantly during the experimen-
tal runs with malate as substrate, so that 
there was a very low correlation between 
cell number and run time. However, togeth-
er with negative (table 1) also positive val-
ues were obtained for kb so that in some cas-
es the bacterial population showed a slight-
ly increase also when L-malate was the only 
substrate present in the reaction medium. 
According to the literature (PILONE and KUN-
KEE, 1972; ANDrIcH et al., 1988; cOX and 
HENIcK-KLING, 1989, 1995; PAssOs et al., 
2003), our experimental evidence allows to 
claim that only MLF can produce the neces-
sary amount of AtP able to ensure a suffi-
cient energetic contribution to maintain the 
microbial population.

the values assumed by the kM constant, con-
nected with L-malate decrease and D/L-lactate 
increases, were not affected by the different in-
itial concentrations of L-malate (M0), the differ-
ent amount of bacterial population (b0) and its 
time evolution (kb). Although kM was affected by 
a high variability as well – as shown by the con-

Fig. 2 - Experimental data points and calculated time evolution of chemical species involved in malolactic fermentation us-
ing model solutions as reaction medium. M = malic acid; L = L-lactic acid; D = D-lactic acid.

fidence intervals – , it was possible to calculate 
a mean value (kM,mean = 9.24∙10-16 [L∙ cFU-1∙ min-

1]) with a low confidence interval (± 1.10∙10-16 [L∙ 
cFU-1∙ min-1]; p=0.05). the high square values of 
the correlation coefficients (rM, rD and rL) related 
to the time evolution of L-malate, D-lactate and 
L-lactate concentrations (table 1), confirm the 
suitability of the kinetic equations as well as the 
validity of the suggested hypothesis.

the low values found for the confidence in-
tervals related to the production of L-lactic acid 
isomer (rL,M) during L-malate conversion under-
line how during conversion the ratio between 
the concentrations of the two products, L- and 
D-lactate, remained almost unchanged. On the 
contrary, this not dimensional factor was re-
markably affected by the composition of the sur-
rounding atmosphere (100% N2 or cO2). In par-
ticular, when an inert atmosphere of N2 was en-
sured, a value of rL,M,mean equal to 0.79 ± 0.03 
(p=0.05) was obtained, while an rL,M,mean value of 
0.91 ± 0.02 was found when only gaseous cO2 
was present.

A kinetic model to describe the lactic 
fermentation of D-glucose promoted 
by heterofermentative lactic acid bacteria 
(O. oeni ML 34)

the same approach followed to describe the 
kinetics of L-malate fermentation was adopted 
to study the time evolution of the compounds in-
volved in the heterolactic fermentation of D-glu-
cose, carried out by O. oeni ML 34 strain.
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Analogously to what already reported for L-
malate, the following two relations can be writ-
ten:

[G]t=0 = [G]t=t + [E]t=t = [G]t=t + [L]t=t + [D]t=t

[G]t=0 - [G]t=t = [E]t=t = [L]t=t + [D]t=t

from which, after derivatization respect to run 
time, the following relation can be obtained:

-d[G]t=t/dt= d[E]t=t/dt = d[L]t=t/dt + d[D]t=t/dt

the rate of D-glucose consumption is equal 
to that of ethanol accumulation and to the 
sum of those related to the two forms (D/L) 
of lactic acid produced. thus, to calculate 
the time course of D-glucose concentration, 
the system of two differential equations must 
be solved:

	 {	-d[G]t=t/dt = k’ ⋅ [G]t=t = kG ⋅ [b]t=t ⋅ [G]t=t
  d[b]t=t/dt = kb ⋅ [b]t=t

from which the following mathematical relation 
can be obtained:

[G]t=t = [G]t=0 · e k
G

/k
b

 · b
t=0

 · (1 – ekb∙t)

where [G]t=0 represents the D-glucose concentra-
tion initially (t=0) present in the reaction medi-
um, kG the kinetic constant of D-glucose con-
version expressed for active cells, kb the kinetic 
constant related to the time evolution of the ac-
tive bacterial population, and [b]t=0 the concen-
tration of bacteria cells initially present in the 
medium. According to the relations previously 
reported and adopting the same procedure used 
for L-malate, the below reported kinetic equa-
tions can be written:

[E]t=t = [G]t=0 - [G]t=t = [G]t=0 ∙ (1 – e kG
/k

b
 ∙ b

t=0
 ∙ (1 - ekb∙t))

[G]t=0 - [G]t=t = [L]t=t + [D]t=t

1 = [L]t=t/([G]t=0 - [G]t=t) + [D]t=t/([G]t=0 - [G]t=t) = 
= rL,G + rD,G

[L]t=t = rL,G · ([G]t=0 - [G]t=t) = rL,G · [G]t=0 ∙ 

∙ (1 – e k
G

/k
b
 ∙ b

t=0
 ∙ (1 - ekb∙t))

and

[D]t=t = rD,G · ([G]t=0 - [G]t=t) = rD,G · [G]t=0 ∙ 

∙ (1 – e k
G

/k
b
 ∙ b

t=0
 ∙ (1 - ekb∙t))

Also for D-glucose transformation, the iden-
tification of the best values to be assigned to 
the five functional parameters of the kinetic 
model (kb, b0 = [b]t=0, kG, M0 = [M]t=0, rL,G) was 
carried out utilising the experimental data re-
lated to the time evolutions of bacterial popu-
lation ([b]t=t) and D-glucose ([G]t=t) concentra-

tion, together with those of ethanol ([E]t=t) and 
L ([L]t=t)/D ([D]t=t) lactate (table 2).

For what concerns the kinetic constant kb 
(table 2), the same considerations previous-
ly reported for L-malate can be repeated. this 
parameter was affected by a high variability so 
that the correlation coefficient varied widely 
passing from 0.19 to 0.95. the number of cells 
did not change significantly during the exper-
imental runs and this justifies the low corre-
lation coefficients found. Also in this case, to-
gether with negative also positive values of kb 
were obtained. the kG constant, which is con-
nected to the decrease of D-glucose and the 
increases in ethanol and D/L-lactate, was not 
remarkably affected by the other reaction var-
iables (initial concentration of D-glucose, dif-
ferent amounts of bacterial population, etc.). 
thus, it was possible to calculate a mean val-
ue of kG with a rather restricted confidence in-
terval (kG,mean = 0.65 ± 0.17). the kinetic con-
stant kG,mean (0.65∙10-16 [L∙cFU-1] ∙min-1) of D-glu-
cose conversion was much lower (kG,mean/kM,mean 
= 0.07) (ANDrIcH et al., 1993) than that found 
for L-malate (kM,mean = 9.24∙10-16 [L∙cFU-1]∙ min-

1). being the rates of lactic fermentation of D-
glucose very low, it needed a lot of time to de-
tect sensible reductions of this monosaccharide 
during the experimental runs. this increased 
the experimental errors and made more diffi-
cult to obtain correlation coefficients compara-
ble to those found using L-malate as substrate 
of fermentation (table 1).

contrary to what found for L-malate, the 
conversion factor rL,G (rL,G,mean = 0.41 ± 0.04), 
which rules the accumulation of the two iso-
meric forms L/D of a-lactic acid, was not af-
fected by the presence of cO2 in the atmos-
phere. thus, it is possible to exclude that car-
bon dioxide could selectively inhibit the two 
enzymes (D- and L- dehydrogenases) involved 
in the pyruvate reduction to produce the two 
lactic acid isomers. Indeed, pyruvate is an in-
termediate of the lactic fermentation of D-glu-
cose and its hydrogenation allows the produc-
tion of D/L-lactate.

the accumulation of D-lactate during MLF 
could occur by hydrogenation of pyruvate com-
ing directly from L-malate by a single reaction 
step (dehydrogenation and decarboxylation) 
(LONVAUD et al., 1977) or by a previous dehydro-
genation of L-malate to produce oxalacetate (LA-
FON-LAFOUrcADE, 1975), which is successive-
ly decarboxylated to give pyruvate. In this case, 
increasing concentrations of cO2 in the atmos-
phere would be able to inhibit the decaboxyla-
tion step and then the accumulation of pyru-
vate as well, with a consequent reduced produc-
tion of D-lactate. On the contrary, the L-isomer 
deriving from the direct decarboxylation of L-
malate did not seem to be inhibited by increas-
ing amounts of cO2 as shown by the kM values 
reported in table 1.
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Validation of the kinetic model

two different experimental runs were per-
formed to test the suitability of the kinetic mod-
el. In the first case (run f), the time evolution of 
the concentrations of D-glucose, L-malate, eth-
anol and the two isomeric forms D/L of lactic 
acid were determined following O. oeni ML 34 
strain addition to an aqueous solution of both 
the substrates (L-malate and D-glucose). In the 

second run (run w), the same lactic bacterium 
was added to a white wine (trebbiano toscano) 
previously sterilised by filtration and containing 
malic acid at a concentration of 4 g L-1. In table 
3 are reported the initial concentrations of the 
two substrates used in these runs, the values 
of the two kinetic constants kM,mean and kG,mean as 
well as the two kinetic parameters [b]t=0 and kb 
necessary to describe the evolution of the micro-
bial population during each experimental run.

Fig. 3 reports the time evolution of experimen-
tal and calculated points related to the concen-
trations of the species (L-malate, D-glucose, eth-
anol, L- and D-lactate) involved in L-malate and 
D-glucose transformations promoted by O. oeni 
ML 34 lactic acid strain. the theoretical evolu-
tions of substrates (L-malate and D-glucose) and 
products (ethanol, L- and D-lactate) were calcu-
lated assigning the values reported in table 3 
(run f) to the parameters present in the kinet-
ic model. the rather good degree of overlapping 
occurring between experimental and calculat-
ed values, gives a measure of the suitability of 
the model to describe the time evolutions of the 
main chemical compounds involved in the MLF.

the time courses of metabolites directly in-
volved in MLF (L-malate, L- and D-lactate) uti-
lising wine as reaction medium are reported in 
Fig. 4. Also in this case, the points calculated 
assuming as model parameters the values re-
ported in table 3 (run w) did not remarkably dif-
fer from the corresponding experimental values.

As during the experimental runs the time evo-

table 3 - Values assigned to model parameters to calculate 
the theoretical evolution of the chemical species (L-malate, 
D-glucose, ethanol, L- and D-lactate) involved in the L-
malate and D-glucose transformations promoted by Oeno-
coccus oeni ML 34 strain.

Parameters Run f (8) Run w (6)

Gas composition  N2 (100%)  N2 (100%)
Temperature (°C)  22  24
[B]t=0 (CFU∙L-1)†  0.60∙1011  2.93∙1011

kB (min-1)  3.9∙10-5  6.9 ∙10-5

[M]t=0 (mmol∙L-1)   38.4  30.6
[G]t=0 (mmol∙L-1)  12.6  -
kM (L∙CFU-1∙min-1)  9.24∙10-16  9.24∙10-16

RL,M,mean  0.79  0.79
kG (L∙CFU-1∙min-1)  0.65∙10-16  -
RL,G,mean  0.41 
B0,det (CFU∙L-1)  0.58∙1011  3.03∙1011

†CFU = colony forming units;
B0,det = the experimentally determined bacterial charge initially present 
in the reaction medium.

Fig. 3 - Experimental data points and calculated time evolution of chemical species involved in L-malate and D-glucose trans-
formations. M = malic acid; L = L-lactic acid; D = D-lactic acid; G = glucose; E = ethanol. continuous line, complete version 
of kinetic model; dotted line, simplified version of kinetic model.
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lution of the microbial population was very slow 
so to assume a nearly constant value, it can be 
possible to reduce the complexity of the kinet-
ic model in order to make its practical utilisa-
tion easier. Indeed, assuming that the evolution 
of the microbial population can be disregarded, 
the following relation would be obtained:

-d[s]t=t/dt = ks × b0 × [s]t=t

where [s]t=t represents the substrate concentra-
tion (L-malate = [M]t=t or D-glucose = [G]t=t) in the 
reaction medium at a generic time t=t, while ks is 
the kinetic constant of the substrate transforma-
tion (kM or kG of table 3). b0 represents the mi-
crobial concentration (cFU∙L-1) initially present 
in the reaction medium which remained practi-
cally unchanged during all the experimental run. 
the differential equation above reported can be 
integrated to obtain the following expression:

[s]t=t = [s]t=0 ∙ e –k
s
 ∙ b

0
 ∙ t

while the accumulation of the product P (eth-
anol, L- and D-lactate) in the reaction medium 
can be described by the relation:

[P]t=t = rP,s · ([P]t=0 - [P]t=t) = rP,s · [s]t=0 ∙ (1 – e –k
s
 ∙ b

0
 ∙ t)

where rP,s represents the conversion factor re-
lated to the accumulation of the product P de-
riving from L-malate or D-glucose.

Fig. 4 - Experimental data points and calculated time evolution of chemical species involved in malolactic fermentation us-
ing a real wine as reaction medium. M = malic acid; L = L-lactic acid; D = D-lactic acid. continuous line, complete version of 
kinetic model; dotted line, simplified version of kinetic model.

table 3 reports the number of active cells of 
O. oeni ML 34 strain initially determined in the 
reaction medium (b0,det), while the curves out-
lined by dotted lines (Figs. 3 and 4) show the 
theoretical evolutions of the chemical species 
involved in this microbial transformation and 
calculated by the simplified form of the kinetic 
model. A notable increase in the microbial pop-
ulation occurred during both these two experi-
mental runs, as shown by the positive sign as-
sumed by the kinetic constant kb (table 3). the 
concentrations of the chemical species calcu-
lated by the simplified form of the model (Figs. 
3 and 4, dotted lines) were higher for the sub-
strate (L-malate) and lower for products (L- and 
D-lactate) compared to those evaluated using the 
complete version of the kinetic model (Figs. 3 and 
4, full lines). As the differences do not seem to 
be relevant, the simplified version of this model 
could be usefully utilised, at least to have a pre-
liminary roughly picture of the evolution of MLF.

Moreover, if the experimental value related to 
the number of active cells of O. oeni ML 34 strain 
would be not available, it could be roughly eval-
uated being known some experimental data con-
nected to the decrease of the substrates s (L-
malate or D-glucose) or to the accumulation of 
the products P (ethanol, L- and D-lactate) with 
time, by the following relations:

b0 = 1/(ks · t) · ln ([s]t=0/[s]t=t)
b0 = 1/(- ks · t) · ln (1 - 1/ rP,s · [P]t=t/[s]t=0)
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this represents only one of many possible ap-
plications of this kinetic model which could also 
utilised to better determine the kinetic behaviour 
of a lactic acid bacterial population able to pro-
mote MLF. In particular a better and a more re-
liable comparison of the kinetic activities shown 
by different bacterial populations could be more 
easily obtained.
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AbstrAct

Flavonoids present in freeze-dried sunbelt (Vitis labrusca L.) grape pomace were extracted at 
a pressure of 10.3 MPa and temperatures between 60° and 140°c using pressurized hydroeth-
anolic solvents (0, 40, 80% v/v ethanol in water) acidified with organic acids (formic, acetic, citric 
and tartaric acid at a pH of 2.5). Acetic acid had a significant effect in maximizing anthocyanin 
yield from grape pomace when using 80% aqueous ethanol as a solvent at 80°c (1028.9 mg/100 
g DW). However, organic acids did not have a significant effect on the extraction of flavonols from 
grape pomace. the maximum amount of flavonols extracted from grape pomace using 80% aque-
ous ethanol as the solvent at 120°-140°c was 9.65 mg/100 g DW. surface response regression 
analysis of the experimental data indicated the optimum temperature for extraction of a maximum 
amount of anthocyanins from grape pomace was 85.4°c and that for flavonols was 124°c. these 
optimized conditions obtained from this study performed on an analytical scale can be used in 
scale-up and design of a dynamic subcritical fluid extraction system for extraction of flavonoids 
from food processing waste, such as grape pomace.
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INtrODUctION

the grape pomace consists of the skins, stems 
and seeds that are left behind after the pressing 
of the grapes (MOUrE et al., 2001). studies have 
estimated that the about 20 wt% of the proc-
essed grapes are left behind as pomace (scHIE-
bEr et al., 2001) with approximately 60-70 wt% 
of total phenolics concentrated in grape seeds, 
and the rest in the grape skins (GArcIA-MArI-
NO et al., 2006). the localization of such phenol-
ic compounds may vary with the type of grapes, 
climate and other environmental conditions as 
well as the maturity of the grape during culti-
vation (PINELO et al., 2006). sunbelt grape (Vitis 
labrusca L.), a juice grape variety designed for 
growth in the state of Arkansas, is a type of juice 
grape that contains a large amount of anthocy-
anin diglucosides, unlike wine grapes which con-
tain larger amounts of anthocyanin monogluco-
sides (rEVILLA et al., 1999).

Flavonoids are a group of polyphenolic com-
pounds that are present in many natural prod-
ucts and have been studied extensively due to 
their antioxidant, anti-microbial and antipro-
liferative activities (HArbOrNE and WILLIAMs, 
2000; LUrtON, 2003; bOZIDAr, 1995; HALP-
ErN et al., 1998). studies have indicated that 
a greater amount of anthocyanins, flavonols 
(quercetin) and flavan-3-ols (catechin/epi-
catechin) are concentrated in the grape skins 
while the grape seeds contain greater amounts 
of procyanidins (brAIDOt et al., 2008). Apart 
from their health beneficial and nutraceutical 
value, anthocyanins are also used as food col-
orants (FrANcIs and MArKAKIs, 1989). Fun-
damental studies have indicated that at dif-
ferent pH levels, the anthocyanins undergo a 
structural transformation that is responsible 
for their color change in solution (HErEDIA et 
al., 1998). the most stable form for anthocy-
anin in grape pomace is the flavylium cati-
on which exists at pH less than 4 (cLIFFOrD, 
2000). studies have indicated that with an 
increase in pH, there is rapid decrease in the 
color and an increase in its antioxidant capacity 
(LAPIDOt et al., 1998).

sPIGNO and DE FAVErI (2007) and other re-
search groups around the world have proposed 
the use of agricultural wastes such as grape 
pomace as a low-cost source for the extraction 
of antioxidant compounds. studies have indicat-
ed that about 10.5-13.1 million tonnes of grape 
pomace is produced in the world each year (DE 
cAstrO et al., 2008) Extraction of flavonoids 
from grape pomace has been traditionally done 
using alcoholic solvents such as methanol and 
ethanol with water as a cosolvent (LAPOrNIK et 
al., 2005; MEtIVIEr et al., 1980).

Usually, a low concentration of acid such 
as hydrochloric acid (Hcl) is added to the sol-
vent to increase the efficiency of the extrac-
tion to yield maximum amount of anthocy-

anins (JU and HOWArD, 2003). the addition 
of the acid denatures the cellular membranes 
present in the grape pomace matrix, thereby 
facilitating flavonoid dissolution in the extrac-
tion solvent (JAcKMAN et al., 1987). the con-
centration of the acid in the extraction sol-
vent should be very low since the addition of 
excess acid can cleave the acylated and sugar 
groups of the anthocyanins during the extrac-
tion and concentration steps, resulting in for-
mation of undesirable components. rEVILLA et 
al. (1998) have previously reported on the par-
tial hydrolysis of the aceylated malvidin glu-
cosides when 1% concentration (by weight) of 
12N Hcl was added to methanol used as a sol-
vent. It has been proposed that weaker organ-
ic acids such as formic, acetic, citric and tar-
taric acids or extremely low concentrations of 
stronger acids such as Hcl and trifluoroace-
tic acid can be used to solve this problem (DE 
cAstrO et al., 2008; JU and HOWArD, 2003). 
studies performed by bLEVE et al. (2008) indi-
cated that the flavonoids extracted from grape 
pomace using hydroethanolic solvents acid-
ifed with 0.2% trifluoroacetic acid were easi-
ly available for further purification compared 
to those extracted in the absence of the acid. 
However, studies performed by DOWNEY et al. 
(2007) on the stability of the anthocyanins and 
flavonols extracted from grape pomace using 
methanol acidified with Hcl, acetic, formic, cit-
ric and maleic acids indicated that the flavo-
noid content decreased rapidly with increasing 
temperature or residence time of the pomace. 
Moreover, in the afore-mentioned studies, the 
total contact time between the solvent and the 
pomace matrix was very high (~ 1 day or more).

A number of studies have been performed 
on the extraction of flavonoids from grape 
pomace using hydroethanolic solvents. sA-
VOVA et al. (2007) indicated that the maxi-
mum amount of flavan-3-ols could be extract-
ed from grapes using 50% ethanol in water 
at 65°c. Another study on the extraction of 
phenolic compounds from winery wastes in-
dicated maximum recovery of these phenolic 
compounds using 50% ethanol in water (LAF-
KA et al., 2007). recently, similar studies per-
formed by MONrAD et al. (2010a,b) indicated 
that 50-70% v/v ethanol in water at temper-
atures between 80° and 120°c was optimal 
for the recovery of anthocyanins and procya-
nidins from grape pomace.

Water at temperatures above its boiling point 
and under sufficient pressure (also referred to 
as “subcritical water”) has been used as a sol-
vent in recovery of polar compounds from natu-
ral products (KING and srINIVAs, 2009). the en-
hanced dissolution and diffusion rates of such 
compounds in water at elevated temperatures 
is due to a decrease in the hydrogen bonding 
propensity of water as measured by the total 
solubility parameter as a function of temper-
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ature (srINIVAs et al., 2009). subcritical wa-
ter at temperatures between 100° and 150°c 
have been found optimal for recovering maxi-
mum amount of anthocyanins from berry sub-
strates (KING et al., 2003), grape skins (JU and 
HOWArD, 2006) and black currants (cAcAcE 
and MAZZA, 2002). However, at these tempera-
tures there is a greater possibility for thermal 
degradation of the flavonoid compounds dur-
ing their extraction from grape pomace. How-
ever, by optimizing the extraction time, it is 
possible to minimize the loss of flavonoid re-
covery due to thermal degradation (MONrAD 
et al., 2010a). Pressurized liquid extractions 
can be performed using an accelerated solvent 
extraction (or AsE). Using this technique, ex-
tractions can be performed at higher temper-
atures (40°-200°c) abetted by pressure using 
very short extraction times (1-20 min) (PALMA 
et al., 2001; JU and HOWArD, 2003). such rap-
id rate extraction conditions can improve recov-
ery of the polyphenolic solutes thereby avoiding 
thermal degradation of the solutes.

studies performed on black carrots using wa-
ter acidified with citric and lactic acids at tem-
peratures between 50° and 100°c and 50 bar 
pressure yielded the maximum amount of an-
thocyanins, particularly when lactic acid was 
used as the acidulant (GIZIr et al., 2008). Great-
er thermal degradation of the anthocyanin ex-
tracts occurred at 100°c along with higher con-
comitant browning when sulfuric acid was used 
as an acidulant. In this study, the high tempera-
ture extractions were performed in 10 minutes, 
whereas the sulfuric acid extractions were per-
formed at room temperature over a period of 12 
hours.

In this study, an AsE system was used to in-
vestigate the effects of temperature, solvent com-
position and the presence of various organic ac-
ids on the extraction of flavonoids (anthocyanins 
and flavonols) from sunbelt grape pomace.

EXPErIMENtAL sEctION

Grape and pomace samples

the materials used in this study are similar 
to those described previously (MONrAD et al. 
2010a,b). sunbelt grapes harvested at the Uni-
versity of Arkansas’ Agricultural Experimen-
tal station Farm (Fayetteville, Ar) in 2006 were 
crushed and de-stemmed followed by pressing in 
a 70 L Enrossi bladder press (Enoagricola rossi 
s.r.l., calzolaro, Italy). the recovered pomace was 
then freeze-dried in Virtis Genesis freeze-dryer 
(Gardner, NY) and stored at -70°c in a thermo 
scientific Ultra-Low Freezer (Waltham, MA). the 
freeze-dried pomace was then ground to a ho-
mogeneous powder (500 µm) using an Udy cy-
clone sample Mill (Fort collins, cO) for extrac-
tion purposes.

reagents

Formic acid (cAs# 64-18-6; Lot# K37957664; 
98% Acs grade), glacial acetic acid (cAs# 64-
19-7; Lot# 200733306; Acs grade), citric acid 
(cAs# 77-92-9; Lot# 10132195; stock# A10395) 
as well as L-(+)-tartaric acid (cAs# 87-69-4; 
Lot# J25s046; stock# L12804) were obtained 
from VWr corporation (batavia, IL). Absolute 
ethanol (cAs# 64-17-5; 200 proof; Acs grade) 
was also obtained from VWr corporation. HPLc 
grade methanol was obtained from EMD chem-
icals (Gibbstown, NJ). Water (1-5 ppb tOc, 18.2 
MΩcm) was purified using a Milli-Q synthesis 
A10 system (Millipore, ballerica, MA, UsA).

the anthocyanin HPLc standards used in 
this study consisted of a mixture of malvidin, 
delphinidin, peonidin, cyanidin, petunidin and 
pelargonidin monoglucosides which were pur-
chased from Polyphenol Labs (sandes, Norway). 
the flavonols were expressed as quercetin-3-β-
D-glucoside (cAs# 21637-25-2; Lot# 1373210; 
Filling code: 11908159; > 90% HPLc) equiva-
lents. the quercetin-3-β-D-glucoside was ob-
tained from sigma-Aldrich (st. Louis, MO). the 
HPLc-grade solvents used in the analysis were 
acquired from VWr (batavia, IL).

Pressurized acidified solvent extraction 
of anthocyanins from grape pomace

the extractions of flavonoids from grape pom-
ace were performed using a Dionex AsE-200 ex-
tractor system (Dionex corp., sunnyvale, cA). 
0.5 g of freeze-dried grape pomace was placed in 
an 11 mL extractor cell with a cellulose-loaded 
filter placed at the bottom of the cell. solvents 
consisted of mixtures of ethanol in water (0, 40 
and 80% v/v). the solvents were acidified to a 
pH of 2.5 using the following organic acids: for-
mic, acetic, citric and tartaric acids. the acid-
ification of the solvent was done by adding the 
organic acids to the solvent while measuring 
the pH using a Mettler toledo sevenEasy s-20 
pH meter fitted with an InLab Expert Pro “3-in-
1” pH electrode (columbus, OH). the initial pH 
of 0, 40 and 80% ethanol (v/v) solutions in wa-
ter were found to be 6.85 (+0.5), 5.35 (+0.5) and 
4.86 (+0.5) units, respectively.

In the AsE system, heating of the solvent 
is performed using an aluminum block heat-
er placed in the AsE system. the solvent is al-
lowed to flow into the cell and the cell heated to 
the set point temperature value within 5-7 min-
utes. the oven temperature was set at 60°, 80°, 
100°, 120° and 140°c for the subsequent extrac-
tions. the static extraction time after equilibra-
tion to the set experimental time was set at 1 
min. An external pressure of 10.3 MPa was ap-
plied to the extractor cell during the static ex-
traction period. After the static extraction time, 
the extract was allowed to flow into a collection 
vial and the cell flushed using a quantity of sol-
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vent equivalent to 70% of the cell’s volume, fol-
lowed by purging the contents of the extraction 
cell with nitrogen for 110 seconds.

 After extraction, the volumes were adjusted 
to 50 mL with water and centrifuged for 10 min-
utes at 8,000 rpm using a beckman Gs-15r cen-
trifuge (calbiochem, san Diego, cA) to remove 
any insoluble solids. the centrifuged extracts 
were then mixed with methanol in 1:1 (v/v) ra-
tio and analyzed by HPLc. triplicate measure-
ments were made.

conventional extraction

conventional extraction of anthocyanins and 
flavonols from grape pomace, as described by 
HAGEr et al. (2008), was used to determine the 
efficiency of the AsE extractions. this method 
was also used by MONrAD et al. (2010a). In this 
method, 2 g of ground pomace were homoge-
nized with 20 mL of methanol/water/formic acid 
(60:37:3, v/v/v) using an Ika t18 Ultra-turrax 
tissuemizer (Wilmington, Nc) for 30 s at room 
temperature conditions. the homogenate was fil-
tered through Miracloth (calbiochem, san Diego, 
cA) and the filtrate collected. the residue was 
collected, and the procedure repeated two more 
times. the filtrates were combined and adjust-
ed to 100 mL with extraction solvent and cen-
trifuged to remove insoluble solids. the super-
natant was collected for analysis and stored at 
-20°c prior to analysis. the conventional extrac-
tions were also performed in triplicate.

HPLc analysis

HPLc analysis of the anthocyanins and fla-
vonols in the grape extracts was performed us-
ing the method described by cHO et al. (2004). 
A Waters Alliance Model 2695 HPLc system (Wa-
ters corp., Milford, MA) was used. 5% formic acid 
in water (v/v) (A) and methanol (b) were used as 
solvents in this HPLc method the HPLc gradi-
ent program was executed as follows: 98% A to 
40% A in 60 min, 40% A to 98% A in 65 min fol-
lowed by a 10 min re-equilibration period. the 
entire HPLc run time was 80 minutes using a 
flow rate of 1 mL/min.

the resultant grape extracts were filtered be-
fore HPLc assay using a 0.5 µm PtFE filter (Var-
ian Inc., Palo Alto, cA), and 100 µL of the filtered 
extract was injected onto a 250 x 4.6 mm Wa-
ters symmetry c18 column (Waters corp., Mil-
ford, MA). the anthocyanins were detected using 
a Waters 2996 Photodiode array detector (Wa-
ters corp., Milford, MA) at a 510 nm, and the 
peaks were compared with the retention times 
of a standard grape pomace extract analyzed by 
HPLc-Ms. calibration curves were obtained us-
ing a mixture of anthocyanin monoglucosides. 
the anthocyanins in the extracts were reported 
based on these monoglucoside equivalents. the 
amount of anthocyanins extracted from grape 

pomace is expressed in terms of mg/100 g (of 
dry weight pomace).

the flavonols extracted from grape pomace 
were detected at a 364 nm and the peaks were 
quantified as quercetin-β-D-glucoside equiva-
lents. the amount of flavonols is also expressed 
in terms of mg/100 g (of dry weight pomace).

HPLc-Ms analysis of anthocyanins 
in grape pomace

the HPLc-Ms analysis of the anthocyanins 
present in a grape pomace extract was done us-
ing the method described by cHO et al. (2004). 
the grape extract was injected into the Waters 
symmetry c18 column connected to a Hewlett 
Packard 110 series HPLc (Agilent technologies, 
Wilmington, DE) with an auto sampler, binary 
HPLc pump, and an UV/Vis detector. the sol-
vents and the gradient program were set as stat-
ed above. the anthocyanin peaks were detected 
at 510 nm and flavonol peaks were detected at 
364 nm. the mass spectrophotometric analysis 
was done using a bruker Esquire Lc-Ms (biller-
ica, MA) ion trap mass spectrometer connected 
to the Hewlett-Packard 1100 system. the eluting 
peaks showing absorptivity at 520 nm were an-
alyzed using the Lc-Ms system and its attend-
ant software. the mass spectrophotometer pa-
rameters set for the anthocyanin analysis were 
as follows: positive ion electrospray mode with a 
capillary voltage of 4 kV; nebulizing pressure of 
0.21 MPa; drying gas flow rate of 0.9 mL/min; 
temperature of 300°c. the flavonols were ana-
lyzed in the mass spectrophotometer under same 
conditions as discussed above but in a negative 
ion electrospray mode. the data were collected 
over the mass range of m/z 50 through 1,000 
in full scan mode at 1.0 s/cycle.

Experimental design for statistical analysis

the experimental design was a full factorial 
(3x5x5) treatment completely randomized de-
sign with three replications. the statistical de-
sign consists of three solvents (0, 40 and 80% 
(v/v) ethanol in water), five acid conditions (no 
acid, formic, acetic, citric, and tartaric acids) 
and five temperatures (60°, 80°, 100°, 120° and 
140°c). the linear statistical model (MONrAD 
et al., 2010a,b) used for the analysis is as giv-
en below:

  (1)

where Yijkl is the observed measured response 
of the lth replication of the ith solvent with the 
jth acid condition on the kth temperature and µ 
is the overall population average response. αi 

is the ith solvent main effect ( ), βj is the jth 

acid main effect ( ), γk is the kth tempera-
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ture main effect ( ), αβij is the solvent-ac

id interaction effect ( ), βγjk is the acid-

temperature interaction effect ( ), αγik 

is the sol vent-temperature interaction effect 

( ), αβγijk is the solvent-acid-tempera-

ture interaction effect ( ) and εijk ~ N(0, 

σ2) is the unobserved ijkth random error effect. the 
errors are assumed to be independent, identical-
ly, and normally distributed with mean zero and 
common variance σ2. the two-way ANOVA rep-
resenting the aforementioned statistical design 
is calculated using JMP software (ver. 8; cary, 
Nc). the student’s t-test was used to analyze the 
significance of the main and interaction effects 
evaluated at 95% confidence interval (P<0.05).

In order to assess the variability in the extrac-
tion of anthocyanins and flavonols from grape 
pomace using the pressurized acidified solvents, 
a surface response regression analysis was used. 
this method is based on the principle that in a 
three-component system, if two of the factors 
can be specified, than the third factor affecting 
the optimization of the anthocyanin yield can be 
fixed (tOYOMIZU et al., 1982). the general model 
for a linear regression equation is given below:

   (2)

where, β1-6 are parameter estimates for the best 
regression equation that yield maximum amount 
of anthocyanins at the optimized conditions, X1 
refers to solvent composition (0.0, 0.4 and 0.8); 
X2 refers to temperature (60°, 80°, 100°, 120° 
and 140°c); and X3 refers to acid (1- no acid, 2- 
formic acid, 3- citric acid, 4- tartaric acid, and 
5- acetic acid). ‘Y’ refers to the derived response 
for the particular model. In this model, X12, X23 
and X13 refers to the effect due to interactions 
between the different factors.

rEsULts AND DIscUssION

Pressurized liquid extraction of grape pomace 
by AsE uses pressures ranging between 3.45 
MPa and 20.68 MPa. studies have indicated that 
pressures sufficient to maintain the solvent in 
its liquid state at temperatures above its boil-
ing point (i.e. equal to or above its vapor pres-
sure at a particular temperature) are required for 
performing such pressurized liquid extractions 
(sHArIF et al., 2010). In case of subcritical water, 
this pressure requirement would be < 2 MPa at 
temperatures between 100° and 150°c. studies 
performed by LUtHrIA (2008) and MUKHOPAD-
HYAY et al. (2006) have indicated that pressure 
does not have a significant effect on the extrac-

tion of phenolic compounds from natural prod-
ucts. Hence, in this study, a constant pressure 
of 10.3 MPa was used for extracting anthocy-
anins and flavonols from grape pomace using 
the described subcritical fluids.

A typical chromatogram obtained from the 
HPLc analysis of the anthocyanins and flavonols 
present in the sunbelt grape pomace is present-
ed in Figs. 1a and b. the anthocyanin peaks 
are numbered from 1-12 and flavonol peaks are 
numbered from 1-4 as detected using the HPLc-
Ms system. Mass spectrophotometric data are 
given in table 1.

Peaks 2 [Malvidin-3, 5-O-diglucoside] and 8 
[Peonidin-3-(6-O-coumaroyl)-5-O-diglucoside + 
Malvidin-3-(6-O-p-coumaroyl)-5-O-diglucoside] 
are the most prominent anthocyanins present 
in sunbelt grape pomace extract (Fig. 1a). An 
elaborate discussion on the identification of 
the anthocyanins in sunbelt grape pomace can 
be found in our previous work (MONrAD et al., 
2010a). It can also be seen that the anthocyanins 
can form acyl derivatives with acetic acid and 
coumaric acids with the coumaroyl derivatives 
predominating in sunbelt grape pomace. stud-
ies have indicated that the anthocyanin acyl de-
rivatives can be by-products of hydrolysis of the 
anthocyanins due to the presence of acylating 
acids which include ferulic, caffeic, malic, suc-
cinic and tartaric acids (ANDErsON et al., 1970).

the HPLc profile for the flavonols detected at 
364 nm in sunbelt grape pomace is shown in 
Fig. 1b. there is no data in the literature on the 
mass spectrophotometric analysis of flavonols in 
sunbelt grape pomace, but the identification of 
flavonols in sunbelt grape pomace was compa-
rable with that reported for various grape geno-
types (cHO et al. 2004). Although, a number of 
peaks were detected by HPLc-Ms, only 4 ma-
jor peaks: myricetin-3-glucoside, quercetin-3-
glucuronide, quercetin-3-glucoside and quer-
cetin-3-rutinoside were positively identified. It 
should also be noted that quercetin-3-glucoside 
and quercetin-3-galactoside have identical m/z 
values and co-eluted using this method. Even 
though quercetin-3-glucuronide and quercetin-
3-glucoside/galactoside have similar retention 
times, their mass spectra vary slightly (table 1). 
studies performed by sOUQUEt et al. (2000) in-
dicate that quercetin-3-glucuronide is a major 
phenolic component in grape stems and is eas-
ily assimilated by the human body compared to 
corresponding glucosides/galactosides. In or-
der to avoid any confusion, the total amount of 
flavonols discussed in this study refers to the 
sum of the 4 identified peaks and the unidenti-
fied flavonols have not been taken into account.

solvent and temperature optimization

Optimization of the solvent and temperature 
conditions to maximize anthocyanin yield from 
grape pomace using subcritical fluid extraction 
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table 1 - retention times and mass spectral data of the anthocyanins and flavonols detected in the sunbelt grape pomace 
extract.

Peak	 Retention	 Anthocyanin	in	the	extract*	 (m/z)	values
No.	 Time	(min)
	 	 	 M+	 fragments

1	 23.2	 Pnd-3,	5-O-diglucoside	 625	 463,	301
2	 25.7	 Mvd-3,	5-O-diglucoside	 655	 493,	331
3	 28.2	 Ptd-3-O-monoglucoside	 479	 317
4	 30.6	 Pnd-3-O-monoglucoside	+		 463	 301
	 	 Ptd-3-O-(6-acetyl)-5-O-diglucoside	 683	 317
5	 32.1	 Mvd-3-O-(3-acetyl)-5-O-diglucoside	 697	 535,	493,	331
6	 38.9	 Dpd-3-(6-O-p-coumaroyl)-5-O-diglucoside	 773	 611,	465,	303
7	 41.7	 Ptd-3-(6-O-p-coumaroyl)-5-O-diglucoside		 787	 625,	479,	317
8	 43.7	 Pnd-3-(6-O-coumaroyl)-5-O-diglucoside	+	 771	 609,	463,	301
	 	 Mvd-3-(6-O-p-coumaroyl)-5-O-diglucoside	 801	 639,	493,	331
9	 44.9	 Dpd-3-O-(6-O-p-coumaroyl)	monoglucoside	 611	 303
10	 47.1	 Cyd-3-O-(6-O-p-coumaroyl)	monoglucoside	 595	 287
11	 48.0	 Ptd-3-O-(6-O-p-coumaroyl)	monoglucoside	 625	 317
12	 50.3	 Mvd-3-O-(6-O-p-coumaroyl)	monoglucoside	 639	 331

Peak	 Retention	 Flavonol	in	the	extract	 M-	 Fragments
No.	 Time	(min)

1	 32.8	 Myricetin-3-glucoside	 479	 317
2	 38.7	 Quercetin-3-glucuronide	 477	 301
3	 39.4	 Quercetin-3-glucoside/galactoside	 463	 301
4	 43.6	 Quercetin-3-rutinoside	 609	 301

*The	anthocyanin	abbreviations	pnd	refers	to	peonidin,	mvd	refers	to	malvidin,	ptd	refers	to	petunidin,	dpd	refers	to	delphinidin,	and	cyd	refers	to	cyanidin.

is based on the sum of all the anthocyanins de-
tected in the grape extracts as previously dis-
cussed by MONrAD et al. (2010a). the statisti-
cal analysis performed using the general linear 
model given in Equation 1 indicated that there 
was a significant effect of the solvent (or ethanol 
composition in water) (P<0.001) and temperature 
(P=0.0457) on the amount of total anthocyanins 
extracted from the grape pomace. the data, as 
previously discussed, were analyzed with a 95% 
confidence interval. there was, however, an in-
significant effect of the interaction between the 
solvent and the temperature (P=0.3519) on the 
anthocyanin yield.

A simple student’s t-test at the 95% confi-
dence level indicated that 80% (v/v) ethanol in 
water was marginally better in extracting maxi-
mum number of anthocyanins from grape pom-
ace when compared to 40% (v/v) aqueous etha-
nol. this hydroethanolic solvent mixture, how-
ever, extracted a significantly greater amount of 
anthocyanins from grape pomace relative to us-
ing neat water as a solvent. similar trends were 
noted by MONrAD et al. (2010a), i.e., significant 
amount of anthocyanins were extracted using 
50 - 70% aqueous ethanol as solvent.

the total amount of anthocyanins extracted 
by hydroethanolic solvents from sunbelt grape 
pomace are shown in table 2. the standard de-
viations for the anthocyanin data as present-
ed in table 2 were calculated using Equation 3.

  
(3)

where cg,i = amount of total anthocyanins 
(mg/100 g DW) extracted from sunbelt grape 
pomace for ith replicate at a particular tempera-
ture; = mean of the total anthocyanin (mg/100 
g DW) extracted from sunbelt grape pomace at 
a particular temperature for all replicates and; 
n = number of replicates.

It can be seen from table 2 that peaks 4 (Pnd-
3-O-monoglucoside + Ptd-3-O-(6-acetyl)-5-O-
diglucoside) and 10 (cyd-3-O-(6-O-p-coumaroyl) 
monoglucoside), though identified through 
HPLc-Ms, were not found in the AsE extracts ex-
cept when acetic acid was added to the hydroeth-
anolic solvent. this can be due to the acylation 
of the anthocyanins in presence of the acidified 
solvents or the reduction in polarity of solvent 
which facilitated extraction of these compounds 
that might already be present in grape pomace.

the flavonols extracted from sunbelt grape 
pomace as a function of solvent composition and 
temperature is shown in table 3. the standard 
deviations for the flavonol data were also cal-
culated using Equation 3. statistical analysis 
indicated that there was a significant solvent 
(P<0.001) and temperature (P<0.001) effect on 
the extraction of flavonols from the grape pom-
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Fig. 1 - A typical HPLc chromatogram for the (a) anthocyanins (λ=510 nm) and (b) flavonols (λ=364 nm) extracted from grape 
pomace. the peaks are identified in table 2.

ace, while, the solvent-temperature interaction 
effect was insignificant (P=0.1889). It can be 
seen from table 3 that almost an equal amount 
of myricetin and quercetin glycosides were ex-
tracted from the grape pomace. A student’s t-
test performed at 95% confidence level showed 
that the efficacy of the solvent in extracting fla-
vonols from grape pomace is as follows: 80% 
(v/v) aqueous ethanol > 40% (v/v) aqueous eth-
anol > water. comparing the results for anthocy-
anin and flavonol extraction from grape pomace, 
it can be seen that 80% (v/v) aqueous ethanol is 
the best solvent composition for extracting fla-
vonoids from sunbelt grape pomace.

While temperatures between 80° and 120°c 
were found to be optimum for extracting anthocy-
anins from grape pomace, higher temperatures 
(120°-140°c) were better for extracting the max-
imum amount of flavonols from sunbelt grape 
pomace. the difference in the temperature con-
ditions required for maximum anthocyanin ver-
sus flavonol yield can be due to lower solubility 
of flavonols such as quercetin at lower temper-
atures (srINIVAs et al., 2010). solubility meas-
urements made by srINIVAs et al. (2010) indicat-
ed that there was an exponential increase in the 
solubility of quercetin aglycone at temperatures 
above the boiling point of water. Another reason 

a)

b)
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table 2 - Effect of ethanol composition and temperature on the concentration of anthocyanins(mg/100 g DW) extracted from 
grape pomace using subcritical water. rMsD calculated from data obtained from three replicate measurements*.

Solvent***	 Temp	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Peak	 Total
	 (°C)	 1	 	2	 	3	 4**	 5	 6	 7	 8	 9	 10**	 11	 12	 Anthocyanins
	 	 	 	 	 	 	 	 	 	 	 	 	 	 (mg/100	g	DW)

0%	 60	 31.6	 200	 4.48	 -nd-	 26.5	 16.9	 16.0	 96.8	 6.34	 -nd-	 0.200	 8.00	 312(±49)
Ethanol	 	 (+4.5)	 (±11)	 (±2.2)	 	 (±7.2)	 (±4.3)	 (±9.7)	 (±1.0)	 (±4.5)	 	 (±0.3)	 (±4.7)
	 80	 33.0	 186	 5.82	 -nd-	 24.5	 19.1	 15.2	 95.5	 17.3	 -nd-	 3.44	 15.2	 321(±28)
	 	 (±1.8)	 (±15)	 (±1.3)	 	 (±4.0)	 (±1.8)	 (±2.7)	 (±0.3)	 (±4.5)	 	 (±0.8)	 (±1.2)
	 100	 35.7	 188	 6.03	 -nd-	 28.3	 20.2	 18.6	 97.5	 22.2	 -nd-	 6.23	 18.4	 345(±29)
	 	 (±1.4)	 (±11)	 (±1.0)	 	 (±0.9)	 (±2.3)	 (±4.4)	 (±0.4)	 (±4.5)	 	 (±1.7)	 (±2.2)
	 120	 37.8	 210	 7.59	 -nd-	 34.2	 23.6	 22.7	 115	 26.6	 -nd-	 9.02	 22.3	 396(±25)
	 	 (±2.2)	 (±11)	 (±1.2)	 	 (±2.2)	 (±1.5)	 (±3.4)	 (±0.3)	 (±4.5)	 	 (±0.8)	 (±1.4)
	 140	 30.3	 169	 4.14	 -nd-	 28.6	 20.2	 18.3	 105	 22.0	 -nd-	 6.51	 20.2	 321(±26)
	 	 (±3.2)	 (±12)	 (±0.8)	 	 (±2.0)	 (±2.0)	 (±3.1)	 (±0.3)	 (±4.5)	 	 (±0.7)	 (±1.1)

40%	 60	 41.8	 201	 8.92	 -nd-	 35.0	 27.0	 24.3	 120	 33.0	 -nd-	 12.5	 26.7	 413(±79)
Ethanol	 	 (±4.5)	 (±20)	 (±2.3)	 	 (±5.0)	 (±5.2)	 (±8.0)	 (±0.8)	 (±4.5)	 	 (±8.7)	 (±11)
	 80	 42.5	 216	 10.8	 -nd-	 39.1	 29.8	 26.1	 130	 45.1	 -nd-	 19.2	 35.0	 466(±46)
	 	 (±4.3)	 (±19)	 (±1.9)	 	 (±3.6)	 (±3.4)	 (±4.0)	 (±0.4)	 (±4.5)	 	 (±2.8)	 (±3.5)
	 100	 38.2	 218	 10.7	 -nd-	 38.7	 28.9	 28.0	 131	 45.0	 -nd-	 19.6	 35.2	 465(±23)
	 	 (±0.4)	 (±8.9)	 (±0.7)	 	 (±3.2)	 (±1.0)	 (±4.8)	 (±0.5)	 (±4.5)	 	 (±1.1)	 (±1.6)
	 120	 38.5	 235	 11.6	 -nd-	 43.0	 31.8	 28.8	 140	 48.3	 -nd-	 21.1	 37.9	 499(±38)
	 	 (±3.4)	 (±16)	 (+1.8)	 	 (±4.2)	 (±2.2)	 (±2.1)	 (±0.2)	 (±4.5)	 	 (±1.9)	 (±2.7)
	 140	 28.3	 210	 8.82	 -nd-	 37.6	 29.6	 29.4	 137	 44.2	 -nd-	 19.1	 35.8	 445(±21)
	 	 (±2.7)	 (±8.1)	 (±0.8)	 	 (±2.8)	 (±1.5)	 (±3.3)	 (±0.3)	 (±4.5)	 	 (±1.3)	 (±1.7)

80%	 60	 65.6	 207	 3.72	 -nd-	 24.2	 34.4	 34.0	 153	 50.6	 -nd-	 22.2	 38.4	 484(±27)
Ethanol	 	 (±31)	 (±38)	 (±6.5)	 	 (±18)	 (±0.3)	 (±3.0)	 (±0.3)	 (±4.5)	 	 (±2.2)	 (±2.0)
	 80	 99.7	 173	 0.44	 -nd-	 14.3	 35.2	 33.4	 160	 57.0	 -nd-	 25.2	 41.7	 484(±54)
	 	 (±4.5)	 (±31)	 (±0.8)	 	 (±1.8)	 (±5.1)	 (±7.7)	 (±0.8)	 (±4.5)	 	 (±2.0)	 (±2.5)
	 100	 116	 153	 -nd-	 -nd-	 13.1	 30.6	 28.2	 152	 54.9	 -nd-	 24.0	 40.1	 463(±29)
	 	 (±22)	 (±4.7)	 	 	 (±0.1)	 (±0.3)	 (±0.3)	 (±0.0)	 (±4.5)	 	 (±1.0)	 (±0.9)
	 120	 123	 152	 -nd-	 -nd-	 13.3	 30.2	 27.1	 154	 54.7	 -nd-	 24.3	 40.7	 468(±26)
	 	 (±1.5)	 (±17)	 	 	 (±1.1)	 (±2.6)	 (±2.5)	 (±0.2)	 (±4.5)	 	 (±0.7)	 (±0.6)
	 140	 120	 144	 -nd-	 -nd-	 12.5	 27.5	 25.4	 147	 51.2	 -nd-	 22.5	 38.7	 445(±8)
	 	 (±6.8)	 (±7.8)	 	 	 (±0.2)	 (±2.4)	 (±1.2)	 (±0.1)	 (±4.5)	 	 (±1.0)	 (±1.4)

Conventional	 25	 40.1	 167	 23.5	 43.5	 44.0	 39.1	 43.7	 108	 69.8	 2.10	 26.5	 38.2	 646(±100)
Solvent	 	 (±5.4)	 (±35)	 (±3.3)	 (±5.2)	 (±7.4)	 (±6.2)	 (±6.1)	 (±21)	 (±7.7)	 (±0.37)	 (±3.6)	 (±6.6)

*RMSD	values	calculated	using	Equation	3;	Anthocyanins	peaks	1-12	are	as	given	in	Table	2.
**nd	means	the	peaks	were	non-determined.
***Hydroethanolic	solvents	were	prepared	in	various	concentrations	of	ethanol/water	in	a	volume	by	volume	basis.

table 3 - Effect of ethanol composition and temperature on the concentration of flavonols(mg/100 g DW) extracted from grape 
pomace using subcritical water. rMsD calculated from data obtained from three replicate measurements*.

Solvent**	 Temperature	(°C)	 Peak	1	 Peak	2	 Peak	3	 Peak	4	 Total	Flavonols	(mg/100	g	DW)

0%	Ethanol	 60	 1.27(±0.149)	 1.42(±0.282)	 1.07(±0.152)	 1.19(±0.090)	 4.95(±0.672)
	 80	 1.67(±0.031)	 1.73(±0.081)	 1.23(±0.041)	 1.19(±0.080)	 5.83(±0.221)
	 100	 1.87(±0.105)	 1.91(±0.131)	 1.33(±0.069)	 1.26(±0.120)	 6.38(±0.425)
	 120	 2.13(±0.075)	 2.19(±0.065)	 1.52(±0.039)	 1.35(±0.107)	 7.19(±0.272)
	 140	 1.97(±0.102)	 2.12(±0.122)	 1.58(±0.105)	 1.40(±0.075)	 7.07(±0.404)

40%	Ethanol	 60	 1.54(±0.200)	 1.89(±0.409)	 1.35(±0.221)	 1.41(±0.135)	 6.19(±0.957)
	 80	 2.00(±0.056)	 2.26(±0.146)	 1.57(±0.066)	 1.54(±0.082)	 7.36(±0.346)
	 100	 2.19(±0.086)	 2.29(±0.080)	 1.60(±0.050)	 1.54(±0.040)	 7.62(±0.252)
	 120	 2.53(±0.098)	 2.53(±0.087)	 1.78(±0.059)	 1.67(±0.053)	 8.50(±0.295)
	 140	 2.41(±0.133)	 2.48(±0.141)	 1.81(±0.124)	 1.66(±0.104)	 8.36(±0.501)

80%	Ethanol	 60	 2.39(±0.173)	 2.47(±0.152)	 1.87(±0.064)	 1.79(±0.059)	 8.53(±0.440)
	 80	 2.61(±0.226)	 2.73(±0.117)	 2.00(±0.134)	 1.72(±0.260)	 9.05(±0.222)
	 100	 2.68(±0.065)	 2.79(±0.069)	 1.97(±0.060)	 1.92(±0.062)	 9.36(±0.249)
	 120	 2.86(±0.164)	 2.89(±0.063)	 1.95(±0.059)	 1.96(±0.017)	 9.65(±0.189)
	 140	 2.69(±0.008)	 2.87(±0.195)	 1.94(±0.042)	 1.98(±0.077)	 9.48(±0.243)

Conventional	Solvent	 25	 12.5(±2.40)	 27.9(±4.39)	 16.7(±0.880)	 12.8(±2.29)	 69.9(±8.82)

*RMSD	values	calculated	using	Equation	3;	Flavonol	peaks	1-4	are	as	given	in	Table	2.
**Hydroethanolic	solvents	were	prepared	in	various	concentrations	of	ethanol/water	in	a	volume	by	volume	basis.
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for this recorded difference could relate to a dif-
ference in the relative thermal degradability of fla-
vonols and anthocyanins. studies performed by 
tANcHEV and JONcHEVA (1973) have indicated 
that degradation of flavonoid glucosides increased 
with an increase in temperature and the thermal 
degradation kinetics of the flavonoids is also de-
pendent on the pH of the solvent. PEtErssON et 
al. (2010) have shown that flavonol glycosides in 
red onions started to degrade at around 8 minutes 
at 110°c in a static batch extractor. the thermal 
degradation of flavonoid glycosides was found to 
result in breaking of the sugar-flavonoid bonds, 
thereby, forming aglycones and monoglucosides 
(KIM et al., 1991).

Effect of organic acids on subcritical fluid 
extraction of flavonoids from grape pomace

the statistical analysis of the anthocyanin 
extraction data indicated that there is a signifi-
cant effect of the solvent, temperature and acid 
(P<0.0001) on anthocyanin and flavonol yield 
from grape pomace. It was observed that two-
way interaction and the three-way interaction 
effects of solvent, temperature and acid on the 
extraction of anthocyanins from sunbelt grape 
pomace can also be significant. similar results 
were obtained on the statistical analysis of the 
results on the flavonols extracted from grape 
pomace in this study.

the total anthocyanins and flavonols in 
mg/100 g dry weight (DW) of grape pomace ex-
tracted by the acidified solvent as a function 
of temperature are given in table 4. A stand-
ardized student’s t-test on the effect of organic 
acids on the subcritical fluid extraction of an-
thocyanins from grape pomace indicated that 
acetic acid addition provided a significantly 
higher total anthocyanin yield relative to using 
the other acids. However, acetic acid was less 
efficient in extracting flavonols from grape pom-
ace, and the addition of any acid to the pres-
surized fluid, actually decreased the extraction 
efficiency of flavonols. similar trends were seen 
by DOWNEY et al. (2003) where 50-60% metha-
nol (v/v) in water was found to be a better sol-
vent for extracting flavonols, such as quercetin 
glycosides, from grape pomace, in the absence 
of acid addition. DOWNEY et al. (2003) also in-
dicated that a mineral acid (such as Hcl) had 
a marginally greater benefit followed by organ-
ic acid addition, to hydromethanolic solvent 
used for the extraction of anthocyanins from 
grape pomace.

Examining the two-way and three-way inter-
action effects mentioned previously, 80% (v/v) 
aqueous ethanol acidified with acetic acid at 
80°c extracted a significantly higher amount of 
anthocyanins from grape pomace. Additionally, 
80% (v/v) aqueous ethanol was an optimal sol-
vent composition for the extraction of flavonols 
from grape pomace in the temperature range 

of 80° and 140°c and in the absence of organ-
ic acids. However when acetic acid and tartaric 
acid were added to 80% (v/v) aqueous ethanol 
a significantly greater amount of flavonols was 
extracted from grape pomace at 80° and 120°c 
respectively.

A negative effect of acids on the extraction of 
flavonols from grape pomace was also noticed 
by DOWNEY et al. (2003) for 50% (v/v) aqueous 
methanol extraction of flavonol glycosides in ab-
sence of acid. Moreover, these studies also in-
dicated that formic and acetic acids increased 
the amount of flavonols extracted with increased 
time of extraction. this negative effect of acid ad-
dition on extraction of flavonol glycosides from 
grape pomace can be related to the effect of pH 
on thermal degradation of the flavonols. stud-
ies performed by bUcHNEr et al. (2006) indicat-
ed that flavonols such as quercetin and rutin, in 
aqueous acidified solution at pH=5.0 (with Hcl) 
showed excessive thermal degradation leading 
to a loss of about 75% relative to the original to-
tal concentration at 5 hours for 100°c. similar 
studies performed by GIZIr et al. (2008) showed 
thermal degradation of anthocyanins extracted 
from black carrots when acetic, sulfuric and lac-
tic acids were added to subcritical water used as 
a solvent at temperatures greater than 100°c. 
In this study, the total amount of anthocyanins 
and flavonols extracted from sunbelt grape pom-
ace was found to not decrease until a tempera-
ture of 140°c was reached, which suggests the 
conditions used in this study are preferably to 
those cited above.

the total anthocyanins and flavonols ex-
tracted from sunbelt grape pomace using 
acidified hydroethanolic mixtures were com-
pared with that extracted using a convention-
al extraction solvent consisting of (60:37:3 (v/v) 
methanol:water:formic acid). the amount of an-
thocyanins and flavonols extracted with this sol-
vent is assumed to be a baseline value in order 
to determine the efficiency of the AsE extrac-
tions. It was found that hydroethanolic mix-
tures (either in presence or absence of organic 
acids) extracted only about 12-14% of the total 
flavonols present in grape pomace when com-
pared to the conventional solvent extraction 
method. On comparing the results using 0, 40 
and 80% (v/v) aqueous ethanol to the conven-
tional solvent extraction results, approximate-
ly 68.0, 90.5 and 95.8% of total anthocyanins 
were recovered respectively.

studies performed by MONrAD et al. (2010a) 
indicated that 50-70% (v/v) aqueous ethanol ex-
tracted about 103-105% of total anthocyanins 
present in grape pomace when compared with 
the conventional solvent extraction method. In 
this present study, when formic, acetic, citric 
and tartaric acids were added to 80% (v/v) aque-
ous ethanol, these solvent compositions extract-
ed approximately 92.3, 120, 96.7 and 97.7% of 
total anthocyanins relative to the conventional 
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table 4 - concentrations (mg/100 g DW) of total amount of anthocyanins and flavonols extracted from grape pomace using 
a subcritical fluid as a function of solvent composition, temperature and organic acid added to the solvent. rMsD calculat-
ed from the data obtained from three replicate measurements*.

Solvent**	 Temperature	 Total	 Total	 Solvent	 Temperature	 Total	 Total
	 (°C)	 Anthocyanins	 Flavonols	 	 (°C)	 Anthocyanins	 Flavonols
	 	 (mg/100	g	DW)	 (mg/100	g	DW)	 	 		 (mg/100	g	DW)	 (mg/100	g	DW)

	 Formic	acid	 Tartaric	acid

0%	Ethanol	 60	 344(±69.8)	 4.41(±0.608)	 0%	Ethanol	 60	 456(±57.2)	 5.55(±0.667)
	 80	 380(±97.4)	 5.27(±0.384)	 	 80	 381(±40.5)	 5.56(±0.313)
	 100	 497(±53.6)	 6.37(±0.451)	 	 100	 494(±49.4)	 6.29(±0.546)
	 120	 373(±40.3)	 5.84(±0.295)	 	 120	 503(±86.0)	 6.55(±0.629)
	 140	 406(±90.0)	 6.31(±0.531)	 	 140	 371(±23.7)	 6.12(±0.149)
40%	Ethanol	 60	 509(±70.5)	 6.23(±0.826)	 40%	Ethanol	 60	 525(±81.5)	 6.25(±0.660)
	 80	 646(±7.67)	 7.59(±0.103)	 	 80	 617(±31.1)	 7.20(±0.319)
	 100	 604(±50.1)	 7.70(±0.665)	 	 100	 614(±24.3)	 7.40(±0.293)
	 120	 629(±12.5)	 8.09(±0.136)	 	 120	 545(±20.9)	 7.06(±0.159)
	 140	 554(±14.2)	 7.49(±0.030)	 	 140	 521(±23.8)	 7.27(±0.011)
80%	Ethanol	 60	 650(±13.2)	 7.64(±0.168)	 80%	Ethanol	 60	 591(±48.1)	 7.70(±0.229)
	 80	 637(±5.93)	 8.08(±0.179)	 	 80	 639(±24.8)	 8.29(±0.025)
	 100	 587(±78.0)	 8.24(±0.340)	 	 100	 626(±24.4)	 8.71(±0.176)
	 120	 589(±56.4)	 8.35(±0.146)	 	 120	 768(±167)	 9.30(±0.530)
	 140	 517(±17.2)	 8.25(±0.128)	 	 140	 530(±57.9)	 8.97(±0.174)

	 Citric	acid	 Acetic	acid

0%	Ethanol	 60	 478(±32.6)	 5.35(±0.357)	 0%	Ethanol	 60	 346(±49.7)	 4.45(±0.606)
	 80	 493(±39.7)	 6.13(±0.413)	 	 80	 450(±17.3)	 5.77(±0.113)
	 100	 508(±17.4)	 6.60(±0.157)	 	 100	 504(±15.4)	 6.66(±0.123)
	 120	 369(±30.2)	 5.98(±0.178)	 	 120	 425(±46.9)	 6.24(±0.323)
	 140	 409(±11.1)	 6.20(±0.480)	 	 140	 350(±3.69)	 6.33(±0.104)
40%	Ethanol	 60	 547(±33.8)	 6.18(±0.372)	 40%	Ethanol	 60	 588(±53.3)	 7.00(±0.719)
	 80	 517(±53.2)	 6.56(±0.381)	 	 80	 640(±38.3)	 7.81(±0.251)
	 100	 575(±46.6)	 7.17(±0.167)	 	 100	 612(±52.1)	 7.91(±0.371)
	 120	 605(±39.6)	 7.91(±0.433)	 	 120	 661(±11.9)	 8.69(±0.109)
	 140	 554(±17.8)	 7.77(±0.284)	 	 140	 538(±26.1)	 7.97(±0.080)
80%	Ethanol	 60	 653(±31.3)	 7.39(±0.281)	 80%	Ethanol	 60	 757(±22.5)	 7.78(±1.48)
	 80	 677(±29.2)	 8.15(±0.110)	 	 80	 1,020(±157)	 9.47(±1.48)
	 100	 606(±70.1)	 8.33(±0.321)	 	 100	 763(±49.0)	 8.37(±0.623)
	 120	 652(±14.6)	 8.95(±0.178)	 	 120	 702(±35.5)	 8.76(±0.071)
	 140	 534(±27.8)	 8.74(±0.031)	 	 140	 624(±13.2)	 8.17(±0.436)

*RMSD	values	calculated	using	Equation	3.
**Hydroethanolic	solvents	were	prepared	in	various	concentrations	of	ethanol/water	in	a	volume	by	volume	basis.

solvent extraction method, respectively. Under 
optimal conditions, acetic acid added to 80% 
(v/v) aqueous ethanol at 80°c, actually extract-
ed approximately 158% of the total anthocy-
anins compared to conventional solvent extrac-
tion method, indicating that the conventional 
solvent failed to extract all of the anthocyanins 
from grape pomace.

surface regression models on the anthocy-
anin and flavonols extractions performed on the 
grape pomace were performed as discussed in 
the Experimental section. the surface response 
regression method used in this study is pure-
ly empirical, since the acids were assigned nu-
merical values in performing the linear regres-
sions. Hence, this regression model is restrict-
ed to this study and should be used only to es-
timate the optimal conditions to maximize an-

thocyanin and flavonol yield under these extrac-
tion conditions for this grape pomace.

the parameters for the generalized linear re-
sponse model obtained from JMP are given in 
table 5. It can be seen from the r2 value for the 
goodness of fit given in table 5 that the predict-
ed equation is in good agreement with the ex-
perimental values (70.1% for anthocyanins and 
85.3% for flavonols). However, a regression (r2) 
value greater than 90% is usually sought to in-
dicate a very good correlation between the sur-
face regression model and the experimental data. 
From the interaction profiler plots for optimiz-
ing the effect of solvent, temperature and acid 
on the extraction of anthocyanins (Fig. 2a) and 
flavonols (Fig. 2b) from grape pomace, it can be 
seen that 80% (v/v) aqueous ethanol was the 
most desired solvent. Moreover, while maximum 
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a)

b)

Fig. 2 - Optimal extraction conditions for (a) total anthocyanins; (b) total flavonols expressed in terms of mg/100 g DW as 
analyzed by the surface response regression method. the abscissa indicates solvent compositions (mole fraction of ethanol 
in water ranging between 0.0 and 0.8), temperature (60°, 80°, 100°, 120° and 140°c), and organic acid added to the extrac-
tion solvent (1- no acid, 2- formic acid, 3- citric acid, 4- tartaric acid, and 5- acetic acid).

table 5 - Parameters for general linear surface response 
model given in Equation 2 for optimization of the subcriti-
cal fluid extraction of anthocyanins and flavonols from grape 
pomace in presence of organic acid additives.

Coefficient*	 Value	for	 Value	
	 Anthocyanin	data	 for	Flavonol	data

β0	 432	 4.74
β1	 262	 3.22
β2	 -0.414	 0.0155
β3	 37.1	 -0.0373
β11	 -261	 -0.879
β22	 -0.0421	 -0.000369
β33	 -8.76	 0.118
β12	 -1.41	 -0.00852
β23	 -0.259	 -0.00232
β13	 56.5	 -0.0652
R2**	 0.727	 0.853
S.E.	of	estimate**	 70.1	 0.505

*Coefficient	of	the	surface	regression	model	given	by	Equation	2.
**The	R2	value	for	the	goodness	of	fit	and	the	standard	error	(SE)	of	the	
estimates	was	obtained	from	JMP.

anthocyanin yield was obtained at 85.4°c us-
ing acetic acid as additive, the maximum flavo-
nol yield was obtained at 124°c in absence of 
any organic acid added to the solvent. the opti-
mized conditions were reported at three signifi-
cant digits due to the error reported in the pre-
diction model.

similar studies performed by MONrAD et al. 
(2010a) indicated the optimal conditions for the 
extraction of anthocyanins from sunbelt grape 
pomace using hydroethanolic solvent mixtures 
without the addition of acids was 103.7°c and 
70% (v/v) aqueous ethanol as solvent.

Extraction of acylated and non-acylated 
flavonoids from grape pomace 
using pressurized solvents

statistical analysis on the anthocyanin and 
flavonol extraction data revealed that water was 
the least desirable solvent for the optimal ex-
traction of flavonoids from grape pomace when 
compared to the hydroethanolic solvents. sim-
ilar trends were also noticed by MONrAD et al. 
(2010a) and JU and HOWArD (2003; 2005). In the 
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studies performed by JU and HOWArD (2005), it 
was found that sulfured water was a better sol-
vent than neat, subcritical water in extracting 
phenolic compounds from red grape skins and 
this was attributed to the possible formation of 
a sodium bisulfate complex which increased the 
stability of the phenolic compound. It can be 
seen from Fig. 3a, that addition of organic ac-
ids had a significant effect on extraction of an-

Fig. 3 - Effect of organic acids on the subcritical water extraction of (a) anthocyanins and (b) flavonols from grape pomace. 
the amount of anthocyanins and flavonols are expressed in terms of mg/100 g dry weight (DW). Error bars represent stand-
ard deviation calculated using Equation 3 (n=3).

thocyanins from sunbelt grape pomace while 
there was no significant effect of acid additions 
to subcritical water on extraction of flavonols 
from grape pomace (Fig. 3b). Moreover, there 
was no significant difference between the total 
amounts of anthocyanins extracted from grape 
pomace using subcritical water acidified with the 
different organic acids. While acetic acid added 
to subcritical water decreased the concentration 

a)

b)
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of total anthocyanins extracted above 100°c, 
citric and tartaric acids showed a minimum at 
120°c followed by a slight increase in total an-
thocyanins extracted at 140°c.

studies performed by JU and HOWArD (2003) 
indicated that acidified water extracted an equiv-
alent amount of anthocyanins from grape pom-
ace at 80°-100°c when compared to acidified 
60% (v/v) aqueous methanol at around 120°c. 
they also reported that there was a greater re-
covery of anthocyanin mono- and di-glucosides 
from grape pomace when acidified water was 
used as extraction solvent. studies have indi-
cated that while non-acylated anthocyanin gly-
cosides are water-soluble and easily assimilated 
by the human body (MArKAKIs, 1992), the more 
non-polar acylated anthocyanins are more sta-
ble to pH changes, heat treatment and light ex-
posure (DANGLEs et al., 1993; FrANcIs, 1992). 
this high stability of the acylated anthocyanin 
glycosides was attributed to higher inter- and in-
tra-molecular copigmentation due to glycosyla-
tion and acylation, metal complexing and pres-
ence of inorganic salts (GIUstI and WrOLstAD, 
2003). studies by KUrILIcH et al. (2005) indicat-
ed that while acylated anthocyanins have rela-
tively higher stability, their bioavailability is less 
compared to non-acylated polar anthocyanins. 
the study performed on human urine and plas-
ma of the intake of acylated and non-acylated 
anthocyanins from carrots indicated that the po-

lar non-acylated anthocyanins were easily ab-
sorbed in the human plasma while the acylat-
ed anthocyanins were easily excreted through 
human urinary system (KUrILIcH et al., 2005). 
these studies illustrate the significance and ap-
plications of the both acylated and non-acylat-
ed anthocyanins in nutraceutical and food in-
dustries.

the total amount of acylated and non-acylat-
ed anthocyanins extracted from sunbelt grape 
pomace as a function of solvent, temperature 
and acid added to the solvent is given in table 
6. the non-acylated anthocyanins represent the 
sum of peaks 1-3 while the acylated anthocy-
anins represents the sum of all the other peaks 
4-12 (as given in table 1). the data given in ta-
ble 6 that water had a greater tendency to ex-
tract the more polar non-acylated anthocyanins 
from sunbelt grape pomace. the ratio of the 
non-acylated anthocyanins to acylated anthocy-
anins extracted from sunbelt grape pomace us-
ing water as a solvent varied between 1.5 and 3 
while that by hydroethanolic solvents was less 
than or equal to 1.5. Additionally, the amount 
of acylated anthocyanins extracted from grape 
pomace using water as solvent increased with 
an increase in the extraction temperature, there-
by reducing the ratio of non-acylated to acylated 
anthocyanins. this tendency of subcritical wa-
ter (either in presence or absence of organic ac-
ids) in extracting more polar non-acylated an-

table 6 - Effect of organic acids on the relative amounts of total mono & di-glucosides and the acylated glucosides extract-
ed from grape pomace using pressurized solvents.

Solvent**	 Temperature	 Total	mono	&	di-glucosides	 Total	acylated	glucosides	 Ratio	of	total	mono
	 (°C)	 (mg/100	g	DW)*	 (mg/100	g	DW)*	 &	di-glucosides	to
	 	 	 	 total	acylated	glucosides

No	acid
0%	Ethanol	 60	 236(±18)	 75.5(±32)	 3.13
	 80	 225(±17)	 96.2(±12)	 2.34
	 100	 229(±14)	 116(±15)	 1.98
	 120	 255(±15)	 141(±11)	 1.81
	 140	 204(±16)	 118(±10)	 1.73
40%	Ethanol	 60	 252(±26)	 161(±53)	 1.56
	 80	 270(±24)	 197(±22)	 1.37
	 100	 266(±10)	 198(±13)	 1.34
	 120	 285(±21)	 214(±17)	 1.34
	 140	 247(±10)	 199(±13)	 1.24
80%	Ethanol	 60	 276(±14)	 207(±14)	 1.33
	 80	 273(±31)	 210(±23)	 1.30
	 100	 269(±26)	 194(±3.5)	 1.39
	 120	 275(±16)	 193(±9.4)	 1.43
	 140	 264(±5.9)	 180(±2.1)	 1.47

Formic	acid
0%	Ethanol	 60	 201(±29)	 142(±42)	 1.41
	 80	 206(±50)	 175(±47)	 1.18
	 100	 261(±25)	 236(±29)	 1.10
	 120	 186(±24)	 187(±19)	 0.991
	 140	 198(±53)	 208(±38)	 0.953
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40%	Ethanol	 60	 246(±26)	 263(±46)	 0.933
	 80	 292(±6.4)	 354(±1.4)	 0.825
	 100	 278(±23)	 327(±27)	 0.850
	 120	 284(±8.4)	 346(±5.0)	 0.820
	 140	 243(±7.6)	 312(±7.5)	 0.778
80%	Ethanol	 60	 270(±11)	 380(±3.5)	 0.711
	 80	 257(±11)	 379(±4.8)	 0.678
	 100	 241(±51)	 346(±28)	 0.696
	 120	 241(±48)	 348(±8.2)	 0.693
	 140	 213(±3.2)	 304(±17)	 0.700

Citric	acid
0%	Ethanol	 60	 264(±11)	 213(±30)	 1.24
	 80	 257(±17)	 237(±23)	 1.08
	 100	 257(±7.7)	 251(±9.7)	 1.03
	 120	 177(±17)	 192(±13)	 0.923
	 140	 203(±3.4)	 206(±10)	 0.982
40%	Ethanol	 60	 252(±13)	 295(±21)	 0.852
	 80	 239(±21)	 278(±32)	 0.860
	 100	 267(±21)	 308(±26)	 0.868
	 120	 281(±22)	 324(±18)	 0.866
	 140	 247(±6.9)	 307(±11)	 0.805
80%	Ethanol	 60	 259(±9.0)	 393(±22)	 0.660
	 80	 268(±12)	 409(±17)	 0.656
	 100	 256(±37)	 350(±33)	 0.732
	 120	 282(±8.6)	 370(±6.3)	 0.763
	 140	 216(±16)	 318(±11)	 0.677

Tartaric	acid
0%	Ethanol	 60	 251(±11)	 205(±46)	 1.22
	 80	 200(±19)	 181(±22)	 1.10
	 100	 254(±24)	 239(±26)	 1.06
	 120	 254(±43)	 249(±43)	 1.02
	 140	 177(±13)	 194(±11)	 0.914
40%	Ethanol	 60	 252(±33)	 273(±49)	 0.925
	 80	 290(±14)	 328(±17)	 0.884
	 100	 289(±11)	 325(±13)	 0.887
	 120	 255(±11)	 290(±9.8)	 0.881
	 140	 236(±15)	 285(±9.1)	 0.830
80%	Ethanol	 60	 229(±27)	 362(±22)	 0.632
	 80	 254(±17)	 385(±7.8)	 0.659
	 100	 249(±21)	 376(±3.6)	 0.663
	 120	 264(±13)	 504(±18)	 0.523
	 140	 211(±37)	 319(±21)	 0.660

Acetic	acid
0%	Ethanol	 60	 208(±19)	 138(±37)	 1.50
	 80	 245(±8.2)	 205(±9.5)	 1.19
	 100	 265(±4.6)	 239(±11)	 1.11
	 120	 217(±24)	 208(±21)	 1.04
	 140	 162(±3.6)	 188(±2.7)	 0.858
40%	Ethanol	 60	 273(±16)	 315(±38)	 0.864
	 80	 288(±18)	 352(±21)	 0.817
	 100	 275(±22)	 338(±31)	 0.814
	 120	 293(±7.7)	 368(±6.0)	 0.795
	 140	 221(±15)	 318(±12)	 0.695
80%	Ethanol	 60	 338(±16)	 419(±8.3)	 0.807
	 80	 461(±50)	 560(±11)	 0.824
	 100	 328(±10)	 435(±42)	 0.754
	 120	 305(±21)	 397(±16)	 0.769
	 140	 272(±12)	 353(±1.6)	 0.770

Conventional	 25	 231(±43)	 415(±59)	 0.553

*RMSD	values	calculated	using	Equation	3.
**Hydroethanolic	solvents	were	prepared	in	various	concentrations	of	ethanol/water	in	a	volume	by	volume	basis.

table 6 - continued.

Solvent**	 Temperature	 Total	mono	&	di-glucosides	 Total	acylated	glucosides	 Ratio	of	total	mono
	 (°C)	 (mg/100	g	DW)*	 (mg/100	g	DW)*	 &	di-glucosides	to
	 	 	 	 total	acylated	glucosides
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thocyanin glycosides from sunbelt grape pom-
ace makes it a desirable extraction solvent for 
nutraceutical applications.

A similar trend, i.e., increase in the amount 
of non-acylated anthocyanins extracted from 
grape pomace with an increase in the extraction 
temperature was also seen by JU and HOWArD 
(2003) and was attributed to a decrease in po-
larity of subcritical water resulting in the ex-
traction of the more non-polar anthocyanins. 
From table 6, it can also be seen that the addi-
tion of organic acid to subcritical water also in-
creased the total amount of acylated anthocy-
anins extracted from grape pomace. Of all the 
organic acids added to the subcritical fluids, cit-
ric and tartaric acids extracted a larger amount 
of acylated anthocyanins relative to the amount 
of non-acylated anthocyanins, thereby exhibit-
ing a lower non-acylated to acylated anthocy-
anin ratio as a function of solvent and temper-
ature when compared to extraction using non-
acidified solvents.

When 40% (v/v) aqueous ethanol was used 
as a solvent, there was no significant difference 
between the non-acylated to acylated anthocy-
anin ratio using different organic acid and tem-
perature conditions. the acidified hydroethanol-
ic mixtures, however, are given greater prefer-
ence by the food industry due to their tendency 
to extract greater amounts of acylated anthocy-
anins from natural products which have greater 
color, stability to temperature and light (GIUstI 
and WrOLstAD, 2003) and can be used as nat-
ural colorants.

cONcLUsIONs

In this study, the effect of ethanol as co-sol-
vent, temperature and organic acids on the sub-
critical water extraction of anthocyanins were 
analyzed. the solvent pH was maintained at 2.5 
units by using formic, acetic, citric and tartaric 
acids. 80% (v/v) ethanol/water was found to be 
the most optimal solvent for extracting a larger 
amount of anthocyanins (in presence of acetic 
acid) and flavonols (in absence of organic acids 
added to the solvent) from sunbelt grape pom-
ace. surface regression analysis of the anthocy-
anin and flavonol data indicated that the opti-
mum extraction temperature for maximum an-
thocyanin yield was 85.4°c and that for maxi-
mum flavonol yield as 124°c. Under these opti-
mal conditions, approximately 158% of the total 
anthocyanins and 14% of total flavonols were ex-
tracted from sunbelt grape pomace when com-
pared to the conventional solvent extraction 
method (60:37:3 (v/v) methanol:water:formic 
acid). subcritical water, in the presence or ab-
sence of organic acids, extracted a greater 
amount of polar non-acylated anthocyanins from 
grape pomace when compared to acidified hy-
droethanolic mixtures. the hydroethanolic mix-

tures (especially acidified with formic or acetic 
acid) extracted greater amounts of acylated an-
thocyanins from sunbelt grape pomace.
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AbstrAct

Detection and enumeration of L. monocytogenes have been carried out in 92 ready-to-Eat (rtE) 
seafood products, manufactured in different countries and marketed in Italy. Fifty-one strains 
were characterised by serotyping, multiplex Pcrs for the presence of virulence genes and PFGE. 
Of the samples tested, 8.6% were contaminated at a level of less than 100 cFU/g in 98% of the 
samples. Isolates were serotyped as 1/2a, 1/2b, 1/2c and 4e, and presented all the virulence 
genes considered. PFGE revealed a high similarity among the isolates, suggesting the existence of 
a widespread population of L. monocytogenes clones in different geographical areas.
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INtrODUctION

L. monocytogenes, an ubiquitous microor-
ganism in the environment, is found in a wide 
range of raw foods and is able to adapt to differ-
ent conditions of pH and temperature (includ-
ing refrigeration) as well as high salt concentra-
tions (FArbEr, 2000). L. monocytogenes is also 
the etiologic agent of listeriosis, which occurs in 
both humans and animals. two main forms of 
listeriosis have been described in humans: gas-
tro-enteric and invasive, with the latter posing a 
serious problem to public health. In fact, inva-
sive human listeriosis is a rare but severe infec-
tion, typically causing septicemia, encephalitis 
and meningitis (VAZQUEZ-bOLAND et al., 2001b; 
sWAMINAtHAN and GErNEr-sMIDt, 2007). the 
categories at high-risk are the so-called “YOPI”: 
young, old, pregnant, and immunocompromised 
individuals (FArbEr and PEtErKIN, 1991). since 
the beginning of the 1980s L. monocytogenes 
has been recognized as an emerging food-borne 
pathogen after several sporadic and epidemic 
cases of listeriosis occurred in Europe and the 
UsA (KAtHArIOU, 2002). Food such as milk, 
dairy products, vegetables, and meat products 
are most frequently associated with listeriosis. 
seafood products have also been reported to 
be contaminated with L. monocytogenes, how-
ever, few reports of outbreaks or sporadic cas-
es have been linked to these products (JOHANs-
sON et al., 1999; MEDrALA et al., 2003). In re-
cent years epidemiological evidence has indicat-
ed that listeriosis is often associated with “ready-
to-eat” (rtE) seafood products, and in particu-
lar with cold or hot-smoked salmon, “gravad” 
salmon, shrimps, mussels, fermented fish, fish 
and seafood salads (bEN EMbArEK, 1994; rO-
cOUrt et al., 2000; GOMbAs et al., 2003). the 
prevalence of L. monocytogenes has been widely 
analyzed and varies from zero (bEN EMbArEK et 
al., 1997) to about 30% (HOFFMAN et al., 2003; 
MIEttINEN and WIrtANEN, 2005) in raw fish 
and from zero to 75% in cold-smoked salmon 
(DAUPHIN et al., 2001). the contamination lev-
el is normally low (<100 colony forming units-
cFU/g) but, in favourable conditions, L. mono-
cytogenes may exceed the level of 100 cFU/g. 
this was the case in a Finnish outbreak asso-
ciated with cold-smoked rainbow trout, where 
levels of 190 x 103 cFU/g were detected (MIEt-
tINEN et al., 1999). commercially prepared sea-
food salads made by food processors may be con-
taminated with L. monocytogenes, but usually 
the addition of acidulants and inhibitors can re-
tard its growth. In contrast, fresh seafood sal-
ads prepared in retail outlets may not contain 
preservatives and could support the growth of 
L. monocytogenes to high numbers (ILsI, 2005). 
Many factors influence the sources of L. mono-
cytogenes contamination of seafood products: 
the use of contaminated raw materials, the effi-
cacy of cleaning and processing procedures and 

the existence of surface-persistent L. monocy-
togenes subtypes in processing facilities. there 
have been reports of characteristic ‘‘in-house’’ L. 
monocytogenes strains that persistently colonize 
the production environments of particular plants 
(AUtIO et al., 1999; rørVIK, 2000). the molec-
ular pathogenesis of L. monocytogenes is deter-
mined by multiple key virulence factors, such as 
internalins, haemolysin, phosphatidylinositol-
specific phospholipase c (PI-PLc), phosphatidyl-
choline-specific phospholipase c (Pc-PLc) and 
actin polymerization protein (VAZQUEZ-bOLAND 
et al., 2001a). the expression of these viru-
lence factors is directly modulated by the reg-
ulator gene prfA (KrEFt and VAZQUEZ-bOLAND, 
2001). It is essential to characterize L. monocy-
togenes strains in order to carry out epidemio-
logical studies and to trace the sources of con-
tamination in the food chain (VItAs et al., 2004). 
several phenotypic and molecular methods are 
used, including serotyping, multilocus enzyme 
electrophoresis (MLEE), pulsed-field gel electro-
phoresis (PFGE), ribotyping and DNA sequenc-
ing-based subtyping techniques such as multi-
locus sequence typing (MLst) (LIU et al., 2005; 
JIANG et al., 2008). PFGE is one of the most pow-
erful methods in subtyping L. monocytogenes 
strains in epidemiological studies and investi-
gations on outbreak sources (MEAD et al., 2006; 
GErNEr-sMIDt et al., 2006). It has been shown 
to be a very accurate and reproducible meth-
od and has been widely used for identifying the 
existence of persistent clones in the processing 
environments and for investigating sources and 
routes of contamination in processing plants 
(bILLE and rOcOUrt, 1996; cHOU and WANG, 
2006; tHéVENOt et al., 2006; LOMONAcO et al., 
2009). PFGE is still currently the “gold stand-
ard” for L. monocytogenes subtyping due to its 
high reproducibility, robustness and high dis-
criminating power (GrAVEs and sWAMINAtHAN, 
2001; ZHANG et al., 2007). the aims of this study 
were to: i) investigate the prevalence and level 
of contamination by L. monocytogenes in rtE 
seafood products marketed in Italy, ii) to define 
the pathogenic profile of the isolates, iii) to an-
alyze the intraspecies diversity, iv) to determine 
whether there are predominant clones and how 
widespread they are in rtE seafood products.

MAtErIALs AND MEtHODs

sample collection

During a 7-month period (september 2004 - 
March 2005), a total of 92 rtE seafood products 
were collected from different retail outlets in sar-
dinia (Italy). the samples analyzed were 50 sliced 
cold smoked fish from 26 different manufacturers 
and 42 seafood salads. concerning the smoked 
products, 90% of the fish were caught or reared 
in FAO fishing area 27 (Atlantic, Northeast), 6% 
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were from FAO fishing area 31 (Atlantic, West-
ern-central), 2% from area 77 (Pacific, Eastern-
central), and 2% from area 87 (Pacific, south-
east). the products were processed in plants lo-
cated in Norway (50%), spain (18%), UK (16%), 
Ireland, France (6% each), and Denmark (4%). All 
the products were vacuum packaged and stored 
at refrigeration temperatures (0°-4°c). In 76% of 
the products there was no evidence of the shelf 
life set by the producer, because of the lack of the 
production date. In the remaining 24%, the (mean 
± s.D.) shelf life was of 75±23.93 days. With re-
gard to seafood salads, over 80% of the products 
were processed in Italy and the rest in other Eu-
ropean countries. All the products were pack-
aged in modified atmosphere (MAP) and stored 
at refrigeration temperatures (0°-4°c). In all the 
products there was no evidence of the shelf life 
set by the producer (table 2). All the items of 
rtE seafood products were kept in ice boxes at 
3°c during transport and were immediately an-
alyzed upon arrival at the laboratory. Details on 
product type, country and shelf life of the sam-
ples are shown in tables 1 and 2.

chemical-physical analysis

pH and aw were determined in order to assess 
if the rtE seafood products were able to sup-
port the growth of L. monocytogenes. these val-
ues were compared to those stated in Ec regu-
lation 2073/2005: products with pH ≥ 4.4 or aw 
≥ 0.92, products with pH ≥ 5.0 and aw ≥ 0.94). 
the pH was measured in duplicate, using a GLP 
21 pH-meter (crison, carpi, MO, Italy) accord-
ing to APHA methods (2001). Aw was measured 
in duplicate using a cX3 AquaLab (Decagon De-
vices, Inc., Pullman, Washington, UsA). the fi-
nal pH and aw values were obtained by taking 
the average of the two measurements.

Detection and enumeration of Listeria spp 
and L. monocytogenes

Detection and enumeration of Listeria spp and 
L. monocytogenes were carried out according to 
methods of the International Organisation for 
standardization: EN IsO 11290-1:1996 (ANON-
YMOUs, 1996) and 11290-2:1998 (ANONYMOUs, 
1998). briefly, 25 g of solid samples were homog-
enized with 225 mL of Fraser broth base (biolife, 
Milan, Italy) and incubated at 20°c for 1 h. L. 
monocytogenes was enumerated by spreading a 
volume of 1 mL on 3 Palcam agar plates (Oxoid, 
Milan, Italy), incubated at 37°c for 24-48 h. For 
the detection of L. monocytogens, the homoge-
nates were supplemented with the Half Fraser 
(biolife) selective supplement (first enrichment) 
and incubated at 30°c for 24 h. For the second 
enrichment, a volume of 0.1 mL was inoculat-
ed in 10 mL of Fraser selective supplement (bi-
olife) and incubated at 37°c for 48 h. Plates of 
Oxford agar (Oxoid) and Agosti Listeria Ottaviani 

Agar (ALOA, biolife) incubated at 30° and 37°c 
for 48 h, respectively, were used as solid isola-
tion medium from both enrichments. Up to five 
suspected colonies of Listeria spp were select-
ed from each selective medium and streaked for 
isolation on tryptone soya Yeast Extract Agar 
plates (tsYEA, Oxoid). After incubation at 37°c 
for 24 h, isolates were submitted to Gram stain-
ing, catalase and oxidase tests. For the confir-
mation of L. monocytogenes, all Listeria spp sus-
pected colonies were submitted to haemolytic ac-
tivity and cAMP test on sheep blood agar plates 
(37°c/24 h) and to biochemical characterization 
by using the API Listeria identification system 
(bioMérieux, Marcy l’Etoile, France).

serotyping

serotyping of L. monocytogenes strains was 
carried out by the agglutination method us-
ing commercial Listeria antisera (Denka seik-
en, Ltd, swadlincote, UK) for somatic antigens 
(O) according to manufacturer’s instructions. 
Detection of flagellar antigens (H) was carried 
out using the procedure described by UEDA et 
al. (2002).

Pcr analysis of virulence factors

L. monocytogenes isolates were grown on 
tryptone soya broth (tsb, Oxoid) at 37°c for 
16-18 h. the cells were pelleted by centrifuga-
tion at 10,000 rpm for 1 h at 4°c and washed 
twice in phosphate-buffered saline (Pbs). DNA 
was extracted using the “High Pure Pcr tem-
plate Preparation Kit” (roche, basel, switzer-
land), according to the manufacturer’s instruc-
tions. three multiplex Pcrs were standardized 
in order to detect the following genes: multi-
plex Pcr 1): rrn (16s rrNA), hlyA (haemolysin), 
actA (actine) and prfA (regulatory gene); mul-
tiplex Pcr 2): inlA (internalin A), inlB (intern-
alin b) and iap (protein p60); multiplex Pcr 
3): plcA (phosphatidylinositol-specific phos-
pholipase c), plcB (phosphatidylcholine-spe-
ciphic phospholipase c) and mpl (zinc metal-
loprotease) by modifying the protocols of bOr-
DEr et al. (1990) and JArADAt et al. (2002). All 
amplification reactions were performed in a fi-
nal volume of 50 µL, containing 2 µL of DNA, 
5U of taq polymerase (roche diagnostics, Mi-
lan, Italy), 0.2 m-mol l-1 of each deoxynucle-
oside triphosphate (dNtP), 1X Pcr buffer (1.5 
m- mol l-1 Mgcl2, 50 m-mol l-1 Kcl, 10 m-mol 
l-1 tris-Hcl, pH 8.3). table 4 lists the concen-
tration of each primer (Eurogentec, seraing, 
belgium) used in the three multiplex Pcrs. 
All amplification reactions were performed in 
a techne tc-412 thermocycler (techne, cam-
bridge, UK) programmed as follows: for multi-
plex Pcr 1, denaturation at 94°c for 80 s, an-
nealing at 55°c for 90 s and extension at 72°c 
for 120 s, followed by a final extension peri-
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table 1 - characteristics, prevalence and level of contamination by Listeria spp and L. monocytogenes of the cold smoked 
fish (n. 50).

Sample	 Food	 Country	 Shelf	life	 pH	 aw	 Presence	of	 Presence	of	 L.	monocytogenes
code	 product	 	 (days)	 (Mean±s.d.)	 (Mean±s.d.)	 Listeria	spp	 L.	monocytogenes	 cfu/g

A1	 CSSa	 NOR	 ndc	 6.23±0.04	 0.95±0.00	 -	 -	 -
A2	 CSS	 NOR	 nd	 5.98±0.00	 0.92±0.00	 +	 +	 <100
A3	 CSSWb	 SPA	 nd	 5.58±0.02	 0.95±0.00	 +	 +	 <100
A4	 CSS	 SPA	 nd	 5.99±0.01	 0.94±0.00	 -	 -	 -
A5	 CSS	 NOR	 nd	 5.98±0.04	 0.93±0.00	 -	 -	 -
A6	 CSS	 FRA	 nd	 5.98±0.00	 0.95±0.00	 -	 -	 -
A7	 CSS	 NOR	 nd	 6.14±0.01	 0.95±0.00	 -	 -	 -
A8	 CSS	 NOR	 90	 7.04±0.03	 0.95±0.00	 -	 -	 -
C1	 CSS	 UK	 nd	 5.99±0.01	 0.94±0.00	 +	 -	 -
C2	 CSS	 NOR	 nd	 6.09±0.01	 0.96±0.00	 -	 -	 -
C3	 CSS	 IRE	 60	 6.05±0.02	 0.95±0.00	 -	 -	 -
D1	 CSS	 NOR	 nd	 6.07±0.01	 0.96±0.00	 -	 -	 -
E1	 CSS	 NOR	 nd	 6.14±0.01	 0.95±0.00	 -	 -	 -
F1	 CSS	 UK	 nd	 6.08±0.00	 0.96±0.00	 -	 -	 -
F2	 CSS	 UK	 nd	 6.08±0.01	 0.95±0.00	 -	 -	 -
F3	 CSS	 FRA	 nd	 6.09±0.03	 0.91±0.00	 -	 -	 -
F4	 CSS	 IRE	 60	 6.14±0.04	 0.95±0.00	 -	 -	 -
F5	 CSS	 NOR	 nd	 6.21±0.01	 0.97±0.00	 +	 +	 <100
F6	 CSS	 UK	 nd	 6.37±0.01	 0.95±0.00	 +	 +	 1.2	x	104	
G1	 CSS	 IRE	 60	 6.07±0.01	 0.95±0.00	 -	 -	 -
H1	 CSS	 UK	 nd	 6.11±0.01	 0.95±0.00	 -	 -	 -
L1	 CSS	 NOR	 nd	 6.03±0.01	 0.97±0.00	 -	 -	 -
M1	 CSS	 NOR	 nd	 5.60±0.01	 0.92±0.00	 -	 -	 -
M2	 CSS	 UK	 nd	 6.07±0.01	 0.93±0.00	 -	 -	 -
M3	 CSS	 UK	 nd	 6.18±0.01	 0.95±0.00	 -	 -	 -
N1	 CSSW	 SPA	 nd	 5.69±0.01	 0.95±0.00	 -	 -	 -
N2	 CSS	 NOR	 nd	 5.99±0.01	 0.94±0.00	 -	 -	 -
N3	 CSS	 SPA	 nd	 5.69±0.01	 0.95±0.00	 -	 -	 -
N4	 CSS	 NOR	 90	 6.01±0.01	 0.95±0.00	 +	 -	 -
N5	 CSS	 NOR	 30	 6.03±0.03	 0.95±0.00	 -	 -	 -
N6	 CSSW	 SPA	 nd	 5.76±0.01	 0.96±0.00	 -	 -	 -
N7	 CSS	 NOR	 nd	 6.18±0.05	 0.81±0.00	 -	 -	 -
N8	 CSS	 NOR	 nd	 6.19±0.04	 0.81±.0.00	 -	 -	 -
N9	 CSS	 NOR	 nd	 6.21±0.01	 0.81±0.00	 -	 -	 -
N10	 CSS	 NOR	 nd	 6.22±0.01	 0.81±0.00	 -	 -	 -
N11	 CSS	 NOR	 nd	 5.99±0.01	 0.92±0.00	 -	 -	 -
N12	 CSS	 NOR	 nd	 6.00±0.01	 0.96±0.00	 +	 -	 -
N13	 CSS	 NOR	 nd	 6.21±0.00	 0.92±0.00	 -	 -	 -
N14	 CSS	 SPA	 90	 6.02±0.00	 0.92±0.00	 -	 -	 -
N15	 CSS	 FRA	 nd	 6.19±0.01	 0.96±0.00	 -	 -	 -
N16	 CSS	 NOR	 nd	 6.06±0.01	 0.95±0.00	 -	 -	 -
N17	 CSS	 NOR	 90	 5.62±0.01	 0.95±0.00	 +	 +	 <100
N18	 CSS	 NOR	 60	 6.19±0.01	 0.96±0.00	 -	 -	 -
N19	 CSS	 NOR	 nd	 5.84±0.01	 0.96±0.00	 -	 -	 -
O1	 CSSW	 SPA	 90	 5.53±0.00	 0.93±0.00	 -	 -	 -
O2	 CSSW	 SPA	 120	 5.47±0.01	 0.93±0.00	 -	 -	 -
O3	 CSSW	 SPA	 90	 6.32±0.01	 0.93±0.00	 -	 -	 -
P1	 CSS	 DEN	 nd	 6.03±0.01	 0.96±0.00	 -	 -	 -
Q1	 CSS	 UK	 nd	 6.06±0.04	 0.95±0.00	 +	 +	 <100
R1	 CSS	 DEN	 60	 6.08±0.01	 0.95±0.00	 +	 -	 -

aCSS,	cold	smoked	salmon;	bCSSW,	cold	smoked	swordfish;	cnd,	not	determined.
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od at 72°c for 10 m. For multiplex Pcr 2 and 
3, cycles were as follows: initial denaturation 
at 94°c for 3 m, 35 cycles of denaturation at 
94°c for 60 s, annealing at 60°c for 120 s, and 
extension at 72°c for 60 s, followed by a final 
extension at 72°c for 5 m. the amplified frag-
ments were separated by 1.3% agarose gel elec-
trophoresis (roche diagnostics, Milan, Italy) in 
1X tAE buffer and stained with ethidium bro-
mide (10 mg/mL). the gels were observed and 
digitalized by the Gel-Doc UV trans-illumina-
tor (bio-rad, Hercules, cA, UsA).

DNA macrorestriction and PFGE analysis

DNA macrorestriction and PFGE analysis were 
carried out using the standardized PulseNet pro-
tocol for L. monocytogenes (GrAVEs and sWAMI-
NAtHAN, 2001), submitting the isolates to re-
striction with ApaI and AscI (New England bi-
olabs, beverly, MA, UsA) and to PFGE in a cHEF 
Mapper XA system (bio-rad, Hercules, cA, UsA). 
After electrophoresis, the gels were stained for 
15-45 m in 400 mL of deionized water contain-
ing 0.4 mL of ethidium bromide (10 mg/mL) and 

table 2 - characteristics, prevalence and level of contamination by Listeria spp and L. monocytogenes of the seafood salads 
(n. 42).

Sample	 Food	 Country	 Shelf	life	 pH	 aw	 Presence	of	 Presence	of	 L.	monocytogenes
code	 product	 	 (days)	 (Mean±s.d.)	 (Mean±s.d.)	 Listeria	spp	 L.	monocytogenes	 cfu/g

T1	 SS	a	 ITA	 nd	b	 4.05±0.00	 0.99±0.00	 -	 -	 -
T2	 SS	 ITA	 nd	 3.98±0.02	 0.99±0.00	 -	 -	 -
T3	 SS	 ITA	 nd	 4.04±0.00	 0.95±0.00	 -	 -	 -
T4	 SS	 ITA	 nd	 4.10±0.03	 0.98±0.00	 -	 -	 -
T5	 SS	 ITA	 nd	 3.94±0.00	 0.98±0.00	 -	 -	 -
T6	 SS	 ITA	 nd	 4.45±0.00	 0.98±0.00	 -	 -	 -
T7	 SS	 NED	 nd	 4.29±0.00	 0.98±0.00	 +	 -	 -
T8	 SS	 ITA	 nd	 5.86±0.00	 0.97±0.00	 -	 -	 -
T	9	 SS	 FRA	 nd	 5.19±0.00	 0.98±0.00	 -	 -	 -
T	10	 SS	 ITA	 nd	 7.15±0.00	 0.98±0.00	 +	 -	 -
T	11	 SS	 ITA	 nd	 5.10±0.00	 0.97±0.00	 -	 -	 -
T14	 SS	 ITA	 nd	 3.93±0.04	 0.98±0.00	 -	 -	 -
T15	 SS	 NED	 nd	 4.00±0.05	 0.96±0.00	 -	 -	 -
T17	 SS	 ITA	 nd	 4.27±0.02	 0.98±0.00	 +	 +	 <100	
T18	 SS	 ITA	 nd	 7.56±0.01	 0.97±0.00	 -	 -	 -
T19	 SS	 NED	 nd	 3.85±0.01	 0.98±0.00	 -	 -	 -
T22	 SS	 NED	 nd	 4.02±0.00	 0.96±0.00	 -	 -	 -
T23	 SS	 NED	 nd	 4.38±0.00	 0.99±0.00	 -	 -	 -
T25	 SS	 ITA	 nd	 5.59±0.00	 0.98±0.00	 -	 -	 -
T26	 SS	 ITA	 nd	 5.81±0.00	 0.98±0.00	 -	 -	 -
T27	 SS	 ITA	 nd	 5.61±0.00	 0.98±0.00	 -	 -	 -
T28	 SS	 ITA	 nd	 5.41±0.02	 0.98±0.00	 -	 -	 -
T29	 SS	 ITA	 nd	 4.02±0.06	 0.94±0.00	 -	 -	 -
T30	 SS	 ITA	 nd	 4.36±0.01	 0.98±0.00	 -	 -	 -
T31	 SS	 ITA	 nd	 4.18±0.00	 0.99±0.00	 -	 -	 -
T32	 SS	 ITA	 nd	 4.28±0.00	 0.99±0.00	 -	 -	 -
T33	 SS	 ITA	 nd	 4.25±0.03	 0.99±0.00	 -	 -	 -
T34	 SS	 ITA	 nd	 4.70±0.00	 0.99±0.00	 -	 -	 -
T49	 SS	 ITA	 nd	 4.31±0.02	 0.99±0.00	 -	 -	 -
T50	 SS	 ITA	 nd	 4.18±0.00	 0.99±0.00	 +	 +	 <100
U2	 SS	 NED	 nd	 4.36±0.00	 0.98±0.00	 -	 -	 -
U3	 SS	 ITA	 nd	 4.28±0.00	 0.99±0.00	 -	 -	 -
U4	 SS	 ITA	 nd	 3.97±0.00	 0.95±0.00	 -	 -	 -
U5	 SS	 ITA	 nd	 4.70±0.00	 0.99±0.00	 -	 -	 -
U6	 SS	 ITA	 nd	 3.95±0.00	 0.98±0.00	 -	 -	 -
U8	 SS	 ITA	 nd	 3.86±0.00	 0.98±0.00	 -	 -	 -
U9	 SS	 NED	 nd	 4.28±0.00	 0.99±0.00	 -	 -	 -
V1	 SS	 ITA	 nd	 4.12±0.00	 0.99±0.00	 -	 -	 -
V2	 SS	 ITA	 nd	 4.23±0.00	 0.98±0.00	 -	 -	 -
V4	 SS	 ITA	 nd	 4.28±0.01	 0.99±0.00	 -	 -	 -
V5	 SS	 ITA	 nd	 4.20±0.00	 0.99±0.00	 -	 -	 -
V7	 SS	 ITA	 nd	 4.01±0.00	 0.99±0.00	 -	 -	 -

aSS,	seafood	salad;	bnd,	not	determined.
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destained for 60 m in 400 mL of deionized water. 
Gel images were visualized and captured using 
the Gel-Doc UV trans-illuminator (bio-rad, Her-
cules, cA, UsA). the banding patterns for each 
enzyme were assigned by visual analysis of the 
restriction profiles.

PFGE pattern analysis

AscI and ApaI macrorestriction patterns 
were analyzed using bioNumerics software (Ap-
plied Maths, sint-Martens-Platen, belgium). 
Isolates were designated to be genetically in-
distinguishable (same pulsotype) when their 
restriction pattern had the same number of 

table 3 - composition of the subset of 51 L. monocytogenes isolates submitted to phenotypical and molecular characterization.

	 Origin	of	the	isolates

	 	 	 Detection	method
	
Sample	 Enumeration	 1st	enrichment	 2nd	enrichment	
code	 method	 	 	 	 Total	of	 Selected

	 Palcam	agar	 Oxford	agar	 Aloa	agar	 Oxford	agar	 Aloa	agar	 the	isolates	 isolates	No.	(%)

A2	 -	 5	(2)	 -	 5	(3)	 5	(3)	 15	 8	(53)
Q1	 -	 -	 -	 -	 5	(3)	 5	 3	(60)
F5	 -	 -	 5	(2)	 -	 5	(2)	 10	 4	(40)
F6	 5	(3)	 5	(3)	 5	(3)	 5	(3)	 5	(3)	 25	 15	(60)
N17	 -	 5	(2)	 -	 5	(2)	 -	 10	 4	(40)
A3	 -	 -	 5	(3)	 -	 5	(3)	 10	 6	(60)
T17	 -	 -	 5	(2)	 -	 5	(3)	 10	 5	(50)
T50	 -	 5	(3)	 -	 5	(3)	 -	 10	 6	(60)
	 	 	 Total	 	 	 95	 51	(53)

table 4 - Primer pairs used for the amplification of L. monocytogenes virulence genes.

PCR	 Primers	 	 Sequence	(5’-3’)	 Concentration	 Product	size
	 	 	 	 of	each	primer	 (bp)

1	 rrn	 F	 CAG	CAG	CCG	CGG	TAA	TAC	 0.9	µM	 938
	 	 R	 CTC	CAT	AAA	GGT	GAC	CCT
	 hlyA	 F	 CCT	AAG	ACG	CCA	ATC	GAA	 	 702
	 	 R	 AAG	CGC	TTG	CAA	CTG	CTC
	 actA	 F	 GAC	GAA	AAT	CCC	GAA	GTG	AA	 	 268	or	385
	 	 R	 CTA	GCG	AAG	GTG	CTG	TTT	CC
	 prfA	 F	 CTG	TTG	GAG	CTC	TTC	TTG	GTG	AAG	CAA	TCG	 	 1060
	 	 R	 AGC	AAC	CTC	GGA	ACC	ATA	TAC	TAA	CTC

2	 inlA	 F	 CCT	AGC	AGG	TCT	AAC	CGC	AC	 0.9	µM	 255
	 	 R	 TCG	CTA	ATT	TGG	TTA	TGC	CC
	 inlB	 F	 AAA	GCA	CGA	TTT	CAT	GGG	AG	 	 146
	 	 R	 ACA	TAG	CCT	TGT	TTG	GTC	GG
	 iap	 F	 ACA	AGC	TGC	ACC	TGT	TGC	AG	 	 131
	 	 R	 TGA	CAG	CGT	GTG	TAG	TAG	CA

3	 plcA	 F	 CGA	GCA	AAA	CAG	CAA	CGA	TA	 0.9	µM	 129
	 	 R	 CCG	CGG	ACA	TCT	TTT	AAT	GT
	 plcB	 F	 GGG	AAA	TTT	GAC	ACA	GCG	TT	 	 261
	 	 R	 ATT	TTC	GGG	TAG	TCC	GCT	TT
	 mpl	 F	 TTG	TTC	TGG	AAT	TGA	GGA	TG	 	 502
	 	 R	 TTA	AAA	AGG	AGC	GGT	GAA	AT

bands of apparently the same size (tENOVEr et 
al., 1995). PulseNet protocols have established 
that even a single fragment difference between 
two restriction patterns is significant and that 
the two patterns should be assigned to differ-
ent pulsotypes (GrAVEs et al., 2005). cluster 
analysis was performed by the unweighted 
pair group method using arithmetic averages 
(UPGMA) as clustering method and the Dice 
coefficient as measure of band based similar-
ity. the threshold of the similarity measure 
was fixed at 0.70%. the discriminatory power 
of PFGE based on simpson’s index of diversity 
(sID) was determined as described by HUNtEr 
and GAstON (1988).
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table 5 - A summary of the phenotypic and genotypic characteristics of the 51 L. monocytogenes strains submitted to phe-
notypical and molecular characterization.

Strain	 Sample	 Food	 Country	 Serotype	 Multiplex	PCRs	 PFGE	patterns	 Cluster	profile
no.	 code	 product	
	 	 	 	 	 1d	 2e	 3f	 AscI	 ApaI

L1.A.001	 A2	 CSSa	 NOR	 1/2c	 +	 +	 +	 A6	 P6	 A
L1.A.002	 A2	 CSS	 NOR	 1/2c	 +	 +	 +	 	 P12	 D
L1.A.003	 A2	 CSS	 NOR	 1/2c	 +	 +	 +	 	 P12	 D
L1.A.004	 A2	 CSS	 NOR	 1/2c	 +	 +	 +	 	 P6	 A
L1.A.005	 A2	 CSS	 NOR	 1/2c	 +	 +	 +	 	 P12	 D
L1.A.006	 A2	 CSS	 NOR	 1/2a	 +	 +	 +	 	 P6	 A
L1.A.007	 A2	 CSS	 NOR	 1/2a	 +	 +	 +	 	 P6	 A
L1.A.008	 A2	 CSS	 NOR	 1/2a	 +	 +	 +	 	 P6	 A
L1.A.009	 Q1	 CSS	 UK	 1/2a	 +	 +	 +	 A7	 P7	 B
L1.A.010	 Q1	 CSS	 UK	 1/2a	 +*	 +	 +	 	 P13	 E
L1.A.011	 Q1	 CSS	 UK	 1/2a	 +	 +	 +	 	 P7	 B
L1.A.012	 F5	 CSS	 NOR	 1/2a	 +	 +	 +	 A10	 P10	 D
L1.A.013	 F5	 CSS	 NOR	 1/2a	 +	 +	 +	 A9	 P9	 A
L1.A.014	 F5	 CSS	 NOR	 1/2a	 +	 +	 +	 	 P11
L1.A.015	 F5	 CSS	 NOR	 1/2a	 +	 +	 +	 	 P9
L1.A.016	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 A5	 P5	 C
L1.A.017	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.018	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 F
L1.A.019	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.020	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 B
L1.A.021	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.022	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.023	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.024	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.025	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.026	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.027	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.028	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.029	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.030	 F6	 CSS	 UK	 1/2a	 +	 +	 +	 	 	 C
L1.A.031	 N17	 CSS	 NOR	 4e	 +	 +	 +	 A4	 P15	 G
L1.A.032	 N17	 CSS	 NOR	 4e	 +	 +	 +	 	 P4
L1.A.033	 N17	 CSS	 NOR	 4e	 +	 +	 +	 	 P4
L1.A.034	 N17	 CSS	 NOR	 4e	 +	 +	 +	 	 P4
L1.B.001	 A3	 CSSWb	 ES	 1/2a	 +	 +	 +	 A8	 P14	 E
L1.B.002	 A3	 CSSW	 ES	 1/2a	 +	*	 +	 +	 	 P8	 B
L1.B.003	 A3	 CSSW	 ES	 1/2a	 +	 +	 +	 	 P8	 B
L1.B.004	 A3	 CSSW	 ES	 1/2a	 +	 +	 +	 	 P8	 B
L1.B.005	 A3	 CSSW	 ES	 1/2a	 +	 +	 +	 	 P8	 B
L1.B.006	 A3	 CSSW	 ES	 1/2a	 +	 +	 +	 	 P8	 B
L1.D.001	 T17	 SSc	 IT	 1/2b	 +	 +	 +	 A2	 P2	 F
L1.D.002	 T17	 SS	 IT	 1/2b	 +	 +	 +	 	 P1	 H
L1.D.003	 T17	 SS	 IT	 1/2b	 +	 +	 +	 	 P2	 F
L1.D.004	 T17	 SS	 IT	 1/2b	 +	 +	 +	 	 P1	 H
L1.D.005	 T17	 SS	 IT	 1/2b	 +	 +	 +	 	 P2	 F
L1.D.006	 T50	 SS	 IT	 1/2b	 +	 +	 +	 	 P5	 C
L1.D.007	 T50	 SS	 IT	 1/2b	 +	 +	 +	 	 P2	 F
L1.D.008	 T50	 SS	 IT	 1/2b	 +	 +	 +	 	 P2	 F
L1.S.001	 T50	 SS	 IT	 1/2b	 +	 +	 +	 A1	 P2	 F
L1.S.002	 T50	 SS	 IT	 1/2b	 +	 +	 +
L1.S.003	 T50	 SS	 IT	 1/2b	 +	 +	 +	 A3	 P3	 -

aCSS,	cold	smoked	salmon;	bCSSW,	cold	smoked	swordfish;	cSS,	seafood	salads;	dMultiplex	PCR	1:	rrn,	hlyA,	prfA,	actA;	eMultiplex	PCR	2:	inlA,	inlB,	iap;	fMul-
tiplex	PCR	3:	plcA,	plcB,mpl;	*L1.A.010	and	L1.B.002	showing	an	actA	268bp	product.

table 6 - Distribution of pulsotypes and cluster profiles according to food product of the 51 strains of L. monocytogenes sub-
mitted to phenotypical and molecular characterization. L1.s.003 was not included in any cluster.

Food	product	 Number	 Number	of	different	pulsotypes	 Cluster	profile
	 of	strains	 	 AscI	+	ApaI
	 	 AscI	 ApaI	

Smoked	salmon	 34	 A4	(4),	A5	(15),	A6	(8),	 P4	(3),	P5	(15),	P6	(5),	P7	(2),	 A	(8),	B	(2),	C	(14),	D	(4),
	 	 A7	(3),	A9	(3),	A10	(1)	 P10	(1),	P11	(1),	P9	(2),	P12	(3),	 E	(1),	F	(1),	G	(4),
	 	 	 P13	(1),	P15	(1)
Smoked	swordfish	 6	 A8	(6)	 P8	(5),	P14	(1)	 B	(5),	E	(1)
Seafood	salad	 11	 A1	(2),	A2	(8),	A3	(1)	 P1	(2),	P2	(7),	P3	(1),	P5	(1)	 C	(1),	H	(2),	F	(7)	
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rEsULts

chemical-physical analysis

All rtE seafood samples were able to sup-
port the growth of L. monocytogenes (Ec regu-
lation 2073/2005). the lowest mean pH value 
(3.85±0.01 s.D.) was observed in some seafood 
salads, for which the use of acidulants and in-
hibitors (0.1% benzoate or 0.1% sorbate) was 
declared. seafood salads also showed the high-
est mean pH value (7.56±0.01 s.D.). the highest 
mean pH value in smoked fish was 7.04 (±0.03 
s.D.). Mean water activity values were higher in 
seafood salads (0.98±0.02 s.D.) than in smoked 
products (0.93±0.00 s.D.). Details on mean val-
ues of pH and aw are reported in tables 1 and 2.

Detection and enumeration of Listeria spp 
and L. monocytogenes

the overall prevalence of Listeria spp was 
15.21%. In the sliced cold smoked fish products 
and in the seafood salads, it was 20 and 9.52%, 
respectively. L. monocytogenes was found in 8 of 
the 92 samples tested (8.69%). the highest prev-
alence (12%) was found in sliced cold smoked 
fish products. Only 2 (4.76%) of the seafood sal-
ads were contaminated. the contamination level 
was <100 cFU/g in all but one sample of sliced 
cold smoked fish, showing a L. monocytogenes 
contamination level of 1.2 x 104 cFU/g. results 
are summarized in tables 1 and 2. the mean ± 
s.D. pH and aw values of the positive L. mono-
cytogenes samples were, respectively, 6.01±0.18 
and 0.94±0.01 in the smoked fish products and 
4.30±0.70 and 0.98±0.00 in the seafood salads. 
Altogether, from all Listeria spp positive sam-
ples, one hundred twenty six isolates were iso-

Fig. 1 - Multiplex Pcr showing the polymorphism of actA gene. the lanes from left to right are: marker; L. innocua; L. mono-
cytogenes (268 bp actA); L. monocytogenes (385 bp actA).

lated: 95 were L. monocytogenes, 12 were L. in-
nocua, 7 were L. welshimeri, 5 were L. seeligeri, 
4 were L. grayi, and 3 were L. ivanovii. concern-
ing L. monocytogenes strains, a subset of n. 51 
was selected from all strains isolated from the 
eight positive samples. table 3 lists the origin 
of isolates and whether they were isolated from 
enumeration or detection media. In both cases, 
40 to 60% of all isolates were selected for further 
phenotypical (serotyping) and molecular charac-
terization (Pcr analysis of virulence factors and 
PFGE). In particular, PFGE was aimed at find-
ing genetic similarity among the strains isolated 
from the different food products and highlight-
ing the possible presence of different pulsotypes 
in isolates from the same food product. A sum-
mary of the phenotypic and genotypic charac-
teristics of the L. monocytogenes isolates is re-
ported in table 5.

serotyping

Four different serotypes were detected: 1/2a, 
1/2b, 1/2c, and 4e (table 5). thirty-one (77.5%) 
L. monocytogenes strains isolated from the 
smoked products belonged to serovar 1/2a, 5 
(12.5%) to serovar 1/2c and 4 (10%) to serov-
ar 4e.

Pcr analysis of virulence factors

the amplification products of the virulence 
genes analyzed were found in all 51 isolates iden-
tified as L. monocytogenes. Primers used for the 
detection of actA allowed the amplification of two 
different products (268-bp and 385-bp) showing 
a polymorphism for this gene. Only two isolates 
out of 51 (3.9%) showed the 268-bp amplifica-
tion band (Fig. 1).
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Fig. 2 - combined dendrogram of AscI and ApaI macrorestriction patterns of the 
51 strains of L. monocytogenes submitted to cluster analysis.

PFGE pattern analysis

restriction with ApaI differ-
entiated the 51 isolates into 15 
different patterns, while restric-
tion with the AscI enzyme pro-
duced 10 different patterns (ta-
ble 6). ApaI and AscI showed 
a sID value of 0.87 and 0.85, 
respectively. the combina-
tion of both enzymes increased 
the discriminatory power to 
0.91. regarding ApaI restric-
tion, 23 isolates (45%) were di-
vided into two pulsotypes: P5 
with 16 isolates and P2 with 7 
isolates. the remaining 28 iso-
lates (55%) were grouped into 
13 pulsotypes: P3, P10, P11, 
P13, P14, P15 (1 isolate); P1, 
P7, P9, (2 isolates); P4, P12 
(3 isolates) and P6, P8 (5 iso-
lates). AscI restriction grouped 
37 isolates (72%) into 4 pulso-
types: A5 (15 isolates); A2, A6 
(8 isolates); A8 (6 isolates). the 
remaining 14 isolates (28 %) 
were divided into 7 pulsotypes: 
A3, A10 (1 isolate); A1 (2 iso-
lates); A7, A9 (3 isolates); A4 (4 
isolates). both restriction en-
zymes were able to highlight 
the presence of different pul-
sotypes in strains isolated from 
different enrichments or selec-
tive mediums of the same food 
product, confirming the useful-
ness of submitting 40-60% of 
all isolates retrieved from each 
positive sample to restriction 
analysis. by the cluster analy-
sis performed on the ApaI and 
AscI macrorestriction patterns, 
8 PFGE clusters (A-H) were ob-
tained. One isolate (L1.s.003) 
was not assigned to any clus-
ter, because of the low similarity 
threshold (30%) with the near-
est clusters (A-b-c). the distri-
bution of isolates in the differ-
ent clusters is shown in Fig. 2. 
cluster analysis grouped iso-
lates with the same serotype 
(1/2a) from different origin and 
food products: cluster b includ-
ed 7 isolates from cold smoked 
fish processed in Norway and 
the United Kingdom and cold 
smoked swordfish processed in 
spain. cluster E included 2 iso-
lates from cold smoked salmon 
processed in the United King-
dom and cold smoked sword-
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fish processed in spain. Isolates from different 
origin and food products belonging to different 
serotypes were grouped into clusters c and F: in 
cluster c, 13 isolates (serotype 1/2a) from cold 
smoked fish processed in the United Kingdom 
and 2 (serotype 1/2b) from seafood salads proc-
essed in Italy. cluster F included 1 isolate (se-
rotype 1/2a) from cold smoked fish processed 
in the United Kingdom and 7 (serotype 1/2b) 
from seafood salads processed in Italy. Isolates 
in other clusters (A and D) had the same origin 
(Norway) and were isolated from the same prod-
uct (cold smoked salmon) but belonged to differ-
ent serotype: 1/2a and 1/2c in both clusters. In 
clusters G and H, isolates from the same prod-
uct, with the same origin and belonging to the 
same serotype were grouped: 4 isolates (sero-
type 4e) from cold smoked salmon processed in 
Norway were grouped in cluster G and isolates 
(serotype 1/2b) from seafood salad processed in 
Italy were grouped in cluster H 2.

DIscUssION AND cONcLUsIONs

the present survey provides a contribution 
to the knowledge of prevalence, enumeration, 
pathogenic potential and traceability of L. mono-
cytogenes in rtE seafood produced in different 
countries and marketed in Italy. the prevalence 
of L. monocytogenes was higher in the sliced cold 
smoked fish products (12%). this finding is in 
agreement with published data, where its prev-
alence in smoked fish ranged from 10 to 20% 
(GNANOU bEssE et al., 2004). cold smoked fish 
is one of the most perishable food products: in 
fact, cold smoking processing does not eliminate 
the possibility of contamination of raw materi-
als. Moreover, refrigeration and vacuum storage 
are not able to prevent the growth of L. monocy-
togenes (DUFFEs, 1999). For these reasons, cold 
chain management during the shelf life becomes 
very important to minimize the growth of the 
pathogen and shortening of the best-before date 
is sometimes useful to reduce the risk of caus-
ing food-borne listeriosis (ILsI, 2005). In fact, the 
ability of L. monocytogenes to grow to a signifi-
cant level also at refrigeration temperature, giv-
en sufficient time must be taken into account 
(LIttLE et al., 2007). Although the growth of L. 
monocytogenes at refrigeration temperatures 
is typically slow, temperature abuse may be a 
factor in growth to high numbers unless pro-
longed storage has occurred (ILsI, 2005). All but 
one rtE samples positive for L. monocytogenes 
contamination had a contamination level lower 
than 100 cFU/g, fulfilling the food safety crite-
ria laid down by the commission regulation Ec 
No. 2073/2005 for rtE foods able to support 
the growth of L. monocytogenes.

As expected, given the low discriminato-
ry power, serogroup 1/2 was confirmed as the 
most common among the L. monocytogenes 

strains isolated from rtE foods. Nevertheless, 
serotyping has been widely used and it still re-
mains the traditional and routinely used typing 
method as pre-requisite for other different tech-
niques or in case of outbreaks (AArNIsALO et al., 
2003). In particular, serotype 1/2a was preva-
lent in smoked fish and 1/2b in seafood sal-
ads, which agrees with previous studies (rør-
VIK, 2000; NOrtON et al., 2001; VItAs et al., 
2004; cOrcOrAN et al., 2006). these two sero-
types have been associated with epidemic and 
sporadic cases of listeriosis in humans (NAKA-
MUrA et al., 2004).

the molecular findings revealed the presence 
of all the considered virulence genes, suggesting 
that all the isolates could be potentially danger-
ous for public health. Nevertheless, from a risk 
analysis perspective, it is important to remark 
that 10-20% of strains isolated from the food in-
dustry are weakly or non-pathogenic both in vivo 
and in vitro tests (tAbOUrEt et al., 1991; rO-
cHE et al., 2009). In this research, Pcr prod-
ucts of the virulence genes were not polymor-
phic, except for the actA gene. In particular, 
49 isolates produced the expected 385-bp actA 
fragment, while the remaining 2 showed a frag-
ment of 268-bp. some authors (WIEDMANN et 
al., 1997; JIANG et al., 2006) hypothesized that 
a deletion of nucleotides in this gene, causing 
the polymorphism described, might be related 
to different virulence properties among the iso-
lates. recent studies have reported no statistical 
correlation between the presence of the 268-bp 
actA band and the ability to invade HeLa cells 
multiplying intracellularly. For this reason, the 
role of actA as marker of unambiguous identifi-
cation of foodborne isolates which are attenuat-
ed or non-virulent should be revised (cONtEr et 
al., 2009). PFGE results strongly support the in-
depth study of the ecology of L. monocytogenes 
in rtE seafood. In particular, PFGE using re-
striction endonucleases AscI and ApaI makes it 
possible to point out that a single band differ-
ence, which shows a single genetic event, is de-
terminant to assign an isolate to a specific profile 
(YDE and GINEcOt, 2004). Our findings confirm 
that PFGE is capable of revealing not only dif-
ferences among apparently similar isolates (i.e. 
same serotype or same food product) but also 
similarities among apparently different strains 
(i.e. different serotype). No correlation was found 
between PFGE types and serotypes, as described 
in other studies (GIANFrANcEscHI et al., 2002). 
Overall, the results of the present study demon-
strate a great similarity (> 70%) among strains 
isolated from cold smoked fish and seafood sal-
ads of different origin, as also reported by AU-
tIO et al. (2002). this allowed the existence of a 
widespread population of highly similar L. mono-
cytogenes in different geographical areas to be 
confirmed (PIFFArEttI et al., 1989; rAsMUssEN 
et al., 1995; WIEDMANN et al., 1997). consider-
ing the wide distribution of L. monocytogenes, 
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it is very important to fully understand the re-
lation between PFGE types and human disease-
associated isolates (FUGEtt et al., 2007). In the 
UsA, PulseNet plays an essential role in the sur-
veillance of foodborne illness outbreaks. Also in 
Europe, extensive databases are maintained by 
institutions such as the “Pasteur Institute” in 
France and the “Istituto superiore di sanità” in 
Italy. to improve L. monocytogenes surveillance 
and to trace-back foodborne infections at Euro-
pean and worldwide levels, direct access to com-
parable typing data for human isolates as well 
as for food and animal isolates is necessary. A 
large-scale database of L. monocytogenes sub-
types is needed to increase the effectiveness of 
this typing method in the investigations of hu-
man listeriosis and its sources. All this infor-
mation can facilitate risk assessment, outbreak 
surveillance and control of this pathogen (GIAN-
FrANcEscHI et al., 2009).
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