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CFD SIMULATIONS AS A SUPPORTING TOOL
FOR PROCESS AND CONSTRUCTION OPTIMIZATION 

IN FOOD INDUSTRY PRODUCTION PRACTICE:
A CASE STUDY OF A SINGLE 
TRUCK SMOKING CHAMBER

M.S. KUBIAK and M. JAKUBOWSKI
Division of Food Industry Processes and Facilities, Faculty of Mechanical Engineering, Koszalin 

University of Technology, 15-17 Raclawicka Street, PL 75-620 Koszalin, Poland
*Corresponding author: Tel. +48 94 3478457,

email: mariusz.kubiak@tu.koszalin.pl 

Abstract

This paper presents an overall description of one of many numerical modeling methods (Com-
putational Fluid Dynamics) as a tool supporting the optimization of an existing technological pro-
cess in relation to changes in the parameters of individual operations, as well as the guidelines 
for constructional changes in the machines and devices used in these operations. The method 
is presented on the basis of a case study of basic smoking in a single truck smoking chamber. 
The modeled problem is the flow of an air and smoke mixture in an electric single truck smoking 
chamber. Results were obtained in the form of spatial distributions of mixture velocity and the 
movement tracks of smoke particles. These results enabled an analysis of the uniformity of the 
mixture flow inside the chamber taking into consideration the spaces where “dead zones” occur.
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INTRODUCTION

The application of modeling has recently be-
come more common in engineering practice. 
Many design systems contain extra modules for 
modeling and simulation issues; for example, the 
strength of constructional elements that are de-
signed. Especially popular are additional modules 
for approximate calculations applying grid meth-
ods, such as Finite Element Method (FEM). Fur-
thermore, the significant increase in PC calcula-
tion productivity enables faster stimulation analy-
sis and thus produces data applicable for further 
optimization, e.g. the construction of drive line el-
ements or constructional elements. Additionally, 
there are also software packages for simulation 
using calculation algorithms, which are constant-
ly being improved (SEBASTIAN et al., 2005). One 
such package is ANSYS CFX (ANSYS, Inc., Can-
onsburg, PA, USA), a CFD analysis calculation 
package. This computer program, with a com-
plementary (on the post-processor level) program 
called FLUENT, is the main tool for the modeling 
and simulation of the fluid flow phenomenon. 

One example of CFX applications are the 
CFD simulation models of an air and smoke 
mixture flow in a smoking chamber. A single 
truck smoking chamber was used as a substi-
tute for the geometric model of a chamber. It is 
the most frequently used device in small pro-
duction plants (in this case a smoking chamber 
produced by Pek-Mont LTD, Bielsk k/Płocka, 
Poland) (JAKUBOWSKI et al., 2010; KUBIAK and 
JAKUBOWSKI, 2010a,b; KOSTYRA, 2005). 

The reason behind investigating the charac-
teristics of air and smoke mixture flow in this 
chamber was the need to solve the problem of 
the occurrence of technological defects during 
meat smoking. There may be two main defects in 
smoked meat: either the meat is not sufficiently 
smoked or it is cured too much; both are caused 
by improper application of parameters in the pro-
cess of smoking. In many food industry plants, 
the first problem is eliminated by an additional 
smoking operation process, whereas the second 
problem is eliminated by adding air and diluting 
the air and smoke mixture during the operation of 
smoking. The second defect ruins the final prod-
uct in most cases (in terms of sensory values), 
which causes an additional loss in food industry 
plants. Both defects contribute to the generation 
of additional production costs and can negative-
ly affect the quality of the final product (ROBERT-
SON et al., 2004; KUBIAK and JAKUBOWSKI, 2010 
a,b; JAKUBOWSKI et al., 2010).

MATERIALS AND METHODS

The simulation model was a geometric repre-
sentation of the working space of a KWP-1 single 
truck smoking chamber type manufactured by 
Pek-Mont LTD (Fig. 1a). The internal dimensions 

of the working part of the chamber were: length 
- 1,440 mm; width - 1,200 mm; height - 2,950 
mm. These chambers are designed and manufac-
tured especially for small- and middle-sized meat 
processing plants. They are the most appropri-
ate solution for processing different types of meat 
products as the smoking process needs to be car-
ried out with swift technological parameter chang-
es between the different operations of the given 
process (JAKUBOWSKI et al., 2010; KUBIAK and 
JAKUBOWSKI, 2010 a,b). For simulation analysis, 
four geometric variants were used: in the form of 
an empty chamber and ones filled with batches 
composed of spherical and cylindrical hams and 
an elongated shape similar to the Sopot loin – a 
typical Polish product. The dimensions of a sin-
gle filled batch were averaged for each product.

The arrangement projection is only an ap-
proximation of reality, i.e. hanging the batch in 
rows and on smoking sticks. It should also be 
mentioned that batch geometry and its spatial 
arrangement is only a simplification because of 
the assumed regular and homogenous dimen-
sions of each processed batch. 

The geometry of a computer model and its dis-
cretization (Fig. 1b) were conducted with the use 
of Ansys Mechanical APDL 12.1 (ANSYS, Inc., 
Canonsburg, PA, USA). Tetragonal element type 
Fluid 142 (ANSYS Mechanical, 2010) available in 
the program library was used to create a mesh 
of finite elements. Four meshes were generat-
ed with ca. 1,250,000 elements (empty cham-
ber) and 1,500,000 (chamber filled with batch) 
(JAKUBOWSKI and KUBIAK, 2013). The model was 
then introduced into the CFX program preproces-
sor. Boundary and primary simulation conditions 
appropriate for the conditions and realization of 
the smoking process were set. The next phase 
was to introduce the model to the solver mod-
ule and start the simulation (ANSYS CFX, 2010).

Fig. 1 - Single truck smoking chamber type KWP-1etz 
by Pek-Mont LTD: a) general view, b) geometric model of 
workspace with FE grid (www.pekmont.pl).

http://www.pekmont.pl
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RESULTS AND DISCUSSION

After finishing the calculations, the resulting 
data were entered into the post processor mod-
ule in the form of files including information 
about flows inside the analyzed models of the 
chamber working space. This part of the proces-
sor allows the processing of the resultant val-
ues of parameters describing the flow of parti-
cles and its visualization, e.g. as three-dimen-
sional velocity distribution maps of the particles 
present in the mixture inside the chamber. Fig-
ure 2 presents the distribution of particle flow 
velocity in the whole internal space of both an 
empty chamber (Fig. 2a) and in a chamber filled 
with batch (Fig. 2b-2d). A simple comparison of 
the mixture flow velocity distribution in both 
variants reveals significant differences in dis-

tribution for an empty chamber and one filled 
with batch. For the analyzed cases an existence 
of asymmetric flow is strongly highlighted, re-
gardless of the regular distribution of the inlet 
nozzle and batch inside the chamber space. Ve-
locity maps reveal significant flow irregularities 
inside the chamber, where some obstacles are 
present in the form of individual parts of batch.

Tracking analysis was performed on the par-
ticles present in the dispersed phase of the air 
and smoke mixture. Figure 3 shows the trajec-
tory of the smoking movement for 5,000 model 
particles. In the model of the flow in the cham-
ber filled with batch, the assumption has been 
made that particles that have contact with the 
product surface have been settled in this model.

The results of the tracking analysis of dispersed 
phase particles reveal areas (inside the chamber) 

Fig. 2 - Map of the distribution of mixtures flow rates in working space of smoking chamber: a - empty, b - in chamber with 
charger (spherical shape), c - in chamber with charger (cylindrical shape), d - in chamber with charger (a elongated shape 
similar to the Sopot loin, typical polish product).
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with higher and lower concentrations of smoking 
smoke. This allows areas to be indicated where 
propagation conditions may not be sufficiently 
favorable, which may in turn determine the ef-
ficacy of the realization of the smoking process.

Summarizing the review of selected analysis 
results it should be noted that the developed 
model is still being improved. At present, veri-
fying research is being carried out in industri-
al conditions with the use of a testing chamber 
manufactured by Pek-Mont LTD. This verifica-
tion is being conducted at the “Grabowscy” Meat 
Processing Plant in a small village near Gryfice 
(West Pomeranian region in Poland). For the ver-
ification of results, measurement of smoke flow 
in selected chamber space areas will be conduct-
ed using anemometric sensors (HVAC Miniature 
Air Velocity Transmitter type: EE575).

CONCLUSIONS

Although the developed model and the con-
sequent calculations made provide only an ap-
proximated view of the real situation, they are 
valuable tools for people responsible for smoking 
process operations in production settings. This 
is certainly applies to engineers who are familiar 
with the conditions and core technological pro-
cesses of smoking chambers and also their de-
signers and constructors. 

The simulation model that was built, tested and 
analyzed can be used as a tool for the optimiza-
tion of those criteria which can be defined when 
searching for new constructional solutions for the 
inner part of the chamber which will allow for the 
creation of better (more homogenous) conditions 
in terms of smoking smoke flow, regardless of the 
geometrical parameters of the material in question. 
This will improve the efficiency of the smoking pro-

Fig. 3 - Movement path of selected 5,000 smoke particles in working space of smoking chamber: a - empty, b - in chamber 
with charger (spherical shape), c - in chamber with charger (cylindrical shape), d - in chamber with charger (a elongated 
shape similar to the Sopot loin, typical polish product)

cess and also enable the elimination of technolog-
ical defects of the final smoked product.
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Abstract

Three methods of stunning fish (electronarcosis, CO2 narcosis, and thermal shock) were com-
pared to study their influence on welfare and meat quality of matrinxã (Brycon cephalus). Param-
eters such as water quality and the time to reach clinical indicators of unconsciousness were ob-
served. Rigor mortis index and muscular shrinkage were evaluated 3 and 5 h after stunning and at 
1, 4, 7, 12 and 18 days of storage. None of the methods extended shelf-life; however, electronarco-
sis provided faster clinical indicators of unconsciousness and did not cause loss of meat quality. 
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Introduction

Because fish is the most internationally traded 
food commodity, quality control and safety, in-
cluding meat quality and ethical aspects of an-
imal welfare, are fundamental in aquaculture 
production (FAO, 2009; LAMBOOIJ et al., 2006b). 
Thus, one of the most critical production stages 
to maintain fish quality is the stunning process.

Techniques for fish slaughter have been the 
subject of numerous studies regarding quality 
control, efficiency and safety procedures (CON-
TE, 2004). Several studies have also aimed to 
minimise the time required to establish death 
and implicitly reduce stress and pain (LAMBOO-
IJ et al., 2002; ACERETE et al., 2009). Slaugh-
ter is usually a two-step process. First, the an-
imal is stunned to induce insensitivity to pain, 
and death is induced by various methods, in-
cluding bleeding or oxygen deprivation (OLIVEIRA 
and GALHARDO, 2007). These two phases may 
occur together, but when they occur separately, 
the stunning time should be minimised to avoid 
recovery of consciousness before death (LINES 
et al., 2003). When correctly applied, the stun-
ning methods should cause little stress, improve 
the physical properties of meat, reduce muscu-
lar energy exhaustion, generate less lactic acid, 
maintain muscle pH balance, delay rigor mortis 
and, consequently, produce better fish quality 
(CONTE, 2004). 

A typical stunning method in the fish process-
ing industry is thermal shock (ASHLEY, 2007), 
in which water temperature is decreased to ap-
proximately 1°C. This low temperature decreases 
metabolic rate and oxygen consumption, caus-
ing the fish to become immobilised until death 
(RIBAS et al., 2007). The effectiveness of this 
method depends on the difference between cul-
ture and stunning water temperature. Thus, 
thermal shock is more effective when applied to 
tropical fish species (ACERETE et al., 2004) and 
is most often used in warm climate regions ow-
ing to ease of application and positive results on 
meat quality (ROBB and KESTIN, 2002b; SCHER-
ER et al., 2005; LAMBOOIJ et al., 2006b; BAGNI 
et al., 2007).

Some studies demonstrate that electronarco-
sis can damage fish quality when not conduct-
ed properly (ROBB and ROTH, 2003; LINES et al., 
2003; POLI et al., 2005b). Nevertheless, it has 
been demonstrated that species such as Atlan-
tic salmon (Salmo salar) (KIESSLING et al., 2004), 
rainbow trout (Oncorhynchus mykiss) (AZAM et 
al., 1990), eel (Anguila anguila) (MORZEL and VAN 
DE VIS, 2003) and common carp (Cyprinus car-
pio) (LAMBOOIJ et al., 2006a) show good positive 
results on fish quality because of the low stress 
level provided by this method.

CO2 narcosis is mostly used for salmon and 
trout. This method consists of placing fish in-
side a box containing water saturated with CO2, 
which produces H2CO3 in equilibrium with HCO3 

and H+. This procedure decreases the blood pH 
and, hence, induces a toxic effect in the animals’ 
brain (POLI et al., 2005b). Sea bass stunned by 
CO2 narcosis show high energy reserve in muscle 
and low plasma cortisol levels (POLI et al., 2005a). 
This method is efficient and quick for narcotising 
a large number of fish and is useful for several 
species of all sizes, but it is highly stimulating to 
the fish during the first few minutes. The use of 
a controlled CO2 delivery system or inert gases to 
promote anoxia in a more humane way is need-
ed to prevent fish suffering (POLI et al., 2005). 
Therefore, studies concerning different stunning 
methods may contribute to achieve greater fish 
shelf-life and assure animal welfare. 

Matrinxã (Brycon cephalus) is a freshwater 
native fish species from the Upper Amazon ba-
sin in Peru, Bolivia and Brazil. This species has 
been considered a promising candidate for Bra-
zilian aquaculture because of its rapid growth 
rate, good adaptation to captivity and increas-
ing economic importance among farmed fishes 
in Brazil (ROMAGOSA et al., 1999; GOMES et al., 
2000). Although this fish has been the subject 
of several studies in Brazil, few researchers have 
studied the biochemical, physical and sensory 
changes during refrigerated storage (ALMEIDA et 
al., 2006). Despite the fact that stunning meth-
ods are a widely studied subject worldwide, the 
effects of stunning stress on the physiological 
responses and meat quality of native freshwa-
ter fish species are unknown in Brazil. Thus, we 
aimed to compare the efficacy of the three stun-
ning methods (electronarcosis, thermal shock 
and CO2 narcosis) in evaluating parameters such 
as behaviour and meat quality of matrinxã (B. 
cephalus) stored in ice.

Material and methods

Ten month old matrinxã specimens (n = 90; 
weight, 535.10±121.36 g) were purchased from 
a local breeding farm. Fish underwent a 24-h 
fasting period in outdoor tanks. Then, the ani-
mals were captured with a net and immediate-
ly transferred to plastic boxes (120 L) inside the 
laboratory. All animals in the treatment (n = 30) 
were stunned at the same time. As the proce-
dures were the same for all animals, they were 
subjected to the same stress level. The slaugh-
ter methods were performed on the same day to 
avoid the influence of weather.

For electronarcosis stunning, salinity of the 
tank water was adjusted to achieve a specific 
conductance of 700 µS. Two aluminium plates 
(65×35 cm) were placed parallel to each other 
inside a box with a distance of 49 cm between 
them to create an electric field. One of the plates 
was covered with a polyethylene screen to avoid 
short circuit by fish contact. An electrode con-
nected to a device capable of discharging 220 V 
was attached to each plate. Fish were simulta-
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neously subjected to an electric current of 7.3 
A and 155 V for 3 min.

In CO2 narcosis, fish (n = 30) were placed in a 
slaughter box and CO2 was diffused into the wa-
ter (23.2°C) for 30 min until apparent death. For 
thermal shock, fish (n = 30) were immersed in a 
slaughter box containing water and ice (1:1) for 
14 min until apparent death. This is the usual 
stunning procedure for freshwater farmed fish 
in the Brazilian aquaculture industry.

Water quality parameters (pH, temperature, 
salinity, specific conductance and dissolved ox-
ygen) were monitored with a multi-parameter 
probe (Horiba multi-parameters, template U-10) 
during all procedures. Fish behaviour was also 
carefully monitored from the beginning of the 
stunning procedures until apparent death. All 
stunning treatments should make fish insen-
sitive to pain; therefore, some behaviours were 
used as indicators of brain function in the ab-
sence of brain activity measuring equipment, 
as suggested by Kestin et al. (2002). These in-
cluded no vestibulo-ocular reflex (VOR), oper-
cular (no breathing) or swimming movements, 
upside down posture and the absence of a re-
flex when the lateral line was stimulated with a 
pin. After stunning, fish were kept cold in iso-
thermal boxes containing ice and housed in a 
cold chamber at 4°C for 18 days. The parame-
ters evaluated were as follows:

a) Rigor mortis index (RI), which was meas-
ured during each sampling period with three 
replicates per treatment. This parameter was 
measured initially every 30 min after stunning 
to monitor its onset (RI = 100%) and later at 1, 
4, 7, 12 and 18 days of storage to verify resolu-
tion. RI was determined using the equation de-
scribed by Bito et al., 1983.

where RI is the rigor index, D
0
 is the initial dis-

tance between the table surface and the caudal 
fin base and D is the final distance between the 
table surface and the caudal fin base.

b) Fillet length shrinkage, which was meas-
ured using three right fish fillets per treatment 
with the aid of a digital calliper (Starrett, 799A 
series) at 0, 3 and 5 h after death and at 1, 4, 
7, 12 and 18 days of storage. Fish fillets were 
stored under refrigeration at 4°C at time 0. Fil-
let shrinkage was measured in the samples at 
each sampling time. The percentage of variation 
in fillet length was determined using the follow-
ing equation:

where L is the final fillet length and L
0
 is the in-

itial fillet length.

c) Volatile base nitrogen (VBN), which was de-
termined in three left fish fillets per treatment 
immediately after confirming death (time 0) and 
at 1, 4, 7, 12 and 18 days of storage according 
to Howgate (1976).

d) Instrumental colour analysis, which was 
performed in three left fish fillets per treatment 
at 1, 4, 7, 12 and 18 days of storage using a 
portable colourimeter (Miniscan XE, Hunter-
lab). The instrument was calibrated with stand-
ard black and white before each reading. A D65 
light source, 10° viewing angle and 33-mm di-
ameter area were used for the analysis. Colour 
measurements were expressed according to the 
CIELab colour scale, where L* denotes lightness, 
a* denotes red to green variation and b* denotes 
yellow to blue variation.

e) Instrumental texture, which was measured 
in three left fish fillets per treatment at 1, 4, 7, 
12 and 18 days of storage with a texturome-
ter (TA-XT2i, Stable Micro Systems) previously 
calibrated with a 5 kg standard weight. Fillets 
were compressed perpendicularly with the aid 
of an aluminium probe (SMS P/20) and meas-
ured at 40% compression and a 2 mm/s speed 
with a platform distance of 20 mm in three dif-
ferent locations.

f) Sensory evaluation, which was performed by 
five trained panellists with three fish per treat-
ment at 1, 4, 7, 12 and 18 days of storage, ac-
cording to the European Union official scheme 
(European Union Regulation, EEC 103/76 modi-
fied by regulation 2406/96) that determines four 
levels of fish freshness.

g) Statistical analysis: data were subjected to 
analysis of variance (ANOVA) at a 5% significance 
level. Tukey’s test was applied to assess differ-
ences among stunning methods and regression 
analyses were performed where appropriate. 
All analyses were performed with the statistical 
program SAS version 9.1.3 (SAS/STAT®, 2002).

Results and Discussion

Water quality parameters

As parameters such as water quality may have 
varied during stunning causing stress and con-
sequently compromising meat quality, these pa-
rameters were monitored and are described in 
Table 1. As anticipated, in electronarcosis, pa-
rameters such as pH, dissolved oxygen and tem-
perature remained stable during application of 
the electrical current. Salinity increased because 
NaCl was added to improve specific conductance 
of the water. pH decreased after adding CO2 due 
to the production of carbonic acid; however, dis-
solved oxygen levels did not decrease. Other pa-
rameters such as specific conductance, temper-
ature and salinity remained stable. Water tem-
perature was low during the thermal shock stun-
ning method. Dissolved oxygen was higher in 
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the low temperature water (PROENÇA and BIT-
TENCOURT, 1994). pH, conductance and salini-
ty values also remained within expected ranges.

Time required to reach clinical indicators 
of unconsciousness

Clinical indicators of unconsciousness were 
observed when fish remained upside down with-
out opercular or muscular movement or a VOR 
(KESTIN et al., 2002). Considering that these data 
were not statistically analysed, as each stunning 
method was simultaneously performed on thirty 
fish to simulate the fish industry environment, 
unconsciousness seemed to differ among treat-
ments (Table 2).

Stunning by electronarcosis resulted in clini-
cal indicators of fish unconsciousness almost in-
stantaneously and apparently faster than those 
of the other treatments. It is possible to use elec-
tronarcosis to instantaneously stun and kill eels 
by using an electric current for longer periods 
(ROBB et al., 2002), similar to what we used on 
matrinxã. Other studies have also reported that 
stunning fish in water with an electric current is 
a suitable method (LINES et al., 2003) because 
it promotes rapid clinical indicators of uncon-
sciousness.

In thermal-shock-stunning gradual loss of 
consciousness was observed. Although the fish 
were stunned in groups (n = 30), all fish pre-
sented simultaneous clinical signs of uncon-

Table 1 - Water quality parameters: Dissolved oxygen (DO), temperature (TEMP), specific conductance (SC), pH and salinity 
(SAL) at the beginning (B) and end (E) of matrinxã stunning with electronarcosis, CO2 narcosis and thermal shock.

Treatment	 Water quality parameters

		  DO	 TEMP	 SC	 pH	 SAL
		  (mg/L)	 (°C)	 (µS)	 (%)

Electronarcosis	 B	 5.6	 23.5	 700	 6.5	 0.03
	 E	 5.6	 23.5	 700	 6.5	 0.03
CO2 narcosis	 B	 5.9	 23.2	 0.0	 6.1	 0
	 E	 5.7	 23.4	 0.0	 4.8	 0
Thermal shock	 B	 19.2	 1.4	 0.0	 6.6	 0
	 E	 19.1	 1.7	 0.0	 5.9	 0

Table 2 - Behavior parameters observed during the tested stunning methods in matrinxã fish (Brycon cephalus) (n = 30).

Behavior1	 Electronarcosis	 Thermal shock	 CO2 narcosis
		
		  Exposition time to stunning method

Swimming interruption 	 2 s	 2 min	 14 min
Absence of runaway movement	 2 s	 6 min	 14 min
Dorsal inversion	 2 s	 8 min	 32 min
Muscular tonelessness	 2 s	 8 min	 32 min
Absence of operculum movement 	 2 s	 8 min	 32 min
Absence of vestíbulo-ocular reflex (vor)	 2 s	 8 min	 32 min
Absence of lateral line reflex 	 2 s	 8 min	 32 min

1(Kestin et al., 2002).

sciousness. Time to achieve unconsciousness 
using thermal shock stunning seemed shorter 
than in electronarcosis, but longer than that in 
CO2 narcosis (Table 2), as observed for turbot 
(Scophthalmus maximus) (MORZEL et al., 2003).

In CO2 narcosis stunning, the time required to 
reach clinical indicators of unconsciousness was 
apparently longer than that in the other treat-
ments. Similar studies in other species have re-
ported shorter times to reach loss of conscious-
ness (ROBB and KESTIN, 2002a; ROBB et al., 
2002a; KESTIN, 2003; ROTH et al., 2006). These 
variations may be due to metabolic and physi-
ological differences among species or the man-
ner in which the stunning was executed (if fish 
are exposed to saturated water or if the gas is 
diffused into water afterwards). As observed in 
our experiment, CO2 narcosis stimulates fish, 
which is obvious by their quick and violent re-
actions such as repeated swimming movements, 
attempts to escape and abnormal activity after 
stunning (POLI et al., 2005b).

Rigor mortis

The time required for the onset of full rigor 
mortis did not differ (P > 0.05) among stunning 
methods. Two hours were required for the onset 
of rigor mortis, which remained for 96 h (4 days) 
of storage. These data can vary greatly among 
species, stunning methods and preservation 
temperatures after death, as reported by Ruff 
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et al. (2002) in their study of S. maximus (20-36 
h) and by Parisi et al. (2002) in their study of 
sea bass stunned by thermal shock and stored 
for 11 days at 4°C.

The onset of rigor mortis occurs within 2 h 
when tilapia are slaughtered at 0°C and stored 
in ice (CURRAN et al., 1986), as observed in the 
present study.

Muscular fillet shrinkage

Similar behaviours were observed within treat-
ments for the muscular fillet shrinkage evalua-
tions, and a significant (P < 0.05) increase was 
observed 12 h after storage. Shrinkage rate tend-
ed to stabilise after this time and was higher in 
fillets from fish stunned by CO2 narcosis (CO2: 
10.28%; thermal shock: 9.47%; electronarcosis: 
8.52%; Fig. 1). In cod (Gadus morhua) fillets, (MI-
SIMI et al., 2008), the maximum period for tis-
sue shrinkage (11 h) is similar for fish stressed 
and not stressed by the stunning method (bleed-
ing); however, the shrinkage rate (11%) is high-
er in fillets that originated from stressed fish, as 
observed in our study with matrinxã.

At the time of death, fish muscles are relaxed, 
soft and have an elastic structure. Gradually, 
the muscles become harder, changes their ge-
ometric form and decrease in size (ROBB et al., 
2000a). Fillet shrinkage rate depends on the spe-
cies (EINEN et al., 2002) and the time of filleting. 
Fish muscles tend to have greater shrinkage if 
filleted before rigor mortis because the muscles 
are separated from the bone structure, which 
normally prevents such retraction (LAMBOOIJ 
et al., 2010).

VBN

Stunning by electronarcosis resulted in higher 
levels of VBN during the storage period (19.02 mg 
100 g−1) than those of the other methods (CO2: 
17.76 mg 100 g−1; thermal shock: 17.89 mg 100 
g−1), probably because of the presence of blood. 
However, it is important that fish should not be 
consumed after 18 days of storage regardless of 
treatment according to sensory evaluation and 
once they have been categorised as class B (Eu-
ropean Union Regulation, EEC 103/76 modified 
by regulation 2406/96). VBN levels during the 
18 day storage period were below the maximum 
allowed by the Brazilian Control Department for 
Products of Animal Origin (RIISPOA), which is 
30 mg 100 g−1. In another study with matrinxã 
stored in ice for 16 days after stunning by ther-
mal shock, VBN levels were 19 mg 100 g−1 and 
fillets were considered appropriate for consump-
tion according to the sensory evaluation table 
proposed by the Torry Research Station, Aber-
deen (LESSI et al., 2004).

Total VBN content in fish stored in ice is low 
during the first storage phase and tends to in-
crease rapidly only when fish quality deterio-
rates (HUSS, 1997). This was not observed in the 
present study because VBN levels were stable 
throughout the entire storage period even when 
fish were not appropriate for human consump-
tion. Huss (1997) reported that VBN values 
should not be used to estimate the first chang-
es in fish but to evaluate the degree of deterio-
ration during the last steps. However, this has 
been confirmed mainly with regard to sea fish 
species (LESSI et al., 2004). Therefore, on the ba-

Fig. 1 - Muscular fillet shrinkage of matrinxã fillets 
stunned by electronarcosis (ES), CO2 narcosis (CO), 
and thermal shock (TS) under refrigerated storage for 
432 hours.

Fig. 1 - Muscular fillet shrinkage of matrinxã fillets stunned by electronarcosis (ES), CO2 narcosis (CO), and thermal shock 
(TS) under refrigerated storage for 432 hours.
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sis of the three stunning methods used in this 
study, VBN was not an effective tool to evaluate 
matrinxã under cold storage.

Sensory analysis

No differences were observed among the test-
ed methods with regard to sensory aspects. The 
evaluated methods could not extend fish shelf 
life as the fish stored in ice were classified as 
‘extra’ up to day 4 (96 h), ‘fresh’ (category A) up 
to day 18 (432 h) and ‘rancid’ (category B) after 
this period (Fig. 2).

A study by Lessi et al. (2004) on matrinxã 
stunned in ice and water and subsequently re-
frigerated showed that fish maintained good con-
dition until day 26, and fish quality was clas-
sified as optimal during the first 13 days. The 
sensory evaluation was based on the Torry Re-
search Station table, which considers culture 
conditions, fish habitat and weight at slaughter.

Colour evaluation (L*, a* and b*)

The stunning methods did not alter the inten-
sity of yellow colour (b*) of the fillets. This pa-
rameter increased constantly throughout time in 
the three treatments and could be explained by a 
single equation, b* = 10.4684 + 0.004209x. The 
lightness (L*) of the fillets increased (P < 0.05) 
significantly during storage period for CO2 nar-
cosis and thermal shock treatment. L* values for 
both methods presented little but constant in-
crease until day 18 of storage. In contrast, fillets 
from fish stunned by electronarcosis had con-
sistent lightness (L*) throughout storage (aver-
age, 53.9 ± 1.58).

Red colour intensity (a*) did not differ during 
the storage period, but the intensity was high-
er (P < 0.05) in fish stunned by electronarcosis 

Fig. 2 - Sensory evaluation of matrinxã stunned by electronarcosis, CO2 narcosis and Thermal Shock stored under refriger-
ation during 432 hours.

(4.84 ± 0.6) than in those stunned by CO2 narco-
sis (0.58 ± 0.6) and thermal shock (0.80 ± 0.6). 
The highest red intensity was observed due to 
haemorrhaging caused by the electric current 
applied during electronarcosis. Higher a* and 
lower L* values were observed in turbot stunned 
by electronarcosis (MORZEL et al., 2003). Stun-
ning by electricity is a fast and efficient method 
to render the fish insensitive and induce uncon-
sciousness (ROBB and ROTH, 2003; LAMBOOIJ et 
al., 2004). However, injuries, such as vertebra 
fractures and arterial disruption, caused by this 
kind of stunning can promote blood stains and 
haemorrhaging in the meat (ROTH, 2003), com-
promising product quality. Thus, further stud-
ies investigating different electric shock varia-
bles (voltage, amperage, etc.) are necessary to 
improve L* and a* parameters of fillets.

Instrumental texture

Texture was measured with a texturometer to 
evaluate if the tested methods could cause alter-
ations in muscle texture; however, no differences 
in fillet resistance were observed when compres-
sion strength was applied, regardless of the kind 
of treatment. In contrast, compression strength 
diminished during cold storage (Fig. 3). During 
cold storage, fish suffer degradation in muscle 
structure owing to protein denaturation and en-
zyme actions, causing fish muscle to become less 
rigid, particularly in the first 24 h after slaugh-
ter (TOYOHARA and SHIMIZU, 1988; OKA et al., 
1990; MOCHIZUKI and SATO, 1996). Roth et al. 
(2007) did not observe differences in fillet resist-
ance after comparing different stunning meth-
ods (brain percussion, bleeding and electronar-
cosis) and meat texture in turbot.

In summary, the European Union regulations 
were not effective for this species because some 
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evaluation parameters, such as gills and ab-
dominal cavity odour, only occur in typical sea 
fish. Therefore, developing a specific quality in-
dex method (QIM) for matrinxã or utilising an 
existent scheme for species with similar hab-
itats and feeding behaviour is recommended. 
Further investigations concerning voltage vari-
ations as well as the stunning time and its con-
sequences on fish quality are suggested with 
the purpose of minimising or eliminating possi-
ble damage caused by haemorrhages associat-
ed with electric shock.

Conclusions

The three stunning methods tested were ef-
fective in maintaining meat quality when ap-
plied to matrinxã. Stunning by electronarcosis 
seemed slightly deficient when considering col-
our because of the hemorrhages caused by this 
method suggests the need for further research. 
However, the haemorrhaging did not compro-
mise other quality parameters. Electronarcosis 
is considered to be the most efficient method 
for matrinxã welfare because it seemed to clin-
ically indicate unconsciousness faster than the 
other treatments.
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Abstract

This article analyses factors affecting the reputation of sweet potato (Ipomoea batatas L.) among 
people in Slovenia. The inquiry, which included 7 general questions and 19 questions in particu-
lar about sweet potato, was completed by 712 respondents. The aim was to find out which factors 
impact the knowledge about sweet potato, the relations between answers to various questions re-
garding sweet potato features and willingness of people to know, to buy and to grow it. The meth-
ods applied were the Radial basis function neural networks and multiple linear and logistic re-
gressions. It was established that persons with agricultural education are experts and know sweet 
potato best. Persons from large families are also familiar with it, but to a smaller degree. The an-
swers to 8 questions about sweet potato features were very consistent, since we found out that 
every answer can be predicted with 98% probability (on the basis of the answers to the other 7 
questions). Significant covariates in regression show that the most likely persons to know/buy/
grow sweet potato are the people with agricultural education. Older persons are more interested 
in curative features of sweet potato, while younger and better educated believe in stronger nutri-
tional values. Female respondents are more likely to grow sweet potato than men. Net income also 
influences willingness to buy sweet potato, because people living with children are more likely to 
be willing to attend free lectures about sweet potato.
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INTRODUCTION

The cultivated sweet potato, Ipomoea batatas 
(L.) Lam., (an autohexaploid species) is a dicot-
yledonous vegetable plant (Austin and HUAMÁN, 
1996). The plant is a perennial but is grown as 
an annual by vegetative propagation using ei-
ther storage roots or stem cuttings (ESCALAN-
TE-SÁNCHEZ et al., 2008).

Although sweet potato originated in Central 
or South America, the world production is cen-
tred in Asia. China is the world’s leading pro-
ducer, accounting for 83% of the world supply at 
117 million ton produced annually on 5.1 mil-
lion hectares (JUNG et al., 2011).

In spite of its name, the sweet potato is an 
entirely different vegetable than potatoes (So-
lanum tuberosum L.). Sweet potatoes belong 
to the morning glory family (Convolvulaceae), 
while potatoes are members of the Solanaceae 
family. Sweet potato roots, leaves, and shoots 
(stems) are used for table food, starch produc-
tion, food processing and many other purposes 
such as livestock feeds and brewing (TAKAHATA 
et al., 2011). Sweet potatoes are a nutritious 
food, low in fat and proteins, but rich in car-
bohydrates (BURRI, 2011). Tubers and leaves 
are good sources of crude protein, minerals, 
vitamins and carotenoids (TEOW et al., 2007; 
FONSECA et al., 2008). Several Slovenian inves-
tigators reported that a great deal of interest 
has been devoted to bioactive food components 
and phytochemicals found in fruits and vegeta-
bles in the past few years, due to the possibili-
ty of having nutritional benefits (MIKULIč PET-
KOVŠEK et al., 2011; SCHMITZER et al., 2011; 
SLATNAR et al., 2011; KOCJAN AčKO, 2012).

Sweet potato is one of the most efficient food 
crops in terms of caloric value per land area, 
with many agronomic advantages for margin-
al land (WOOLFE, 1992), because it is relative-
ly easy to grow (van OIRSCHOT et al., 2003). De-
spite of this the crop is a relatively unknown veg-
etable in Europe.

The aim of this study is to explore the knowl-
edge and perceptions of people in Slovenia 
about sweet potato. A questionnaire had been 
designed and filled by 712 persons of age 18 or 
older, sampled randomly. It consisted of 7 gen-
eral questions and 19 questions about sweet po-
tato. The aim was to determine how many peo-
ple know sweet potato, which factors impact-
ed the knowledge about sweet potato, the re-
lations between answers to various questions 
regarding sweet potato features and willing-
ness of people to know, to buy and to grow the 
crop. Besides using basic statistics, correlations 
and regressions, artificial neural networks – as 
more advanced data analysis methods – were 
also applied.

Artificial neural networks (ANNs) are mathe-
matical models, inspired by natural neural net-
works. An ANN consists of an interconnected 

group of processing units or neurons, which 
usually perform a non-linear function. The con-
nections between neurons have their associat-
ed weights, which act as free parameters of the 
model. By proper setting of the weights, some 
desired relationship between inputs and out-
puts are set. In most cases it is hard or even 
impossible to calculate desired weights direct-
ly and instead another procedure called learn-
ing or training is performed, where the differ-
ence between actual and desired outputs, called 
error, is gradually minimized. ANNs may be 
viewed as a complex type of regression. They 
are trained on a training set, where inputs and 
outputs are known and used later for predicting 
outputs for patterns or examples with known 
inputs only (MITTAL et al., 2000; GHAMARI et 
al., 2010).

ANNs are capable of generalizing; they are 
tolerant to errors and need no apriority mod-
el. They are also capable of modelling non-lin-
ear relationships in data. However, there is no 
general way to determine the optimal number 
of neurons for a certain problem. It is also pos-
sible that the network over-fits the data, which 
reduces its generalization ability. Besides, the 
knowledge stored in the network is not easy to 
interpret (SEYHAN et al., 2005).

In agriculture, the most frequently applied 
artificial neural network is the Multi-layer per-
ceptron (MLP). CHEN (2005) discussed the ad-
vantages and disadvantages of ANNs for use in 
agriculture. He concluded that ANNs general-
ly outperform econometric methods (meaning 
standard statistical methods such as regres-
sion). Their limitations included a lack of tests 
for statistical significance. ANNs are perhaps 
best viewed as supplements to standard meth-
ods, not as substitutes.

ANNs were used by several authors for various 
purposes. According to GHAMARI et al. (2010), 
terminal velocity of agricultural seeds was pre-
dicted with artificial neural networks. On the 
other hand, ŠTASTNY et al. (2011) predicted crop 
yield levels using MLP. ANNs were also applied 
as classifiers in image analysis of agricultur-
al products (JAYAS et al., 2000). DRUMMOND et 
al. (1998) applied ANN methods to functional-
ly relate soil properties and crop yields. TERZI 
and ONAL (2012) used ANNs and regression to 
forecast monthly river flow. ANNs were further 
used for modeling the impact of climate chang-
es, based on precipitation over the mountains 
and the basin area coupled with stream flow, 
on irrigation water supplies (ELGAALI and GAR-
CIA, 2007).

A radial basis function (RBF) neural network 
is in its predicting capabilities very similar to 
the MLP, although it works quite differently. 
RBF neurons use different activation functions 
and the training procedure usually begins with 
clustering. We are not aware of any application 
in the field of agriculture which has applied RBF 
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networks, which, of course, still does not mean 
that it does not exist.

Using RBF networks and regression, the 
study aimed to predict certain variables from 
a questionnaire on knowledge about sweet po-
tato among citizens of Slovenia, using subsets 
of other variables. While regression analysis 
usually gives more explanative results, RBF 
networks generally yield higher classification 
accuracy.

Many studies have been published about the 
willingness to buy or grow food. LAURIE and van 
HEERDEN (2012) studied the consumer accept-
ability of four products made from β-carotene-
rich sweet potato in South Africa. The accepta-
bility of sweet potato products was high (about 
90%). 92% of the consumers liked the colour 
of the four products, 87% were willing to pur-
chase the products and 88% would produce 
these products at home. Willingness to buy and 
to grow these products were mostly indicated in 
the older respondents.

LEIGHTON et al. (2010) reported the consum-
er taste preference for white-fleshed sweet pota-
to and orange-fleshed sweet potato (OSP). They 
found a preference for OSP, in terms of both pre-
ferring the taste and liking the colour. The ma-
jority of respondents indicated a willingness to 
buy OSP.

WALKER et al. (2009) studied the prevalence 
and reasons for sweet potato use in child nu-
trition programs in the Southeastern United 
States. Significantly more white-potato menu 
items were offered and generated significantly 
less waste than sweet potato menu items. The 
most frequently cited reasons for willingness to 
use potatoes were having more recipes accepta-
ble to children, controlling cost and meeting nu-
trition guidelines. 

CHOWDHURY et al. (2011) attempted to as-
sess whether consumers in Uganda will ac-
cept the orange sweet potato (OSP), which is 
high in β-carotene and can reduce the prev-
alence of vitamin A deficiency. The paper at-
tempts to quantify the magnitude of the pre-
mium or discount in consumers’ willingness to 
pay (WTP). The results suggest that the provi-
sion of nutrition information leads to substan-
tial premia for the orange varieties (vs. white) 
and that taste plays an important role in con-
sumer acceptance, indicating that an infor-
mation campaign may be key to driving mar-
ket acceptance of the product. 

VOON et al. (2011) investigated the determi-
nants of willingness to purchase organic food 
among consumers in a Malaysian city. A ma-
jor theory on consumer behavior is the Theo-
ry of planned behavior by AJZEN (1991). It ar-
gues that an individual’s intention to perform a 
behavior is influenced by a combination of be-
havioral attitudes (beliefs about the desirability 
of behaviors); subjective norms (perceived rele-
vance and importance of opinions of significant 

others); and behavioral control (sense of con-
trol over behavior). Attitude, subjective norms 
and affordability (behavioral control) were mod-
eled to impact willingness to pay (WTP) for or-
ganic food. Attitude and subjective norms exert-
ed significant positive effects on WTP while the 
effect of affordability was not significant. Atti-
tude influenced subjective norms and afforda-
bility, thus indicating that a promotion of con-
sumption growth should focus on influencing 
consumer attitudes.

JEKANOWSKI et al. (2000) studied demograph-
ic and attitudinal factors which are most impor-
tant in predicting the likelihood of consumers 
to purchase products that are produced with-
in the local state (Indiana). The results indicat-
ed that the willingness to purchase locally pro-
duced agricultural products increases with time 
of residency in the state, and there is a great-
er tendency for female consumers to purchase 
such products. They also find that quality per-
ceptions played a critical role in these food pur-
chase decisions. 

MATERIALS AND METHODS

Data

A total of 712 persons in Slovenia were inter-
viewed. Each person had to be 18 years or older. 
The respondents were selected randomly. There 
were no other inclusion or exclusion criteria.

Each record (a single person’s data) consist-
ed of the following variables:

1.	B asic data about the person, such as Gender, 
Age, Status, Education, Type of Education, 
Net income, Number of family members and 
questions like “Where do you shop mostly?” 
These variables will be called “property var-
iables” (Table 1).

2.	 Answers to the questions about sweet po-
tato, such as “Do you know sweet potato?”, 
“Where have you encountered this plant?”, 
“What is the utility of the plant?” and others 
are shown in Table 2. These can further be 
divided into two groups:
a)	 Answers to the questions about know-

ing sweet potato and its features, called 
“knowledge variables”.

b)	 Answers to the questions commencing 
with “Would”, such as “How would you en-
large the promotion of the plant?”, “Would 
you be willing to attend a free of charge 
lecture about it?” and similar. These will 
be called “conditional variables”.

Statistical methods

Linear and logistic regression
Multiple linear regression (DRAPER and 
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SMITH, 1998) assumes that the dependent var-
iable is a linear function of independent vari-
ables:

It is also assumed that the error term e is 
normally distributed with E(e) = 0 and with a 
constant variance Var(e) = s2. Since the sys-
tem is usually over-determined, the exact 
solution does not exist. Model coefficients 
b0, b1, …, bp are determined by the method of 
least squares, which minimizes the sum of 
squared errors.

Logistic regression (Agresti, 2007) applies 
the logistic function on a linear combination of 
independent variables:

The logistic function returns values between 
0 and 1 and is useful for modelling binary or di-
chotomous variables. NAGELKERKE (1992) gen-
eralized R2 to be used as the coefficient of de-
termination:

where L(0) is the likelihood of the model with only 
the intercept, L(θ̂) is the likelihood of the esti-
mated model, and n is the sample size.

The RBF neural network
We also applied a non-linear classification/

regression method, the Radial basis function 
or RBF neural network (MOODY and DARK-
EN, 1989; POGGIO and GIROSI, 1990; HAYKIN, 
1999). It is able to “learn” specified input-out-

Table 1 - Property variables.

Properties	 Values

Gender	 Male	 Female
	 (25.0%)	 (74.1%)
Age	 18-25	 26-35	 36-45	 -55	 56-65	 66 or more
	 (25.0%)	 (23.2%)	 (28.6%)	 (15.2%)	 (4.5%)	 (3.6%)
Status	 Married 	 Single	 Living	 Single parent	 Divorced	 Widow/er
	 or with partner		  with parents	 (3.6%)	 (1.8%)	 (0.9%)
	 (63.4%)	 (18.8%)	 (9.8%)	
Education	 Primary 	 Vocational 	 Secondary 	 High or university	 MSc or PhD
	 (1.8%)	 (11.6%)	 (41.1%)	 (38.4%)	 (7.1%)
Type of education	 Agricultural	 Nutritional	 Other
	 (26.8%)	 (1.8%)	 (67.0%)
Net income	 < 400 EUR	 401-500 EUR	 501-750 EUR	 751-1000 EUR	 1001-1500 EUR	 > 1500 EUR
	 (17.9%)	 (1.8%)	 (14.3%)	 (15.2%)	 (24.1%)	 (10.7%)
Num. of family members	 1	 2	 3	 4	 5	 6 or more
	 (7.1%)	 (19.6%)	 (11.6%)	 (24.1%)	 (15.2%)	 (12.5%)
Shopping (where)	 Local stores	 Shopping centers	 Market halls	 Ecological markets	Ecological stores
	 (43.8%)	 (51.8%)	 (0.9%)	 (0.9%)	 (2.7%)

put relationships of (usually) previously col-
lected data (training set). By learning is meant 
adaptation of free parameters of the network, 
also called weights.

The RBF network has three layers:
The input layer, which merely distributes in-

puts to the hidden layer.
The hidden layer, which consists of process-

ing units, also called neurons, with radial func-
tions response.

The output layer, whose outputs are line-
ar combinations of hidden layer’s basis func-
tions.

Fig. 1 shows a RBF neural network and its 
typical output. The latter is for a case with only 
two inputs, otherwise it could not be present-
ed graphically. The RBF network may also have 
more output neurons.

An output unit performs the following func-
tion:

where xi is the i-th input vector and j is the ra-
dial basis function, usually Gaussian:

with width s. The center vector of the j-th Gauss-
ian is denoted by tj.

If Φ is a matrix with elements Φij = j(||xi - tj||), 
we have a system of linear equations:

Φw = d

where d is the vector of target or desired outputs 
and w is the vector of weights. Since the system 
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is usually over-determined, an exact solution is 
generally not possible, only approximation. The 
least squares solution is:

w = Φ+ d = (ΦT F)-1 FT d

and Φ+ is called pseudo-inverse.
The number of hidden units is the only fac-

tor that influences the complexity of the RBF 
function. When this number is too large, the 
network may adapt itself too much to the 
training set (over-fitting) and perform badly 
on other data from the same population (test-
ing set). On the other hand, when the num-
ber of hidden units is too small, the network 
is unable to capture relevant features of the 
task presented.

RESULTS AND DISCUSSION

Basic statistics and correlations

Tables 1 and 2 show the answers to all ques-
tions in percentages. Of all respondents, 24.1% 
knew sweet potato well, 37.5% knew the crop 
only superficially, and 38.4% did not know it 
at all.

From the raw data an additional variable 
called “Knowledge” was constructed, which was 
the sum of eight knowledge variables (questions 
from “What is the utility of the plant?” to “What 
are its healing effects?” in Table 2), using an-
swers other than “Don’t know”. All the other 
possible answers were more or less meaning-
ful, i.e., none of them was false, so it is not sen-
sible to measure how many answers were cor-
rect. There were eight strict knowledge variables, 
so “Knowledge” had integers from 0 to 8 as pos-
sible values. It may be considered as a sort of 
score at a test. Figure 2 shows the distribution 
of “Knowledge”. The mean value was 3.86; thus 

Fig. 1 - RBF neural network and its typical output.

a little less than 4, which is exactly a half of the 
maximal value (8).

Twenty persons or 17.9% had the score of 0, 
although 38.4% of people claimed not to be fa-
miliar with sweet potato. It means that half of 
these people either knew something or simply 
guessed some of the answers.

The first type of analysis performed was cal-
culation of the Pearson product-moment cor-
relation coefficient between variables. We did 
not calculate all possible correlations, since 
some of them were not of interest in terms of 
sweet potato. For example, mutual correla-
tions between property variables (such as sig-
nificant positive correlations between “Educa-
tion level” and “Net income” or between “Age” 
and “Status: married”, or negative correlations 
between “Age” and “Status: with parents” or 
between “Education level” and “Status: with 
parents”, etc.).

One of the most significant correlations was 
between “Education: agricultural” and “Do you 
know sweet potato?”, r = 0.257 at significance 
p < 0.01. Then, answers “Don’t know” are most-
ly correlated with each other, which is also log-
ical, since persons who do not know some facts 
about sweet potato are likely to not know some 
other facts. Actually, 20 persons knew abso-
lutely nothing about sweet potato, as shown in 
Fig. 2, which presents the scores that respond-
ents obtained on questions about knowledge of 
sweet potato.

We also calculated the correlation coefficient 
between “Knowledge” and “Do you know sweet 
potato?” and thus verified that persons who 
claimed to know sweet potato actually knew 
something about it. The correlation was very 
significant (r = 0.662** at p = 0.000). Further, 
it was interesting to measure the correlation of 
“Knowledge” with some of the conditional varia-
bles: correlation with “Are you willing to attend a 
free of charge lecture about it?” was r = 0.185 at 

input1 input2
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p = 0.055 and with “Are you willing to grow (pro-
duce) it for your own use?” it was r = 0.221* at p 
= 0.022. Willingness to buy sweet potato is pos-
itively correlated with the net income. Besides, 
persons with agricultural education use sweet 
potato more frequently than others.

Regression and RBF network

The next type of analysis performed was re-
gression. The purposes of regression are two-
fold: a) to predict the dependent variables and 
b) to observe relationships between dependent 
and independent variables. Linear (multiple) 
regression was performed on quantitative var-
iables, as well as on ordered categorical varia-
bles, which were previously quantified. For non-
ordered (or qualitative) categorical variables, it 
is possible to perform logistic regression on the 
individual values of the variables. Thus, mul-
tiple regressions on any single variable had to 
be performed.

Since the variable “Do you know sweet pota-
to?” had three ordered values, a linear multi-
ple regression model to predict it could be built. 
The property variables were placed as the inde-
pendent ones. The results showed that R was 
only 0.419 (R2 = 0.176) and that the only sig-
nificant (p = 0.004) variable in this model was 
“Education: agricultural” with B = 0.658 and 
standardized b = 0.372. Obviously, it was hard 
to predict the knowledge of sweet potato sole-
ly on the basis of property variables, which 
were probably too general for such a purpose. 
It was suspected that people’s inclination to-
wards plants and towards cooking might play 
major roles here.

It is also possible to perform the logistic re-
gression when the question “Do you know sweet 

Fig. 2 - Distribution of “Knowledge”: number of persons who 
responded meaningfully to a specified number of questions 
(knowledge variables).
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potato?” has only two answers: “I know it” (com-
bining “I know it merely from pictures/talking” 
and “I know it well”) and “Don’t know”. In this 
case Nagelkerke’s coefficient of determination 
R2 = 0.220, the percentage of correct classifi-
cation was 61.2%, and the only significant (p = 
0.042) variable was again “Education: agricul-
tural” with B = 1.361.

Furthermore a RBF neural network was ap-
plied to predict the answers to the question 
above. The number of hidden units was opti-
mized with respect to the results on a separate 
validation set. In this case there were 9 hidden 
units. Table 3 presents the classification table 
for this case. Ideally, only diagonal entries of 
the classification table would be nonzero - oth-
ers are miss-classifications.

It can be stated that persons who do not know 
sweet potato were mainly classified as such 
(75%), only seven of them were predicted as to 
know sweet potato. It is quite obvious that it 
was hard to determine whether a person knows 
sweet potato (well) or knows it only superficially. 
Due to this observation, we tried to predict the 
modified variable “Do you know sweet potato?” 

Table 3 - Classification table for dependent variable “Do you know sweet potato?” using a RBF neural network.

	 Predicted

	 Observed	 Don’t know	 Know only superficially	 Know	 Percent Correct

Training	 Don’t know	 21	 3	 4	 75.0%
	 Know only superficially	 10	 9	 1	 45.0%
	 Know	 4	 1	 6	 45.5%
	 Overall Percent	 59.3%	 22.0%	 18.6%	 61.0%

Testing	 Don’t know	 4	 2	 1	 57.1%
	 Know only superficially	 4	 6	 0	 60.0%
	 Know	 4	 0	 5	 55.6%
	 Overall Percent	 46.2%	 30.8%	 23.1	 57.5%

that only has two values: “I know it” (consist-
ing of “Know only superficially” and “I know it 
well”) and “Don’t know”. That time the obtained 
results were a bit better (Table 4). However, it is 
hard to expect the results to be better for this 
case, since only the property variables were the 
independent ones.

Next, regression analysis was performed on 
individual knowledge variables, taking the re-
maining knowledge variables as independent 
(but of course, not taking into account the re-
maining values of the dependent variable). For 
example, when running regression on “Tuber 
color is white”, “Tuber color is yellow or orange” 
was not taken as an independent variable.

For instance, separate logistic regressions 
were performed on all values of “Which prop-
erties do the ordinary and the sweet potato 
share?”. For “Similarity - Tuber color”, Nagel-
kerke’s coefficient was R2 = 1.000, for “Similar-
ity - Tuber shape” Nagelkerke’s R2 = 0.610, for 
“Similarity - Structure” Nagelkerke R2 = 0.963, 
and for “Similarity - Don’t know” Nagelkerke R2 
= 0.961. The classification values for all four cas-
es are presented in Table 5. 

In case of “Similarity - Tuber shape”, variable 
“Utility - Nutritional” had B = 8.2 at p = 0.095, 
so the two variables were considered to be cor-
related. The results showed that people who be-
lieve that the tuber shape of sweet potato is sim-
ilar to the tuber shape of a potato, also believe 
that sweet potato has nutritional value.

These results and the results for the other 
seven knowledge variables are presented in Ta-
ble 6. A striking result was obtained in this re-
gard: the probability to predict the answer to any 
of these eight questions (on the basis of the an-
swers to the other seven questions) is very high; 
98% on average.

We also tried to predict some of the condi-
tional variables on the basis of property varia-
bles and some of the other conditional variables. 
When predicting “Are you willing to attend a free 
of charge lecture about it?” the classification ac-
curacy is 73.8% on the training set and 82.4% 
on the testing set. There were only two target 

Table 4 - Classification table for dependent variable “Do you 
know sweet potato?”. This time the variable is dichotomous 
or binary – it has two values: “Don’t know” and “Know”, which 
subsumes “Know only superficially” and “Know”.

	 Predicted

	 Observed	 Don’t	 Know	 Percent 
		  know		  Correct

Training	 Don’t know	 10	 11	 47.6%
	 Know	 4	 20	 83.3%
	 Overall Percent	 31.1%	 68.9%	 66.7%

Testing	 Don’t know	 4	 8	 33.3%
	 Know	 4	 17	 81.0%
	 Overall Percent	 24.2%	 75.8%	 63.6%
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Table 5 - Classification tables for variables “Similarity - Tuber color”, “Similarity - Tuber shape”, “Similarity - Structure”, and 
“Similarity - Don’t know”.

	 Predicted
	 Similarity - Tuber color

Observed		N  o	 Yes	 Percent Correct
Similarity - Tuber color	N o	 52	 0	 100.0%
	 Yes	 0	 17	 100.0%
	 Overall Percentage			   100.0%

	 Predicted
	 Similarity - Tuber shape
Observed		N  o	 Yes	 Percent Correct
Similarity - Tuber shape	N o	 50	 2	 96.2%
	 Yes	 3	 14	 82.4%
	 Overall Percentage			   92.8%

	 Predicted
	 Similarity - Structure
Observed		N  o	 Yes	 Percent Correct
Similarity - Structure	N o	 57	 0	 100.0%
	 Yes	 1	 11	 91.7%
	 Overall Percentage			   98.6%

	 Predicted
	 Similarity - Don’t know
Observed		N  o	 Yes	 Percent Correct
Similarity - Don’t know	N o	 45	 1	 97.8%
	 Yes	 1	 22	 95.7%
	 Overall Percentage			   97.1%

Table 6 - Results of logistic regression on knowledge variables. Logistic regression was performed on each answer separate-
ly, i.e. 32 times. Each time the independent variables were the answers to the other 7 questions, i.e. 28 variables.

	 Values, Nagelkerke R2, Classification accuracy

Which properties	 Tuber color	 Tuber shape	 Structure	 Don’t know
share the ordinary	 1.000, 100.0%	 0.610, 92.8%	 0.963, 98.6%	 0.961, 97.1%
and sweet potato?

Which tuber color	 White	 Yellow or orange	 Red, rose and purple	 Don’t know
is the most frequent?	 1.000, 100.0%	 0.980, 98.6%	 1.000, 100.0%	 0.984, 98.6%

Which are the usable	 Tender leaves	 Tubers	 Leaves and tubers	 Don’t know
parts of the plant?	 1.000, 100.0%	 1.000, 100.0%	 1.000, 100.0%	 1.000, 100.0%

Which type of	 With tubers	 With stem cuts	 With tubers, stem cuts	 Don’t know
propagation it uses?	 1.000, 100.0%	 and leaf cuts	 and leaf cuts, micro-propagation	 1.000, 100.0%
		  1.000, 100.0%	 1.000, 100.0% 

What are its	 High temperatures	 Undemanding	 Ordinary temperatures	 Don’t know
temperature demands?	 1.000, 100.0%	 1.000, 100.0%	 1.000, 100.0%	 1.000, 100.0%

Does the plant originate	 Yes	N o	 Perhaps	 Don’t know
from tropical areas?	 1.000, 100.0%	 1.000, 100.0%	 0.838, 92.8%	 0.859, 94.2%

What is the utility	 Decorative	N utritional	I n textile	 Don’t know
of the plant?	 1.000, 100.0%	 0.691, 88.4%		  .956, 98.6%

What are its healing	 Cholesterol	 Stroke	 Diabetes	 Don’t know
effects?	 1.000, 100.0%	 1.000, 100.0%	 0.578, 85.5%	 0.681, 88.4%
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categories: “No or Don’t know” and “Yes”. Fig. 3 
shows the predicted pseudo probability versus 
actual outputs for the RBF neural network. It 
is called pseudo probability, since the RBF net-
work’s outputs do not sum to 1.

When predicting “Are you willing to buy it due 
to its healing effects?”, the classification accura-
cies were 78.0 and 68.4%. When predicting “Are 
you willing to grow (produce) it for your own use?”, 
the classification accuracies are 73.8 and 69.2%.

Table 7 shows statistically significant covari-
ates in regression on different variables. This is 

important, since it shows factors that best pre-
dict the variables. In logistic regression on “Util-
ity: nutritional”, there were also significant posi-
tive correlations with “Usable tubers” at p = 0.016, 
with “Usable leaves and tubers” at p = 0.078, and 
with “Healing stroke” at p = 0.080. “Do you use it 
in nutrition? “Yes” and “Education: nutritional” 
are positively correlated, which seems logical. The 
“Stronger promotion in nutritional profession” 
is positively correlated with education level and 
negatively with age, which means that younger 
and more educated people more firmly believe in 
the promotion of sweet potato as a vegetable with 
high nutritional values. Older people and persons 
from large families believe in stronger promotion 
as a healing plant. The last three questions “Are 
you willing to … ?” are positively correlated with 
“Education: agricultural”, with “Status: with chil-
dren”, and with “Gender: female”. Willingness to 
buy sweet potato is also correlated with the net 
income, which naturally makes sense.

CONCLUSIONS

The present study evaluated knowledge about 
sweet potato in Slovenia and factors that affect 
it. 712 respondents answered a questionnaire 
with 26 questions – 7 general and 19 particular 
about sweet potato. The main objective was to 
determine the degree of knowledge about sweet 
potato, which general factors impact the knowl-
edge about it, relationships between answers, 
willingness to know/buy/grow sweet potato and 
factors that affect it.

Table 7 - Statistically significant covariates in regression (logistic or linear, dependent on the variable). Only those covariates 
are shown that significantly impact the dependent variable (an answer to a question on the left side).

Dependent variables	 Statistically significant covariates, sign of correlation (positive, negative), p

What is the utility of the plant? Nutritional	 Usable parts: tubers, positive, p = 0.016	 Usable parts: leaves and tubers,	 Healing stroke, positive,
		  positive, p = 0.078	 p = 0.080

Do you use it in nutrition? Yes/No	 Status: single, negative, 	 Education nutritional, positive,
	 p = 0.088	 p = 0.123	

How would you enlarge the promotion	 Age, negative,	 Education level, positive,
of the plant? With stronger promotion	 p = 0.039	 p = 0.060
in nutritional profession	  

How would you enlarge the promotion	 Age, positive,	 Number of family members,
of the plant? With stronger promotion	 p = 0.089	 positive, p = 0.057
as a healing plant

Are you willing to attend a free	 Status: with children,	 Education: agricultural,
of charge lecture about it?	 positive, p = 0.064	 positive, p = 0.006

Are you willing to buy it due to its	 Education: agricultural,	 Net income, positive,
healing effects?	 positive, p = 0.134	 p = 0.086

Are you willing to grow (produce)	 Gender, positive (female),	 Education: agricultural,
it for your own use?	 p = 0.088	 positive, p = 0.008

Fig. 3 - Predicted pseudo-probability versus actual outputs 
for the RBF neural network.
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We applied the linear and the logistic multiple 
regression and artificial neural networks with ra-
dial basis functions. Both types of methods are 
mainly used for prediction, although they can also 
be applied for extracting the importance of individ-
ual variables. Artificial neural networks require no 
explicit model. They are derived from known ex-
amples. They are able to generalize and are toler-
ant to errors. When compared to the multiple re-
gression, RBF neural networks are generally able 
to use a more complex model, which can lead to 
better prediction results. However, it is generally 
hard to extract knowledge from neural networks – 
regression is more transparent to the user.

24% of respondents know sweet potato well, 
while 39% know it only superficially. The most 
important factor for knowledge about sweet pota-
to is agricultural education. The second (less sig-
nificant) is the number of family members, which 
is probably related to the number of children in 
most cases. However, it is hard to predict the rep-
utation of sweet potato solely on the basis of gen-
eral properties of people. We suspect that people’s 
inclinations probably play an important role here.

When researching relationships between vari-
ous answers to 8 specific questions about features 
of sweet potato, we came upon a very interest-
ing result. Namely, every answer can be very ac-
curately predicted on the basis of answers to the 
other 7 questions, by accuracy of 98% on average. 
Of course, the other answers to the same ques-
tion are not considered. We may therefore con-
clude that the answers are very self-consistent.

When looking for significant factors in regres-
sion on different variables, we found some in-
teresting and logical relationships. It is shown 
that people with agricultural education are more 
willing to know/buy/grow SP than others. Old-
er persons are shown to be more interested in 
healing effects of sweet potato, while young-
er and better educated believe in stronger nu-
tritional values. Female respondents are more 
likely to grow it than male. Net income impacts 
one’s willingness to buy sweet potato, because 
people living with children are willing to attend 
a free lecture about sweet potato.
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Abstract

In Mediterranean countries such as Italy and Portugal an ancient practice among beekepers 
is the production of a honey-based product that is called “água-mel” (Portuguese designation) or 
“abbamele” (Italian designation) that have not only food applications but also medicinal purposes. 
However, the characterization of such foodstuff is completely absent in Portugal. In our study the 
main goal was to provide the general chemical characterization and the microbiological quality of 
samples of “água-mel”. The chemical characterization showed a great variability of the ash per-
centage (0.167-0.474); electrical conductivity (407-1067 mS/cm); free acidity (33.2-91.2 meq/kg); 
lactone acidity (14.60-20.50 meq/kg); total acidity (53.7-122.72 meq/kg); glucose (185.57-258.52 
g/kg); fructose (218.49-315.36 g/kg); total polyphenols (1780.0-4963.8 mg/kg); flavonoids (188.8-
1702.4 mg/kg) and 5-(hydroxymethyl)-2-furaldehyde (HMF) (1812.6-8428.9 mg/kg), depending 
on the beekeeper and production year. The microbiological quality included the counts of aerobic 
mesophilic bacteria, yeasts and moulds, Enterobacteriaceae, sulphite-reducing Clostridium spp. 
and the presence of Salmonella spp. The results showed that from all “água-mel” samples analyzed 
only one sample was contaminated with Clostridium spp. and aerobic mesophilic bacteria. Tak-
en together both chemical and microbiological data indicates a safe consumption of “água-mel”.

mailto:mgmiguel@ualg.pt
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INTRODUCTION

For a long time beekeepers from Portugal, 
mainly in the South (Algarve and Alentejo re-
gions), obtain a honey-based product known as 
“água-mel”. Such product is obtained according 
to that already reported for a traditional hon-
ey-based Sardinian product called “abbamele” 
(SPANO et al., 2008) with little differences. For 
“abbamele”, after the extraction of honey from 
the honeycombs, the latter are crumbled and 
dipped into warm water (40ºC). The emerging 
wax separates and the remaining liquid (water, 
some honey and pollen) is heat-treated (up to 
100ºC) until a brown, honey-like product. In 
Portugal, honeycombs are also crumbled and 
dipped into warm water but at 70ºC. The re-
maining liquid constituted by washing water, 
some honey, propolis and pollen is, then, heat-
treated until a brown, honey-like product with 
70°-77º Brix (Fig. 1). This procedure is time-
consuming (9-12 hours).

Since ancient times, “água-mel” is used in Por-
tugal as sweetener in cakes, tea, and of great im-
portance as natural medicine on the alleviation 
of simple symptoms of upper respiratory tract. 
More recently, the haute cuisine started to use 
this product in salads and cakes.

In Portugal no information about the phys-
ico-chemical characteristics of “água-mel” 
exists, in contrast to the Italian “abbamele” 
which has been under research since a few 
years ago (SPANO et al., 2008; JERKOVIĆ et 

al., 2011). Thus, the general characterization 
of the “água-mel” from the South of Portugal 
is our main goal.

MATERIAL AND METHODS

Samples

Samples of “água-mel” were given by the fol-
lowing producers; through the beekeepers As-
sociation “Associação dos Apicultores do Su-
doeste Alentejano e Costa Vicentina” (AASACV), 
Portugal:

- 1A/2008: Producer 1A/year of production 2008;
- 1A/2010: Producer 1A/year of production 2010;
- 1A/2011: Producer 1A/year of production 2011;
- 1B/2010: Producer 1B/year of production 2010;
- 1B/2011: Producer 1B/year of production 2011;
- 1H/2011: Producer 1H/year of production 2011;
- 1I/2011: Producer 1I/year of production 2011;
- 1M/2011: Producer 1M/year of production 2011;
- 2A/2011: Producer 2A/year of production 2011;
- 2B/2011: Producer 2B/year of production 2011.

Samples were kept at room temperature and 
flasks were opened at aseptic conditions, in a 
laminar flow chamber (BIOHAZARD, Bio II A, Tel-
star, Madrid, Spain). For each sample of “água-
mel”, the producers provided 3 bottles. For each 
bottle, 3 determinations were done. Thus, data 
are the mean of 9 determinations (n=9).

Fig. 1 - Flow chart of “água-mel” and “abbamele” production.
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Microbiological analysis

To evaluate the microbiological quality of 
“água-mel”, counts of aerobic mesophilic bac-
teria (NP-4405:2002), yeasts and moulds (ISO 
21527-2:2008), Enterobacteriaceae (ISO 21528-
2:2004) and sulphite-reducing Clostridium spp. 
(ISO 15213:2003) were determined. Culture me-
dia were purchased from Oxoid (Basingstoke, 
Hampshire, UK) and Biokar (Paris, France). Ten 
gram of “água-mel” samples were transferred 
to 90 mL of peptone water (Oxoid) and homog-
enized. Decimal dilutions were prepared using 
the same diluent. The detection procedure for 
Salmonella spp. was done according to the inter-
national standard ISO 6579:2002. The microbi-
ological determinations were done in triplicate. 
Microbial counts were expressed in Log10 CFU/g.

Ash

The samples were submitted to 550°C in an 
electric furnace (Cassel, Portugal) and the resi-
due weighed in an analytical balance (Shimad-
zu, Aux 220, Philippines), after cooling in a des-
iccator, according to the harmonized method 
for honey developed by the International Honey 
Commission IHC (2002).

Electrical conductivity

Electrical conductivity was measured ac-
cording to the International Honey Commission 
IHC (2002) and using a (Thermo Electron cor-
poration, Orion 3 STAR, USA) conductivity me-
ter equipped with a conductivity probe (Orion, 
013005MD, USA). The sample solution was pre-
pared using MilliQ water (MQ Integral 5, 2RXP-
005TO, Portugal). The cell constant value was 
checked with 0.1 M aqueous solution of KCl 
(BHD Prolabo, Leuven, Belgium).

Water content

The water content of the samples was deter-
mined by measuring the refractive index at 20ºC 
according to the International Honey Commis-
sion IHC (2002) for honey. This determination 
was conducted using an Abbe Refractometer 
(HANNA, HI968601, Romania).

pH, free acidity, lactone acidity 
and total acidity

The measurement of pH and determination of 
free acidity was performed according to the In-
ternational Honey Commission IHC (2002), after 
obtaining a solution of 10 g of sample dissolved 
in 75 mL of carbon dioxide-free water. The pH 
was measured using a potentiometer combined 
with glass electrode (Thermo Electron Corpora-
tion, Orion 3 STAR, USA). After the measure-
ment of pH, free acidity was determined by ti-

tration with 0.1 M NaOH (Pronalab, Madalena, 
Portugal) to pH 8.30 (free acidity). Immediate-
ly a volume of 10 mL 0.05 M NaOH was added 
and, without delay, back-titrated with 0.05 M 
HCl (Fisher Scientific UK Ltd, Loughborough, 
UK) to pH 8.30 (lactone acidity).

HMF content

The HMF concentration was determined ac-
cording to the harmonized method for honey. 
One gram of “água-mel” samples was diluted up 
to 50 mL with distilled water, filtered on 0.45 µm 
filter and immediately injected in a HPLC (Hi-
tachi, LaChrom Elite, Japan) equipped with a 
Diode Array Detector (L-2455), Autosampler (L-
2200) and Pump (2100/2130). The HPLC column 
was a Merck KGaA, Lichrosorb RP-18, 10 µm, 
Hibar 250-4. The HPLC conditions were the fol-
lowing: isocratic mobile phase, 90% water and 
10% methanol HPLC grade (Labscan, Dublin, 
Ireland); flow rate, 1 mL/min; injection volume, 
20 µL. The wavelength was 285 nm. HMF was 
identified by splitting the peak in “água-mel” 
with a standard HMF (Acros Organis, New Jer-
sey, USA), and by comparison of the spectra of 
the HMF standard with that of an “água-mel” 
sample. The amount of HMF was determined us-
ing an external calibration curve (8-500 mg/L). 
Data were elaborated using EZChrom Elite (VWR 
International, Carnaxide, Portugal). Each sam-
ple was analyzed in triplicate.

Fructose and glucose

Fructose and glucose were determined accord-
ing to the International Honey Commission IHC 
(2002). About 0.5 g of “água-mel” was weighed 
directly into polypropylene tubes and mixed with 
10 mL 25% methanol. Afterwards, 1 mL of the 
solution was filtered through a 0.45 µm filter 
(VWR International, USA) prior to HPLC analy-
sis. The determination of sugars was performed 
with the same high-performance liquid chroma-
tograph equipped with a refractive index (RI) de-
tector (Hitachi model L-2490, Japan). The sep-
aration was performed by using a Merck NH2-
bonded column for Carbohydrate Analysis (Li-
ChroCART 250-4) with a particle size diameter 
of 5 µm, equipped with a guard column (Merck 
LiChroCART 4-4).

The column was kept at 30ºC throughout the 
analysis. The HPLC pumps, autosampler, col-
umn oven and RI detector were monitored and 
controlled using EZChrom Elite system. The 
mobile phase was composed of 80% acetonitrile 
HPLC Grade (Panreac, Barcelona, Spain) in wa-
ter. The injection volumes of the samples were 
20 µL, with a flow rate of 1 mL/min.

The HPLC sample peaks were identified by 
comparing the retention times obtained from 
standards. The “água-mel” samples were also 
spiked with standards in order to verify the iden-
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tity of the chromatographic peaks. Triplicate in-
jections were performed and average peak are-
as were used for the peak quantification. The 
standard of fructose (3-20 g/L) and glucose (4-
20 g/L) were from Sigma (S. Louis, MO, USA). 
The amount of the monosaccharides was deter-
mined using an external calibration curve.

Estimation of total polyphenols

The total polyphenol content was determined 
by a modification of the Folin-Ciocalteu meth-
od and the results are expressed as mg gal-
lic acid (Acros Organics, New Jersey, USA)/kg. 
The method was that followed by some authors 
for honey (Al et al., 2009). Five grams of “água-
mel” were treated with 50 mL of distilled water, 
mixed and filtered using a qualitative filter. Five 
hundred microlitres of this solution was mixed 
with 2.5 mL Folin-Ciocalteu reagent (0.2 N) (Mer-
ck KGaA, Darmstadt, Germany) for 5 min and 
then 2 mL of a Na2CO3 (PRONALAB, Lisboa, Por-
tugal) solution were added (75 g/L). All samples 
were incubated at room temperature in the dark 
conditions for 2 h, and the absorbance was read 
at 760 nm.

The blank solution contained water instead of 
“água-mel”. For calibration curve, a stock solu-
tion of gallic acid (1 g/L) was prepared for fur-
ther dilutions (4-500 mg/L).

Estimation of total flavonoids

A method described by ISLA et al. (2011) was 
used for total flavonoids determination. Briefly, 
0.5 mL AlCl3 (Carlo ERBA reagents, Val de Re-
uil, France) (20 g/100 mL) was added to 0.5 mL 
of “água-mel” samples. After 1 h at room tem-
perature, absorbance was measured. Total fla-
vonoid contents were expressed as mg querce-
tin (Alfa Aesar GmbH & CoKG, Carsluhe, Ger-
many)/kg of “água-mel” (mg/kg of ”água-mel”), us-
ing a calibration curve over the range of 15.6-125 
mg quercetin/L.

Estimation of proline content

The proline content was determined by using a 
colour comparison after applying ninhydrin, with 
a proline standard. The content was expressed 
as a proportion to the mass of “água-mel” test-
ed. The proline content was determined accord-
ing to the harmonized method for honey devel-
oped by the International Honey Commission 
IHC (2002). A solution (0.5 mL) of “água-mel” 
(0.05 g/mL) was mixed with 1 mL of formic acid 
(80%) (Acros Organis, New Jersey, USA), 1 mL of 
ninhydrin (Acros Organis, New Jersey, USA) so-
lution [3% in ethylene glycol monomethylether, 
from (Panreac Quimica, Barcelona, Spain)] and 
shaken vigorously for 15 min. The mixture was 
placed in a boiling water bath for 15 min and 
transferred to a 70ºC bath for 10 min. Five mL 

of 50% 2-propanol (Riedel-de-Haën, Seelze, Ger-
many) in water was then added to the mixture 
and was left to cool. The absorbance was read 
at 510 nm, 45 min after removal from the 70ºC 
water bath. Water was used as blank and 0.032 
mg/mL solution of proline (Acros Organis, New 
Jersey, USA) was used as standard solution.

Proline concentration in mg/kg of honey was 
calculated as follows:

Proline (mg/kg) = (Es/Ea) x (E1/E2) x 80, 
where Es is the absorbance of the sample solu-
tion; Ea is the absorbance of the proline stand-
ard solution (average of 3 readings); E1 is the mg 
of proline used for the standard solution; E2 is 
the weight of “água-mel” in grams; 80 is the dilu-
tion factor. The mean of three readings was used.

Diastase activity

Two different methods are used to determine 
honey diastase. The traditional Schade meth-
od uses starch as a substrate. The diastase ac-
tivity of “água-mel” was evaluated by the meth-
odology previously reported in the Internation-
al Honey Commission IHC (2002).

RESULTS AND DISCUSSION

All tested samples were negative for all micro-
biological indicators, except sample 1M/2011 
that was contaminated with 3,41±0,09 Log10 
CFU/g of aerobic mesophilic bacteria and 
4,05±0,11 Log10 CFU/g of sulphite-reducing 
Clostridium spp. 

The consumption of the tested “água-mel” 
samples poses no risk to human health, except 
sample 1M/2011 that evidences a contamina-
tion with Clostridium spp. The consumption of 
honey or honey derivatives contaminated with 
C. botulinum poses a particular risk to children, 
elderly and immunocompromised individuals 
(EUROPEAN COMMISSION, 2002; ANONYMOUS, 
2005). The sources of contamination of honey or 
its derivatives with Clostridium spp. may occur 
through bee’s digestive tract, pollen, soil, dust 
and from not properly cleaned equipment and 
processing areas (NEVAS et al., 2006). In Por-
tugal botulism cases are rare: between 2003-
2006 the mean of notified cases were 8 cases 
(Direcção Geral de Saúde, 2007) and the first in-
fant botulism case was just reported (SARAI-
VA et al., 2012). The case involved a 1-month-
old infant that was breastfed but his parents 
used to give him chamomile tea and occasion-
ally honey (chamomile tea and honey brought 
from Moldavia). In the case reported C. botu-
linum type B was isolated from infant faeces 
sample and as well from chamomile tea herbs 
and honey (SARAIVA et al., 2012). In what con-
cerns “água-mel” sample 1M/2011, the identi-
fication of the Clostridium spp. contamination 
source is under investigation and the produc-
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Table 1 - Physico-chemical results obtained from “água-mel” samples of Portugal.
	
Beekeeper/	 Ash	 Electrical 	 Water	 pH±SD	 Free	 Lactone	 Total
Year	 (%, w/w)	 conductivity	 content		  acidity	 acidity	 acidity
		  (μS/cm±SD)	 (%, ±SD)		  (meq/kg ±SD)	 (meq/kg ±SD)	  (meq/kg ±SD)

1A/2010	 0.185±0.005	 407.89±0.32	 22.0±0.1	 3.25±0.00	 53.6±0.6	 19.84±1.14	 73.45±1,35
1A/2011	 0.425±0.022	 715.22±3.05	 23.0±0.0	 3.35±0.00	 83.3±1.6	 17.22±1.14	 100.51±2.68
1B/2008	 0.202±0.019	 487.89±3.87	 24.2±0.0	 3.44±0.01	 52.6±0.5	 18.53±3.41	 71.15±3.08
1B/2010	 0.284±0.008	 563.33±2.64	 25.0±0.0	 3.49±0.00	 57.3±0.6	 18.53±1.97	 75.81±2.24
1B/2011	 0.425±0.022	 751.89±0.27	 19.2±0.0	 3.35±0.00	 102.2±0.5	 20.50±0.00	 122.72±3.64
1H/2011	 0.209±0.013	 418.44±0.43	 18.3±0.1	 3.56±0.01	 40.7±0.5	 14.60±0.00	 55.27±3.67
1I/2011	 0.167±0.017	 439.44±2.12	 22.8±0.0	 3.49±0.01	 33.2±0.6	 20.50±0.00	 53.72±0.51
1M/2011	 0.474±0.093	 1067.00±1.68	 >25.0	 3.91±0.01	 74.8±0.7	 15.26±1.14	 90.03±1.15
2A/2011	 0.442±0.013	 765.56±3.20	 20.1±0.1	 3.35±0.00	 91.2±0.2	 18.53±3.41	 109.76±0.79
2B/2011	 0.392±0.013	 696.44±3.15	 23.4±0.1	 3.35±0.00	 77.5±0.9	 15.91±1.14	 93.42±2.07

er will be instructed with actions to eliminate 
the source of contamination.

The physicochemical parameters of “água-
mel” of beekeepers from Portugal are depicted 
in Tables 1 and 2. The values found for ash (%) 
ranged from a minimal 0.167% to a maximal of 
0.474%. A great variability was even detected for 
“água-mel” produced by the same beekeeper but 
in different years, such as observed for 1A/2010 
and 1A/2011, and 1B/2008 and 1B/2011 (Ta-
ble 1). Ash represents the direct measure of in-
organic residues after “água-mel” carbonization. 
In honey, the ash percentage expresses its rich-
ness in mineral content and constitutes a qual-
ity parameter, which depends mainly from flo-
ral origin of honey (MARCHINI et al., 2007; BOG-
DANOV et al., 2009; ALOISI, 2010). The diversi-
ty of ash percentages found in “água-mel” sam-
ples in the same producer but in different years 
may reveal the utilization of honeys from differ-
ent floral origins.

Electric conductivity is a quality parameter 
which is closely related to the concentration of 
mineral salts, organic acids and proteins and 
shows a great variability according to the flo-
ral origin (ACQUARONE et al., 2007; ZERROUK 
et al., 2011). The values of electric conductivity 
found are within the range reported by SPANO 
et al. (2008) for “abbamele” samples from Sar-

dinia. The sample 1M/2011 (1,067 mS/cm) was 
the sole exception which may be partly explained 
by the presence of aerobic mesophilic bacteria 
and Clostridium spp.. A linear relationship has 
been reported between ash and electric conduc-
tivity of different types of honey (SANCHO et al., 
1991; MALIKA et al., 2005), although some au-
thors consider that such relationship may de-
pend on the floral origin of honeys (THRASY-
VOULOU and MANIKIS, 1995). In our samples of 
“água-mel” a direct correlation was found be-
tween those two parameters (r=0.980, P<0.01). 
Fig. 2 depicts such correlation.

The water content found in one sample of 
“água-mel” (1M/2011) exceeded the maximum 
moisture content of 25% established by Euro-
pean legislation (EU Council, 2002) for water 
content in honey. The remaining samples had 
lower levels, nevertheless the majority showed 
percentages superior to 20%, which is generally 
found in unifloral honeys from Europe (MATEO 
and BOSCH-REIG, 1998; PERSANO and PIRO, 
2004), and our sample values are within the 
range found for “abbamele” from Sardinia (SPA-
NO et al., 2008). The only exclusion was sam-
ples 1B/2011 and 1H/2011 that showed low-
er 20% water content. This variability of water 
content in “água-mel” samples may be attribut-
ed to three main factors: the residual moisture 

Table 2 - Monosaccharide, phenols and HMF results obtained from “água-mel”samples of Portugal.

Sample	 Glucose	 Fructose	 Total polyphenols	 Flavonoids	 HMF
	 (g/kg±SD)	 (g/kg±SD)	 (mg/kg±SD)	 (mg/kg±SD)	 (mg/kg±SD)

1A/2010	 241.16±1.20	 306.15±2.03	 2718.7±75.45	 603.2±6.92	 4370.7±71.0
1A/2011	 258.52±3.05	 266.34±3.79	 4508.5±116.36	 1316.6±16,14	 6620.0±79.8
1B/2008	 241.01±3.88	 299.19±5,01	 2403.1±67.51	 582.6±6.57	 3327.9±29.9
1B/2010	 229.63±6.11	 288.02±1.72	 2733.9±46,71	 698.6±5.04	 3938.6±128.2
1B/2011	 250.65±0.64	 269.22±0.96	 4963.8±93.96	 1702.4±13.89	 6884.2±57.4
1H/2011	 252.41±14.76	 315.36±20.01	 4125.8±96.21	 355.6±9.34	 1812.6±13.6
1I/2011	 243.46±3.24	 289.75±3.87	 1780.0±40.48	 188.8±6.47	 1969.5±4.5
1M/2011	 185.57±0.33	 218.49±0.72	 2777.9±23.32	 278.3±2.53	 4352.9±157.8
2A/2011	 246.12±14.53	 252.92±0.93	 2718.7±81.97	 1579.7±11.97	 8428.9±42.9
2B/2011	 237.94±8.33	 271.94±11.45	 2611.0±20.42	 1155.7±24.98	 6506.5±31.1
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in the honeycombs, the amount of water initial-
ly added for treating honeycombs, the tempera-
ture used and the length of the heating process 
(SPANO et al., 2008).

The parameter pH is within the ranges re-
ported for honey (3.5-5.5) and “abbamel” from 
Sardinia (Italy) (3.21-3.92) (SPANO et al., 2008). 
Nevertheless the free acidity parameter of some 
samples was superior to that reported for hon-
ey (not more than 80 meq/kg for baker’s honey) 
(EU Council, 2002). In our case, a great range 
of values was found: 33.2 meq/kg for sample 
1I/2011 and 102.2 meq/kg for IB/2011 (Ta-
ble 1).

The acid content of honey is due to the acids 
added by the bees, being the main one gluconic 
acid, a product of glucose oxidation by glucose 
oxidase. This acid is generally present in honey 
as its internal ester, a lactone, which does not 
contribute to honey’s active acidity (BOGDANOV 
et al., 2004). Lactone acidity is determined by 
adding an excess of alkali to a neutralized hon-
ey and back-titrating with acid (WHITE et al., 
1958). The sum of free acidity and lactone acid-
ity gives the total acidity of honey samples. Lac-
tone acidity in “água-mel” ranged from 14.60 to 
20.50 meq/kg. Total acidity exceeding 100 meq/
kg were found in samples 1A/2011, 2A/2011 
and 1B/2011 (Table 1).

Glucose and fructose were the main sugars 
present in “água-mel”, predominating fruc-
tose in all samples. The amounts found in our 
samples were similar to those already report-
ed for some “abbamele” samples from Sardinia 
(JERKOVIĆ et al., 2011). The variability found 
and according to the same authors may be at-
tributed to the preparation procedure, rath-
er than with different types of honey used. In 
our samples such is not so evident because 
for the same producer but in different years 
of production the amounts of the two mono-

saccharides changed (Table 2). It is our opin-
ion that both factors may be responsible for 
the observed differences.

The absence of diastase activity in all samples 
is understandable since “água-mel” is a prod-
uct obtained by heating the raw material for 
several hours, inactivating enzymes. The same 
would be expected for proline as also reported 
for Italian “abbamele” (SPANO et al., 2008). In 
fact, only one sample had a significant content 
of this amino acid (462.4 mg/kg): 1M/2011. 
This value may be associated to the presence 
of Clostridium ssp. which can synthesize this 
amino acid by the Stickland reaction (NISMAN, 
1954). The absence of proline in all samples, ex-
cepting 1M/2011, may be attributed to an in-
creased rate of Maillard reaction, which is ini-
tiated by the reaction of a carbohydrate with a 
compound possessing a free amino group (PAÄT-
ZOLD and BRÜCKNER, 2006; CZIPA, 2010). The 
levels of sugars slightly inferior to those report-
ed for honey samples may also be attributed to 
their consumption in the Maillard reactions, as 
reported for OOSTERVELD et al. (2003) in roast-
ed Coffea arabica beans. These authors reported 
that during roasting, oligosaccharides hydrolyse 
to monosaccharides and both are able to react 
with protein/peptides/amino acids originating 
Maillard products which are responsible for the 
formation of volatile compounds and organic ac-
ids (OOSTERVELD et al., 2003). The relative high 
free and total acidity found in “água-mel” sam-
ples may be, therefore, endorsed to the libera-
tion of organic acids. Such may explain the in-
verse correlation obtained between fructose and 
total acidity (r=-0.796; p<0.01). Fig. 3 represents 
this inverse relation between fructose and to-
tal acidity, which was not detected for glucose.

At same time, the thermal treatment is also 
responsible for the degradation of monosac-
charides to hydroxymethylfurfural (HMF), and 
therefore to the decrease of sugars, particularly 
fructose, because an inverse correlation was ob-
tained between the fructose concentration and 

Fig. 2 - Correlation found between ash and electrical con-
ductivity in “água-mel” samples.

Fig. 3 - Correlation found between total acidity and fructose 
content in “água-mel” samples.



Ital. J. Food Sci., vol. 25 - 2013  281

HMF content (r=-0.842, p<0.01) as can be seen 
in the Fig. 4.

As expected, HMF content (Table 2) is largely 
superior to that of honey samples, nevertheless 
comparable to those found for “abbamele” (SPA-
NO et al., 2008; JERKOVIĆ et al., 2011). Never-
theless some samples (2A/2011) showed high-
er concentrations (8428.9 mg/kg) in compari-
son to the sample with the highest concentra-
tion reported by SPANO et al. (2008) (4,476 mg/
kg), still within the ranges found for liquid car-
amel as reported by those authors. In order to 
have reference HMF values from thermally treat-
ed foodstuffs the HMF value of liquid caramel, 
instant coffee powder and coffee substitutes 
was determined. These foodstuffs showed high-
er HMF values in comparison to our “água-mel” 
samples: liquid caramel (9,700 mg/kg), instant 
coffee powder (11,500 mg/kg), and coffee sub-
stitutes (9,700 mg/kg).

Polyphenol concentration ranged from 1780.0 
mg/kg in sample 1I/2011 to 4963.8 mg/kg in 
sample 1B/2011 (Table 2), amounts significantly 
superior to those reported by SPANO et al. (2008), 
but within the ranges reported by JERKOVIĆ et 

Fig. 4 - Correlation found between HMF content and fruc-
tose content in “água-mel” samples.

al. (2011) As reported by these authors, such 
differences may be explained by different sam-
ple preparation and data expression.

It is remarkable the great variability of fla-
vonoid content in “água-mel” samples, even in 
the same producer but in different years of pro-
duction. For example, for samples 1A (2010 and 
2011) and 1B (2008, 2010 and 2011) a large vari-
ability in flavonoids content was observed (Ta-
ble 2). This variability may result from diverse 
floral origin of honeys used in different years for 
the production of “água-mel”. The levels of flavo-
noids go along with the amounts of total polype-
henols, there is even a significant correlation be-
tween these two parameters (r=0.960, p<0.01) 
as can be observed in the Fig. 5.

Our study shows that “água-mel” obtained 
from honey after thermal treatment continue 
to possess some of the parameters similar to 
those of honey, including pH, glucose and fruc-
tose as main constituents, but generally rela-
tive higher percentages of water content, free 
acidity and HMF, and low levels or even ab-
sence of proline and diastase activity, as expect-
ed due to the thermal processing, but the val-
ues of HMF in our samples are comparable to 
other foodstuffs. The presence of phenols and 
flavonoids in “água-mel” was as predicted due 
to their invariable presence in honey. Never-
theless higher quantities were detected which 
must be enlightened because some interference 
may be responsible for such data. The determi-
nation of the microbiological quality of “água-
mel” showed the presence of Clostridium spp. 
in one of the samples. This result shows that 
as for honey the use of “água-mel” is not rec-
ommended for infant feed.
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Abstract

The behavior of the Indian meal moth Plodia interpunctella on maize genotypes differing in em-
bryo development, both on whole and longitudinally sectioned kernels, was studied. In the test 
with whole kernels, damage was very low or absent, and only viviparous mutants were significantly 
attacked. However, 100% damage was observed in all genotypes on longitudinally sectioned ker-
nels. In this test, mutant seeds lacking embryos were less damaged and showed the lowest mean 
number of adult insects. These results indicate that larval penetration is influenced by the em-
bryo properties and first shows that the employment of genetic variants is a valuable approach to 
study insect behavior and an opportunity to highlight maize genotypes with characteristics that 
can minimize quality reduction caused by insect attacks.
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Introduction

Maize, with wheat and rice, is one of the most 
important crops for the world economy. Sever-
al insect pests can infest stored maize and re-
search on the development of pests on different 
varieties has been carried out in order to find the 
most tolerant ones (Abdel-Rahman et al., 1968; 
Wiseman et al., 1970; Dobie, 1974, 1977; Ades-
uyi, 1977; Falomo, 1981; Morah and Mbata, 
1986; Mbata et al., 1988; Siwale et al., 2009). 

Moths colonize the surface of cereals stored 
as a mass, causing heavier damage in ware-
houses than in silos. Moth larvae cause loss-
es by feeding and by contaminating food with 
silk and frass. Silk net is produced by larvae on 
the surface of the cereal mass, favoring the de-
velopment of moulds which can produce myco-
toxins. Some authors have studied the devel-
opment of moths on different varieties of maize 
(Bhattacharya et al., 1976; Rose and Behl, 
1985; Mbata et al., 1988). Plodia interpunctel-
la, the Indian meal moth, is one of the most fre-
quent species that can damage this cereal (Ab-
del-Rahman et al., 1968; Hockensmith et al., 
1986; Mbata, 1987, 1990). 

The maize seed comprises two major compart-
ments: the embryo and the endosperm (Conson-
ni et al., 2005). The mature embryo consists of a 
well-differentiated axis, with root and shoot pri-
mordia and five or six internodes bearing a leaf 
at each node, surrounded by a single massive 
cotyledon, the scutellum. The differentiated en-
dosperm consists of four major cell types or do-
mains: the starchy endosperm, representing the 
central bulk; the single-cell aleurone layer at the 
periphery; the embryo-surrounding region, lin-
ing the cavity where the embryo develops; and 
the basal endosperm transfer cells involved in 
the transport of nutrients from the mother plant 
(Consonni et al., 2005). The endosperm is the 
main storage site of starch and proteins, where-
as the embryo reserves mainly lipids.

The influence of genetic traits related to the 
maize caryopsis on susceptibility to insect at-
tack has never been evaluated. A better knowl-
edge of maize seed-insect interactions may al-
low the isolation, and subsequent introduction 
in commercial hybrids, of genetic variants lim-
iting insect attack.

With this aim we propose in this study the 
analysis of the effect of maize lines differing in 
developmental and/or metabolic traits, as a tool 
to investigate the molecular basis of the interac-
tion between stored product insects and a spe-
cific seed compartment (Consonni et al., 2005). 
Particularly in this work we analyze the behav-
ior of P. interpunctella on entire and longitudi-
nally sectioned kernels of the RAlex0 line, char-
acterized by high oil content in the embryo, and 
the B73 reference line. Two embryo-related re-
cessive monogenic mutants were also tested: an 
embryo-specific mutant (emb*-8908), that caus-

es an early block in embryo development, and 
the viviparous mutants (vp2 and vp5), charac-
terized by the precocious germination of the seed 
while it is still attacked to the ear (Giraudat et 
al., 1994; Hable et al., 1998).

Materials and methods

Plant material

Four maize genetic stocks were used in this 
study. The inbred lines and the viviparous mu-
tants were provided by the Maize Genetics Co-
operation Stock Center (http://maizecoop.crop-
sci.uiuc.edu/), whereas the emb*-8908 mutant 
was isolated in our laboratory in an active Mu-
tator line.

Inbred lines were propagated via siblings mat-
ing. Mutants were backcrossed to the B73 line 
and segregating ears were obtained by selfing 
heterozygous plants. Homozygous mutants and 
related wild-type kernels used in the tests were 
obtained from F2 segregating ears.

The seeds harvested were dried to about 12-
13% moisture content and stored at room tem-
perature. 

The B73 line: the inbred line B73, developed at 
Iowa State University (Russell, 1972), exhibits 
high yield and is among the most used laboratory 
accessions and the main source of commercial-
ly important germplasm. Its genome sequence 
was released in 2009 (Schnable et al., 2009).

The RAlex0 genetic stock: also known as Al-
exander High Oil Synthetic, characterized by 
the presence of a larger embryo, is the result of 
a selection made at the University of Illinois for 
grain with high oil concentration (http://www.
maizegdb.org, Gerdes et al., 1993).

The emb*-8908 mutant: the emb*-8908 re-
cessive mutant was isolated in a genetic line 
carrying active Mutator transposable elements, 
which act as endogenous mutagens thus allow-
ing single gene specific mutant isolation (Wal-
bot, 1992). The mutant was subsequently in-
trogressed in the B73 inbred line. It belongs 
to the class of embryo specific (emb) mutants, 
that are characterized by impaired or arrest-
ed embryo development but normal endosperm 
(Clark and Sheridan, 1991). As shown in Fig. 
1, emb*-8908 mutants are easily distinguisha-
ble from wild type seeds by the absence of the 
embryo axis and the presence of a scutellum 
with a reduced size. Seeds used in this work 
were obtained from ears with a segregation ra-
tio of 3:1 for wild-type: emb phenotype kernels, 
obtained by selfing heterozygous +/emb*-8908 
plants. The mutant seeds’ genotype is indicat-
ed as emb/emb, whereas wild-type seeds’ geno-
type is indicated as Emb/-.

The vp mutants: maize viviparous (vp) mu-
tants have been shown to affect either ABA bi-
osynthesis or ABA signalling. vp2 and vp5 (Gi-

http://www.maizegdb.org
http://www.maizegdb.org
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early biosynthetic steps before the branching 
point separating ABA and carotenoid biosynthe-
sis. Seeds were obtained from ears with a seg-
regation ratio of 3:1 for wild-type: vp phenotype 
kernels; pools of vp2 and vp5 mutant kernels 
(vp/vp) and of relative wild-type controls (Vp/-) 
were used in each experiment.

Insect rearing and tests

Plodia interpunctella were reared on an artifi-
cial diet1 in a thermostatic chamber at 26°±1°C, 
70±5% RH (Relative Humidity), and a photoper-
iod of 16:8 (light:dark). The tests were carried 
out by placing maize kernels in glass containers 
(diameter 35 mm, height 20 mm) with 20 new-
ly emerged larvae. Such containers, closed with 
a net (120 mesh) to provide ventilation, were 
placed in an incubator at 26°±1°C, 70±5% RH 
and 16 h of light alternating with 8 h of dark-
ness. For each of the four maize genotypes, tests 
were carried out with 20 entire kernels and with 
20 longitudinally sectioned kernels. Four repli-
cates were carried out for each test.

The number of emerged adults, the devel-
opmental period, and the percentage of dam-
aged seeds were observed and data were ana-
lyzed using one-way ANOVA, Duncan’s multi-
ple range test and Student’s t test (SPSS 19.0 
per Windows).

Results

Tests with entire kernels

In Table 1 the results of tests carried out on 
the development of first instar larvae of Plodia 
interpunctella on entire kernels of the different 
genetic stocks of maize are reported. In all the 
genotypes tested no or only one adult devel-
oped among the four replicates, with the excep-
tion of the homozygous viviparous (vp/vp) mu-
tants, which exhibited a mean of 7.5 adults with 

Fig. 1 - Maize seed phenotypes. Representative seeds from: 
B73 inbred line (A); RAlex0 inbred line (B); Emb*-8908 wild-
types (C) and emb*-8908 mutants (D) from a self-pollinat-
ed segregating ear; Vp5 wild-types (E) and vp5 mutants (F) 
from a self-pollinated segregating ear.

Table 1 - Mean number (±S.D.) of emerged adults1, mean developmental period (±S.D.) (number of days) of Plodia interpunc-
tella (Walker) and damaged seeds percentage observed on whole kernels of different maize genetic stocks.

Maize genetic	 Mean number	 Min-max	 Insect developmental	 Min-max	 Damaged seeds
stocks	 of adults		  period (mean)		  (%)

B73	 0.7±0.5b	 0-1	 51.7±3.05	 49-55	 15
RAlex0	 0.2±0.5b	 0-1	 48±0	 -	 7
Emb/-	 0±0b	 -	 0±0	 -	 0
emb/emb	 0.2±0.5b	 0-1	 51±0	 -	 2.5
Vp/-	 0±0b	 -	 0±0	 -	 0
vp/vp	 7.5±1.91a	 5-9	 52.7±7.49	 42-68	 55

1Observations were carried out on twenty newly emerged larvae for each replicate.
One-way Anova: Adults F5,18=48.01 P<0.001; Development period F3,31=0.157 n.s.
Means followed by different letters are significantly different according to Duncan’s multiple range test.

1	 Ingredients of the rearing diet: 57 g bran, 61 g corn flour, 55 g 
wheat flour, 17 g wheat germ, 14 g dried yeast, 85 g glycerine, 67 
g honey.

raudat et al., 1994; Hable et al., 1998) are as-
sociated with reduced or suppressed carotenoid 
accumulation in both endosperm and vegetative 
tissues as a result of a mutational block in the 
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55% of seed damage, while the respective con-
trol seeds (Vp/-) were undamaged.

Even if the number of adults emerged is not 
significantly different from the other genotype, 
a higher percentage of damaged seeds was ob-
served in B73, 15%, and in RAlex0, 7%. The 
mean developmental period of the larvae was be-
tween 48 and 53 days. On Emb/- and Vp/- larvae 
died without feeding, as seeds were undamaged.

Tests with longitudinally sectioned kernels

In Table 2 the results of tests carried out on 
20 first instar larvae of P. interpunctella on lon-
gitudinally sectioned kernels of the different ge-
netic stocks of maize are reported. 

Adults emerged in all the genotypes tested 
and 100% of damaged seeds were observed in 
all genotypes, except emb/emb.

In emb mutants the lowest percentage of 
damaged seeds, 45%, the lowest mean number 
of adults, only 1.75, and the longest mean de-
velopmental period, 44.3 days, were observed. 
Even the comparison between emb mutant seeds 
(emb/emb) and related wild-types (Emb/-) seeds, 
which exhibited a reduced number of moths in 
comparison with the other genotypes, showed 
a significant reduction, according to the Stu-
dent’s t test (t=4.437, df=3.345, P=0.01), in the 
mean number of moths produced with emb mu-
tant seeds (1.7). The mean developmental period 
was significantly longer in emb mutants versus 
wild-type seeds (t=3.725, df=6.625, P=0.008). 
The highest number of emerged adults was ob-
served on RAlex0 (15.2±2.5), followed by B73 
(12±3.65), but the two lines were not significantly 
different for this parameter if compared by Stu-
dent’s t test (t=1.469, df=5.306 P=0.199). Nota-
bly, the mean developmental period observed 
on B73 (34.9±2.07) was the shortest of all gen-
otypes tested, and significantly differs from RAl-
ex0 (t=3.426, df=89.987, P=0.001).

The results obtained in this test with sectioned 
vp mutants (vp/vp) did not confirm those ob-
tained in the first test with entire kernels per-
formed in this study. With sectioned kernels the 

mean number of adults emerged was not sig-
nificantly different, according to the Student’s t 
test (t=1, df=5.4, P=0.360), from the related con-
trols, Vp/-, and the mean developmental peri-
od was significantly longer (t=4.172, df=75.58, 
P=0.0001). The mean number of adults emerged 
from vp seeds was also lower than that of the 
two inbred lines.

Discussion

In this study we have examined the behavior 
of Plodia interpunctella on entire and longitudi-
nally sectioned maize kernels with different gen-
otypes affecting embryo development. In most of 
the maize genotypes tested as entire kernels the 
mean number of attacked seeds was very low or 
seeds were not attached (Emb/- and Vp/-) and 
few adults of P. interpunctella emerged. On the 
contrary the same genotype tested as longitu-
dinally sectioned kernels showed in most cas-
es 100% of damaged kernels and a higher num-
ber of adults.

Several authors observed that the percentage 
of larval survival increased as the percentage of 
broken kernels augmented (Locatelli and Li-
monta, 1998; Kaliyan et al., 2005) and maize 
is mainly damaged in the germ area (Fraen-
kel and Blewett, 1945; Abdel- Rahman et 
al., 1968; Mbata, 1990). In this study the de-
velopmental time required from egg hatching to 
adult was from 48 to 52 days on entire kernels. 
However, unlike our results, Arbogast (2006) 
observed a shorter mean developmental period 
of 34.5 days (from egg to adult) on entire ker-
nels of the maize Pioneer 3320 at 27°C, at 70 
or 80% RH, thus indicating that our lines were 
less favorable to P. interpunctella development 
than the commercial hybrid adopted in the Ar-
bogast (2006) study.

Interestingly, in the tests with entire kernels, 
the only exception was represented by homo-
zygous vp/vp mutant kernels that were signifi-
cantly attacked by the insects, with 7.5 the mean 
number of emerged adults and 55% of damaged 

Table 2 - Mean number (±S.D.) of emerged adults1, mean developmental period (±S.D.) (number of days) of Plodia interpunc-
tella (Walker) and damaged seeds percentage observed on longitudinally sectioned kernels of different maize genetic stocks.

Maize genetic	 Mean number	 Min-max	 Insect developmental	 Min-max	 Damaged seeds
stocks	 of adults		  period (mean)		  (%)

B73	 12±3.65b	 8-16	 34.9±2.07d	 33-39	 100
RAlex0	 15.2±2.5a	 12-18	 36.9±4.1bc	 33-53	 100
Emb/-	 6.5±2.1c	 4-9	 36.6±2.31bcd	 33-40	 100
emb/emb	 1.7±0.5d	 1-2	 44.3±5.32a	 39-53	 45
Vp/-	 9.5±0.57bc	 9-10	 35.9±2.63cd	 33-42	 100
vp/vp	 10±0.81b	 9-11	 38.5±2.98b	 33-43	 100

1Observations were carried out on twenty newly emerged larvae for each replicate.
One-way Anova: Adults F5,18=20.59 P<0.001; development period F5,214=14.767 P<0.001
Means followed by different letters are significantly different according to Duncan’s multiple range test.
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seeds and where 37.5% of larvae reached the 
adult stage. vp embryo are characterized by de-
ficiency in ABA synthesis, that causes pre-ger-
mination of the mutant embryo while still at-
tached to the ear. As consequence the pericarp, 
the external tegument of the seed, is less hard 
or fractured in the germ area, thus making the 
embryo more accessible, and allowing the insect 
to easily penetrate the kernel surface. The com-
parison between sectioned vp and wild-type sec-
tioned kernel did not confirm a preference for the 
mutants, thus proving that the results observed 
in the entire kernels test were due to physical 
and not to nutritional properties of the embryos.

We may thus conclude that several factors in-
fluence the development of the pest, not only nu-
trients in the cereal but also the physical struc-
ture, such as hardness and the more or less 
smooth surface. Also Silhacek and Murphy 
(2006) observed that “nutrient availability de-
pends upon the amounts of nutrients actual-
ly consumed and upon physical factors that re-
strict the ingestion of nutrients”

As to the other genotypes in this study, the 
observation that in longitudinally sectioned emb 
mutant seeds only few adults with a longer de-
velopmental period were observed, provides a 
proof of the requirement of this seed domain 
for P. interpunctella development. The emb mu-
tant adopted in this study belongs to the class 
of embryo specific (emb) mutants, in which only 
the embryo but not the endosperm is affected 
(Clark and Sheridan, 1991); mutant seeds lack 
or exhibit a smaller scutellum and their embryo 
axis does not differentiate, whereas starchy en-
dosperm seems normal both in volume and tex-
ture. As previously shown by Fraenkel and 
Blewett (1946), P. interpunctella can obtain 
all the nutrients it needs from wheat germ, but 
it is unable to use the starch in the endosperm. 
Our work may support the theory that P. inter-
punctella needs nutrients present in the germ, 
most probably liposoluble vitamins and proteins.

Another interesting result is related to the 
analysis of the RAlex0 inbred line, which is the 
result of a selection process aimed at increasing 
the oil concentration in the scutellum. It is con-
ceivable, on the basis of the number of emerged 
adults, that RAlex0 nutritional properties have 
a positive effect on stimulating the speed of in-
sects’ development. 

A preference for the B73 lines was also ob-
served, as shown in the test with sectioned ker-
nels. The comparison of B73 versus RAlex0 with 
Student’s t test indicated that the two lines were 
not significantly different in terms of number of 
emerged adults; moreover in the first line the 
mean developmental period was shorter. B73, 
which has been selected by breeders for its ro-
bustness and suitability in hybrid production, 
appears indeed not to be the ideal genotype for 
maize storage since it is a suitable substrate for 
P. interpunctella development. We observed, for 

instance, in the test with whole kernels that the 
wild-type controls of the two mutants used in the 
study, referred to as Emb/- and Vp/-, are more 
resistant to the infestation of P. interpunctella. 
Since both mutations have been introgressed in 
the B73 line, we may speculate that the intro-
gression has brought some genetic factors that 
lead to a modification of the kernel properties. 

Many mutants affecting embryo and endo-
sperm development and metabolism are avail-
able in maize, and have been adopted for the iso-
lation of genes involved in seed formation as well 
as the characterization of the molecular mech-
anisms implied. This study, although prelimi-
nary, shows that maize genetic variants consti-
tute a valuable tool for the study of insect-seed 
interactions. Developmental mutants give the 
opportunity to explore the role of the seed com-
ponents, i.e. embryo, endosperm and integu-
ments, in determining insects attack. Similarly, 
mutants showing metabolic defects could be ad-
opted to specifically investigate the role of mole-
cules, such as oils, proteins, carbohydrates and 
secondary metabolites, in promoting or reduc-
ing insect attack.

This type of study will provide useful infor-
mation for the selection of genotypes resistant 
to insect pests of stored products. If one takes 
into account that during its development P. in-
terpunctella produces on the surface of the ce-
real a thick silk net that favors mold prolifera-
tion, we can conclude that the adoption of maize 
seeds more resistant to mechanical damage and 
insect attacks can also prevent mycotoxin accu-
mulation thus enhancing both quality and safe-
ty of stored products.
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Abstract

Consumers face complex choices when buying wine, a highly differentiated product sold at wide-
ly varying prices. This paper aims to provide a monetary valuation of some key credence attrib-
utes of wine, such as certifications and quality ratings made by expert tasters. The implicit price 
of DOC-DOCG certification is of extreme importance. It gives access to a collective reputation and 
enables a premium price to be captured from consumers. With this in mind, hedonic price esti-
mation was performed on a specific Italian grape variety (Aglianico).
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INTRODUCTION

Wine consumption and production have 
steadily increased worldwide over the past 
few decades (ANDERSON and NELGEN, 2009) 
despite the decrease of consumption in Med-
iterranean Countries (MARIANI et al., 2012; 
POMARICI et al., 2012). World wine markets 
are showing a constant increase in competition, 
fueled by both enhanced quality and quantity 
in the supply of new producing Countries, and 
by an improvement in the quality of wine pro-
duced in the traditional Countries (OIV, 2011; 
WITTWER, 2007). At the same time, consump-
tion patterns and habits have been evolving par-
ticularly fast in traditional wine-producing and 
-consuming Countries (ANDERSON and NELGEN, 
2009; CEMBALO et al., 2013): in Italy and France, 
for example, per capita consumption was about 
100 liters per year in the 1970s while the corre-
sponding figure is currently about 45 liters (OIV, 
2011). In this context, consumers face complex 
choices when they buy wine. Most of the com-
plexity is due to the fact that wine is a highly dif-
ferentiated product sold at prices that vary over 
a wide range. At the same time, wine embodies a 
bundle of intrinsic and extrinsic attributes that 
generate a perception of quality which makes 
consumers view a wine in different ways (GOLD-
STEIN et al., 2008; LECOCQ and VISSER, 2006).

Wine producers also base their product quali-
ty strategies on intrinsic and extrinsic attributes. 
Among the latter, classic wine designations and 
reputation (sensory quality ratings in magazines) 
seem to carry the most weight (SCHAMEL and AN-
DERSON, 2003)1. In this setting, the recent EU re-
form on wine under the Common Market Organ-
ization (Reg. EC 479/2008 later included in the 
Reg. EC 1273/2007) aims to improve the com-
petitiveness of the EU wine sector, encouraging 
the enhancement of wine quality2. Moreover, it 
obliges EU Member States to adopt a strict sys-
tem of control on origin certificated wines3. This 
new strategy may have important implications for 
producers’ long-term investment decisions. While 
a stricter certification system involves observa-
ble explicit costs for producers (CARACCIOLO and 
CEMBALO, 2010; CICIA et al., 2013; CEMBALO et 
al., 2012), the benefits are mainly unknown and 
not directly observable in the market. Two possi-
ble scenarios may arise: 1. Certification benefits 
exceed adoption costs, resulting in the success 
of the collective brand equity; 2. certification and 
controlling costs exceed their benefits, leading to 
market failure. In this regard, of paramount im-
portance is the monetary valuation of credence 
attributes, in particular origin designation labe-
ling. One good argument concerning the benefits 
of a labeling/certification system is the trust that 
it generates on consumers. Many experience at-
tributes are not known before purchase. Labeling 
and certification, as well as reputation, contrib-
ute to overcome imperfect information (AKERLOF, 

1970). In other words, the expected wine quality is 
proxied by consumers trough a long term reputa-
tion or, more frequently, by a certification system 
that ensures consumers on quality, turning ex-
perience attributes in credence ones. If consum-
ers deem a certification or labeling procedure as 
trustworthy, then a long term reputation takes 
place that, very likely, influences market prices 
(BENFRATELLO et al., 2009). 

This paper aims to provide monetary valua-
tion of some relevant credence attributes, such 
as certifications and quality ratings made by ex-
pert tasters. While markets for attributes can be 
considered implicit, implicit prices of the attrib-
utes determine a wine’s price (BOMBRUN and 
SUMMER, 2003). Here, market values for some 
wine attributes are measured by estimating a 
hedonic price function, which relates the price 
of a wine to its various attributes. Hedonic price 
estimation in the wine sector has been applied 
worldwide. What is common to all works is that 
they consider wines in large categories, such as 
reds, whites, premium or basic wines (ANGULO 
et al., 2000; COMBRIS et al., 1977; COMBRIS et 
al., 2000; FOGARTY, 2006; SCHAMEL and ANDER-
SON, 2003; JONES and STORCHMANN, 2001). In 
this paper, hedonic price estimation of a specific 
Italian grape variety (Aglianico) was performed. 
The reason why our analysis focused on a cer-
tain varietal lies in the overall homogeneity of 
the product. This strategy avoids the possible 
drawback when a hedonic price estimation is 
involved in a heterogeneous sample of wines: 
the relations between price and wine attributes 
may be biased by unobservable wine character-
istics (COSTANIGRO and MCCLUSKEY, 2011). In 
our empirical approach, this bias is controlled 
by sample (varietal) homogeneity. 

MATERIALS AND METHODS

Data

A set of 1,053 different Aglianico wines was 
collected from three of the most popular Italian 
wine guides, (AIS: Ais Duemilavini; GR: Gambe-
ro Rosso; VER: Veronelli). Although other guides 
are available in the literature, those three report 
systematically the southern Italy production. 
All the Aglianico wines in the sample were re-

1	 A large part of consumers seem to be influenced by qual-
ity labelling even though only a fraction of them knows 
definition and meaning (VECCHIO and ANNUNZIATA, 2011).

2	 Recital n. 5, in the foreword to the Reg. EC 479/2008, 
states: “…achieving the following objectives: increasing 
the competitiveness of the Community’s wine producers; 
strengthening the reputation of Community quality wine 
as the best in the world; recovering old markets and win-
ning new ones in the Community and worldwide; creat-
ing a wine regime that operates through clear, simple and 
effective rules that balance supply and demand; ...”

3	 EU Legislation: Reg. EC 607/2009, Section 6; Italian leg-
islation: D.L.gs 61/2010, Section 4.
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Table 1 - Quality ratings made by experts for Aglianico 
(2001 vs 2010).

Aglianico reviewed	 AIS	 GR	 VER

	 2001	 2010	 2001	 2010	 2001	 2010

Low rating	 48	 6	 60	 32	 38	 15
Average rating	 40	 86	 35	 61	 53	 56
High rating	 12	 9	 5	 7	 9	 29
Total	 100	 100	 100	 100	 100	 100

AIS: “Duemilavini 2010. Il libro guida ai vini d’Italia”. GR: “Gambero ros-
so 2010. Vini d’Italia 2010”. VER: “Veronelli, 2010. I vini di Veronelli 2010”.

Table 2- Aglianico coverage in Italian wine catalogues.

		  2010			   2001

	 AIS	 GR	 VER	 AIS	 GR	 VER

No. of wines reviewed	 16,000	 18,000	 16,800	 7,000	 12,045	 6,495
% change (2001-2010)	 129	 49	 159	 		
Aglianico reviewed	 161	 231	 345	 104	 91	 64
% change (2001-2010)	 55	 154	 439	 		
Total firms reviewed	 1,600	 2,253	 3,000	 1,000	 1,681	 1,524
% change (2001-2010)	 60	 34	 97	 		
Aglianico producers reviewed	 70	 121	 155	 43	 43	 33
  % Aglianico reviewed wine/total reviewed wine	 1	 1.3	 2.1	 1.5	 0.8	 1
  % Aglianico producers reviewed /total firms reviewed	 4.4	 5.4	 5.2	 4.3	 2.6	 2.2
Average rating of Aglianico	 2	 1.7	 2.1	 1.6	 1.5	 1.7

sample. 93% is produced by private compa-
nies, 13.3% is certified as organic/biodynamic, 
and more than 54% of the sample falls with-
in origin certification regulations (Table 4). At 
least half of the wines collected were reviewed 
in either the Veronelli or Gambero Rosso guide. 
Only a fourth of all wines were reviewed by the 
AIS wine guide.

Methodology

The hedonic pricing method assumes that 
goods consist of a bundle of characteristics and 
are valued by their utility-generating attributes. 
In other words, the market price reflects the 
good composition of the attributes which, on the 
contrary, have no explicit price. To this extent, 
it is possible to value the attributes that com-
pose the final good by analyzing the systemat-
ic variation in the price (ROSEN, 1974). Hedon-
ic price estimation in the wine sector has been 
applied worldwide. 

In a hedonic price function not only might the 
objective characteristics appearing, for exam-
ple, on the label of the bottle be included, but 
also other wine attributes (COMBRIS et al., 1977; 
COMBRIS et al., 2000; FOGARTY, 2006; SCHAMEL, 
2003; SCHAMEL and ANDERSON, 2003; BENFRA-
TELLO et al., 2009; PANZONE, 2011; CAREW and 
FLORKOWSKI, 2010; LANDON and SMITH, 1998). 
Since prices collected were expressed in rang-
es, the dependent variable consists of four or-
dinal categories. In this situation, ordered logit 
estimation is required. The ordered logit meth-
od represents a generalization of the Logit mod-
el and it is specifically applied to analyze ordinal 
data (WINKELMANN and BOES, 2006).

Table 3 - Price classification of sampled wine.

	 Price range	 Dependent variable value	 # cases	 %

	 €0-5	 1	 359	 34.09
	 €5-10	 2	 414	 39.32
	 €10-15	 3	 161	 15.29
	 €15	 4	 119	 11.3
	 Total		  1,053	 100

viewed in at least one of the three guides. Agli-
anico is an important historical variety native 
to Southern Italy. It occupies approximately 23 
and 34% of vine-growing areas in the regions 
of Campania and Basilicata, respectively. Many 
denominations of origin are involved: 20 DOC/
DOCGs and 15 origin certifications (POMARI-
CI et al., 2004). As shown in Table 1, Agliani-
co wines improved their overall quality ratings 
expressed by the experts during the time span 
from 2001 to 2010. The number of reviewed 
Aglianico wines, in all three guides, increased 
almost threefold in the same decade (Table 2).

Prices (in €) are organized into four catego-
ries: < 5, 5-10, 10-15, > 15. Most wines in the 
sample have a price below €10 (73%) (Table 
3). Other variables collected were: province of 
production; certifications (DOC, DOCG, POD, 
PGI); degree of Aglianico varietal content; num-
ber of bottles produced; firm degree of special-
ization; firm type; and three sources of expert 
quality ratings. Aglianico wine produced in 
Campania represents over 75% of the whole 
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The model assumes a latent unobserved con-
tinuous process (1):

(1)	 y
w
*=xw β+e

w
,	 E[e

w
|X

w
] = 0,	

e
i i.i.d. Logistic (0,1) with w =1,...,W

It underlies the ordinal observed outcome y
w
:
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to indicate the range of the logistic distribution 
associated with specific values of the stated re-
sponse variable y

w
*. xw is the vector of explan-

atory variables and β is the vector of unknown 
parameters. The parameters are obtained by 
maximizing the log-likelihood: for example, the 
probability that yw = 1 is:
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where F is the cumulative distribution function 
(cdf) of e

w
. In the ordered logit the error term e

w
 is 

assumed to be distributed as a standard logistic.
In our study, the hypothesis being tested is 

that the market price of the selected wine, (in 
terms of the probability that a wine is being 
priced in a certain price class) is a function of 
the wine’s extrinsic attributes, specific winery 
factors influencing the firm’s cost curve but also 
some credence attributes. 

As stated previously, hedonic price estimation 
can be cumbersome when the sample of the an-
alyzed wines is too heterogeneous. Estimation 
of the attributes’ implicit prices can be incon-
sistent due to the considerable influence of un-

observable quality signals (OCZKOWSKI, 2001). 
The sample of wine under investigation, includ-
ing only one grape variety, minimizes such draw-
backs, excluding the effects of collective repu-
tation related to different product designations 
(COSTANIGRO and MCCLUSKEY, 2011). Product 
designation is of paramount importance since it 
is related to comparative market advantage due 
to terroir and price differentiation. Market price 
might thus depend on explicit quality product 
and specific credence attributes, such as rat-
ings of experts and classic wine designations.

RESULTS AND DISCUSSION

Estimation results

According to the estimation results of the or-
dered logit described in the previous section (Ta-
ble 5), most of the explanatory variables includ-
ed in the model are statistically significant. The 
following were not significant: organic certifica-
tion (organic) and degree of vine specialization 
of producing wineries (specialized). DOCG cer-
tification seems to show the greatest impact. As 
for quality experts’ ratings, the AIS guide rating 
had no impact on the selling price but inclusion 
in AIS had a positive impact. By contrast, both 
the wine ratings of Gambero Rosso and Veronel-
li had a positive influence on price.

On estimating hedonic price modeling the mar-
ginal effects can be straightforwardly derived. In 
the case of an ordered logit model, marginal ef-
fects must be interpreted as the impact of a unit 
increase in an explanatory variable on the prob-
ability of shifting from one price class to the next. 
In order to elicit an implicit price, the change in 
probability thereby derived was transformed into 
the average change in the expected value of wines. 
The procedure consists in summing over the four 
price classes the predicted change in probabili-
ty due to the marginal increase in the variables 

Table 4 - Explanatory variables included in the empirical model.

	 Type	 Definition	 Mean	 St. dev.

Location	 Campania	 1 if winery is located in Campania	 0.756	 0.43
	 Prov. AV	 1 if winery is located in Avellino prov.	 0.279	 0.449

Organization	 Private company	 1 if winery is a private company 	 0.934	 0.248
	 Specialized	 Degree of winery specialization	 0.227	 0.419
	 Q bottled	 ln no. of bottles produced	 11.52	 1.561

Certification	 Organic	 1 if organic	 0.133	 0.34
	 DOCG	 1 if DOCG	 0.099	 0.298
	 DOC 	 1 if DOC	 0.54	 0.499

Product	 % Aglianico varietal	 % of Aglianico vine content	 87.544	 26.884

Expert quality ratings	 AIS presence 	 1 if reviewed in AIS	 0.254	 0.435
	 Gambero Rosso presence 	 1 if reviewed in GR	 0.422	 0.494
	 Veronelli presence 	 1 if reviewed in VER	 0.465	 0.499
	 AIS rating 	 AIS score 	 0.311	 0.746
	 Gambero Rosso rating 	 GR score 	 0.383	 0.769
	 Veronelli rating 	 VER score 	 0.7	 1.07
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Table 5 - Ordered Logit hedonic pricing results. 

	 Parameters	 Coeff.	 Sign.

Location	 Campania	 -0.476	 **
	 prov. AV	 -0.551	 ***

Organization	 Private company	 0.818	 ***
	 Specialized	 0.222
	 Q bottled	 -0.178	 ***

Certification	 Organic	 -0.009
	 DOCG	 3.459	 ***
	 DOC 	 0.856	 ***

Product	 % Aglianico grape variety	 0.007	 ***

Expert quality ratings	 AIS presence	 1.024	 ***
	 Gambero Rosso presence	 0.037
	 Veronelli presence	 0.081
	 AIS rating	 -0.024
	 Gambero Rosso rating 	 0.388	 ***
	 Veronelli rating 	 0.328	 ***

Thresholds			   s.d.
	 k1	 -0.551	 0.806
	 k2	 1.742	 0.807
	 k3	 3.167	 0.814

No. obs 1,053. Loglikelihood=-1,055.1; Wald χ2(15)=546.99 Prob > χ2=0.000. Starred levels of significance are 10% (*), 5% (**), 1% (***).

multiplied by the mean price of the correspond-
ing price class of wines (Table 6).

Wine produced by private companies enjoys 
a higher market price than that of cooperatives. 
Location of a winery in the region of Campania 
negatively affects the average Aglianico selling 
price. DOCG certification has a great impact on 
price: the derived implicit price is 8 euros. As for 
the impact of the wine guides, inclusion in AIS, 
regardless of the assigned score, increases the 
average market price by around €2. Gambero 
Rosso and Veronelli show similar implicit prices, 
estimated to be around €0.80 for each addition-
al assigned score. The effect of the three guides 

is comparable. Whereas few Aglianico wines are 
included in AIS, Gambero Rosso and Veronelli 
assess a larger number of Aglianico wines. While 
listing of the wine in the AIS catalogue is a suffi-
cient condition to influence the selling price, the 
same does not hold for the other guides.

CONCLUSIONS

Our analysis sought to isolate and measure the 
role of some credence attributes on wine prices. 
Reputation of the production districts, provided 
by designation of origin certification, can enhance 

Table 6 - Average marginal effect and derived implicit prices.

	 Expected value 	 0–5€ 	 5€-10€	 10€-15€	 >15€

Campania	 -€ 1.04	 0.082	 **	 -0.012	 	 -0.031	 **	 -0.038	 ***
AV prov 	 -€ 1.14	 0.098	 ***	 -0.027	 ***	 -0.033	 ***	 -0.039	 ***
Private company	 € 1.63	 -0.151	 ***	 0.051	 ***	 0.049	 ***	 0.051	 **
Specialized	 € 0.48	 -0.039		  0.007	 *	 0.014	 	 0.017
Q bottled	 -€ 0.45	 0.031	 ***	 -0.007	 ***	 -0.011	 ***	 -0.014	 ***
Organic	 -€ 0.02	 0.002		  0	 	 -0.001	 	 -0.001
DOCG	 € 8.48	 -0.359	 ***	 -0.244	 ***	 0.115	 ***	 0.489	 ***
DOC 	 € 1.79	 -0.154	 ***	 0.041	 ***	 0.051	 ***	 0.062	 ***
% Aglianico grape variety	 € 0.01	 -0.001	 ***	 0	 ***	 0	 ***	 0.001	 ***
AIS presence	 € 2.31	 -0.172	 ***	 0.013	 	 0.072	 ***	 0.087	 **
Gambero Rosso presence	 € 0.08	 -0.007		  0.001	 	 0.002	 	 0.003
Veronelli presence	 € 0.17	 -0.014		  0.003	 	 0.005	 	 0.006
AIS rating	 -€ 0.05	 0.004		  -0.001	 	 -0.002	 	 -0.002
Gambero Rosso rating	 € 0.85	 -0.068	 ***	 0.014	 ***	 0.024	 ***	 0.03	 ***
Veronelli rating	 € 0.71	 -0.057	 ***	 0.012	 ***	 0.02	 ***	 0.025	 ***

Starred levels of significance are 10% (*), 5% (**), 1% (***).
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a comparative, and collective, market advantage 
due to the role of terroir. Hedonic price estimation 
was performed on a specific Italian grape variety 
(Aglianico). Aglianico is a varietal native to south-
ern Italy which has been awarded many designa-
tions of origin under two certifications: DOC and 
DOCG (the latter is more tightly regulated). Due 
to the unconventional nature of the dependent 
variable expressed in categories, ordered logit he-
donic price modeling was implemented. Based on 
the empirical results, credence attributes great-
ly influence the market price of Aglianico. Among 
them, DOCG certification showed the highest in-
fluence on price. In some studies the role of DOC 
and DOCG were not clearly targeted. Some studies 
showed a strong relationship between such certi-
fication and price (CHAMBOLLE and GIRAUD-HÉ-
RAUD, 2005; VEALE and QUESTER, 2008; BENFR-
ATELLO et al., 2009) while others showed that any 
such influence was weak, if non-existent. In our 
study the implicit price of DOC-DOCG certification 
is of extreme importance and, what is more, high-
er than that of the expert ratings. This result has 
two possible implications. The first is that grape 
variety homogeneity seems to be an important req-
uisite when relations between extrinsic attributes 
and price heterogeneity are being examined. The 
second concerns the major role that this certifi-
cation still performs. DOCG labeling gives access 
to a collective reputation and enables a premium 
price to be captured from consumers. Since the 
DOC-DOCG certifications became stricter for pro-
ducers due to a new controlling system set in train 
by the new EU-COM, this study helps show that 
adoption of a collective strategy for quality wine 
will be rewarding for those firms that are willing 
to apply a strategy of brand equity to maintain or 
increase market power.
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Abstract

The present study was aimed at evaluating the composition and nutrition of some commonly 
consumed pea cultivars. The investigated parameters included proximate composition, vitamin 
contents, antinutritional factors (ANF), fatty acids, tocopherols, sterols, amino acid and mineral 
contents. Variability was observed among investigated cultivars in terms of amino acid and sug-
ar contents. Despite variations among sugar contents, sucrose and raffinose were noted as be-
ing present in highest and lowest concentrations, respectively, in all cultivars. The distribution 
patterns of various amino acids in these cultivars suggested sulphur-containing amino acids as 
limiting amino acids. Analysis showed almost similar proportions of biochemical constituents 
among all cultivars. The data show that, in terms of both quality and quantity, the pea cultivars 
can serve as a significant source of essential amino acids, and bioactive constituents to meet the 
demand of populations of Pakistan.
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Introduction

Pea (Pisum sativum L.) is an annual self-pol-
linated food legumes used throughout Pakistan 
in people of all income and age groups due to its 
nutritive value and pleasant taste. Short grow-
ing duration and relatively simple production 
stimulated its production making it a commer-
cial commodity. It is cultivated on 10 thousand 
hectares with a total production of 82 thousand 
tons in Pakistan (ASHRAF et al., 2011). The high 
cost of food crops coupled with the expensive and 
scarce source of animal proteins as well as the 
dwindling family income, has made pea a cheap 
source various food constituents for indigenous 
people of Pakistan. It is used in livestock feeds 
as a source of energy and protein and also in 
feeds for aquatic species. 

Recent researches conducted by numerous 
authors (GDALA et al., 1992; ZDUŃCZYK et al., 
1997; BASTIANELLI et al., 1998) show that pro-
gress in pea breeding results not only in higher 
yields, but also in changes in the chemical com-
position of seeds. Further it is also recognized 
that genotypic variation and cultivation meth-
ods are two major factors influencing levels of 
chemical constituents in pea seeds (MARZO et 
al., 1997).Various cultivars of pea are being used 
throughout Pakistan however no detailed study 
exists exploring its compositional and nutrition-
al potential. So information is needed on the bi-
ochemical composition of pea cultivars to help 
understand their nutritional profiles from pro-
duction and consumption points of view. In this 
context as part of our continuous studies on in-
digenous flora of Pakistan (KALEEM et al., 2012, 
RIZWAN et al., 2012, ZIA-UL-HAQ et al., 2011 a, 
b; 2012 a, b; 2013 a, b) we have evaluated four 
commonly consumed pea varieties in Pakistan 
from compositional point of view.

Materials and methods

Material

The seeds of four pea (Pisum sativum L.) cul-
tivars, Metvor, Samrina Zard, Climax Improved, 
and PF-400 were procured from Department of 

Agronomy, Bahauddin Zakariya University, Mul-
tan. Seeds of all the cultivars were divided into 
groups for storage in stainless-steel containers 
at 4oC prior to analysis.

Proximate analysis and vitamin contents

Moisture, crude fat, ash, protein and carbo-
hydrates were determined according to AOAC 
International methods (AOAC, 1998) and re-
sults expressed in Table 1. Vitamin C were also 
measured by AOAC method (AOAC, 1998). Thia-
mine content was determined by the thiochrome 
method and riboflavin content by the fluores-
cence method (GSTIRNER, 1965). Niacin was de-
termined by a reported method (ARINATHAN et 
al., 2003) (Fig. 1).

Antinutritional factors (ANF) profile

A reported method of (ODUNFA, 1983) was 
used for separation of oligosaccharides by thin-
layer chromatography. 50 µL of ethanol extract 
were spotted on precoated silica gel plates at 2 
cm intervals along with 20 µL of reference stand-
ard mixture containing sucrose, raffinose, and 
stachyose. n-propanol, ethyl acetate and water 
(6:1:3 v/v) was used as solvent system. After 4 h 
development of the plates, the oligosaccharides 
were quantified by the guide strip technique of 
(SUGIMOTO and VANBUREN, 1970). The sugars 
content estimated according to the phenol-sul-
phuric acid method (DUBOIS et al., 1956). Phyt-
ic acid was determined as reported previously 
(ZIA-UL-HAQ et al. 2013a) and results are shown 
in Table 2.

Mineral analysis

The pea samples were incinerated at 450°C 
for 12 h in a muffle furnace and acid digest was 
prepared by oxidizing each sub-sample with a 
nitric/perchloric acid (2:1) mixture. Aliquots 
were used to estimate Na and K by flame pho-
tometer (Flame Photometer Model-EEL). The 
minerals, such as calcium, manganese, mag-
nesium, zinc, iron and copper, were determined 
with an atomic absorption spectrophotometer 
(Perkin-Elmer Model 5000) while Phosphorus 

Table 1 - Proximate composition (%) of pea cultivars.

Contents	 Metvor	 Samrina Zard	 Climax Improved	 PF-400

Total protein	 20.51b±1.71	 23.80a±1.66	 22.37a±1.60	 20.60b±1.72
Total ash 	 3.16c±0.19	 3.54b±.18	 3.72a±0.19	 3.52b±0.18
Total fat 	 2.35b±0.05	 2.19c±0.05	 2.63a±0.09	 2.38b±0.09
Crude fiber 	 10.74a±1.7	 9.14b±1.6	 11.24a±1.2	 10.99a±1.6
Total carbohydrates 	 56.54a±1.82	 52.43a±1.73	 50.86b±1.10	 54.81a±1.75
Moisture	 6.70c±0.31	 8.90a±0.32	 9.18a±0.28	 7.7b±0.19

Data are expressed as means±standard; values having different letters differ significantly (p<0.05).
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Fig. 1 - Vitamin contents (mg/100 g) of pea cultivars. Data are expressed as means±standard deviations; values having 
different letters differ significantly (p<0.05).

was determined by the phosphovanado-molyb-
date (yellow) method (AOAC, 1998) (Table 3). 
The samples were quantified against standard 
solutions of known concentration that were an-
alyzed concurrently.

Amino acid analysis

Samples (300 mg), in triplicate from each cul-
tivar, were hydrolyzed with 6 N HCl in an evacu-

Table 2 - Anti-nutritional contents (g/ kg) of pea cultivars.

Cultivars	 Sucrose 	 Raffinose	 Stachyose	 Verbascose	 Phytic acid

Metvor	 50.7b±0.10	 8.43c±0.07	 36.7a±0.09	 14.80c±0.12	 8.30a±0.13
Samrina Zard	 46.4c±0.09	 9.15b±0.06	 33.8b±0.02	 19.27a±0.15	 7.25b±0.14
Climax Improved	 55.9a±0.03	 10.03a±0.04	 27.1d±0.16	 16.4b±0.17	 6.19c±0.18
PF-400	 48.3bc±0.08	 9.29b±0.05	 30.9c±0.12	 18.1a±0.11	 7.34b±0.06

Data are expressed as means±standard deviations; values having different letters differ significantly (p<0.05).

Table 3 - Mineral composition (mg/100) g of pea cultivars.

Minerals	 Metvor	 Samrina 	 Climax Improved	 PF-400	 NRC/NAS
		  Zard			   pattern for infants (1989)

Sodium	 111a±2.65	 107b±2.38	 106b±1.33	 108b±1.89	 113-200
Potassium	 1014b±6.43	 1017a±3.78	 1021a±4.08	 1019a±0.09	 500-700
Phosphorus	 284b±3.61	 291a±2.13	 282b±3.08	 279b±2.92	 500
Calcium	 110a±6.24	 107b±5.48	 111a±4.73	 108b±5.10	 600
Iron	 2.1ns±0.26	 1.9ns±0.69	 2.3ns±0.52	 2.0ns±0.19	 10
Copper	 9.9b±0.10	 10.9a±0.07	 11.5a±0.04	 10.2b±0.09	 0.6-0.7
Zinc	 3.4ns±0.20	 3.1ns±0.17	 3.6ns±0.11	 3.2ns±0.07	 5
Manganese	 2.6ns±0.03	 2.2ns±0.02	 2.4ns±0.06	 2.7ns±0.05	 0.3-1
Magnesium	 4.0ns±0.04	 4.3ns±0.07	 4.1ns±0.05	 4.4ns±0.03	 -

Data are expressed as means±standard deviations; values having different letters differ significantly (p<0.05).

ated test tube for 24 h at 105°C. The dried res-
idue was dissolved in citrate buffer (pH 2.2) af-
ter flash evaporation. Aliquots were analysed in 
an automatic amino acid analyser (Hitachi Per-
kin-Elmer Model KLA 3B), using the buffer sys-
tem described earlier (ZARKADAS et al., 1993). 
Methionine and cystine were analysed sepa-
rately after performic acid treatment and sub-
sequent hydrolysis with HCl (KHALIL and DU-
RANI, 1990). Tryptophan was determined after 



298  Ital. J. Food Sci., vol. 25 - 2013

alkali (NaOH) hydrolysis by the colorimetric 
method (FREIDMAN and FINELY, 1971) (Table 4).

In vitro protein digestibility

A multienzyme technique was used to meas-
ure the in vitro protein digestibility (EKPE-
NYONG and BORCHERS, 1979) as reported pre-
viously (ZIA-UL-HAQ et al., 2013a) (Fig. 2).

Table 4 - Amino acid composition (%) of pea cultivars with FAO/WHO/UNU (1985) patterns of amino acid requirements for 
different age groups.

Amino acids 	 Metvor	 Samrina 	 Climax	 PF-400	 d2-5 years	 d10-12 years
		  Zard	 Improved

Lysine	 8.0a±0.03	 7.7b±0.01	 7.8b±0.08	 8.2a±0.03	 5.8	 4.4
Histidine	 2.4a±0.05	 2.1b±0.02	 2.0b±0.01	 2.4a±0.02	 1.9	 1.9
Isoleucine	 4.5a±0.05	 4.4a±0.07	 4.2b±0.05	 4.0c±0.07	 2.8	 2.8
Leucine	 7.2ns±0.05	 7.3ns±0.03	 7.4ns±0.04	 7.1ns±0.01	 6.6	 4.4
Cystine	 1.7bs±0.08	 1.9a±0.04	 1.5c±0.03	 1.7b±0.08	 2.5a	 2.2a

Tyrosine	 3.7b±0.01	 3.4c±0.06	 3.9a±0.02	 3.7b±0.05	 6.3b	 2.2b

Threonine	 3.6ns±0.04	 3.8ns±0.04	 4.0ns±0.03	 3.7ns±0.04	 3.4	 2.8
Tryptophan	 0.9a±0.03	 0.7c±0.09	 0.8b±0.02	 0.8b±0.05	 1.1	 0.9
Valine	 5.0a±0.05	 4.8c±0.08	 5.0a±0.04	 4.9b±0.07	 3.5	 2.5
Arginine	 7.2a±0.03	 7.3a±0.04	 7.0b±0.03	 7.3a±0.05
Methionine	 1.3a±0.02	 1.1c±0.05	 1.2b±0.09	 1.3a±0.02
Phenylalanine	 5.3a±0.12	 4.9b±0.06	 4.7b±0.07	 5.2a±0.08
Alanine	 5.5a±0.03	 5.2b±0.07	 5.6a±0.05	 5.4a±0.01
Aspartic acid	 11.2a±0.07	 11.4a±0.08	 10.5b±0.07	 11.0a±0.05
Glutamic acid	 19.0b±0.05	 20.5a±0.07	 20.8a±0.09	 20.2a±0.09
Glyine	 4.5b±0.04	 4.6b±0.05	 4.9a±0.04	 4.2c±0.04
Proline	 3.9a±0.02	 3.7a±0.03	 3.5b±0.01	 3.8a±0.07
Serine	 4.9ns±0.03	 5.3ns±0.05	 5.2ns±0.08	 5.1ns±0.03

Data are expressed as means±standard deviations; values having different letters differ significantly (p<0.05).
d Patterns of amino acid requirements for different age groups;
b =Tyr+phe;
a=cys+meth.

Fatty acid (FA) composition

Fatty acid methyl esters (FAMEs) were pre-
pared according to the standard of IUPAC meth-
od 2.301, and analyzed on a SHIMADZU gas chro-
matograph model 17-A with flame ionization de-
tector (FID). Separation was done on a capillary 
column (30 m x 0.32 mm x 0.25 μm; Supelco; 
Bellefonte, Pa., USA). Nitrogen was used as a 

Fig. 2 - In vitro protein digestibility (%) of pea cultivars. Data are expressed as means±standard deviations; values having 
different letters differ significantly (p<0.05).
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carrier gas at a flow rate of 3.0 mL/min. Col-
umn temperature was programmed from 180° 
to 220°C at the rate of 3°C/min. Initial and fi-
nal temperatures were held for 2 and 10 min, 
respectively. Injector and detector were kept 
at 230° and 250°C, respectively. A sample vol-
ume of 1.0 μL was injected with the split ra-
tio of 1:75. FAMEs were identified by compar-
ing their relative and absolute retention times 
to those of authentic standards. The quantifica-
tion was done by a Chromatography Station for 
Windows (CSW32) data handling software (Data 
Apex Ltd. CZ-158 00 Pague 5, the Czech Repub-
lic). The fatty acid composition was reported as 
a relative percentage of the total peak area and 
the results were calculated as mg/100 g of pea 
seeds (Table 5).

Tocopherol, sterols and squalene analysis

Samples were finely ground (1.0 mm mesh 
size) using a Moulinex Optiblend 2000 and 1 
g of each sample was weighed into a 25×150 
mm Pyrex culture tube with Teflon-lined screw 
cap. Samples were spiked with 2.5 mL internal 
standard (50 μg 6-ketocholesterol dissolved in 
2.5 mL ethanol). Samples were hydrolysed un-
der acidic conditions by a modification of a pro-
cedure previously described by (TOIVO et al., 
2001) briefly, absolute ethanol (1 mL) and HCl 
(6M, 5 mL) were added to each tube and samples 
were shaken vigorously. Tubes were then kept at 
80°C for 1 h in a water bath, during which tubes 
were shaken every 10 min. The tubes were then 
cooled on ice and 5 mL ethanol, 10 ml hexane/
diethyl-ether (1:1, v/v) were added to each sam-
ple. Tubes were vortexed (1 min) and then cen-
trifuged at 1,000 rpm (10 min). The upper sol-
vent layer was removed and the extraction re-
peated with a further 10 mL hexane/diethyl-
ether. The combined extracts were dried under 
nitrogen and stored in a refrigerator until sapon-
ified by a procedure previously described (MAGU-
IRE et al., 2004) for phytosterols, squalene and 
tocopherols analysis by HPLC. The HPLC sys-
tem consisted of a Waters 510 pump and a Wa-
ters 717 plus autosampler (Waters Corporation, 

Milford, Massachusetts, USA). For phytoster-
ol analyses, 20 μL sample was injected onto a 
Luna C8 (2) column (250×4.6 mm i.d.; Phenom-
enex, Cheshire, UK). Detection was done by a 
Waters 995 photodiode array detector. The mo-
bile phase was 80% acetonitrile and 20% water 
at a flow rate of 1.6 mL/min. Column temper-
ature was maintained at 50°C. The HPLC sys-
tem used for squalene and tocopherol analysis 
was the same, except the column used was a 
Supelcosil LC-18-DB (250×4.6 mm i.d.; Supel-
co, Bellefonte, Pennsylvania, USA). Concerning 
tocopherol analysis, reverse phase chromatog-
raphy does not distinguish between the β-and 
γ-isomers of tocopherol, thus the sum of these 
isomers is shown throughout as β+γ-tocopherol 
(Table 6 and Fig. 3).

Statistical analysis

Analyses were performed in triplicate and 
values marked by the same letter in same col-
umn of same class are not significantly differ-
ent (P < 0.05). Data were analyzed by using the 
“MSTATC” statistical computer package.

Results and Discussions

Compositional studies

Peas enjoy the distinction of being an impor-
tant constituent of diets of the people of Paki-
stan as an excellent and inexpensive source of 

Table 5 - Fatty acid profile of pea cultivars.

Fatty acid	 Metvor	 Samrina Zard	 Climax Improved	 PF-400

16:0	 10.57b±0.03	 11.67a±0.05	 12.21a±0.09	 11.98a±0.07
16:1	 0.09b±0.02	 0.13a±0.04	 0.07b±0.03	 0.06b±0.09
17:0	 0.19a±0.09	 0.09b±0.02	 0.21a±0.04	 0.25a±0.06
18:0	 3.04a±0.07	 2.72b±0.08	 2.95a±0.05	 2.68b±0.01
18:1	 28.41a±0.08	 26.31b±0.05	 25.05c±0.08	 26.16b±0.07
18:2	 47.49a±0.05	 46.98b±0.03	 47.77a±0.05	 46.89b±0.05
18:3	 9.77b±0.07	 11.21a±0.2	 10.99a±0.01	 11.43a±0.06
20:0	 0.24c±0.04	 0.39a±0.01	 0.31b±0.05	 0.27bc±0.04
20:1	 0.20c±0.01	 0.50a±0.03	 0.44a±0.07	 0.28b±0.08

Data are expressed as means±standard deviations; values having different letters differ significantly (p<0.05).

Table 6 - Squalene, α-Tocopherol and β+γ-Tocopherol content 
(mg/100 g) of pea cultivars.

Cultivar	 Squalene	 α-Tocopherol	 β+γ-Tocopherol

Metvor	 1.7a±0.03	 11.6b±0.05	 5.5ns±0.02
Samrina Zard	 0.5b±0.01	 12.4b±0.01	 4.9ns±0.04
Climax Improved	 0.6b±0.02	 10.9b±0.03	 5.3ns±0.07
PF-400	 0.9b±0.04	 13.3a±0.02	 5.1ns±0.05

Data are expressed as means±standard deviations; values having dif-
ferent letters differ significantly (p<0.05).
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protein, fatty acids, essential amino acids, vita-
mins and minerals. The data on the proximate 
composition, along with some of antinutritional 
factors is summarized in Table 1. The carbohy-
drates showed a range from 52 to 58%. As pea 
seeds have high content of high-quality starch 
(MCLEAN et al., 1974), these can serve as a very 
good source of energy as well as protein for milk 
cows at a lower production level or in the declin-
ing stage of lactation period (KHORASANI et al., 
1992). The observed range for chemical compo-
sition is close to that reported earlier (COSTA et 
al., 2006). 

Vitamin contents (Fig. 1) differed from that al-
ready measured (VIDAL-VALVERDE et al., 2003; 
URBANO et al., 2005; MORYMA and OBA, 2008). 
The reason may be that measurements units 
differed from previous work. Similarly agroge-
oclimatological conditions also affect vitamin 
contents percentage in legume seeds. Vitamin 
C contents are different from reported earlier 
(MICHIE and KAZUKO, 2008). Food levels of vita-
min C and flavonoids not only vary greatly de-
pending on species and variety, growing loca-
tion, harvesting time, storage, processing, and 
other conditions, but also with respect to meth-
odological differences (ADRIAN et al., 2004).Vita-
min C and the flavonoids are both very strong 
antioxidant agents and their biological activities 
are in part synergistic (ISLER et al., 1988). Vita-
min C is essential for connective tissue forma-
tion and maintenance, immune system stimula-
tion, works as anti-oxidant, and enhances iron 
utilization among other roles (SHRIMPTON, 1993). 

As for mineral substances (Table 2), potas-
sium and phosphorus dominate while the cal-
cium content is relatively low. Potassium con-

Fig. 3 - β-Sitosterol, campesterol, and stigmasterol content (mg/100 g) of pea cultivars. Data are expressed as means±standard de-
viations; values having different letters differ significantly (p<0.05).

tent ranged from 1,014 mg/100 g in Metvor 
to 1,021 mg/100 g in Climax Improved. Sodi-
um was found in lower quantity in Climax Im-
proved (106 mg/100 g) while Climax Improved 
had the highest iron (2.3 mg/100 g) content. 
All cultivars contained good amounts of calci-
um, zinc and copper. The results correspond to 
those already reported for Pea in Pakistan (AM-
JAD et al., 2006). These results revealed that 
peas may provide a sufficient amount of min-
erals to meet the human mineral requirement 
(NRC/NAS, 1989). However, excess of one min-
eral may prevent others being absorbed and uti-
lized properly. A significant decrease of systol-
ic blood pressure has been reported with calci-
um supplementation for the hypertensive per-
sons, since magnesium works in conjunction 
with calcium to help in transmitting nerve im-
pulse to the brain (ALLENDER et al., 2006; HALL-
FRISCH et al., 2000). Mineral supplementation 
can be used as an alternative approach to cor-
rect this imbalance.

The data (Table 4) indicated that all essential 
amino acids, except s-containing types and tryp-
tophan, are present in excessive amounts in all 
the cultivars analyzed. Pea seeds have relatively 
favorable lysine content, but the content of me-
thionine and tryptophan has to be are very low. 
Results are comparable to those of earlier work-
ers (AMJAD et al., 2006). These types of result 
are also obtained for chickpea. Amino acid defi-
ciency can be met by consuming large amounts 
of legumes, or by taking a mixture of legumes, 
or by employing the complementarity that exists 
between high sulphur amino acid cereals and 
legumes, especially the soybean (ZIA-UL-HAQ et 
al., 2007, 2011).
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In vitro protein digestibility data (Fig. 2) re-
vealed that values are lowest in PF-400 and high-
est in Climax Improved. A considerable variation 
has been reported for pea protein digestibility in 
the literature (VIDAL-VALVERDE et al., 2003). Di-
gestibility of legume proteins is poor. However, it 
can be improved through heat-treatments, e.g. 
cooking, autoclaving and roasting.

Data about the qualitative and quantitative 
composition of fatty acids are summarized in 
Table 5. Fatty acid profile of all pea cultivars 
reveals the lipids as a good source of the nu-
tritionally essential linoleic and oleic acids. Li-
noleic acid, palmitic acid and oleic acid were 
the dominating fatty acids. The nutritional val-
ue of linoleic acid is due to its metabolism at 
tissue levels which produce the hormone-like 
prostaglandins. The activity of these prosta-
glandins includes lowering of blood pressure 
and constriction of smooth muscle (AURAND et 
al., 1987). Linoleic and linolenic acids are the 
most important essential fatty acids required 
for growth, physiological functions and mainte-
nance. Most of the fatty acids were unsaturated 
fatty acids, while saturated fatty acids (main-
ly, palmitic acid) contributed little of the total 
fatty acids content. The fatty acid composition 
and high amounts of unsaturated fatty acids 
make pea a special legume, suitable for nutri-
tional applications. The presence of high lev-
els of unsaturated fatty acids, in all the pres-
ently studied cultivars, is nutritionally desira-
ble and results are comparable with some edi-
ble legumes (RYAN et al., 2007).

Our results (Table 6 and Fig. 3) indicated that 
the pea seeds are exceptionally a rich source of 
tocopherols and sterols. Our values are in line 
with that reported earlier (RYAN et al., 2007). 
Regional and cultivars variations for the distri-
bution of campesterol, stigmasterol, b-sitoster-
ol, D5, avenasterol and clerosterol have already 
been reported in the literature. As with many of 
the other traits, no previously reported data on 
the tocopherol and sterol contents of pea seeds 
from Pakistan are available in literature. Phytos-
terols are supposed to have a wide range of ef-
fects like anti-inflammatory, anti-oxidative, and 
anticarcinogenic activities (BERGER et al., 2004). 
Several studies have indicated that plant sterols 
inhibit the intestinal absorption of cholesterol, 
thereby lowering total plasma cholesterol and low-
density lipoprotein (LDL) levels (DEJONG et al., 
2003). Squalene is believed to be an important 
dietary cancer chemopreventive agent (SMITH, 
2000). It also has been shown to act as an anti-
dote to reduce accidental drug-induced toxicities 
(SENTHILKUMAR et al., 2006). It has been dem-
onstrated to be a potent quencher of singlet ox-
ygen, (KOHNO et al., 1995). The tocopherol con-
tent in food is inversely associated with mortal-
ity from cardiovascular disease. In addition, to-
copherols, due to their capacity to quench free 
radical damage, play a putative role in preven-

tion of Alzheimer’s disease and cancer (TUCKER 
and TOWNSEND, 2005).

Anti-nutritional contents

Pea seeds although highly digestible, con-
tain some antinutritional substances that limit 
their consumption and utilization. Among these 
are the indigestible oligosaccharides, raffinose, 
stachyose, and verbascose. These sugars are not 
utilized by monogastric animals, including hu-
mans, who lack the specific α-galactosidase en-
zyme needed to digest those however their low 
concentration precludes any significance in hu-
man nutrition. Phytic acid and sugar contents 
(Table 2) are close to investigated earlier. (VID-
AL-VALVERDE et al., 2003). Intensive breeding 
efforts have helped to reduce the content and 
range of antinutritional substances. It is also 
recognized that varieties with a higher content 
of antinutritional substances produce higher 
yields, possibly due to the existence of mecha-
nisms of higher resistance of these varieties to 
diseases and animal predators. Further theses 
antinutritional contents may be removed by dif-
ferent processing methods.

Conclusion

Current study indicated that peas are a good 
source of vitamins like thiamine, niacin and ri-
boflavin and much needed iron, but relatively 
poor source of calcium and sulphur containing 
amino acids. Anti-nutritional contents present in 
pea seeds may be reduced by various treatments. 
In recent years, area, production and produc-
tivity of pea in Pakistan has showed an impres-
sive positive annual growth. Concerted efforts 
are needed to evaluate and, introduce improved 
pea cultivars with high yield potential and dis-
ease resistance with passage of time. The wide-
spread use and diversity of pea products bodes 
well for the crops future and attests to its ver-
satility as food and feed.
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Abstract

With the purpose of preparing a cooked fish ham from gilthead sea bream, salmon, and hake 
and containing dietary fibre, three studies were made: gilthead sea bream vs hake batter, reduc-
tion of the brine salt content (3, 6, 20 %, w/w), and incorporation of DF: 2 % (w/w) carrageenan, 
2 % (w/w) konjac glucomannan, and 2 % (w/w) of each. The incorporation of DF led to a better 
texture (hardness, cohesiveness, and springiness) and higher sensory scores. Furthermore, much 
thinner slices were achievable, particularly with the combination of 2 %, w/w, carrageenan and 
2 %, w/w, konjac glucomannan.
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INTRODUCTION

The consumption of vegetarian products and 
meat products with reduced fat content has 
been increasing over the past years (Xiong et al., 
1999; Kubberød et al., 2002). Consumer pref-
erence for alternative healthier products is lead-
ing to the development of different meat systems 
(Giese, 1996; Cofrades et al., 2000). Besides, 
there is growing consumer interest in the devel-
opment of meat analogues and fat substitutes 
using alternative sources of protein (Beggs et 
al., 1997; Shand, 2000; Yang et al., 2001). On 
the other hand, restructured fish products and 
the application of new food additives have been 
used as a way of reaching health-conscious con-
sumers. In addition, fish can be an interesting 
alternative source of protein (Shahidi and Venu-
gopal, 1994).

Among the various traditional meat products 
in the market, cooked ham is specially suited – 
given its organoleptic and technological char-
acteristics as well as its wide public acceptance 
– for experimenting fish as an innovative raw 
material. A cooked fish ham would be a novel-
ty, since no scientific literature or patent on this 
subject is known. The most similar products are 
different fish sausages, prepared with total or 
partial replacement of livestock meat (Morris, 
1988; Chuapoehuk et al., 2001; López-Cabal-
lero et al., 2005; Cardoso et al., 2008).

Gilthead sea bream (Sparus aurata) and salm-
on (Salmo salar) are commonly farmed fish spe-
cies, whose market for whole fish presents signs 
of saturation. This creates a potential opportu-
nity for ready-to-cook fillets. But, the produc-
tion of value-added functional foods may also 
present an opportunity. Moreover, heat-induced 
gels prepared from gilthead sea bream showed 
an acceptable textural quality (Cardoso et al., 
2011a). On the other hand, hake (Merluccius cap-
ensis) may add nutritional value and, combined 
with salmon, yield an interesting cooked fish 
ham appearance, due to the contrasting hake 
and salmon colours. Therefore, the preparation 
of a functional cooked fish ham with these three 
fish species may offer an outlet for these differ-
ent raw materials.

Dietary fibre (DF), one of the food additives 
frequently used in the design of functional foods 
(Puupponen-Pimïa et al., 2002), has a high nutri-
tional value and its importance in health is well 
established (Anderson et al., 1990, Kritchevs-
ky and Bonfield, 1995). Knowledge of the ben-
eficial effects of high dietary fibre diets – namely, 
regarding prevention of cardiovascular diseas-
es and several types of cancer – has promoted 
the development of a large and profitable mar-
ket for products enriched in DF. Besides, DF can 
offset the negative effect of some ingredients on 
the texture. For instance, some DFs, such as 
carrageenans (Ortiz and Aguilera, 2004) or 
also xanthan and guar gums (Montero et al., 

2000), have been used for technological purpos-
es in fish products.

Among DFs, konjac flour, the generic name 
of the milled tuber from Amorphophallus konjac 
(Park, 1996), has been used in the development 
of low fat products (Lin and Huang, 2008) and 
its application to fish is receiving progressively 
more attention (Park, 1996; Xiong et al., 2009). 
It contains high molecular weight glucoman-
nan, whose D-glucose and D-mannose units 
(molar ratio ~3:2) are bonded by b-1,4-linkages 
(Tye, 1991). Acetyl groups are randomly scat-
tered along the essentially linear polymer with 
an occurrence of ~1 per 19 monomers (glucose 
or mannose). In the presence of alkali konjac 
glucomannan (KGM) will deacetylate and form 
a thermoirreversible and highly heat-stable gel, 
which is the basis of many traditional oriental 
foods (Nishinari et al., 1992). Regarding its ap-
plication, it has been shown that konjac (at least 
1%, w/w) can improve texture of fish products, 
namely reinforcing shear stress of gels in both 
whiting and pollock surimi (Park, 1996). KGM 
can also generate a gel by synergistic interaction 
with other plant/algal hydrocolloids (carrageen-
an, starch and gellan gum) (Fernández-Martín 
et al., 2009). Namely, the combination of KGM 
and carrageenan markedly improved the quality 
of sea bass gel products (Cardoso et al., 2011b).

Carrageenan is another DF potentially bene-
ficial for fish products. It is extracted from the 
red seaweeds and available in three main types, 
namely, kappa (κ), iota (ι) and lambda (λ). How-
ever, due to their chemical differences, only iota 
and kappa carrageenans have gelling ability 
(Cardoso et al., 2007). In spite of the fact that 
carrageenan addition to fish products is not a 
widespread practice, there have been some ex-
periments involving presence of iota and kappa 
carrageenan in seafood (Ortiz and Aguilera, 
2004; Gómez-Guillén and Montero, 1996; 
Gómez-Guillén and Montero 1997). Particu-
larly, it was found that incorporation of at least 
0.8-1.2% (w/w) of carrageenan into minced hake 
products hardened the heat-induced gels (Car-
doso et al., 2007).

Accordingly, the objective of this work was to 
study the effect of fish species, salt level, and di-
etary fibre on the quality of a functional cooked 
fish ham.

MATERIALS AND METHODS

Raw materials and additives

Frozen South African hake (Merluccius capen-
sis) fillets were bought from a local frozen fish 
processor. Each fish batch was kept frozen at 
–28ºC and processed within three to four weeks 
after its arrival at the laboratory. Farmed gilt-
head seabream (Sparus aurata) were bought in a 
local supermarket and kept frozen at –28ºC until 
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processing. Individual weight varied between 300 
and 400 g. Fish were processed (headed, tailed, 
gutted and filleted) at low temperature (< 10ºC) 
within one week after purchase. Farmed salmon 
(Salmo salar) fillets were bought and kept frozen 
at –28ºC until processing.

Regarding dietary fibre (DF) products, two 
were chosen for their favourable effect on the 
textural properties of the final products: carra-
geenan/CEAMGEL 1830 (Carr) by Ceamsa (Por-
riño, Spain) and konjac flour/Nutricol GP 312 
(Kjc) provided by FMC Biopolymer (Philadelphia, 
USA). Their properties are presented in Table 1. 
Carr is a mixture of iota and kappa carrageenans 
(each approximately 50%, w/w) from red sea-
weeds, containing additionally potassium chlo-
ride and dextrose. Kjc contains KGM extracted 
from the konjac plant.

The other additives were all food grade ma-
terials manufactured by different companies: 
VATEL® Salt, sodium chloride from VATEL (Al-
verca, Portugal); TAROMA® Smoke, smoke aro-
ma from BK Giulini (Ladenburg, Germany); and 
SIDUL® sucrose from SIDUL Açúcares (Santa 
Iria de Azóia, Portugal). Microbial transglutam-
inase TG-K (MTGase) ACTIVA® GS was supplied 
by Ajinomoto (Tokyo, Japan), presenting an ac-
tivity of about 100 U.g-1. All chemicals (sodium 
hydroxide and sodium tripolyphosphate) used 

were of analytical grade and from Merck (Darm-
stadt, Germany).

Experimental design

Based on the process used for the produc-
tion of cooked pork ham (personal communi-
cation; Barat et al., 2005), three experiments 
were conducted with the purpose of developing 
a cooked fish ham (Fig. 1). As starting point, the 
mean textural and sensory parameters of cooked 
fish hams whose paste moiety was prepared 
from hake (code, HH20) and gilthead sea bream 
(GH20) were compared. For the fish chunks moi-
ety, salmon and hake were always used. After-
wards, in a second step, the salt content of the 
brine solution was reduced from 20 (GH20) to 
6% (GH6) and then to 3% (GH3), w/w. Finally, 
a third step was carried out in order to assess 
the textural and sensory effect of DF incorpo-
ration (2%, w/w, carrageenan, code GH3C; 2%, 
w/w, konjac, GH3K; 2%, w/w, carrageenan + 
2%, w/w, konjac, GH3CK) in the paste moiety 
on the fish cooked ham products. Error assess-
ment was derived from replication of the vari-
ous analyses performed.

Production of cooked fish ham

The process for preparing cooked fish ham 
was partially based on the procedures usual-
ly applied to the production of pork hams in 
Southern Europe (personal communication; 
Barat et al., 2005) (Fig. 2). As such, cooked 
fish ham products were composed of two moi-
eties, a fish paste and fish chunks, which were 
treated with a brine solution. Whereas, for the 
fish paste, hake and gilthead sea bream were 
tested, for the fish chunks, salmon and hake 
were used. Accordingly, frozen hake and gilt-
head sea bream fillets were thawed overnight 
in a refrigerator and minced once in a model 
84145 meat grinder (Hobart, Troy, OH, USA), 
equipped with 2 cm grind blades and a metallic 
screen with 6 mm diameter circular holes. Fro-
zen salmon and hake fillets were thawed over-

Table 1 - Relevant properties of the used dietary fibre prod-
ucts.

Properties	 Carrageenana	 Konjac glucomannanb

Composition (D.M.)
Total DF (%)	 min. 80	 min. 80
Granulometry (μm)	 98 %< 250	 < 250
Colour	 pale yellow	 tan
Taste	 neutral	 neutral
Water solubility	 soluble	 soluble

aThe presented information regarding carrageenan was obtained from 
CEAMGEL1830® Product Sheet (2006).
bThe presented information regarding konjac glucomannan was obtained 
from Nutricol GP 312 Product Sheet (2008).

Fig. 1 - Experimental design diagram.
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Fig. 2 - Flow sheet for the production of cooked fish ham.

night in a refrigerator and cut into chunks of 
between 1-2 cm size.

Regarding the pastes, the appropriate quan-
tities of the various ingredients were weighed 
in order to produce 1.5 kg (Table 2) and three 
sequential steps were always followed. First-
ly, hake/gilthead sea bream mince was mixed 
with salt and sodium tripolyphosphate for 1 
min at 1420 rpm in a model UM12 refrigerat-
ed vacuum homogeniser (Stephan and Söhne, 
Hameln, Germany). Throughout all process, 
mixing was performed always under vacuum 
and refrigeration (temperature below 7ºC). In 
a second step, ice (70% of the total amount 
of ice and water), MTGase, and sucrose were 
added and there was additional mixing for 1 
min at the same speed. Thereafter, the last 
step involved the addition of the remaining 
ingredients, the hydrated (with water equiva-

lent to 30% of the total amount of ice and wa-
ter) fibre (in those products containing either 
carrageenan or konjac or, for the other prod-
ucts, only water equivalent to 30% of the to-
tal amount of ice and water), 2% (w/w) sodi-
um hydroxide solution (required for the par-
tial deacetylation of konjac glucomannan, but 
added to all products in order to avoid pH dif-
ferences among the products), and smoke aro-
ma, mixing all for 2 min at 2,800 rpm.

On the other hand, 1.4 kg of fish chunks (0.7 
kg salmon + 0.7 kg hake) were immersed and 
mixed for 1 h with 2.1 kg of brine in a model SI-
1101 Roto-shake genie shaker (Scientific Indus-
tries, Inc., Bohemia, NY, USA), which operated 
inside a refrigerator (2°±2ºC). This mixing simu-
lated the typical tumbling of the production pro-
cess of cooked pork hams. The brine was pre-
viously prepared in the day before according to 
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Table 2 - Batter formulations used in the preparation of cooked fish ham.

	 1st Step	 2nd Step	 3rd Step

Ingredients (%, w/w)	 Hake Replacement	 Brine Salt Content (%)	 Dietary Fibre Added

	 No	 Yes	 6	 3	 Carrageenan	 Konjac	 Carrageenan + Konjac
					     (2%, w/w)	 (2%, w/w)	 (2+2%, w/w)

Code	 HH20	 GH20	 GH6	 GH3	 GH3C	 GH3K	 GH3CK
Hake mince	 68.2	 0.0	 0.0	 0.0	 0.0	 0.0	 0.0
Gilthead sea bream	 0.0	 68.2	 68.2	 68.2	 66.8	 66.8	 65.4
Water/Ice	 26.5	 26.5	 26.5	 26.5	 25.9	 25.9	 25.3
Carrageenan	 0.0	 0.0	 0.0	 0.0	 2.0	 0.0	 2.0
Konjac glucomannan	 0.0	 0.0	 0.0	 0.0	 0.0	 2.0	 2.0
NaOH 2% (w/w) solution	 2.0	 2.0	 2.0	 2.0	 2.0	 2.0	 2.0
Sodium chloride	 1.5	 1.5	 1.5	 1.5	 1.5	 1.5	 1.5
Sodium tripolyphosphate	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7	 0.7
MTGase	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5
Sucrose	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5
Smoke aroma	 0.1	 0.1	 0.1	 0.1	 0.1	 0.1	 0.1
Total (%)	 100	 100	 100	 100	 100	 100	 100

the formulations shown in Table 3 and left in 
refrigeration (2°±2ºC) overnight. Afterwards, 1.5 
kg of the brined fish chunks were added to the 
paste and mixed for only 10 sec at 1420 rpm 
with blunt blades (instead of the sharp blades 
used in the previous mixing steps).

The attained mixture was put inside a model 
EB-12 hydraulic filler (Mainca Equipamientos 
Carnicos, S.L., Granollers, Spain) and encased 
under pressure into cellulose sausage casings 
mounted over the end of the stuffing horn. Af-
terwards, these cellulose casings were twisted 
and tied, thereby, shaping ‘sausages’ with a di-
ameter of 9 cm and a length of about 25 cm. 
In the next step, the ‘sausages’ were vacuum-
packed in plastic bags with a model A300/52 
vacuum packager (Multivac Sepp Haggenmüller 
GmbH & Co. KG, Wolfertschwenden, Germany). 
Then, these packages were immersed in water 
at 30ºC for 30 min (setting), moved to a model 
Combi-Master CM6 oven (Rational Grossküchen 
Technik GmbH, Landsberg am Lech, Germany) 

Table 3 - Brine formulations used in the preparation of cooked fish ham.

	 1st Step	 2nd Step	 3rd Step

Ingredients (%, w/w)	 Hake Replacement	 Brine Salt Content (%)	 Dietary Fibre Added

	 No 	 Yes	 6	 3	 Carrageenan	 Konjac	 Carrageenan + Konjac
					     (2 %, w/w)	 (2 %, w/w)	 (2+2 %, w/w)

Code	 HH20	 GH20	 GH6	 GH3	 GH3C	 GH3K	 GH3CK
Water/Ice	 74.2	 74.2	 88.2	 91.2	 91.2	 91.2	 91.2
Sodium chloride	 20.0	 20.0	 6.0	 3.0	 3.0	 3.0	 3.0
Sodium tripolyphosphate	 2.5	 2.5	 2.5	 2.5	 2.5	 2.5	 2.5
Sucrose	 1.5	 1.5	 1.5	 1.5	 1.5	 1.5	 1.5
MTGase	 1.3	 1.3	 1.3	 1.3	 1.3	 1.3	 1.3
Smoke aroma	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5	 0.5
Total (%)	 100	 100	 100	 100	 100	 100	 100

equipped with a digital thermometer and sub-
jected to a steam cooking at 82ºC for one and half 
hour (cooking). In order to guarantee these con-
ditions even in the innermost part of the prod-
uct, the oven’s digital thermometer was placed in 
the centre of a product through a hole in the bag 
(approximately 9 minutes until reaching 82ºC). 
Afterwards, products were immediately cooled 
in iced water and kept in a refrigerator (2°±2ºC) 
overnight until further analysis.

Texture measurements

For the texture profile analysis (TPA), sam-
ples (cubes with 25 mm side were cut from the 
middle of the ‘sausage’) were compressed on the 
flat plate of the Instron 4301 texturometer (In-
stron Engineering Corp., Canton, MA, USA) with 
a cylindrical plunger (50 mm diameter) adapt-
ed to a 1,000 N load cell at a deformation rate 
of 50 mm/min. On the basis of preliminary tri-
als to establish a compression limit that would 
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ensure no cracking and recoverability of most 
samples, it was decided to compress samples 
to 60% of their height. In the double bite test, 
each sample was compressed twice. The follow-
ing parameters were determined: hardness (N), 
maximum height of first peak on first compres-
sion (in terms of eating quality, food’s resistance 
at first bite); cohesiveness (A2/A1), ratio of sec-
ond‑compression to first‑compression positive 
areas (maintenance of food resistance during 
chew down); gumminess (N), product of hard-
ness and cohesiveness (strength required in the 
chew down process); springiness (L2/L1), ratio of 
the detected height of the product on the sec-
ond compression to the original compression 
distance (ability of food to reacquire its initial 
shape and size after a first bite); chewiness (N), 
product of gumminess and springiness (albeit 
expressed in N, a measure of the energy spent 
in the chew down process).

Concerning the slice thickness, a Weivo ham 
slicing device (Qingdao Weivo Machinery Corp., 
Shandong, China) with adjustable thickness 
screw was used. The minimal slice thickness 
ensuring the attainment of whole slices with-
out cracks was registered for each of the pre-
pared products.

Sensory analysis

Sensory evaluation was conducted by five 
panellists from INRB, I.P./L-IPIMAR, extensive-
ly trained with the sensory scheme for cooked 
ham evaluation and able to conduct a structured 
scaling of products (Nielsen et al., 2002). Pan-
ellists participated in preliminary trials and in 
the experiments that led to the development of 
cooked fish ham.

‘Sausages’ were taken out from the pack-
age, tempered to about 20°C and cut into 8 mm 
thick (for all products) slices with a 9 cm diame-
ter. These slices were distributed in white plates 
and presented to the panellist in random order 
for evaluation. Mineral water was supplied to 
the panellists for rinsing between samples. The 

evaluation was performed in a room specifical-
ly conceived for sensory analysis and with ade-
quate lighting.

Panellists were asked to score several senso-
ry parameters of the product, using a 0-5 scale: 
color (0 - light to 5 - dark); fish, smoke and un-
pleasant aroma (0 - absent to 5 - excessive); 
elasticity (0 - plastic to 5 - elastic), hardness 
(0 - soft to 5 - hard), cohesiveness (0 - scarce-
ly cohesive to 5 - very cohesive), succulence (0 
- dry to 5 - succulent), oiliness (0 - slightly oily 
to 5 - very oily) and unpleasant texture (0 - ab-
sent to 5 - excessive); saltiness, fish, smoke 
and unpleasant flavour (0 - absent to 5 - ex-
cessive); and global opinion (0 - unpleasant to 
5 - pleasant).

Statistical analysis

A general linear model – one-way ANOVA – 
was used to determine significant differenc-
es (p<0.05) among cooked fish ham products. 
This statistical methodology enabled to ana-
lyse each of the studied effects (paste fish spe-
cies, brine salt content, and DF incorporation). 
The difference of means between pairs was re-
solved by using confidence intervals in a Tuk-
ey HSD test. All statistical treatment was done 
with the software STATISTICA© from StatSoft, 
Inc. (Tulsa, OK, USA), version 6.1, 2003.

RESULTS AND DISCUSSION

Comparison of gilthead sea bream 
and hake pastes

Texture evaluation
The utilization of hake mince or gilthead sea 

bream mince as the main constituent of the 
pastes was tested and the textural results are 
shown in Table 4 and Fig. 3.

Hardness, cohesiveness, springiness and the 
other TPA properties did not present any sig-

Table 4 - Mean textural properties of the cooked fish ham products*.

Experimental step	 Product	 Hardness 	 Cohesiveness	 Gumminess 	 Springiness	 Chewiness
		  (N)		  (N)		  (N)

1st	 HH20	 11.5 ± 1.9bc	 0.37 ± 0.03bc	 4.2 ± 0.4bc	 0.61 ± 0.04cd	 2.6 ± 0.2b

	 GH20	 10.1 ± 1.0abc	 0.35 ± 0.06abc	 3.5 ± 0.3abc	 0.51 ± 0.04abc	 1.8 ± 0.3ab

2nd	 GH6	 7.5 ± 3.4ab	 0.29 ± 0.08ab	 2.4 ± 1.7ab	 0.44 ± 0.12a	 1.2 ± 1.1a

	 GH3	 6.2 ± 2.7a	 0.28 ± 0.02a	 1.8 ± 0.9a	 0.47 ± 0.10ab	 0.9 ± 0.7a

3rd	 GH3C	 11.7 ± 2.0bc	 0.40 ± 0.02cd	 4.6 ± 0.7c	 0.57 ± 0.02bcd	 2.6 ± 0.4b

	 GH3K	 14.2 ± 1.3c	 0.47 ± 0.03de	 6.8 ± 1.0d	 0.66 ± 0.01d	 4.4 ± 0.7c

	 GH3CK	 20.2 ± 1.7d	 0.55 ± 0.02e	 11.1 ± 1.3e	 0.65 ± 0.01d	 7.2 ± 0.8d

*Presented values correspond to mean ± standard deviation.
Means within a column with different letters are significantly different (p<0.05).
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Fig. 3 - Minimum attained thickness of the cooked ham slic-
es. Products whose bars present different letters are signifi-
cantly different (p<0.05).

nificant difference (p≥0.05). Moreover, the min-
imum slice thickness was unchanged by the 
substitution.

Sensory assessment
The main sensory evaluation results concern-

ing gilthead sea bream substitution are present-
ed in Table 5.

None of the studied sensory parameters was 
modified. Of course, panellists noticed some 
flavour change, but a ‘hake flavour’ vs a ‘sea 
bream flavour’ was of no relevance for this 
study. As a consequence, no sensory drawback 
can be ascribed to the complete replacement 
of hake mince by gilthead sea bream mince. 
On the other hand, the sensory panel consid-
ered both cooked fish hams of poor quality, 
since it assigned a low score to the global opin-
ion, 1.8±1.3 and 2.0±0.7 (in a range from 0 to 
5), for hake and sea bream ham, respectively. 
This was mainly due to the excessive saltiness 
of the products, 4.8±0.4 and 4.6±0.5, for hake 
and sea bream ham, respectively. Thus, the 
next step involved reducing the high salt con-
tent of the brine.

Regarding texture, the two tested species 

are interchangeable as main ingredient of the 
pastes. This contrasts with differences found 
in the textural parameters of gelled products 
prepared from hake and gilthead sea bream 
(Cardoso et al., 2007; 2011a). However, in 
this study, conditions were exactly the same 
for both. Hence, it can be concluded that a 
farmed fish species subjected to frozen storage 
can yield a textural profile similar to that of a 
wild fish species also frozen stored. Therefore, 
taking into account that gilthead sea bream 
are a fish species available at lower price than 
hake in Southern Europe, with acceptable ge-
lation results (Cardoso et al., 2011a), and 
the economic advantages of finding new out-
lets (value-added functional products) for this 
farmed species, it was decided to carry out the 
remaining steps of this work with gilthead sea 
bream pastes.

Reduction of the brine salt content

Texture evaluation
Declining salt levels in the brine had no statis-

tical effect on the TPA parameters (Table 4) and 
the product’s minimal slice thickness (Fig. 3).

Sensory assessment
In general, salt has not only a technological 

function, but has also a sensory role in taste 
perception. In this regard, panellists associat-
ed a high saltiness level to an unpleasant effect 
(Table 5). The reduction of the brine salt content 
was detected by the panel, since saltiness sig-
nificantly (p<0.05) declined from 4.6±0.5 (20%, 
w/w, brine salt content) to 2.8±1.6 (3%, w/w). 
But, despite the flavour improvement, global 
opinion of the fish hams remained low (2.8±1.3) 
as a result of the poor texture.

Taking into account the results, it can be as-
sumed that the high brine salt content (20 %, 
w/w) typically used in the preparation of cooked 
pork hams has no technological function what-
soever in fish products, at least, for the cohe-
sion of the fish chunks within the paste. In fact, 

Table 5 - Main sensory assessment results of the cooked fish ham products*.

	Experimental step	 Product	 Colour	 Saltiness	 Succulence	 Oiliness	 Global opinion

	 1st	 HH20	 2.2 ± 0.8a	 4.8 ± 0.4a	 4.0 ± 1.0a	 2.0 ± 1.7a	 1.8 ± 1.3a

		  GH20	 3.0 ± 1.2a	 4.6 ± 0.5a	 4.0 ± 1.0a	 2.4 ± 1.7a	 2.0 ± 0.7a

	 2nd	 GH6	 3.0 ± 0.7a	 3.6 ± 1.5ab	 4.2 ± 0.4a	 3.0 ± 1.4a	 2.4 ± 1.5ab

		  GH3	 1.4 ± 0.5a	 2.8 ± 1.6b	 3.0 ± 1.0a	 1.6 ± 0.9a	 2.8 ± 1.3ab

	 3rd	 GH3C	 1.8 ± 0.8a	 1.6 ± 1.1b	 2.4 ± 1.7a	 1.6 ± 0.5a	 3.4 ± 0.9ab

		  GH3K	 1.4 ± 1.1a	 2.8 ± 0.8b	 3.6 ± 1.1a	 1.8 ± 1.3a	 3.6 ± 0.5ab

		  GH3CK	 1.8 ± 1.3a	 2.0 ± 1.2b	 4.0 ± 0.7a	 2.8 ± 1.3a	 4.2 ± 0.4b

*Presented values correspond to mean ± standard deviation.
Means within a column with different letters are significantly different (p<0.05).
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several studies (Uresti et al., 2004; Ramírez 
et al., 2007; Cardoso et al., 2010) have shown 
that salt is essential for the textural quality of 
restructured fish products, but its level can be 
reduced to the range of 1-3% (w/w) without sig-
nificant deleterious effects on the hardness or 
the cohesiveness of the products (Uresti et al., 
2004; Cardoso et al., 2010). Particularly, it is 
possible to reduce salt and avoid the loss of qual-
ity (mainly texture and water holding capacity) 
through additives, such as, dairy proteins or 
MTGase (Ramírez et al., 2007). These authors 
showed that MTGase (0.3%, w/w) and a low salt 
concentration (1%, w/w) could improve the qual-
ity of restructured products from striped mullet 
(Mugil cephalus). Moreover, it has been reported 
that addition of 0.5% (w/w) MTGase to farmed 
sea bass gels allows for a reduction of the salt 
content to 1.0% (w/w) (Cardoso et al., 2010).

All the prepared products regardless of the 
brine salt content were of poor textural quality, 
displaying frailty and a low degree of mechani-
cal resistance. Namely, the minimal slice thick-
ness was always above 5 mm, since all slic-
es thinner than 5 mm were not able to main-
tain their unity and easily crumbled into piec-
es. Moreover, the products were very soft (hard-
ness below 11.5 N) and exhibited low cohesive-
ness (<0.40), especially if compared with similar 
restructured fish products, such as hake sau-
sages, which presented a hardness of 29.0 N and 
a cohesiveness of 0.54 (Cardoso et al., 2008). 
Thus, significant textural improvements of the 
fish hams were required in order to achieve an 
acceptable product.

Incorporation of DF

Texture evaluation
The textural drawbacks of the products were 

overcome by the addition of DFs, which, besides 
improving texture, are functional additives, giv-
en their nutritional value and positive health ef-
fects (Anderson et al., 1990, Kritchevsky and 
Bonfield, 1995). In fact, among DFs, two (carra-
geenan and konjac) were selected for their abili-
ty of combining health benefits with textural im-
provements. Accordingly, the textural properties 
of cooked fish ham containing DFs were meas-
ured (Table 4 and Fig. 3).

The incorporation of 2 % (w/w) carrageen-
an hardened the fish ham with respect to the 
product without DF (GH3), 11.7±2.0 vs 6.2±2.7 
N. Likewise, the cohesiveness was increased 
(p<0.05), from 0.28±0.02 for GH3 to 0.40±0.02 
for GH3C. However, all TPA properties remained 
low and similar to the values observed for the 
products without DF (HH20 and GH20). The 
minimal slice thickness was reduced (p<0.05) 
to below 5 mm, 4.9±0.3 mm.

The incorporation of 2% (w/w) konjac glu-
comannan also hardened the product in compar-
ison with the no DF product (GH3), but failed to 

deliver any significant improvement with respect 
to the carrageenan-containing product (GH3C). 
On the other hand, the GH3K product presented 
a cohesiveness (0.47±0.03) well above (p<0.05) 
that of all the previously discussed products. 
Likewise, the gumminess (6.8±1.0 N) and the 
chewiness (4.4±0.7 N) were higher. Moreover, 
the addition of this DF enabled to reduce signifi-
cantly (p<0.05) further the minimum slice thick-
ness down to 3.4±0.3 mm.

The combination of 2%, w/w, carrageen-
an and 2%, w/w, konjac was tested in order 
to enhance the textural advantages accrued 
by both DFs. In fact, the hardness, cohesive-
ness, gumminess, springiness, and chewiness 
of the ham with carrageenan plus konjac (GH-
3CK) increased (p<0.05) with respect to the no 
DF ham (GH3). Namely, hardness augmented 
from 6.2±2.7 to 20.2±1.7 N, cohesiveness dou-
bled from 0.28±0.02 to 0.55±0.02, and chewi-
ness (which combines all the TPA parameters) 
had an eightfold increase from 0.9±0.7 to 7.2±0.8 
N. This was the highest (p<0.05) measured val-
ue among all prepared cooked fish hams. How-
ever, no strong evidence supporting a synergistic 
relationship between these two DFs was found, 
since only gumminess and chewiness present-
ed an increment with carrageenan and konjac 
exceeding the sum of the increases due to each 
DF per se. Namely, for gumminess, it augment-
ed from 1.8±0.9 for GH3 to 11.1±1.3 N for GH-
3CK, a variation of 9.3 N, which surpassed the 
sum of the variations measured for each DF, 
7.8 N (an increase of 2.8 N from GH3 to GH3C 
plus an increase of 5.0 N from GH3 to GH3K). 
Regarding the minimum slice thickness, it fell 
to only 2.1±0.4 mm.

Sensory assessment
The effect of DF on the main sensory param-

eters of cooked fish hams was also studied (Ta-
ble 5).

For carrageenan and konjac per se, senso-
ry scores of the main sensory parameters were 
unaltered, thereby remaining the global opin-
ion relatively modest as a result of low succu-
lence and creaminess/oiliness. However, the 
combination of both DFs enabled a significant 
(p<0.05) improvement of the global opinion, 
reaching 4.2±0.4, a value nearer to the max-
imum score, 5. Therefore, the 3% brine salt 
gilthead sea bream ham containing 2% (w/w) 
carrageenan and 2% (w/w) konjac (GH3CK) 
achieved a sensory quality deemed as good by 
the panellists, not only regarding its appear-
ance (Fig. 4), but also its flavour (typical cooked 
pork ham flavour due to the smoke aroma in-
gredient) and texture.

The presented results show that it is tech-
nologically advantageous to include DFs in the 
cooked fish ham recipes. Therefore, any dilution 
effect (more important for carrageenan+konjac, 
since fish mince – the sole source of protein – in 
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Fig. 4 - External appearance of the produced cooked fish 
ham.

the paste lowered from 68.2 for GH3 to 65.4%, 
w/w, for GH3CK, Table 2) was more than out-
weighed by these two DFs. Consequently, higher 
incorporation levels of these DFs may improve 
even more the textural parameters. Though car-
rageenan is a mixture of iota and kappa carra-
geenans (CEAMGEL1830® Product Sheet, 
2006) and konjac contains glucomannan (Nu-
tricol GP 312 Product Sheet, 2008), both 
DFs have a similar positive effect, albeit slight-
ly more intense with konjac. This effect is relat-
ed to the ability of these DFs to form gels per 
se and, as such, act as gelling agents in food 
systems (Fernández-Martín et al., 2009; Can-
dogan and Kolsarici, 2003). Therefore, car-
rageenan and konjac have an effect that goes 
beyond the sheer filling action and this may 
explain their favourable influence on the tex-
ture of fish ham products. Different hypothe-
sis concerning this have been suggested. It may 
be that, besides the protein gel network, there 
is a second (polyssacharide) network enhanc-
ing hardness and related parameters as well 
as cohesiveness. Other authors found that iota 
carrageenan formed an independent network, 
which established connections between adja-
cent structures supporting the main structure 
formed by the fish protein (Gómez-Guillén et 
al., 1996). But, this hypothesis does not exclude 
the existence of important polyssacharide-pro-
tein interactions, shown through the improve-
ment of the gel-forming capacity of Alaska Pol-
lock surimi by the addition of iota and kappa 
carrageenans as a result of the interaction of 
carrageenan sulphate groups and fish proteins 
(Llanto et al., 1990).

Finally, the combination of both DFs ensured 
a maximal positive effect on texture, leading to 
acceptable values in comparison with similar re-
structured fish products, such as hake sausag-
es. Particularly, the cohesiveness (0.55±0.02) of 
the GH3CK ham was comparable to that of the 
hake sausage (0.54) and of a commercial pork 
sausage (0.60) (Cardoso et al., 2008).

CONCLUSIONS

Results showed that the use of gilthead sea 
bream did not alter the product, achieving an ac-
ceptable sensory assessment. The reduction of salt 
content had no negative textural effects and sen-
sory evaluation was improved. The incorporation 
of DF led to a better texture (hardness, cohesive-
ness, and springiness) and higher sensory scores. 
Furthermore, much thinner slices were achieva-
ble, particularly with the combination of carra-
geenan and konjac glucomannan. On the whole, 
it was shown that it is possible to produce a tex-
turally acceptable cooked fish ham from both the 
instrumental and sensory viewpoints, reaching 
an overall sensory quality similar to other restruc-
tured fish products. Moreover, this was achieved 
through the combination of multiple health pro-
moting factors, namely, high dietary fibre intake, 
low fat intake, and fish nutrients, that is, a healthy 
low fat cooked ham containing dietary fibre.
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Abstract

The microstructural, colour and textural changes of carrot pomace based unfried, fried and sea-
soned extrudates were explored during storage for evaluating the product stability. The extrudates 
were analyzed to understand the changes in structure, colour and hardness. During storage, re-
markable changes were observed in structural orientation of the fibre and cellular components 
of the unfried, fried and seasoned extruded. The photomicrograph revealed the presence of rela-
tively much compact and dense structural orientation with numerous globules after six months 
of storage which may have lead to the increase in the hardness of the extrudates and may be the 
cause for the loss of crispiness of the extrudates. Hardness of the extrudates was increased from 
13.78 to 45.80 N for unfried, 8.24 to 19.04 N for fried and 8.62 N to 21.85 N for seasoned extru-
dates, respectively. The L-value decreased from 66.22 to 62.53, 38.58 to 36.38 and 34.95 to 33.78 
for unfried, fried and seasoned extrudates, respectively. The microstructural, colour and textural 
properties of unfried, fried and seasoned extrudates changed during storage of six month.  Mini-
mum change in crispiness and L-values was observed in fried extrudates.
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Introduction

Fruit and vegetable wastes are inexpensive, 
available in large quantities, characterized by 
a high dietary fibre content resulting with high 
water binding capacity and relatively low en-
zyme digestible organic matter. A number of 
researchers have used fruits and vegetable by-
products such as apple, pear, orange, peach, 
blackcurrant, cherry, artichoke, asparagus, 
onion, carrot pomace (Grigelmo-Miguel and 
Martin-Belloso 1999; Nawirska and Kwas-
nievska 2005) as sources of dietary fibre sup-
plements in foods. Cereal grains are gener-
ally used as major raw material for develop-
ment of snack foods due to their good expan-
sion characteristics because of high starch con-
tent. The broken rice is a by product of modern 
rice milling process. The rice portion can have 
varying percentages (5-7%) of broken kernels 
which contain nutritive value similar to whole 
rice and are available readily at relatively lower 
cost. Rice flour has become an attractive ingre-
dient in the extrusion industry due to its bland 
taste, attractive white color, hypo allergenicity 
and ease of digestion (Kadan et al., 2003). De 
Pilli et al. (2011, 2012) investigated the effects 
of operating conditions (barrel temperature and 
water feed content) on biopolymer modification 
and quality of extrudates made up of rice starch 
and pistachio nut flour.

Yagci and Gogus (2009) incorporated du-
rum clear flour, partially defatted hazelnut 
flour, fruit waste blend and rice grits for the 
development of extruded products. Other im-
portant applications and researches on extrud-
ed food concern the enrichment of cereal flour 
with protein and fatty flour with high nutrition-
al values. For example, a snack food based on 
almond and wheat flour was studied by De Pil-
li et al. (2001; 2004a; 2004b; 2005a; 2005b; 
2007; 2008a; 2008b) to realize a functional food 
with high nutritional values. 

Carrot (Daucus carota) is a rich source of 
β-carotene and possesses vitamins, like thia-
mine, riboflavin, vitamin B-complex and min-
erals (Walde et al., 1992). As the fiber-rich 
pomace is available in large quantity during 
juice production, it is worth exploiting the car-
rot insoluble fiber-rich fractions (IFRF) as a 
promising hypocholesterolemic ingredient to 
fulfill the increasing demand of functional in-
gredients in developing fiber-rich food prod-
ucts. It has been reported by the researchers 
that the incorporation of cellulose and IFRF 
into the fiber-free diet significantly reduces 
the serum total cholesterol levels by 17.3 and 
33.5%, respectively (Hsu et al., 2006). How-
ever, dried carrot pomace has β-carotene and 
ascorbic acid in the range of 9.87 to 11.57 mg 
and 13.53 to 22.95 mg per 100 g respectively 
(Upadhyay et al., 2008). A promising way is to 
store the carrot pomace in dried form and uti-

lize in the development of various food prod-
ucts specifically extrudates, which are becom-
ing more popular (Upadhyay et al., 2008, 2010; 
Kumar et al., 2010a, 2010b).

In the extruded snacks, product microstruc-
ture can vary from porous and open celled to 
dense and fine celled. When high temperature 
short time (HTST) extrusion processing is em-
ployed, moisture content, shear in the extrud-
er, die geometry and the rate of heating are the 
principal factors responsible for creating porous 
open celled structures and controlling product 
expansion. This factor contributes in formation 
of various textures in products having simi-
lar appearance and could result in differences 
in product microstructure. The information on 
structural changes of product due to extrusion 
processing conditions is limited.

Therefore this study was aimed to evaluate the 
colour, textural and microstructural changes in 
extrudates during storage.

Materials and Methods

Commercial carrot was procured from local 
market, of Longowal, Dist. Sangrur, (Punjab, In-
dia). Rice broken and pigeon pea were procured 
from the local rice mill and dhal (pulse) mill re-
spectively and these were ground using tradi-
tional atta chakki (burr mill) to get the desired 
particle size of the rice flour and was passed 
through 500 micron sieve. Achari (Pickled) man-
go-flavoured seasoning was procured from Sy-
mega Savoury Technology (Ernakulum, Kera-
la, India).

Dry carrot pomace powder preparation

The carrots were washed in running tap 
water number of times to remove extraneous 
material. Trashes were removed with a plane 
stainless steel knife and trimming was also 
done. A juice mixer grinder cum food proces-
sor was used to extract carrot juice. After the 
juice extraction pomace was collected and 
dried by following the method reported by Ku-
mar et al. (2011, 2012a).

A hot air oven (Osaw Industrial Products Pvt. 
Ltd., India) was used for drying carrot pom-
ace, which could regulate drying air temper-
ature up to 250°C with ±2°C accuracy. The 
dryer consisted of a preheating and heating 
chamber with thermostat based control unit, 
an electrical fan, and measurement sensors. 
The samples were spread over the trays and 
the temperature of the dryer was set to 60°C 
as reported by Kumar et al. (2012a). The dry-
ing procedure continued till the moisture con-
tent of the sample was reduced to about 5±1% 
(wet basis). The grinding was performed using 
the food processor with grinder attachment. 
The material was ground to pass through the 
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sieve of 2 mm size. The pomace powder so ob-
tained was stored in sealed polythene bag for 
further use.

Extrudates preparation

The extrudates were prepared under the opti-
mum conditions based on the extrusion studies 
(Kumar et al., 2010a). Ingredients were mixed 
and formulations were made as per the opti-
mized conditions as rice to pomace and pulse 
ratio was kept 83.5:16.5 and the moisture con-
tent was kept 19.23%, screw speed 310 rpm and 
temperature 110°C for the carrot pomace based 
extrudates. Moisture was adjusted by sprinkling 
distilled water in dry ingredients. All the ingredi-
ents were weighed and then mixed in the same 
food processor for 10 minute. The mixture was 
then passed through a 2 mm sieve to reduce the 
lump formation due to addition of moisture. Af-
ter mixing, samples were stored in bags at room 
temperature for 24 h (Stojceska et al., 2008). 
Moisture content of samples was determined 
by hot air oven method (Ranganna, 1995) prior 
to extrusion experiments. Extrusion of samples 
was performed using a co-rotating twin-screw 
extruder (Basic Technology Pvt. Ltd., Kolkata, 
India) consisting standard screw profile. The 
length to diameter (L/D) ratio of the extruder 
was 8:1. The barrel was provided with two elec-
tric band heaters and two water cooling jackets. 
The main drive of extruder was provided with a 
7.5 HP motor (400 V, 3 ph, 50 cycles). The twin 
screw extruder was kept “ON” for 30 minutes to 
stabilize the set temperatures and samples were 
then poured in to feed hopper and the feed rate 
was adjusted to 4 kg/h for easy and non-chok-
ing operation. The die diameter was selected at 
4 mm as recommended by the manufacturer for 
such product and recommended by Stojceska 
et al. (2008). The product was collected at the die 
end and kept at 60°±2°C in an incubator (Orbit-
al Incubator, Macro Scientific Works, New Del-
hi) for 12 hour duration to remove extra mois-
ture from the product.

Frying

Deep fat frying of the extrudates was carried 
out at 190°C for 30 seconds using rice bran oil. 
The frying operation was carried out in deep fry-
er (Sew-Euro Drive India Pvt. Ltd., Vadodhara, 
India) of 5L capacity. The moisture content of 
the product before frying was 1.3%.

Application of seasoning

Achari (Pickled) mango-flavoured seasoning 
procured from Symega Savoury Technology 
(Ernakulum, Kerala, India) consisted of ingre-
dients like spices and condiments, salt, man-
go powder, corn starch, acidity regulator, on-
ion powder, asafoetida, permitted anti- caking 

agents, hydrolyzed vegetable protein, yeast ex-
tract and flavour enhancers and salt. Seasoning 
was added to the extruded snack food by mix-
ing the seasoning with rice bran oil (A P Solvex, 
Dhuri, India) (85:15 by weight) and then add-
ing 23.95 g of the prepared slurry to 100 g of 
the extruded snack.

Packaging and storage

Packaging of the extrudates was carried out 
in metallized polypropylene at the PepsiCo-In-
dia Holdings Private Limited (A Frito-Lay Di-
vision), Channo, Bhawanigarh, Sangrur, Pun-
jab (India). The packets of extruded snack food 
samples were stored in corrugated fibre box 
at temperature of 30°C and relative humidity 
of 50% in the research lab of Department of 
Food Engineering and Technology, Sant Lon-
gowal Institute of Engineering and Technolo-
gy, Longowal, Sangrur, Punjab (India) for six 
months. The extrudates were analysed for tex-
tural parameters, colour values and chang-
es in the structure after every month till six 
month period.

Evaluation of responses

Scanning electron microscopy

Scanning Electron microscopy (SEM) of the fi-
bre rich snack food was conducted every month 
up to the 6 months. SEM (Jeol, Japan, Model-
JSM 65100-LV) was used to illustrate the effect 
of storage on the microstructure of all the three 
samples (unfried, fried and fried with seasoning) 
stored using metalized polypropylene as pack-
aging material.

Each extrudate was prepared for SEM exami-
nation by first drying it at 40°C in vacuum oven 
and further the extrudates were cut by razor 
blade to obtain an intact cross section. Samples 
were mounted on aluminium stubs using glue 
adhesive (Fewikwik, Pidilite, India) and sputter 
coated with a thick gold palladium layer with a 
sputter coater (Jeol, Japan, Model- JS31100). 
Photomicrographs of each extrudate sample up 
to six months of storage were taken at 700 and 
1,500 magnifications. The magnifications were 
varied to get the more accurate and desirable 
results.

Texture analysis

Textural properties of the extrudates were de-
termined by crushing method using a TA-XT2 
texture analyzer (Stable Micro Systems Ltd., 
Goldming, UK) equipped with a 500 kg load 
cell. An extrudate about 40 mm long, was com-
pressed with a probe (SMS - P/75 - 75mm di-
ameter) at a crosshead speed 5 mm/s to 3 mm 
of 90% of diameter of the extrudate. The high-
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est first peak value was recorded as this value 
indicated the first rupture of snack at one point 
and this value of force was taken as a measure-
ment for hardness and the total number of peaks 
was taken as a measurement of crispiness (Sto-
jceska et al. 2008).

Colour analysis

The colour of extrudates in terms of L, a, b 
values was determined using colorimeter (Model 
NP-3000, Nippon, Japan). Colour space is based 
on the concept that colours can be considered 
as combinations of colour plotted in a cubical 
form. The maximum and minimum for L-val-
ues are 100 and zero, indicates perfect reflect-
ing diffuser and black respectively. The redness/
greenness and yellowness/blueness are denoted 
by a-values and b-values, respectively (Hunter-
Lab, 2008). Before measuring, the colorimeter 
was standardized with black and white calibra-
tion tiles provided with the instrument. Extru-
date samples were cut longitudinally and the col-
our was measured in three places of each sam-
ple. Average values were recorded for the study 
(Stojceska et al. 2008). Colour analysis of the 
extrudates was conducted every month up to 6 
months of storage.

Statistical analysis

The results were analysed by statistical soft-
ware Statistca 7. The analysis of variance (ANO-
VA) for significance was conducted at a confi-
dence level of 95% (p≤0.05) .The significance of 
difference between mean values was assessed 
with Duncan’s multiple range test.

Results and discussion

Effect of magnification on the microstructural 
behaviour of extruded snack food

The photomicrographs at 700 and 1,500X 
magnification level confirm the pattern of chang-
es in microstructure of the extrudates. It can 
be observed from the photomicrographs (Fig. 1) 
that no marked change in the pattern of micro-
structural was visualised during storage when 
compared to those observed at 700X. Hence, it 
was found sufficient to interpret the modifica-
tions of extrudate microstructure for studying 
the microstructural changes at one magnifica-
tion level during storage.

Microstructural behaviour 
of the extruded snack food

The SEM (Fig. 2) shows the presence of pro-
truding structures in control sample of the un-
fried extruded probably indicating the abun-
dance of starch. The images of the cross-sec-
tion show discrete cells. The structural integ-
rity of the extrudates seems to have remained 
preserved. In the first month of storage hardly 
any change was observed in the structural ori-
entation of the extrudates as compared to con-
trol sample, suggesting that the structural ori-
entation of the extrudates was preserved and 
retained. In the second month of storage of the 
unfried extrudates, protruding has got dimin-
ished and the granular size seems to have re-
duced. The fibres seem to be structurally or-
ganised in ordered fashion resulting in the in-
crease of hardness and decrease in the crispi-

Fig. 1 - Effect of magnification level on unfried extruded snack at different storage period.
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Fig. 2 - Microstructural changes in unfried extruded snack during storage.

ness of the extrudates, as revealed from Table 
1. In the third month of storage unfried extrud-
ed snack food micrograph shows that the gaps 
have been developed between the fibres and the 
walls have become thinner and the granules 
have extended into long fibres as the accumu-
lation and agglomeration of the cells seem to 
have resulted into the large fibres which in turn 
lead to the formation of organized structures. 
The photomicrographs for the fourth month re-
vealed the presence of thinner long fibres that 
have got clubbed together to bigger size fibres 
with protruding, outfoldings and the cells have 
got restructured and are intact. These chang-
es may be the reason for the increased hard-
ness and marked reduction in the crispiness 
of the extrudates. The dense thin fibres were 
seen in the extrudates with thin walls and with 
very few open spaces and the restructuring ar-
rangement of fibres and globular structure after 

the fifth month. The photomicrograph for the 
sixth month of storage revealed the presence of 
relatively much compact and dense structur-
al orientation with numerous globules which 
may have lead to the increase in the hardness 
of the extrudates and may be the cause for the 
loss of crispiness of the extrudates can be ver-
ified from (Table 1). Wang et al. (1999) report-
ed similar microstructural pattern for pasta like 
product and also exhibited a dense and com-
pact structure.

Effect of frying on the microstructure 
of extruded snack

The photomicrographs (Fig 3) reveal the pres-
ence of compact mass of structures in the extru-
date sample before the storage. Roughness can 
also be observed in the extrudates which reflects 
that the frying process has possibly brought the 

Table 1 - Average hardness and crispiness of extrudates during storage.

	 Storage period		  Hardness (N)			   Crispiness

		  Unfried	 Fried	 Seasoned	 Unfried	 Fried	 Seasoned

	 0	 13.78±0.03g	 8.24±0.06g	 8.62±0.04g	 40.33±1.53a	 57.00±1.00a	 59.00±1.00a

	 1	 16.81±0.03f	 8.63±0.06f	 9.11±0.04f	 36.33±2.08b	 54.67±1.53b	 57.67±0.58b

	 2	 23.25±0.03e	 9.24±0.04e	 9.63±0.04e	 33.67±1.53c	 54.00±1.00b	 56.00±1.00c

	 3	 33.76±0.05d	 11.57±0.08d	 12.00±0.12d	 32.67±2.52cd	 46.33±0.58c	 49.00±1.00d

	 4	 40.18±0.07c	 14.02±0.05c	 13.92±0.03c	 31.33±1.53d	 42.33±1.53d	 46.33±1.53e

	 5	 41.55±0.08b	 15.35±0.06b	 18.17±0.05b	 28.67±1.53e	 38.00±1.00e	 45.00±1.00e

	 6	 45.80±0.08a	 19.04±0.07a	 21.85±0.02a	 22.00±2.00f	 33.00±1.00f	 41.33±0.58f

a-g means within the same column with different letters are significantly different at (p≤0.05), number of samples analyzed-3.
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destruction of fibres which may have caused the 
decrease in hardness of extrudates which in turn 
may have lead to the increase in the crispiness 
of extrudates as revealed from Table 1. Simi-
lar structural pattern was observed in the first 
month of storage. In the second month of stor-
age, surface roughness of the extrudates was ob-
served which reveals that the frying process has 
caused a remarkable effect on the microstructur-
al combination and composition of the fried ex-
trudates and has lead to the development of un-
even and rough surface as compared to unfried 
extrudates which may be the reason for the de-
crease in hardness and increased crispiness of 
the fried extrudate samples. In the third month 
of storage, the micrograph shows the rough-
ness of the structures along with accumula-
tion of oil globules. The structural derangement 
was seen in comparison to unfried extrudates. 
The decrease in the roughness of the structural 
components of the extrudates was visualised in 
the fourth month of storage but small protrud-
ing were observed, probably with the accumu-
lation of oil globules which may lead to the in-
crease in hardness and decrease in crispiness 
of the extrudate sample. The photomicrograph 
interprets the presence of the compact globular 
structure with the accumulation of globules in 
the fifth month of storage which apparently led 
to the development of globular structures of ex-
trudates. The microstructural components of the 
fried extrudates have got recombined and small 
globules have lead to the formation of large sized 
globules after the sixth month of storage. The re-
combined structure may be the reason for the in-
creased hardness of the extrudate sample with-

in storage period (Table 1). Jean et al. (1996) 
also have reported formation of fibres, definite 
orientation and organization of microstructure 
during extrusion.

Effect of seasoning on the microstructure 
of extruded snack

The photomicrographs of extrudates (Fig. 4) 
revealed the presence of more compact struc-
tures as compared to unfried and fried extru-
dates and with shinny structures which may be 
due to presence of oil and seasoning applied on 
the surface of extrudates. An uneven surface was 
observed during storage of seasoned samples. 
No prominent change in the structural, cellular 
and arrangement of fibres was observed in the 
first month of storage. The presence of globular 
structures with wave like structures was seen 
which clearly reflected the presence of oil glob-
ules with protruding and outfoldings in the sec-
ond month of storage. In the third month of stor-
age presence of thin structural components and 
long fibres in the extrudate with slight oily like 
surface was observed during storage. The pres-
ence of shinny outfoldings with a slight rough 
structure with numerous outfoldings was ob-
served in the fourth month of storage. 

The presence of complete globular and fibril-
lar structure with thin open spaces with the 
presence of oil within the globules was evident 
in the fifth month of storage as compared to un-
fried and fried extrudates. The micrograph re-
flected the presence of rough surface, probably 
due to deposition and accumulation of season-
ing on the surface of extrudates, and the reori-

Fig. 3 - Microstructural changes in fried extruded snack during storage.
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entation of fibres which has led to the formation 
of open space with a long single fibrous struc-
ture with a shinny surface in the sixth month 
of storage as compared to unfried and fried ex-
trudates. Similar structural pattern in the ex-
trudates was reported by Jean et al. (1996) and 
revealed the presence of protruding with rough 
surface causing extrudates to be more dense 
and compact.

Hardness and crispiness

The changes in hardness and crispiness dur-
ing storage of the extrudates are shown in Table 
1. During the storage period, significant increase 
in the hardness of the unfried extrudates was 
observed from the first to sixth month and the 
hardness ranged from 13.78 to 45.80 N. The in-
crease in hardness may be due to recombination 
of structure and strength enhancement as a re-
sult of moisture inclusion in structure of extru-
dates. Similar increase in hardness of the extru-
dates due to the moisture absorption has been 
reported by Kumar et al. (2012b). In the fried 
extrudates, the significant change was observed 
in the hardness of the extrudates which varied 
from 8.24 to 19.04 N. The increase in hardness 
in fried extrudates was lesser as compared to 
the unfried extrudates because of the remov-
al of moisture from the surface as well as from 
the inner cellular components of the extrudates 
during frying process (Table 1). In the fried ex-
trudates with seasoning significant change was 
observed in the hardness of the extrudates dur-
ing storage and ranged from 8.62 to 21.85 N, 
but the increase in hardness was lesser as com-

Fig. 4 - Microstructural changes in seasoned extruded snack during storage.

pared to the unfried extrudates. Similar change 
in the hardness (corn flour and beef) with stor-
age period was reported by Badding-Smithey 
et al. (1995).

In the unfried extrudates, crispiness ranged 
from 40.33 to 22.00 and significant change in the 
crispiness was observed from first month of stor-
age (Table 1). The decrease in crispiness may be 
due to the absorption of moisture during storage 
and the loss of crunchiness. However in the fried 
extrudates little change in the crispiness was ob-
served during initial two months of storage. The 
decrease in crispiness was observed from third to 
sixth month, whereas the changes in crispiness 
varied from 57.00 to 33.00 during storage period 
of six month. These results are in line with the 
fact that frying of the extrudates had considera-
bly improved the crispiness of the extrudates by 
removing the moisture from the surface and in-
tercellular components of the extrudate sample 
as compared to unfried extrudates.

In the fried extrudate with seasoning signifi-
cant change in the crispiness was observed dur-
ing the storage which ranged from 59.00 to 41.33 
means that the crispiness of the extrudates was 
retained (Table 1). The retention of the crispi-
ness of extrudates may be due to the frying of 
extrudate sample which may have removed the 
moisture from the surface of extrudate sample 
and hence the crispiness of the extrudates was 
retained to a desired level. The fried extrudate 
with seasoning showed the better crispiness 
even after six months of storage as compared to 
fried and unfried samples.  The better crispiness 
of seasoned samples as compared to fried and 
unfried extrudates may be due to absorption of 
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moisture by seasoning during storage thereby 
retaining the crispiness of the extrudates.

Effect of storage on colour values 
of the extruded snacks

The retention of colour after thermal treat-
ments may be used to predict the quality deteri-
oration of food. The unfried extrudates had sig-
nificant change in the L-value of extrudates dur-
ing storage (66.22 to 62.53), but no significant 
change was observed in the first four months of 
storage (Table 2). The decrease in L-value indi-
cates the darkness in colour which may be at-
tributed to the gradual increase in non enzy-
matic browning during storage. Negi and Roy 
(2001) observed similar increase in non enzymat-
ic browning of dehydrated carrots during long 
term storage. Similar result for unfried carrot 
pomace based extrudates has also been report-
ed by Kumar et al. (2012b). Similarly, in case of 
fried extrudates L-value decreased from 38.58 
to 36.38 during the entire storage period. This 
could be due to the Maillard reaction and due to 
the thermal treatment in the form of frying and 
decrease in the moisture content of the fried ex-
trudates. Similar decrease in L-value in carrot 
slices fried at 100°C for up to 15 min due to re-
ducing moisture content was reported by Shyu 
et al. (2005). In case of fried extrudates with sea-
soning, minute changes in L-value of extrudates 
were observed during the initial three months 
of storage and the change varied from 34.95 to 
34.42. The lower L-value as compared to fried 
and unfried extrudates indicates that the atmos-
pheric frying and addition of seasoning caused 
darkness in the extrudates.

No significant change in the a-value of the 
unfried extrudates was observed during stor-
age period (Table 2). In case of fried extrudates, 
non significant increase was observed during 
first month; however gradual increase was ob-
served from second to fourth month. Significant 
increase was observed during fifth and sixth 
month of storage (19.71 to 22.15). In case of sea-
soned extrudates, the gradual increase was ob-

Table 2 - Average colour L, a and b values of extrudates during storage.

	Storage period	 L-value	 a-value	 b-value

		  unfried	 fried	 seasoned	 unfried	 fried	 seasoned	 Unfried	 fried	 seasoned

	 0	 66.22±0.13a	 38.58±0.03a	 34.95±0.19a	 6.31±0.28a	 18.45±0.78e	 18.48±0.46d	 23.66±0.69a	 20.06±1.63a	 20.99±0.13a

	 1	 65.96±0.93a	 38.51±0.05 a	 34.98±0.03a	 6.35±0.06a	 18.56±0.44e	 18.76±0.44cd	 23.58±0.39a	 19.28±1.40ab	 20.86±1.04a

	 2	 65.26±1.16a	 38.22±0.03b	 34.68±0.31a	 6.37±0.28a	 19.11±0.15d	 19.14±0.06c	 23.48±0.61a	 18.27±0.09b	 20.76±0.99a

	 3	 65.13±0.44a	 37.23±0.05c	 34.42±0.19ab	 6.40±0.17a	 19.31±0.08d	 19.20±0.01bc	 23.25±0.44a	 18.19±0.01b	 20.58±1.00a

	 4	 64.29±0.31ab	 37.07±0.05cd	 33.96±0.07b	 6.47±0.22a	 19.71±0.03c	 19.30±0.05b	 22.81±0.15ab	 18.20±0.06b	 20.51±1.01a

	 5	 63.67±0.55b	 36.74±0.05d	 33.82±0.06c	 6.52±0.23a	 21.11±0.03b	 19.35±0.02b	 22.45±0.90b	 18.17±0.05b	 19.07±0.19b

	 6	 62.53±0.49b	 36.38±0.51e	 33.78±0.09c	 6.59±0.13a	 22.15±0.06a	 20.21±0.03a	 22.28±0.35b	 17.59±0.26c	 19.08±0.12b

a-e means within the same column with different letters are significantly different at p ≤ 0.05, number of samples analyzed-3.

served during first month. However, no signif-
icant increase in a-value was observed during 
third to fifth month of storage. The a-values for 
seasoned extrudates varied from 18.48 to 20.21. 
The a-value of the extrudates with seasoning fol-
lowed similar pattern like fried extrudates. The 
increase in reddishness may be due to the de-
struction of heat sensitive pigments by thermal 
treatment in the form of frying and some non en-
zymatic browning reactions like Maillard reac-
tion and retrogradation. Similar increase in red-
ness was also reported by Negi and Roy (2001) 
due to non enzymatic browning of dehydrated 
carrots during long term storage.

No significant change in the b-value of the un-
fried extrudates was observed till fourth month 
of storage period. The b-value of the unfried ex-
trudates varied from 23.66 to 22.28 (Table 2). 
Significant decrease in b-values of fried extru-
dates was observed during initial two months; 
however, further decrease was not significant till 
fifth month of storage. The b-values for fried ex-
trudates reduced from 20.06 to 17.59. In case 
of seasoned extrudates, decrease in b-value was 
observed during storage; however significant in-
crease was noted only during fifth month of stor-
age. The b-values for seasoned extrudates var-
ied from 20.99 to 19.08. The lower decrease in 
the b-value of seasoned extrudates as compared 
to fried extrudates may be due to application of 
seasoning which may have profoundly changed 
the upper crust colour. The decrease in b-value 
reflected the decrease in yellowness which may 
be due to the degradation of beta carotene dur-
ing storage period. Similar degradation of beta 
carotene due to air and light and storage time 
has also been reported by Orset et al. (1999).

Conclusion

The study revealed the profound change in 
the structural orientation of the fibre and cellu-
lar components of the extrudates during storage 
in the unfried extruded snack foods. Similar pat-
tern was observed in case of fried and seasoned 
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extruded snack foods during the storage period. It 
was reflected in the form of presence of open spac-
es and the wave like structures with protruding 
suggesting a marked effect on the microstructure 
of extrudates during storage. Hardness of the ex-
trudates was increased for unfried, fried and sea-
soned extrudates respectively during storage and 
a consequently decrease in crispiness was ob-
served. The maximum hardness was observed for 
unfried extrudates, however maximum crunch-
iness was observed for seasoned extrudates in-
itially as well as after six month storage period. 
The colour L-value and b-value decreased and a-
value increased for unfried, fried and seasoned 
extrudates respectively during storage. The min-
imum change in L-value was observed for sea-
soned extrudates, whereas minimum change in 
a-value and b-value was observed for unfried ex-
trudates. The microstructural, colour and textur-
al properties of unfried, fried and seasoned ex-
trudates changed during storage of six months 
and least changes in hardness and crispiness oc-
curred in seasoned extrudates.
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Abstract

The aim of this study was to establish the distribution and content of polyphenols (anthocyans, 
flavonols and hydroxycinnamic acids) in hulls and seeds of Sarconi beans having different col-
ours and shapes. Sarconi beans are protected by the indication of geographic provenance (IGP) 
denomination and include different ecotypes. The seeds sampled in the study area (Basilicata, Val 
d’Agri) exhibited different colours from white (Riso Bianco) to dark yellow (Tabacchino), to green 
(Verdolino) and to red (San Michele Rosso) with shapes changing from small round to large round-
ovoid. The seeds of the four ecotypes were collected from two farms in order to identify differences 
that could be caused by environmental conditions. Flavonols of some ecotypes of Sarconi beans 
have already been described, while the anthocyan composition and content have never been re-
ported. In particular, Tabacchino beans contained the highest amount of both flavonols, such as 
kaempferol and quercetin derivatives (6.342-6.515 mg/g) and hydrxycinnamic acids (1.136-1.636 
mg/g), while only San Michele contained anthocyans, such as cyanidin and pelargonidin deriva-
tives (1.118-3.187 mg/g); Riso Bianco seeds contained only hydroxycinnamic acids (0.975-1.292 
mg/g). Kaempferol derivatives were the most representative flavonols in the seed coat of Sarconi 
beans and in other Italian landraces they have only been found previously in Zolfino beans. This 
occurrence could distinguish Italian beans from Brazilian, Peruvian, and Mexican beans. The anti-
radical activity, as indicated in particular by EC50 values, ranged from 2.78 to 16.93 g sample/mg 
DPPH· (1,1-diphenyl-2-picrylhydrazil radical) for San Michele and Riso Bianco beans, respectively. 
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INTRODUCTION

Common beans (Phaseolus vulgaris) are often 
regarded as nutraceutical food since their con-
sumption has been linked to reduced risk of cor-
onary heart disease (Bazzano et al., 2001), dia-
betes (Ocho-Anin Atchibri et al., 2010), obesi-
ty (Nasi et al., 2009) and colon and breast can-
cer (Campos-Vega et al., 2010; Cui et al., 2007). 
Common bean seeds supply the diet with pro-
tein, complex carbohydrates, minerals and di-
etary fibres. They contain many bioactive sub-
stances such as enzyme inhibitors, lectines, 
phytates, oligosaccharides and polyphenols. 
Polyphenols have attracted increasing interest 
for their anticarcinogenic properties and play an 
important role in contrasting oxidative stress, 
which is defined as the imbalance between oxi-
dants and antioxidants, identified as the cause 
of ageing and various diseases in humans (Heim 
et al., 2002; Cardador-Martinez et al., 2002).

Since the second half of the twentieth centu-
ry, many species of agricultural interest once 
widely cultivated for human food, including com-
mon beans, have undergone a gradual contrac-
tion of their distribution. The causes contrib-
uting to this reduction may include the welfare 
state and changes in eating habits. Moreover, 
globalization of markets and uniformity in pro-
duction through improved cultivars selected for 
their characteristics of stability may have also 
reduced the number of actual consumer prefer-
ences. A large number of local genotypes are still 
cultivated in marginal areas of Italy (Limongel-
li et al., 1996; Masi et al., 1999; Piergiovanni 
et al., 2006; Negri and Tosti, 2002) since con-
sumers have acquired specific preferences for 
various combinations of bean size and shape. In 
this context the consumption of local ecotypes 
may afford a higher market value. In Italy such 
products are labelled by indication of geograph-
ic provenance (IGP).

The objective of the present study was to es-
tablish the distribution and content of polyphe-
nols (anthocyans, flavonols and hydroxycinnam-
ic acids) in hulls and seeds of Sarconi beans hav-
ing different colours and shapes. Sarconi beans 
are protected by the IGP denomination and in-
clude different ecotypes. The seeds sampled in 
the study area (Basilicata, Val d’Agri) had dif-
ferent colours from white (Riso Bianco) to dark 
yellow (Tabacchino), to green (Verdolino) and to 
red (San Michele Rosso) and varying shapes from 
small round to large round-ovoid. The seeds of 
the four ecotypes were collected from two farms 
in order to identify differences that could be 
caused by environmental conditions (Marles et 
al., 2010). Flavonols of some ecotypes of Sarco-
ni beans have already been described (Dinelli 
et al., 2006), while the anthocyan composition 
and content have never been reported. In order 
to obtain functional information correlated with 
bean quality, antiradical activity with respect to 

the stable DPPH• radical was evaluated and EC50 
values were considered.

EXPERIMENTAL

Plant material

Dry seeds of four landraces of Phaseolus vul-
garis L. were collected from two different farms 
located in Val d’Agri (Basilicata, Southern Ita-
ly). The ecotypes considered were: Riso Bianco 
(white, large round-ovoid seed), Verdolino (green, 
round-ovoid seed), Tabacchino (yellow-orange, 
round-ovoid seed), San Michele Rosso (ruby red, 
small round seed) (Table 1).

Standards and solvents

Authentic standards of kaempferol 3-O-gluco-
side, rutin, pelargonidin, caffeic acid and gallic 
acid were purchased from Extrasynthèse S.A. 
(Lyon, France). All solvents used were of HPLC 
grade purity (BDH Laboratory Supplies, Unit-
ed Kingdom).

Extraction of polyphenols

A 500 mg sample of ground dry seeds was 
extracted with 40 mL of 70% ethanol, adjust-
ed to pH 2.0 with formic acid to avoid degrada-
tion of anthocyanins, and kept for one night at 
room temperature. The seed coats of beans were 
removed and ground and 250 mg of seed coat 
powder was extracted with 20 mL of 70% etha-
nol adjusted to pH 2 with formic acid. The ex-
tracts were evaporated to dryness under vacuum 
at room temperature, and finally redissolved in 
EtOH/H2O (70:30) adjusted to pH 2.0 with for-
mic acid, to a final volume of 2 mL.

HPLC/DAD analysis

Analyses of flavonols, anthocyanins and hy-
doxycinnamic acids were carried out using a 
HP 1100L liquid chromatograph equipped with 
a DAD detector and managed by a HP 9000 
workstation (Agilent Technologies, Palo Alto, CA, 
USA). Flavonols and anthocyanins were sepa-
rated using a 150 × 3 mm, 4 μm, Synergy MAX-
RP80A column (Phenomenex, USA) operating at 
26°C. Hydroxycinnamic derivatives were sepa-
rated using a 150 × 4.6 mm, 5 mm, Luna RP18 

Table 1 - Numbers of analysed samples.

Landraces	 Farm 1	 Farm 2

San Michele	 1	 2
Tabacchino	 3	 4
Riso Bianco	 5	 6
Verdolino	 7	 8
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column (Phenomenex, USA) operating at 26°C. 
Three analytical methods were used: for fla-
vonols a four-step linear solvent gradient sys-
tem, starting from 5% up to 100% of CH3CN for 
a 32-min period, at a flow rate of 0.4 mL/min; 
for anthocyanins a five-step linear solvent gradi-
ent system, starting from 5 up to 100% of CH3CN 
for a 32-min period, at a flow rate of 0.4 mL/
min; and for hydroxycinnamic acids a four-step 
linear solvent gradient system, starting from 0 
up to 100% of CH3CN for a 52-min period, at a 
flow rate of 0.6 mL/min. UV/Vis spectra were 
recorded in the 190-600 nm range and the chro-
matograms were acquired at 260, 280, 330, 350 
and 520 nm.

HPLC/MS analysis

HPLC/MS analyses were performed using a 
HP 1100L liquid chromatograph linked to a HP 
1100 MSD mass spectrometer with an API/elec-
trospray interface (Agilent Technologies, Palo 
Alto, CA, USA). Spectra were recorded in neg-
ative ion mode, fragmentor 120, for flavonols 
and hydroxycinnamic acids, and in positive ion 
mode, fragmentor 120, for anthocyanins, apply-
ing the same chromatographic condition previ-
ously described. The mass spectrometer oper-
ating conditions were: gas temperature, 350°C; 
nitrogen flow rate, 10.0 L/min; nebulizer pres-
sure, 30 psi; quadrupole temperature, 30°C; and 
capillary voltage, 3,500 V.

Identification and quantification 
of individual polyphenols

The identity of polyphenols was ascertained 
using data from HPLC/DAD and HPLC/MS anal-
yses, by comparison and combination of their 
retention times, UV/Vis and mass spectra with 
those of authentic standards. Quantification of 
individual polyphenolic compounds was direct-
ly performed by HPLC/DAD using a five-point 
regression curve (r2 ≥ 0.998) on the basis of au-
thentic standards. In particular, flavonols like 
kaempferol and quercetin derivatives were deter-
mined at 350 nm using kaempferol 3-O-gluco-
side and quercetin-3-O-rutinoside (rutin) as ref-
erence compounds, respectively. Cyanidin and 
pelargonidin derivatives were determined at 520 
nm using pelargonidin as reference compound, 
while hydroxycinnamic derivatives were deter-
mined at 330 nm using caffeic acid as reference 
compound. In all cases, actual concentrations 
of the derivatives were calculated after applying 
corrections for differences in molecular weight. 

Total phenolic content 
and antiradical activity

The total phenolic content was determined 
using the Folin-Ciocalteu method, described by 
Singleton et al. (1999) and slightly modified 

according to Dewanto et al. (2002). To 125 μL 
of the suitably diluted sample extract, 0.5 mL of 
deionized water and 125 μL of the Folin-Ciocal-
teu reagent were added. The mixture was kept 
for 6 min and then 1.25 mL of a 7 % aqueous 
Na2CO3 solution were added. The final volume 
was adjusted to 3 mL with water. After 90 min, 
the absorption was measured at 760 nm against 
water as a blank. The amount of total phenolics 
is expressed as gallic acid equivalents (GAE, mg 
gallic acid/100 g sample) through the calibration 
curve of gallic acid. The calibration curve ranged 
from 20 to 500 μg/mL (R2 = 0.9969).

Free radical scavenging activity was evaluat-
ed by DPPH• (1,1-diphenyl-2-picrylhydrazil rad-
ical) assay. The antiradical capacity of the sam-
ple extracts was estimated according to the pro-
cedure reported by Brand-Williams et al. (1995) 
and slightly modified.

Two mL of the sample solution, suitably dilut-
ed with ethanol, was added to 2 mL of an etha-
nolic solution of DPPH• (0.025 g/100 mL) and 
the mixture was allowed to stand. After 20 min 
the absorption was measured at 517 nm versus 
ethanol, as a blank. Each day, the absorption 
of the DPPH• solution was checked. The antiox-
idant activity is expressed as EC50, the antiox-
idant dose required to cause a 50% inhibition 
(Cardador-Martinez et al., 2002). EC50 was 
calculated plotting the ratio:

[DPPH• concentration at t = 20’]/
/[ DPPH• concentration at t = 0]

against the concentration of the antioxidant. 
EC50 is expressed as mg antioxidant/mg DPPH•.

RESULTS AND DISCUSSION

The present study compares the different phe-
nolic classes in four varieties of Phaseolus vul-
garis L. grown in different fields and different 
years. The extraction procedure for Phaseolus 
seeds ensures that all the polyphenol classes 
were obtained. Flavonols, hydroxycinnamic de-
rivatives and anthocyanins were identified using 
data from HPLC/DAD and HPLC/MS analysis 
by comparison and combination of their reten-
tion times, mass spectrometry and UV spectra.

Fig. 1 shows the HPLC-DAD profile at 350 
nm of seed coat extracts of the four Sarconi 
ecotypes. Riso Bianco does not contain fla-
vonoids, while four flavonols were identified: 
kaempferol-3-O-xylosyl-glucoside, kaempfer-
ol-3-O-glucoside, kaempferol-3-O-(6”-O-mal-
onylglucoside and kaempferol aglycone. The 
first two compounds were found previously in 
Sarconi beans by Dinelli et al. (2006) and in 
Zolfino beans by Romani et al. (2004), while 
kaempferol-3-O-(6”-O-malonylglucoside) was 
identified in common beans (Lin et al., 2008); 
kaempferol aglycone was isolated in seed 
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coats of Brazilian and Peruvian beans (Ranil-
la et al., 2007). Verdolino contains traces of 
quercetin xylosyl-glucoside and quercetin agly-
cone. Differently from other cases (Lin et al., 
2008; Ranilla et al., 2007; Dìaz-Batalla et 
al., 2006; Aparicio-Fernandez et al., 2005; 
Hempel and Böhm, 1996) where kaempferol 
and quercetin derivatives were found in com-
parable amounts, kaempferol derivatives were 
the most representative flavonols in the seed 
coat of Sarconi beans and in other Italian lan-
draces they have only been found previously 
in Zolfino beans. This occurrence could dis-
tinguish Italian beans from Brazilian, Peruvi-
an, and Mexican beans.

Anthocyans were found only in the seeds and 

Fig. 1 - HPLC/DAD (350 nm) chromatographic profile of seed coats of four varieties. 1) kaempferol 3-O-xylosyl-glucoside, 2) 
kaempferol 3-O-glucoside, 3) kaempferol 3-O-(6”-O-malonylglucoside), 4) kaempferol.

seed coat of the red ecotype (San Michele Rosso). 
Fig. 2 reports the HPLC/DAD at 520 nm and TIC 
profiles of the extracted ion chromatograms for 
cyanidin (m/z 287) and pelargonidin (m/z 271). 
Cyanidin 3,5-O-diglucoside, pelargonidin 3,5-O-
diglucoside, cyanidin 3-O-glucoside and pelar-
gonidin 3-O-glucoside were found as previously 
reported (Macz-Pop et al., 2006). Cyanidin 3-O-
(6”-O-malonylglucoside) and pelargonidin 3-O-
(6”-O-malonylglucoside) were detected and their 
presence was confirmed by fragmentation pro-
files (Fig. 3) in accordance with previous reports 
regarding red Mexican beans (Lin et al., 2008). 
Cyanidin diglycoside and a pelargonidin deriva-
tive were also found in the extracts. Delphinidin, 
which is the most abundant aglycone in Mexican 

Fig. 2 - HPLC/DAD (520 nm) chromatographic profile and extract ions current (m/z 271, m/z 287) of San Michele extracts. 
1) Cyanidin diglycosides, 2) Cyanidin 3,5-O-diglucoside, 3) pelargonidin 3,5-O-diglucoside, 4) cyanidin 3-O-glucoside, 5) pel-
argonidin 3-O-glucoside, 6) cyanidin 3-O-(6”-O-malonylglucoside), 7) Pelargonidin 3-O-(6”-O-malonylglucoside), 8) Pelargo-
nidin derivative.
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and in Idaho (USA) black beans (Aparicio-Fer-
nandez et al., 2005; Espinosa-Alonso et al., 
2006; Takeoka et al., 1997) was not found in our 
extracts. A quite similar pattern to that found in 
Sarconi beans has been reported for Singapore 
beans (Madhujith et al., 2004), even if in this 
case a hydrolysis process was performed, only 
cyanidin and pelargonidin were found.

Fig. 4 shows the complex chromatographic 
profile at 330 nm of hydroxycinnamic acid de-
rivatives of Riso Bianco. Caffeic (one compound), 
p-coumaric (two compounds) and ferulic (seven 
compounds) acid derivatives were identified. This 
pattern is different from those noted by other 
authors (Lin et al., 2008; Ranilla et al., 2007; 
Dìaz-Batalla et al., 2006; Espinosa-Alonso et 
al., 2006; Madhujith et al., 2006).

Quantitative data are reported in Tables 2 
and 3. Table 2 refers to the seed coats of the 
samples: Tabacchino contained the highest 
amount both of flavonols and hydrxycinnam-
ic acids, while only San Michele contained an-
thocyans. On the other hand, Riso Bianco con-
tained only hydroxycinnamic acids. Marked dif-
ferences were not noted between samples from 

the two farms. The anthocyan content was high-
er than that found in Korean kidney bean seed 
coats (Choung et al., 2003).

Table 3 lists the quantitative data for whole 
seed analysis. These data confirm the previous 
ones (Table 2) showing that polyphenols are 
present almost exclusively in seed coats and 
their amount is lower when the whole seed is 
analyzed. It should be noted that the anthocy-
an amount is of the same order of magnitude 
of black coloured genotypes determined using 
a spectrophotometric method and expressed as 
cyaniding-3-glucoside (Akond et al., 2011).

Table 3 also reports the EC50 data, i.e. the 
amount of whole bean which reduced to one half 
the activity of 1 mg DPPH. If the datum for San 
Michele beans is discharged, a very good corre-
lation (R2 = 0.8952) between polyphenol amount 
and EC50 value can be observed.

It emerges from Table 3 that the San Michele 
variety has the lowest EC50 value, i.e. the high-
est antiradical activity. This finding must be 
ascribed to the presence of anthocyans which 
contribute to total antiradical activity. A simi-
lar result was obtained by Akond et al. (2011): 

Fig. 3 - Positive ion mass 
spectrum acquired by API-
electrospray of the San 
Michele seed coat extract. a) 
cyanidin 3-O-(6”-O-malonyl-
glucoside) and b) pelargoni-
din 3-O-(6”-O-malonylgluco-
side).

Fig. 4 - HPLC/DAD (330 nm) 
chromatographic profile of 

Riso Bianco extract. 1) Caf-
feic acid derivative; 2) and 8) 

p-cumaroyl derivatives; 3), 4), 
5), 6), 7), 9) and 10) ferulic 

acid derivatives.
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Table 3 - Whole seed polyphenols and antiradical activity of the four varieties of Phaseolus vulgaris L. grown in two differ-
ent locations (see Table 1).

	 San Michele 	 Tabacchino	 Riso Bianco	 Verdolino

Compound	 1	 2	 3	 4	 5	 6	 7	 8

K 3-O-xyl.gluc.			   0.061	 0.073			   0.138	 0.213
K 3-O-gluc.	 0.012	 0.004	 0.294	 0.439			   0.305	 0.292
K 3-O-(6’’-O-mal.gluc.)			   0.134	 0.136			   0.087	 0.085
K	 0.002	 0.002	 0.238	 0.155			   0.046	 0.027
Q xyl.gluc.							       trace	 trace
Q							       trace	 trace
Total flavonols	 0.014	 0.006	 0.727	 0.803			   0.576	 0.617

C diglyc.	 0.059	 0.065						    
C 3,5-O-digluc.	 0.039	 0.036						    
P	 0.028	 0.085						    
C 3-O-gluc	 0.065	 0.044						    
P 3-O-gluc.	 0.116	 0.051						    
C 3-O-(6’’-O-mal.gluc.)	 0.008	 0.006						    
P 3-O-(6’’-O-mal.gluc.)	 0.004	 0.003						    
P derivative	 0.001	 0.001						    
Total anthocyans	 0.320	 0.291						    

Total hydroxy acids	 0.252	 0.208	 0.409	 0.360	 0.303	 0.407	 0.328	 0.279

EC50	 2.78		  4.36		  16.93		  10.40	

The data are the mean values of three determination (standard deviation < 3%) and are expressed as mg/g (fresh weight). EC50 values expressed as g sam-
ple/mg DPPH.
K = kaempferol; Q = quercetin; C = cyaniding; P = pelargonidin.

Table 2 - Seed coats polyphenols of the four varieties of Phaseolus vulgaris L. grown in two different locations (Table 1). The 
data are the mean values of three determination (standard deviation < 3%) and are expressed as mg/g (fresh weight). 

	 San Michele 	 Tabacchino	 Riso Bianco	 Verdolino

Compound	 1	 2	 3	 4	 5	 6	 7	 8

K 3-O-xyl.gluc.			   0.494	 0.589			   1.147	 1.230
K 3-O-gluc.	 0.029	 0.019	 2.667	 3.472			   2.437	 2.614
K 3-O-(6’’-O-mal.gluc.)			   1.293	 1.172			   0.602	 0.646
K	 0.007	 0.01	 1.888	 1.282			   0.342	 0.306
Q xyl.gluc.							       trace	 trace
Q							       trace	 trace
Total flavonols	 0.036	 0.029	 6.342	 6.515			   4.528	 4.796

C diglyc.	 0.385	 0.214
C 3,5-O-digluc.	 0.406
P	 0.178	 0.108
C 3-O-gluc	 0.750	 0.333
P 3-O-gluc.	 1.354	 0.414
C 3-O-(6’’-O-mal.gluc.)	 0.042	 0.027
P 3-O-(6’’-O-mal.gluc.)	 0.051	 0.018
P derivative	 0.021	 0.004
Total anthocyans	 3.187	 1.118

Total hydroxy acids	 0.919	 0.579	 1.136	 1.636	 1.292	 0.975	 0.587	 0.626

K = kaempferol; Q = quercetin; C = cyaniding; P = pelargonidin.

for coats containing anthocyans the correlation 
was better between antioxidant capacity and an-
thocyanin levels rather than total phenolics. A 
good correlation (r2 = 0.88) between antioxidant 
capacity and total phenolic content has already 
been found in the case of Brazilian and Peruvi-

an ecotypes (Ranilla et al., 2007). In the pre-
sent work, differences were noted between the 
samples of the two farms only in the case of seed 
coats, especially for anthocyan content of Tabac-
chino seed coats. In fact samples from farm 1 ex-
hibited a much higher anthocyan content than 
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those from farm 2 and qualitatively the samples 
differ for cyanidin 3,5-O-diglucoside, which was 
present only in the samples from farm 1.

To conclude, the presence of kaempferol de-
rivatives may be a possible marker of Italian lan-
draces, while samples of the two farms may be 
discriminated on the basis of anthocyan content 
(from a quantitative standpoint) and the pres-
ence of cyanidin 3,5-O-diglucoside in the sam-
ples of only one farm in the case of the most pig-
mented seed. Furthermore, the polyphenol con-
tent of IGP food may become an important tool to 
characterize and increase the commercial value 
of niche products such as Sarconi beans, allow-
ing consumers to chose food that contains these 
classes of nutraceutical compounds with anti-
oxidant activity and chemoprotective properties.

Characterization and valorization of typical 
biodiversity is also in agreement with the inter-
ests and economic incentives of the main Euro-
pean programs.
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Abstract

The volatile composition of aromatic grape varieties at harvest is a very important criterion in 
the choice of vinification technique to yield the optimal quality of the final product. The berry me-
chanical characteristics are important for assessing resistance to fungal attacks and for the es-
timation of shattering. In this study the effect of irrigation on the volatile fingerprint and the me-
chanical properties of the Muscat blanc (Vitis vinifera L.) grapes grown in mountain north-west 
region of Italy was investigated. Three water regimes were compared: standard irrigation, moder-
ate irrigation and drought.

In the meteorological conditions of the considered season, a significant increase in the amounts 
of the most representative free volatile components of the Muscat blanc variety (linalool and ge-
raniol markers), was observed in standard irrigation treatment. Significantly higher amounts of 
four C13-norisoprenoid bound compounds were observed in the drought treatment with respect 
to the standard treatment. Furthermore, no influence of irrigation treatment on berry skin hard-
ness and thickness parameters was noted.

Therefore, in the considered alpine environment, on aromatic Muscat blanc variety, the opti-
mum irrigation treatment is an important choose to improve the quality of the grapes.

mailto:vincenzo.gerbi%40unito.it?subject=
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INTRODUCTION

Vitis vinifera L. Muscat blanc grape variety 
(synonym of white Frontignan and Muscat à petit 
grains blanc), a widespread aromatic grape va-
riety, has been grown since the Middle Ages in 
the Aosta Valley, a mountain region located in 
the North-West of Italy. Its cultivation area is 
mostly concentrated in the South-facing, well 
exposed mountain slopes around the village of 
Chambave, at an altitude ranging from 500 to 
700 m above sea level. Here it is used for pro-
ducing the renowned dry wine sold under the 
Appellation of Origin Vallée d’Aoste - Chambave 
Muscat. The climatic conditions of the area are 
favourable for wine grape growing: low levels 
of average annual rainfall (less than 600 mm, 
even less than 400 mm during particularly dry 
years, with two seasonal peaks in spring and 
autumn), low relative humidity, low cloudiness 
and very high levels of solar radiation. The es-
timated annual mean temperature is 10°-11°C 
(MERCALLI, 2003).

Plant water status can greatly affect, either 
positively or negatively, vegetative growth, ber-
ry size, production yield, grape phenolic con-
tent and profile, grape aromatic potential, must 
composition, and wine sensory characteristics 
depending on its intensity level and timing (HEP-
NER et al., 1985; MATTHEWS et al., 1990; OJE-
DA et al., 2001; DELOIRE et al., 2004; CHAPMAN 
et al., 2005; KOUNDOURAS et al., 2006; QIAN 
et al., 2009; VAN LEEUWEN et al., 2009; GAM-
BACORTA et al., 2011). Therefore, in environ-
ments where low rainfall is a limiting factor, ir-
rigation practices may be a powerful tool for im-
proving grape quality by modifying berry char-
acteristics and composition; this can often be 
achieved by inducing moderate levels of water 
stress in specific stages of berry development 
and ripening. On the other hand, an excess of 
irrigation may easily result in poor grape quali-
ty (GLADSTONE, 1992). Thus, the assessment of 
the correct amount of irrigation and its sched-
uling is essential in order to reach a desired 
production target.

Volatile aroma compounds of the Muscat blanc 
have been less studied (USSEGLIO-TOMMASET 
and DI STEFANO, 1980; BUREAU et al., 2000) 
than other aromatic Muscat varieties (RIBEREAU-
GAYON et al., 1975; GUNATA et al., 1985; WIRTH 
et al., 2001) and often many studies treating the 
aroma profile of the Muscat variety were relat-
ed to aroma wines produced (SANCHEZ PALOMO 
et al., 2007; del CARO et al., 2012). The terpene 
content in the grape may be influenced by tem-
perature, light and water availability during rip-
ening (RIBEREAU-GAYON et al., 2000b), thus a 
knowledge of free and bound precursors of this 
aromatic variety may help in the selection of 
best vineyard practices. The effect of the biocli-
matic and agronomical conditions, in particu-
lar the water regimes, on the aromatic composi-

tion of white aromatic berries has not yet been 
deeply investigated, although the aromatic pro-
file of the ‘Muscat’ grapes should be considered 
at least as important as the usual technologi-
cal ripeness parameters (i.e. sugars content and 
acidic composition).

Texture Analysis is a analytical technique of 
survey used for measurement of the physical 
properties of wine grapes in order to assess their 
quality (ROLLE et al., 2012). In fact, instrumen-
tal texture parameters can be used as phenols 
extractable markers and ripeness predictors 
(MAURY et al., 2011; RÍO SEGADE et al., 2011a). 
Knowing the characteristics of some mechanical 
parameters such as the ease of detachment of 
the pedicel, the hardness and thickness of the 
skin, is important because it is directly related 
to the phenomena of shattering, resistance to 
splitting and plant diseases (LANG and DURING, 
1990; GABLER et al., 2003), in particular during 
on-vine withering process (ROLLE et al., 2010). 
At our knowledge, the effect of irrigation on the 
physico-mechanical characteristics of the ber-
ries has not yet been reported.

During the last ten years the irrigation, nor-
mally carried out by drip irrigation systems, has 
become increasingly popular among the grape 
growers of the Aosta Valley area. While it is con-
sidered a special measure to be adopted only 
when exceptionally dry conditions occur, it is 
now often become standard viticultural prac-
tice in Aosta Valley.

On the base of all these consideration, the aim 
of this work was to study the free and bound va-
rietal volatiles and mechanical properties of ber-
ries of the Vitis vinifera L. grape aromatic vari-
ety Muscat blanc comparing the effect of three 
different water regimes on these physico-chem-
ical parameters.

MATERIALS AND METHODS

Plant materials

The experimental site was located on a steep 
slope with a south aspect, at an altitude of 600 
m above sea level, on a loamy sand soil. The 
vines (Vitis vinifera L., cv Muscat blanc, clone R6, 
grafted on 110 Richter rootstock) were 12 years 
old. The trellis system was Guyot. The vine and 
row spacing was 0.70 and 1.80 m respectively. 
The vineyard was equipped with a drip irriga-
tion system using pressure-compensated emit-
ters. The distance between emitters was 60 cm; 
their flow rate was 2.3 L h-1.

Grapes were collected from the 2008 vintage 
season. A Randomized Complete Block Design 
with three replicates was adopted. Plots had 
three rows each of about 15 m long; only the 
central row was used for experimental purpos-
es; the other two received the same water treat-
ment and were used as border rows. On the cen-
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tral row eight plants were selected and used for 
sampling berries.

Water treatments

Three water regimes were compared: standard 
irrigation (S), moderate irrigation (M), drought 
(D). Treatment D did not receive any irrigation, 
while S and M irrigation strategies were based 
primarily on pre-dawn water potentials (ΨPD). 
Treatment S was kept at ΨPD levels above -0.2 
MPa (absence of water stress) until two weeks 
before harvest. Treatment M was kept above 
-0.2 MPa until veraison; after veraison a moder-
ate water stress (-0.2 to -0.4 MPa) was allowed. 
No irrigation treatment was carried out during 
the last two weeks before harvest. Before verai-
son, even in the absence of water stress, treat-
ments S and M received 50 and 25% of the esti-
mated crop evapotranspiration (ETc) respective-
ly, at approximately 10 day intervals. ETc was 
estimated from meteorological data logged by a 
weather station (Vantage Pro, Davis Instruments 
Corp., Hayward, California 94545 USA) situat-
ed in the experimental site, by multiplying the 
reference evapotranspiration (ET0, directly cal-
culated by the station) by a crop coefficient Kc 
(varying from 0.6 to 0.7 from the start of treat-
ments to veraison).

Plant water status measurements

Plant water status was monitored by meas-
uring the pre-dawn water potential ΨPD with a 
SKYE pressure chamber, model SKPM 1400 
(SKYE Instruments, Llandrindod Wells, Powys 
LD1 6DF UK). Ten measurements were made 
from fruit set to harvest. For each plot, the ΨPD 
was estimated by measuring six fully expand-
ed leaves taken from the primary shoots. Meas-
urements took about two hours and terminat-
ed before dawn.

Cluster thinning

The crop load of the eight selected plants per 
plot was balanced by cluster thinning at verai-
son, aiming at a yield of 1.6-1.8 kg/vine, which 
is generally considered optimal for the usual lo-
cal requirements, given the plant density of the 
experimental vineyard.

Technological parameters analysis

The total soluble solids concentration (°Brix, 
as SSC) was measured using an Atago 0-32 °Brix 
temperature compensating refractometer (Atago 
Co., Tokyo, Japan), pH was determined by po-
tentiometry using a Crison electrode (Carpi, It-
aly) on the grape must. Titratable acidity (TA), 
expressed as gL-1 tartaric acid, was estimated 
using the official OIV method. The must con-
tents of citric, tartaric and malic acid were an-

alyzed using an HPLC system (P100-AS3000, 
Thermo Electron Corporation, Waltham, MA, 
USA) equipped with a UV detector (UV3000) set 
to 210 nm. The analyses were performed isoc-
ratically at 0.8 mLmin-1 flow and 65°C column 
temperature, with a 300x7.8 mm i.d. Aminex 
HPX-87H cation exchange column and a Cation 
H+ Microguard cartridge (Bio-Rad Laboratories, 
Hercules, CA, USA), using 0.0013 mol/L H2SO4 
as mobile phase (GIORDANO et al., 2009). Data 
treatment was carried out using the Chrom-
QuestTM chromatography data system (Thermo-
Quest, Inc, San Jose, CA, USA).

Volatile analysis

Sample preparation
Analysis of free and glycosidically bound 

components was carried out according to 
the previous method proposed by Di Stefa-
no (1991), with some modifications. For each 
plot, two subsamples of 100 berries were taken 
and analysed separately. They were de-seeded 
and the pulp (about 200 g) was separated from 
the skin with the addition of Na2S2O5 (80 mg). 
Skins were placed in 20 mL of methanol for 1 
h to inactivate glycosidase enzymes. The pulps 
and skins were then separately crushed under 
a nitrogen atmosphere with a laboratory blend-
er (Waring Laboratory, Torrington, USA). The 
skin suspension and pulp homogenate were 
then combined. The mixture was centrifuged 
twice (7,000 g; 10 min; 4°C), washing the sol-
id pellet with tartaric acid buffer (pH=3.2) and 
the liquid extract was then clarified with pec-
tolytic enzyme (100 mg) without secondary gly-
cosidase activity (Rapidase X-Press, DSM, The 
Netherlands) at room temperature for 2 hours. 
Aliquots of 500 mL were collected from this 
juice. Afterwards, each replicate of the grape 
juice (100 mL) (n=2), added of 2-octanol as in-
ternal standard (200 μL of 41 mg L-1 solution 
in 10% ethanol), was loaded onto a 1g tC18 
reversed-phase SPE cartridge (Sep-Pak, Wa-
ters, Ireland), previously activated with 10 mL 
of methanol and 20 mL of water, with a flow 
rate of ca. 3 mL min-1. The cartridge was then 
rinsed with 30 mL of pure water to eliminate 
sugars, acids and other low molecular weight 
polar compounds. The free fraction was then 
eluted with 30 mL of dichloromethane. The el-
uate was dried over Na2SO4 and concentrated 
to 200 μL under a stream of nitrogen. The gly-
coconjugates were finally eluted from the car-
tridge with 50 mL of methanol and concentrat-
ed to dryness using a vacuum rotavapor (Buchi 
R-210, Switzerland) at 35°C. The dried glyco-
sidic extract was dissolved in 3 mL of citrate-
phosphate buffer (0.2 M, pH=5). The enzymatic 
hydrolysis was carried out using 50 mg of an 
AR-2000 commercial preparation with glycosi-
dase side activities (DSM Oenology, The Neth-
erlands) and incubating at 40°C for 24 h. After 
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addition of 200 μL of 2-octanol (41 mg L-1 so-
lution in 10% ethanol), glycosidic precursors 
were then extracted following the SPE meth-
od previously described. The dichloromethane 
extract obtained was dried over anhydrous  
Na2SO4, concentrated to 200 μL under nitro-
gen and kept at -20°C until analysed. All anal-
yses were performed in duplicate.

GC/MS analysis
Analysis was performed with a Shimadzu GC-

2010 gas chromatograph equipped with a Shi-
madzu QP-2010 Plus quadrupole mass spec-
trometer. The gas chromatograph was equipped 
with a DB-WAX capillary column (30 m x 0.25 
mm i.d., 0.25 μm film thickness, J&W Scien-
tific Inc., Folsom, CA, USA). The temperature 
program started at 35°C for 5 min; 2°C min -1 
to 190°C; 3°C min -1 to 230°C for 5 min. Carri-
er gas (He) was at 1mL min -1. Injections of 1 μL 
were performed in split mode 1:20. The injec-
tion port temperature was 230°C, the ion source 
temperature was 240°C and the interface tem-
perature was 230°C (solvent delay of 4.5 min). 
The detection was carried out by electron im-
pact mass spectrometry (70 eV) in total ion cur-
rent (TIC) mode in a mass range m/z 30-350. 
Identification of compounds was carried out by 
comparing their mass spectra and retention in-
dices (RI) (a mixture of a homologous series of 
C5-C28 was used) with those of standard com-
pounds or by comparing their mass spectra and 
Kovats with those reported in literature or by 
comparing mass spectrum with mass spectral 
databases NIST12, NIST62 (National Institute of 
Standards and Technology, Gaithersburg, MD, 
USA), Adams and on line (http://webbook.nist.
gov/chemistry/). Semiquantitative data (μgL−1) 
were obtained by measuring the relative peak 
area of each identified compound in relation to 
that of the added internal standard.

Mechanical properties

A Universal Testing Machine (UTM) TAxT2i 
Texture Analyzer (Stable Micro Systems - SMS, 

Surrey, UK) equipped with a HDP/90 platform 
(perforated or not) and a 5 kg load cell was used. 
All the acquisitions were made at 400 Hz; data 
were evaluated using the Texture Expert Ex-
ceed software package (vers. 2.54 in Windows 
2000). The operating conditions applied, probe 
and mechanical parameters measured, are sum-
marized in Table 1, according to methods pro-
posed by Letaief et al. (2008). Skin hardness 
was evaluated using the puncture test. The ber-
ries (n=30, Maury et al., 2009) were placed on 
the metal plate of the UTM with the pedicel in 
a horizontal plane in order to be consistently 
punctured in the lateral face. For the measure-
ment of berry skin thickness, a piece of skin of 
almost 0.25 cm2 was removed from the lateral 
side of all the 30 berries of each sample with a 
razor blade. Especial care was taken when re-
moving the pulp from the skin and when posi-
tioning the skin sample on the UTM platform to 
prevent folds in the skin. After calibration of the 
instrumental probe position, the skin thickness 
was calculated as the distance between the point 
corresponding to the probe contact with the ber-
ry skin (trigger) and the platform base during 
a compression test. It was convenient to insert 
an instrumental trigger threshold equal to 0.05 
N that enabled the plane surface of the probe 
to adhere completely to the skin sample before 
the acquisition started. It allowed a reduction or 
elimination of the ‘tail’ effect due to the postpone-
ment of the point. Peduncle detachment resist-
ance was determined by a traction test (ROLLE 
et al., 2009). In this test the peduncle was an-
chored to the pliers of the A/PS probe. During 
the traction, the peduncle passes through the 
perforated platform of the UTM (diameter of the 
hole 5mm), while the berry is blocked, permit-
ting the determination of the force of peduncle 
detachment.

Statistical analysis

Statistical analyses were performed using the 
statistical software package SPSS (version 17.0; 
SPSS Inc., Chicago, IL, USA).

Table 1 - Operating conditions used in the texture analysis of grapes.

Test	 Probe - Platform	 Test speed	 Force	 Mechanical properties

Berry skin hardness	 SMS P/2N Needle;	 1 mm s-1	 compression 3 mm	 Fsk = Berry skin break Force (N)
	 HDP/90 platform			   Wsk = Berry skin break Energy (mJ)
				    Esk = Skin Young’s modulus (N/mm)

Berry skin thickness	 SMS P/2 Ø 2mm;	 0,2 mm s-1	 -	 Spsk = Berry skin thickness (µm)
	 HDP/90 platform

Peduncle detachment	 SMS A/PS modified	 1 mm s-1	 traction	 Fped = Peduncle detachment Force (N)
resistance	 with rigid arm;		  10 mm	 Wped = Peduncle detachment
	 HDP/90 perforated			   Energy (mJ)
	 (Ø 5mm) platform
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RESULTS and DISCUSSION

Meteorological conditions

The season was characterised by an unusually 
high amount of rainfall during spring and early 
summer followed by low precipitation levels un-
til harvest. Total precipitation between flower-
ing to veraison was 160 mm; only 32 mm were 
registered from veraison to harvest. Before ve-
raison the pre-dawn leaf water potentials ψPD of 
all three treatments remained at relatively high 
levels (within the 0 to -0.2 MPa range), showing 
an absence of water stress even in the non-irri-
gated plots. After veraison, the ψPD of moderately 
irrigated and non-irrigated vines began to slow-
ly drop, showing an effective differentiation of 
the relative water status. Only the D treatment 
reached pre-dawn ψPD below -0.6 MPa, which 
can be considered severe water stress threshold, 
but only in the last days before complete ripen-
ing, when these levels are not unusual. No sta-
tistically significant differences in ψPD were ob-
served among treatments before 54 DAF (days 
after flowering). From 54 DAF until harvest treat-
ment S showed significantly higher ψPD values 
than treatment D. Treatment M showed inter-
mediate ψPD, values, often comparable or clos-
er to D for most of the veraison-harvest period.

The S treatment received a total of 110 mm of 
additional water by drip irrigation distributed in 
ten applications from day 8 AF to day 90 AF; M 
treatment received 34 mm of additional water in 
five applications from day 8 to 68 AF. Differences 
in yield were not statistically significant; yields/
vine ratios ranged from 1.67 kg (treatment D) to 
1.82 (treatment M). Harvest date was 108 DAF.

Technological parameters of ripeness

Sugar content, pH, acid composition, yield 
and berry weight of grapes from the three dif-
ferent water treatments exhibited no significant 
statistical differences. At harvest, on average, 
the grape musts were characterized by soluble 
solid contents of 23.4 ± 0.6 as °Brix, titratable 
acidity expressed as tartaric acid of 7.53 ± 0.52 
gL-1 and by a pH of 3.36 ± 0.05. The contents 
of the main organic acids were 0.26±0.04, 4.58 
±0.16, 3.90 ±0.51 for citric, tartaric and malic 
acid, respectively.

Free volatile compounds

A total of 33 free volatile compounds were de-
tected (mean values of concentrations ± stand-
ard deviations) in Muscat blanc grape juices. 
They were classified into three chemical cate-
gories: four C6 compounds (alcohols and alde-
hydes), 27 monoterpenoids and two aromatic 
alcohols (Table 2). All C6 compounds and 18 
of 27 monoterpenoids were always observed in 
all treatments.

Among monoterpenoids, free linalool was the 
most abundant compound found in all water re-
gimes. Other components, that contribute with 
more than 5% to the terpenoids content, were 
geraniol, 3,7-dimethyl-1,5-octadien-3,7-diol (di-
endiol I) and 3,7-dimethyl-1,7-octadien-3,6-di-
ol (diendiol II). Linalool, that provides charac-
teristic sweet and flowery notes, together with 
geraniol, α-terpineol and ho-trienol are consid-
ered the marker compounds for the terpene-like 
character of Muscat wines (RIBEREAU-GAYON et 
al., 1975; MARAIS, 1983). The content of linal-
ool in Muscat blanc grape was found at simi-
lar average levels by other authors (BUREAU et 
al., 2000; SANCHEZ-PALOMO et al., 2006; LAM-
BRI et al., 2012). Another terpene alcohol, ge-
raniol, was found at high content in all treat-
ments, above all in S treatment. This compo-
nent is known as a floral, rose-like character 
in berries (LUND and BOHLMANN, 2006). Ne-
rol was not found in any treatments in the free 
form, but at high concentration as bound-gly-
cosidic precursor. Citronellol was present at 
low amount only in the S treatment, at amount 
similar to that of Muscat “a petit grains” grapes 
(SÁNCHEZ PALOMO et al., 2007). Among polyox-
ygenated terpenes, diendiol I is predominant in 
grape juices, followed by diendiol II. Even if di-
endiol I is not considered to contribute direct-
ly to Muscat aroma due to its low sensory rele-
vance, it is a precursor of monoterpenol odor-
ants such as hotrienol and nerol oxide in wines 
(WILLIAMS et al., 1980). Among C6 compounds, 
the major compounds of the Muscat blanc grape 
were the C6 alcohols in particular 1-hexanol 
and (E)-2-hexen-1-ol, known as responsible for 
the green and herbaceous aromas of grape and 
wines (GOMEZ et al., 1995). A predominance of 
C6 alcohols and aldehydes has also been re-
ported in musts of Semillon grapes, that pre-
sented a herbaceous note, when influenced by 
an excess of water (URETA and YAVAR, 1982).

Generally, the standard irrigation treatment 
seemed to increase the level of free and bound 
volatile compounds compared to the other treat-
ments. In total, the content of five free varietal 
monoterpenoids (linalool, citronellyl formate, ge-
raniol, (Z)-8-hydroxy-linalool and geranic acid), 2 
C6-compounds (1-hexanol and (E)-2-hexen-1-ol) 
and three C13-norisoprenoids were significantly 
higher in the S treatment compared to the other 
water regimes. In fact linalool increased about 
1.8 times compared to the D treatment (P<0.05 
with ANOVA). Linalool represented about 28% of 
free monoterpenoids in the S treatment, about 
29% in the M treatment and a low content in the 
drought regime (about 23%). The geraniol lev-
el in the S treatment was almost 2 times higher 
than in other treatments, accounting for 19% of 
all monoterpenoids (P<0.05 with ANOVA). Thus, 
the significant major contribution of linalool and 
geraniol, both the most distinctive Muscat-like 
varietal compounds, observed in the standard 
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irrigation treatment could help to differentiate 
this treatment from the other water regimes.

Glycosidically-bound compounds

A total of 46 bound volatile compounds were 
detected and classified into four chemical cat-
egories: three C6 compounds (alcohols), 33 
monoterpenoids, eight C13-norisoprenoid and 
two aromatic alcohols (Table 3).

Table 2 - Free volatile compounds (μgL-1)* in mountain Muscat grapes influenced by different irrigation treatments.

	 Concentration (μgL-1)

Compounds*	 LRIcalc
§ (LRIlit

@)	 ID^	 S	 M	 D	 P ξ

C6 compounds
(E)-2-Hexenal	 1201 (1192)	I	  4.0±0.6	 6.3±8.5	 2.8±1.6	N S
1-Hexanol	 1352 (1356)	I	  38.3±5.9a	 21±10.2b	 18.2±8.7b	 0.002
(Z)-3-Hexen-1-ol	 1380 (1386)	I	  6.8±1.9	 5.2±2.0	 4.0±1.9	N S
(E)-2-Hexen-1-ol	 1404 (1409)	I	  38.0±7.0a	 22.7±8.9b	 20.3±9.4b	 0.005
Total	 		  87.1±15.4a	 55.2±29.6b	 45.3±21.6b	 0.006

Monoterpenoids
β-Myrcene	 1154 (1145)	I	  2.2±2.1	 2.8±3	 0.7±0.8	N S
α-Phellandrene	 1163 (1166)	I	N  D	 0.3±0.8	N D	N S
Limonene	 1181 (1218)	I	  3.3±2.4	 3.5±4.5	 2±0.6	N S
(Z)- β-Ocimene	 1226 (1225)	II	  1.2±1	 1±1.7	N D	N S
γ-Terpinene	 1229 (1238)	I	N  D	 0.2±0.4	N D	N S
(E)- β-Ocimene	 1241 (1250)	II	  2.3±1.9	 2.5±3.3	N D	 0.040
Terpinolene	 1266 (1287)	I	  1.5±1.6	 1.8±2	N D	N S
(E)-Furan linalool oxide	 1432 (1437)	I	  4.8±2.2	 4.2±1.9	 2.7±0.8	N S
(Z)-Furan linalool oxide	 1460 (1476)	I	  6.5±1.9	 6.5±2.3	 5.3±2	N S
Linalool	 1546 (1562)	I	  211.2±60a	 167.7±41.7ab	 118.5±41.2b	 0.016
ho-Trienol	 1605 (1623)	II	  3.8±1.9	 6.8±11.4	 2.2±1.5	N S
α-Terpineol	 1686 (1688)	I	  4.2±1.2	 3.5±0.5	 3.2±0.8	N S
Ethoxy-diol I	 1702	III	  4.5±1	 3±1.3	 3±2.1	N S
(E)-Pyran linalool oxide	 1728 (1710)	II	  44.8±7.6	 45±8.5	 41.8±10.3	N S
(Z)-Pyran linalool oxide	 1757 (1754)	II	  4.8±1.2	 6.3±2.3	 5±1.3	N S
Citronellyl formate	 1764	III	  11.3±3.3a	 5±3.5b	 5.5±4b	 0.014
β-Citronellol	 1765 (1775)	II	  1.8±4.5	N D	N D	N S
Geraniol	 1844 (1858)	I	  142.7±33.2a	 75.5±23b	 82.5±53.3b	 0.016
Diendiol I	 1948 (1949)	I	  95±22.4	 94.8±18.3	 97.5±30.5	N S
Endiol	 1980 (1986)	II	  1.2±1.8	N D	N D	N S
Diendiol II	 2126 (2134)	I	  68.8±19.5	 64.8±14.8	 52.5±10.3	N S
Hydroxy citronellol	 2205		  12.3±2.8	N D	 8.7±3	 0.001
8-Hydroxy-6,7-dihydrolinalool	 2208 (2220)	II	  3.8±5.9	 5.2±5.7	 7.2±6.6	N S
(E)-8-Hydroxylinalool	 2269 (2270)	II	  18.2±5.5	 16.5±5.3	 14.5±3.9	N S
(Z)-8-Hydroxylinalool+	 2308 (2310)	II	  35.5±6a	 17.7±14.3b	 35.8±9.9a	 0.014
hydroxy-geraniol
Geranic acid	 2348 (2329)	I	  58±14.2a	 43.5±10.3ab	 34.5±16.5b	 0.032
Total	 		  743.7±205.1a	 578.1±180.8ab	 522.6±199.4b	 0.020

Alcohols
Benzyl alcohol	 1862 (1882)	I	  4.7±4.3	 1.2±2.9	 1.8±2.9	N S
2-Phenylethanol	 1895 (1929)	I	  3.8±2.8	 1.7±2	N D	 0.014
Total	 		  8.5±7.1	 2.9±4.9	 1.8±2.9	 0.053

Diendiol I: 3,7-Dimethyl-1,5-octadien-3,7-diol; Endiol: 3,7-dimethyl-1-octen-3,7-diol or 2,6-dimethyl-7-octen-2,6-diol; Diendiol II : 3,7-dimethyl-1,7-octadien-3,6-di-
ol ; (E)-8-Hydroxylinalool: (E)-2,6-dimethyl-2,7-octadien-1,6-diol; Hydroxy citronellol: 3,7-dimethyl-octan-1,7-diol; 8-Hydroxy-dihydrolinalool: 2,6-dimethyl-7-octen-
1,6-diol); (E)-8-Hydroxylinalool: (E)-2,6-dimethyl-2,7-octadien-1,6-diol; hydroxyl-geraniol: 3,7-dimethyl-2-octen-1,7-diol.
*Values are mean ± standard deviation (n=6 samples per treatment).
§LRI: Linear retention index on column DB-Wax calculated (@LRI literature).
^ID: Compounds identified by comparing I: their mass spectra and retention indices (RI) with those of standard compounds; II: their mass spectra and Kovat’s 
index with those reported in literature; and III: mass spectrum with mass spectral database.
ξ P values are referred to one-way ANOVA: Values of means followed by the same letter are not significantly different (P≤0.05). NS= not significant.
ND, not detected.

Among the monoterpenoids, high levels of 
geranic acid (accounting for about 17% of all 
terpenoids), followed by nerol (~16%), geraniol 
(~12%), linalool (~11%), (E)-8-hydroxy linalool 
(~11%) and hydroxy-geraniol (~7%), were found 
in all treatments. 

It was observed, in all bound fraction, the 
presence of a cyclic ether, cis-rose oxide, at very 
low content. This compound is already known 
as a potent varietal odorant in Scheurebe and 
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Table 3 - Glycosidically-bound compounds (μgL-1) * in the juice of mountain Chambave Muscat grapes influenced by differ-
ent irrigation treatments.

	 Concentration (μgL-1)

Compound*	 LRIcalc
§ (LRIlit

@)	 ID^	 S	 M	 D	 P ξ

C6 compounds
1-Hexanol	 1352 (1356)	I	  18.7±6.8	 21.5±3	 27.0±11.2	N S
(Z)-3-Hexen-1-ol	 1380 (1386)	I	  2±2.4	 3±2	 3.8±1.3	N S
(E)-2-Hexen-1-ol	 1404 (1409)	I	  1.5±1.6	 3.3±0.5	 3.5±1.8	N S
Total	 		  22.2±10.8	 27.8±5.5	 34.3±14.3	N S

Monoterpenoids
β-Myrcene	 1154 (1145)	I	  18±16.4	 8.7±3.8	 6.2±1.9	N S
α-Phellandrene	 1163 (1166)	I	  2.3±4.4	 1.5±1	 0.3±0.8	N S
Limonene	 1181 (1218)	I	  15.5±12.1	 10.5±3.7	 7.3±2.1	N S
β-Phellandrene	 1189 (1287)	II	  2.3±2.1	 0.5±0.8	N D	 0.011
(Z)-β-Ocimene	 1226 (1225)	II	  9.7±9.4	 4.2±1.5	 2.8±1.3	N S
γ-Terpinene	 1229 (1238)	I	  3.2±3.1	 2±0	 1±1.1	N S
(E)-β-Ocimene	 1241 (1241)	II	  17.2±15.4	 8.3±3.1	 5.7±2.2	N S
Terpinolene	 1266 (1287)	I	  12.5±13.7	 4.5±1.9	 3.2±0.8	N S
cis-Rose oxide	 1339 (1355)	I	  3.2±1.2	 2.3±1.6	 2.3±0.8	N S
(E)-Furan linalool oxide	 1432 (1437)	I	  68.2±19.7	 78.2±31.7	 74.3±28.7	N S
(Z)-Furan linalool oxide	 1460 (1476)	I	  50.8±28.4	 41.2±14.4	 46.7±21.1	N S
Linalool	 1546 (1562)	I	  539.8±100.7	 640.3±223.2	 468.2±161	N S
ho-Trienol	 1605 (1623)	II	  8.5±5.6	 6±3	 5.3±1.2	N S
α-Terpineol	 1686 (1688)	I	  37.5±14.3	 35.3±14.5	 32.8±14.5	N S
(E)-Pyran linalool oxide	 1728 (1710)	II	  108.5±26.7	 127.8±52.3	 132.2±37.9	N S
(Z)-Pyran linalool oxide	 1757 (1754)	II	  7.7±3.6	 9.3±5.4	 10.8±5.8	N S
β-Citronellol	 1765 (1775)	II	  39.8±7.9	 38±12.8	 39.2±5.4	N S
Nerol	 1797 (1811)	I	  788.2±187.2	 699.2±139.2	 690.5±190.9	N S
Geraniol	 1844 (1858)	I	  588±125.9	 607.3±90.5	 576.8±166.9	N S
exo-2-Hydroxy-1,8-Cineole	 1850 (1860)	II	N  D	N D	 1.8±2.6	N S
Diendiol I	 1948 (1949)	I	  235.5±277.9	 157±51.7	 172.5±43.4	N S
Endiol	 1980 (1986)	II	  20.7±16.5	 16±6.1	 17.7±5.5	N S
Diendiol II	 2126 (2134)	I	  79±57.8	 67±24.2	 69±13.2	N S
Hydroxy citronellol	 2206 (2143)	II	  103±98.7	 82.3±18.8	 100.3±23.9	N S
8-Hydroxy-6,7-dihydrolinalool	 2208 (2220)	II	  127.2±89.3	 96±23.5	 115.5±20.7	N S
Hydroxy-nerol	 2266	III	  36±25.7ab	 30.2±5.8b	 45±8.1a	 0.030
(E)-8-Hydroxylinalool	 2269 (2270)	II	  565.5±471.8	 421.8±122.3	 446.5±55.9	N S
(Z)-8-Hydroxylinalool	 2277 (2310)	II	  16.8±17.7	 15.2±3.3	 18±1.7	N S
Hydroxy-geraniol	 2308 (2310)	II	  288.8±182.9	 272.7±59	 348.2±21.7	N S
Geranic acid	 2348 (2329)	I	  857.5±192.7	 966.7±144.5	 969.3±193.3	N S
p-Menth-1-ene-7,8-diol	 2501 (2517)	II	  295±583.1	 48±19.6	 50.2±7.2	N S
(Z)-8-Hydroxy-nerol	 2582	III	  39.3±23.5	 30.8±6.2	 37.3±8	N S
(E)-8-Hydroxy-nerol	 2590 (2613)	II	  82.2±62.8	 63±17.4	 79.8±14.7	N S
Total	 		  5067.4±2698.2	 4591.8±1107	 4576.7±1064.3	N S

C13-norisoprenoids
3-Hydroxy-β-damascone	 2520 (2537)	I	N  D	 0.2±0.4	 0.7±0.5	 0.030
3-Oxo-α-ionol	 2606 (2635)	I	  54.7±17.4	 70.5±22.6	 66.3±19	N S
3,4-Dehydro-7,8-dihydro-β-ionone	 2623	III	  71.5±53.4	 53.7±17.3	 46.7±10.1	N S
3,9-Dihydroxy-megastigman-5-ene	 2629	III	  158±95.9	 116.8±33.2	 119.2±18.5	N S
6,7-Dehydro-7,8-dihydro-3-oxo-α-ionol	 2660	III	  1.7±4.1b	 12.3±4.8a	 22.8±14.7a	 0.006
3-Hydroxy-7,8-dihydro-β-ionol	 2676 (2675)	II	N  D	 11.3±9.4	 18.2±4.1	 0.007
Homovanillic alcohol	 2889 (2892)	II	N  D	 8.5±19.4	 1±0	 0.005
Dihydroconiferyl alcohol	 -	III	  38±37.7	 24.5±18.7	 24±10.3	N S
Total	 		  323.9±208.5	 297.8±125.8	 298.9±77.2	N S

Alcohols
Benzyl alcohol	 1862 (1882)	I	  23±6.4	 27.3±4	 25.7±11.6	N S
2-Phenylethanol	 1895 (1929)	I	  29.5±4.3	 29.7±3.2	 28±6.2	N S
Total	 		  52.5±10.7	 57±7.2	 53.7±17.8	N S

Hydroxy-nerol: 3,7-dimethyl-2-octen-1,7-diol, (m/z: 69, 121, 136, 43, 59).
*Values are mean ± standard deviation (n=6 six samples per treatment).
§LRI: Linear retention index on column DB-Wax calculated (@LRI literature).
^ID: Compounds identified by comparing I: their mass spectra and retention indices (RI) with those of standard compounds; II: their mass spectra and Kovat’s 
index with those reported in literature; and III: mass spectrum with mass spectral database.
ξ P values are referred to one-way ANOVA: Values of means followed by the same letter are not significantly different (P≤0.05). NS= not significant.
ND, not detected.
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Gewürztraminer wines, and was even found re-
cently, in the black Muscat Hamburg grape va-
riety (FENOLL et al., 2009). Its stereoselective bi-
osynthesis in grape berry mesocarp has recent-
ly been demonstrated (LUAN et al., 2005). More-
over, grapes from drought treatment were char-
acterized by the presence of a low level of 2-exo-
hydroxy-1,8-cineole too, a component of grape 
cv Sauvignon (BITTEUR et al., 1990).

The different water regimes did not modify the 
levels of monoterpenoids except for the hydroxy-
nerol that was found at a higher level (P< 0.05) 
in the D treatment, and for β-phellandrene that 
was not present in D water regimes. In contrast, 
compared to the S treatment, the drought treat-
ment seemed to increase the levels of four C13-
norisoprenoids.

Both positive and negative effects of water 
stress on the content of free and glycoconjugated 
aromatic components have been reported in pre-
vious investigations. KOUNDOURAS et al. (2006) 
compared three non-irrigated sites widely differ-
ing in their water status and found higher lev-
els of bound volatile compounds in wines from 
stressed locations. However, in this case, the ob-
served differences may also be due to the fact that 
three different environments were compared. On 
the other hand, on non-aromatic grape cv of Sau-
vignon blanc, non volatile S-cysteine conjugate 
precursors were assessed during optimising irri-
gation, and, according to our results, severe wa-
ter deficit stress seemed to limit aroma potential 
(PEYROT DES GACHONS et al., 2005).

Mechanical properties

Table 4 shows the mechanical properties of 
berry skins. Higher average values of Fsk were 
found in parcels S, although no statistical dif-
ferences were observed. In this treatment, the 

berries skins also show a higher springiness 
(lower value of Esk). No differences were found 
in skin thickness (Spsk). The skin of the grape 
plays a critical role, regulating gas exchange 
between the berry and the surrounding envi-
ronment, serving as a protective barrier against 
fungal disease and protecting the grape from 
UV light and physical injuries (LANG and DUR-
ING, 1990; GABLER et al., 2003). Therefore, skin 
hardness evaluated by break skin force, is a 
positive parameter for the grape quality. This 
characteristic can also be used to characterize 
the Muscat blanc cultivars because this proper-
ties is a varietal marker, even if the parameters 
are strongly conditioned to the climatic course 
of the year (ROLLE et al., 2011) and growing lo-
cations (LE MOIGNE et al., 2008; RÍO SEGADE et 
al., 2011b; RÍO SEGADE et al., 2011c). In this 
study on Muscat blanc variety, no influence of 
irrigation treatments on Fsk and Spsk parameters 
were found. Therefore, this practice of vineyard 
management would not seem to induce signifi-
cant changes on the resistance at the splitting 
and plant diseases.

Instead, in spite of the high dispersion of 
the data, significant differences in peduncle 
detachment resistance were present among 
all three different levels of irrigation. In par-
ticular, Fped showed the lowest average values 
in the treatments S (-0.377N) and M (-0.478) 
(Table 5). However, these values are higher in 
comparison with other varieties (ROLLE et al., 
2010) and, in fact, no problems of shattering 
were observed.

The high resistance to shattering is an impor-
tant property for the Muscat blanc grapes, be-
cause of the severe environmental conditions of 
growing present in mountain areas. In young 
berries the shatter is caused by the hydrolysis 
of pectins of the middle lamella of the cell walls 

Table 4 - Mechanical properties of berry skin.

		  S	 M	 D	 P ξ

	 Fsk (N)	 0.522±0.122a	 0.487±0.101a	 0.492±0.112a	 NS
	 Wsk (mJ)	 0.589±0.195a	 0.478±0.167b	 0.479±0.170b	 0.018
	 Esk(N/mm)	 0.202±0.029b	 0.229±0.521a	 0.236±0.050a	 <0.001
	 Spsk (µm)	 199±47a	 196±34a	 200±47a	 NS

Fsk = Berry skin break force; Wsk = Berry skin break energy; Esk = Young’s modulus of Skin; Spsk = Berry skin thickness. Average value ± standard deviation (n=30).
ξP values are referred to one-way ANOVA; NS= not significant. Values of means followed by the same letter are not significantly different (P≤0.05).

Table 5 - Peduncle detachment resistance.

		  S	 M	 D	 P ξ

	 Fped (N)	 2.393±0.592 ab	 2.292±0.550 b	 2.770±0.684 a	 0.024
	 Wped (mJ)	 2.402±1.077 a	 2.157±0.897 a	 2.616±1.104 a	 NS

Fped = Peduncle detachment force; Wped = Peduncle detachment energy. Average value ± standard deviation (n=30). Average value ± standard deviation (n=30). 
ξP values are referred to one-way ANOVA; NS= not significant. Values of means followed by the same letter are not significantly different (P≤0.05).
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forming a separate layer at the base of pedicel 
(RIBEREAU-GAYON et al., 2000a). During grape 
maturation adverse meteorological conditions 
and a varietal-specific sensitivity are respon-
sible of this phenomenon (RIBEREAU-GAYON et 
al., 2000a). Therefore, the force of detachment 
of the pedicel (Fped) is an effective parameter that 
should be monitored to assess this character-
istic. Although the irrigation effect on this pa-
rameter at harvest cannot be considered a prob-
lem, these grapes could not be adapted to on-
vine drying process where the decrease of Fped is 
high (ROLLE et al., 2009).

CONCLUSION

The assessment of free volatile compounds 
and their precursors together with the mechan-
ical properties in white aromatic grapes may be 
important in selecting the best irrigation strat-
egy in order to obtain the highest grape quality.

In this study the contributions of free linalo-
ol and geraniol, the most characteristic volatile 
varietal compounds of Muscat grape, were more 
dominant in the standard than in the drought 
regime, with an increase in standard irrigation 
of about 78% for free linalool and 73% for free 
geraniol respect to drought treatment.

Berry mechanical characteristics are impor-
tant for assessing the resistance to fungal at-
tacks and for the estimation of shattering. In 
particular, no influence of irrigation treatment 
on Fsk and Spsk parameters was noticed. There-
fore, apparently, this practice of vineyard man-
agement does not result in significant changes 
to the resistance towards splitting and spread 
of plant diseases. Finally, the values of techno-
logical parameters of ripeness as well as berry 
weight and production yield of grapes from the 
three different water treatments showed no sig-
nificant differences.
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Abstract

The purpose of this study is to define a new system for assessing the freshness of marine bony 
fish based on measurable parameters. 151 fish were analysed to determine the concentrations of 
total volatile basic nitrogen, trimethylamine N-oxide, trimethylamine and malondialdehyde. The 
results of the determinations were included in an algorithm to calculate the value of the Fresh-
ness Index (FI). The most appropriate threshold value of FI that can distinguish fresh from not 
fresh fish was 0.33 (sensitivity 95.6%, specificity 73.6%). The results demonstrate the possibili-
ty of using the index for the evaluation, at low-cost, of consignments of fresh or presumed fresh 
fish both in the phase of official control and in self-verification systems.
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INTRODUCTION

Fish are a very perishable product, and the 
maintenance of their freshness depends on three 
major factors: enzymatic autolysis, oxidation, 
and microbial proliferation.

These mechanisms related to perishabili-
ty are determined by the intrinsic characteris-
tics of the fish flesh, such as the low glycogen 
content, the high content of non-protein nitro-
gen, the high content of unsaturated fatty ac-
ids and the liability of the muscle tissue caused 
by a rather scarce connective tissue (ALASAL-
VAR et al., 2010). 

After the death of the fish, the cascade of deg-
radative processes occurs rapidly. Due to the 
low glycogen content and the enzymatic autol-
ysis, the flesh does not acidify adequately and 
bacteria grow quickly. Moreover, the high wa-
ter content and the small amount of connec-
tive tissue facilitate the rapid penetration of the 
microorganisms responsible for the short shelf 
life and the deterioration of the product quality. 
After the death of the fish, the microbiological 
profile changes rapidly, encouraging the pro-
liferation of a bacterial flora consisting main-
ly of psychrophilic Aeromonas spp. and Pseu-
domonas spp. Bacterial activities are closely re-
lated to the storage temperature; the prolifer-
ation and penetration of microorganisms into 
the muscle appear to be very slow at tempera-
tures below 8°C. Low temperatures also inhib-
it the Trimethylamine (TMA) activity, which al-
lows the fish to maintain freshness for a long-
er period of time. On the contrary, the process 
of fat oxidation happens at low temperatures 
at a far greater rate than that of the bacterial 
degradation. The first stage involves the forma-
tion of peroxides that may promote formation 
of the aldehydes and ketones responsible for 
the characteristic odour of the degraded fish. 
For the first oxidative phase, an assessment of 
the Peroxide Value (PV) is more appropriate, 
while in the second phase, it is more appropri-
ate to use the Thiobarbituric Acid (TBA) meth-
od (HUSS, 1988; 1995).

In addition to being an index of preservation, 
the freshness of fish (as well as of other food 
products) greatly affects the product quality 
and market value; therefore, the control of food 
quality and freshness is of growing interest for 
both consumers and the food industry (NOH et 
al., 2011). Moreover, current market strategies 
and dynamics of fresh fish require increasing-
ly long storage times and, therefore, more effec-
tiveness systems to ensure the preservation of 
fresh fish are been studying and applying. The 
assumption of this process are the initial con-
ditions of the product at the time of the use of 
such techniques: fish that had already left much 
of its freshness does not reach the shelf life cur-
rently required by the market.

The assessment of freshness may be based on 

the determination of sensory methods as well 
as physical, chemical or microbiological param-
eters; some chemical parameters have already 
been identified. These parameters are related 
to the biochemical alterations of the lipid and 
protein components of the food, and they affect 
the texture, flavour, and aroma of the product. 
These three qualities are very important from 
a commercial point of view and help determine 
whether the product has reached an unaccep-
table condition in terms of food safety (HUSS, 
1995; BARAT et al., 2008; OCAÑO-HIGUERA et 
al., 2011). The parameters that have been iden-
tified are Total Volatile Basic Nitrogen (TVB-
N), Trimethylamine N-Oxide (TMAO), and Tri-
methylamine (TMA) for the protein component 
and Malondialdehyde (MDA) for the lipid com-
ponent.

Over the years, different indices of freshness 
based on the sensory parameters have been 
proposed, such as the Quality Index Method 
(QIM) (BAIXAS-NOGUERAS et al., 2003; CARD-
ENAS BONILLA et al., 2007), and biochemi-
cal parameters, such as the K index (DAL-
GAARD, 2000). In general, these indices are 
related to the species of the fish and do not 
meet the requirements for sensory analysis 
as proposed by Council Regulation (EC) No 
2406/96 and the measure of TVB-N proposed 
in Commission Regulation (EC) No 2074/05.

The purpose of this study is to define a new 
system for assessing the freshness of marine 
bony fish based on objective and measurable 
parameters, to be applied in the early/inter-
mediate market stages that is when it is nec-
essary that the products yet have the features 
needed to be storage for a prolonged periods.

MATERIALS AND METHODS

The specimens of fish used in the study be-
long to the Class Osteichthyes and were taken 
randomly during the retail distribution phase. 
The sampling criteria depended on the preva-
lence of the product on the local market.

The samples were transported under con-
trolled temperatures and were evaluated with 
sensory methods as described in the Council 
Regulation (EC) No 2406/96. This evaluation 
was conducted by qualified and trained per-
sonnel.

The sample consisted of 151 fish belonging to 
the following families or groups:

- Sparidae (47 specimens);
- Merlucciidae (30 specimens);
- Pleuronectidae (36 specimens);
- Bluefish (38 specimens).
The Merlucciidae family was represented ex-

clusively by the hake (Merluccius merluccius).
To assess the freshness, we identified some 

chemical parameters related to the biochemical 
alterations of lipid and nitrogenous compounds 
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in the food, such as the TVB-N, TMAO, TMA for 
the protein component, and MDA for the lipid 
component.

We used the method of Perna to determine 
TMA and TMAO (PERNA, 1992).

To assess the TVB-N, we used the offi-
cial method reported in Annex II, Section II, 
Chapter III of Commission Regulation (EC) No 
2074/2005.

For assessing the MDA, an HPLC method was 
used. This method is based on the derivatisation 
of MDA with thiobarbituric acid (TBA) extracted 
from the muscle tissue of fish in an acidic en-
vironment and was used for the determination 
of TMA and TMAO. The detection limit of this 
method was estimated at 0.01 g/mL (equal to 5 
μg/100 g of muscle).

This method involved the homogenisation of 
20 g of muscle tissue in the presence of 100 
mL of 7.5% trichloroacetic acid solution in wa-
ter. Next, 50 µL of the extract was added to 750 
µL of 1% phosphoric acid, 250 µL of a thiobar-
bituric acid solution and 450 µL of water. After 
60 minutes at 100°C, the reaction was stopped 
with an equal volume of NaOH solution, and the 
obtained mixture was injected directly into the 
chromatographic system. The analysis was con-
ducted using a mobile reversed-phase consist-
ing of a buffer mixture of phosphate and meth-
anol (80:20). The spectrofluorometric detector 
used wavelengths of 525 nm for excitation and 
550 nm for emission.

The results of the analytical determina-
tions were included in an algorithm designed 
to determine the variation in the quality of the 
product both for the definite change of a sin-
gle parameter and for small changes of two or 
more parameters simultaneously (CIANTI et 
al., 2007).

The following algorithm was used:

FI = ³√ a / [(1+b)* (1+d)* log(10 + c)]

where
a = TMAO mg/100 g of muscle;
b = TMA mg/100 g of muscle;
c = TVB-N mg/100 g of muscle;
d = MDA mg/100 g of muscle.

Statistical analysis

We used ROC (Receiver Operating Character-
istic) curves to identify the threshold values of 
freshness that can distinguish fresh fish from 
fish that is not fresh (BOTTARELLI and PARODI, 
2003; OBUCHOWSKI et al., 2004; MANDREKAR, 
2010). We chose the value with the highest 
sensitivity among the range of values associ-
ated with the highest percentage of the sam-
ples that were classified correctly. The area 
under the ROC curve (AUC) was a criterion of 
test performance and served as a measure of 
accuracy. The interpretation of the area under 

the curve followed the guidelines proposed by 
Swets (1998):

- AUC=0.5: not an informative test;
- 0.5<AUC<=0.7: low accuracy;
- 0.7<AUC<=0.9: moderate accuracy;
- 0.9<AUC<1.0: high accuracy;
- AUC=1.0: a perfect test.
As a reference classification (gold standard), 

we used the method indicated in Council Reg-
ulation (EC) No 2406/96 by grouping the four 
freshness categories into two classes: categories 
A and Extra in the “good” fish class, and cate-
gories B and Not Admitted in the “not good” fish 
class. The decision to include in the same group 
the fish classified in category B with those Not 
Admitted is due to the aim to apply the meth-
od, in the future, in the early/intermediate mar-
ket stages.

A ROC curve that included all the samples 
and 4 additional curves (one for each family or 
group) were developed.

The difference between the mean values of 
TMA, TMAO, TVB-N, MDA, and the FI value by 
freshness class (“good” or “not good”) was as-
sessed with the Student’s t test (alpha level = 
0.05).

The statistical analyses were performed with 
SPSS 18.0 and STATA 8.0.

RESULTS AND CONCLUSIONS

We analysed 151 samples, of which 45 (29.8%) 
were classified as “good” (category A or Extra) 
and the remaining 106 (70.2%) were classified as 
“not good” (B or Not Admitted). Table 1 shows the 
results of the descriptive values of TMA, TMAO, 
TVB-N, MDA, and FI.

In the overall sample, the mean of the individ-
ual parameters and the FI, with the exception 
of MDA, was significantly different between the 
two classes (p<0.05); in the “good” class, we de-
tected higher values of FI and TMAO and lower 
values of TMA and TVB-N. The same situation 
has been observed for Pleuronectidae. The mean 
values of TVB-N for the bluefish and Sparidae 
and the TVB-N and the FI for Merlucciidae were 
not significantly different (p>0.05).

Fig. 1 shows the ROC curves for all of the sam-
ples combined, as well as curves for each fam-
ily or group.

For all of the samples analysed, the most ap-
propriate threshold level was 0.33 (sensitivity 
95.6%, specificity 73.6%, 80.1% correctly clas-
sified cases). Therefore, fish with an FI great-
er than or equal to this value were “good” with 
a probability of 95.6%, and the test was highly 
accurate (AUC = 0.903).

The identified threshold was 0.2 for the Pleu-
ronectidae samples (100% sensitivity, 92.9% 
specificity, 94.4% correctly classified cases), 0.52 
for the Merlucciidae samples (75% sensitivity, 
96.2% specificity, 93.3% correctly classified cas-
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es), 0.28 for the Bluefish samples (100% sensi-
tivity, 47.6% specificity, 71.1% correctly classi-
fied cases), and 0.82 for the Sparidae samples 
(75.0% sensitivity, 100.0% specificity, 91.5% 
correctly classified cases).

The results of the tests were as follows:
- highly accurate (AUC = 0.98) for Pleuronecti-

dae;
- highly accurate (AUC = 0.94) for Merlucciidae;
- moderately accurate (AUC = 0.77) for Bluefish;
- highly accurate (AUC = 0.93) for Sparidae.

The results of the ROC curves, as well as of 
the determinations of TMA, TMAO, TVB-N, and 
MDA, showed the differences in the assess-
ment of species-specific fish families, which 
are related to the different nutrient contents 
and concentrations of catabolites. Based on 
this consideration, it is difficult to generate a 
threshold that can be valid for all the families 
we have considered, without losing sensitivi-
ty or specificity. On the other hand, the pres-

Table 1 - Trimethylamine (TMA), Trimethylamine N-Oxide (TMAO), Total Volatile Basic Nitrogen (TVB-N), Malondialdehyde 
(MDA), and Freshness Index (FI): descriptive analysis. Concentrations expressed in mg/100 g of muscle.

	 “Good” (G)	 “Not Good” (NG)

	 Mean (SD)	 Median	 Range	 Mean (SD)	 Median	 Range

All G=45; NG=106
TMAO	 165.41 (102.67)a	 138.82	 25.03-459.82	 47.32 (73.34)a	 7.98	 0.01-309.30
TMA	 10.19 (8.37)a	 8.65	 0.0-39.70	 41.02 (33.28)a	 28.65	 2.02-132.50
MDA	 0.10 (0.13)	 0.06	 0.01-0.64	 0.07 (0.16)	 0.03	 0.01-1.27
TVB-N	 19.89 (7.88)a	 19.14	 0.62-43.22	 39.11 (32.38)a 	 26.24	 8.64-197.57
FI	 0.95 (0.74)a	 0.62	 0.20-3.04	 0.21 (0.22)a	 0.10	 0.01-0.91

Pleuronectidae G=8; NG=28
TMAO	 255.46 (145.02)a	 244.78	 44.70-459.82	 24.89 (58.87)a	 6.13	 0.64-292.80
TMA	 14.58 (12.52)a	 12.85	 1.02-39.70	 75.85 (32.02)a	 61.92	 10.15-132.50
MDA	 0.05 (0.05)	 0.05	 0.01-0.13	 0.03 (0.02)	 0.02	 0.01-0.15
TVB-N	 13.42 (6.42)a	 13.65	 6.25-25.00	 72.61 (28.44)a	 77.17	 13.58-127.18
FI	 0.73 (0.68)a	 0.58	 0.20-2.37	 0.08 (0.12)a	 0.05	 0.02-0.57

Merlucciidae G=4; NG=26
TMAO	 253.73 (117.64)a	 250.37	 129.20-385.00	 44.74 (77.61)a	 8.71	 0.32-309.30
TMA	 10.97 (7.04)a	 11.62	 2.20-18.45	 34.09 (26.50)a	 24.71	 4.75-83.73
MDA	 0.07 (0.08)	 0.04	 0.02-0.20	 0.05 (0.04)	 0.05	 0.01-0.23
TVB-N	 23.01 (8.27)	 23.15	 13.12-32.60	 35.68 (39.63)	 25.93	 11.11-197.57
FI	 0.70 (0.47)	 0.53	 0.34-1.39	 0.18 (0.16)	 0.11	 0.03-0.68

Bluefish G=17; NG=21
TMAO	 129.10 (65.76)a	 115.34	 49.57-312.26	 70.48 (77.55)a	 37.36	 0.20-233.61
TMA	 12.67 (6.90)a	 11.90	 2.20-24.45	 32.03 (26.17)a	 24.80	 2.02-74.91
MDA	 0.07 (0.06)	 0.06	 0.01-0.23	 0.18 (0.35)	 0.06	 0.01-1.27
TVB-N	 20.84 (4.55)	 19.14	 14.82-28.40	 24.35 (8.39)	 25.31	 11.11-38.28
FI	 0.65 (0.30)a	 0.50	 0.28-1.31	 0.34 (0.26)a	 0.28	 0.03-0.91

Sparidae G=16; NG=31
TMAO	 136.88 (70.41)a	 141.36	 25.03-254.33	 54.07 (76.04)a	 5.13	 0.01-257.95
TMA	 5.16 (5.30)a	 2.73	 0.01-16.55	 21.46 (16.89)a	 15.00	 2.71-78.19
MDA	 0.14 (0.19)	 0.07	 0.01-0.64	 0.05 (0.05)	 0.03	 0.01-0.19
TVB-N	 21.35 (9.94)	 21.43	 0.62-43.22	 21.73 (7.97)	 19.76	 8.64-41.37
FI	 1.44 (0.92)a	 1.03	 0.33-3.04	 0.29 (0.24)a	 0.25	 0.01-0.80

aStudent’s t-test was used for the comparison of mean values by freshness class (“good” or “not good”): p<0.05.

ence of a synthetic and objective index will lim-
it the intra- and interoperator variability of a 
subjective evaluation, according to the appli-
cation of Council Regulation (EC) No 2406/96. 
Table 2 shows the values for the sensitivity, 
specificity, and percentage of correctly classi-
fied cases for all the fish together and for each 
group individually, using the threshold value 
of 0.33 (the best one according to ROC curve 
for all samples).

In the absence of a clear definition of fresh-
ness, the decision to prefer high and absolute 
sensitivity rather than the specificity (BREMNER, 
2000; BREMNER and SAKAGUCHI, 2000; NIELS-
EN et al., 2002) allows for the assignment of the 
product to the different categories and mini-
mises the misclassification of the categories at 
the greatest values (A or Extra). This consider-
ation is related to the precautionary principle 
and the high consumer protection that benefits 
the European consumers, as expressed by the 
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Fig. 1 - ROC curves: 
freshness index relat-

ed to the classification 
as “good” (categories A 

and Extra) or “not good” 
fish (B and Not Admit-

ted), according to Coun-
cil Regulation (EC) 

No 2406/96 (the gold 
standard) for all speci-

mens analysed together 
and for the Pleuronecti-

dae, Merlucciidae, 
Sparidae, and Bluefish 

samples.

Table 2 - Freshness Index related to classification as “good” 
(categories A and Extra) or “not good” fish (B and Not Ad-
mitted), according to Council Regulation (EC) No 2406/96. 
The sensitivity and specificity were calculated using the 
0.33 threshold value for the Freshness Index. The analy-
sis included all specimens analysed together and separate 
analysis of the Pleuronectidae, Merlucciidae, Sparidae, and 
Bluefish samples.

	 Sensitivity	 Specificity	 Correctly 
			   classified cases

All	 95.6%	 73.6%	 80.1%
Pleuronectidae	 87.5%	 92.9%	 91.7%
Merlucciidae	 100.0%	 84.6%	 86.7%
Sparidae	 100.0%	 61.3%	 74.5%
Bluefish	 94.1%	 52.4%	 71.0%

EU Regulation 178/2002 and the White Paper 
on Food Safety.

The approach considered in this study does 
not allow for a comparison of these results with 
those of other authors, who generally do not de-
scribe freshness indices by sensitivity and spec-
ificity but use them to assess the quality chang-
es over time (DUFLOS et al. 2010; BARAT et al., 
2008; CASTRO et al., 2006). Moreover, other pa-
pers consider only frozen fish or compare differ-
ent storage conditions (SONG et al., 2012; COS-
TA et al., 2012).

The biochemical analysis for the determina-
tion  of the FI are low-cost, can be performed 
in laboratories with basic equipment, and can 
estimate the freshness of the fish quickly. Oth-
er biochemical methods, however, have a much 
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higher cost, can be performed only in special-
ized laboratories or are too generic. In particu-
lar, the exclusively measurement of  TVB-N lev-
el, while less expensive than the determination 
of  FI, generally reflect only later stages of ad-
vanced spoilage and is generally considered un-
reliable for the measurement of spoilage dur-
ing the first ten days of chilled storage of sever-
al species. On the other hand, sensory methods 
require specially trained evaluators and must 
be performed scientifically under carefully con-
trolled conditions so that the effects of test en-
vironment and personal bias may be reduced.

In conclusion, the preliminary results show 
that the freshness index provides a simple, 
straightforward, and objective method, corrob-
orated and supported by biochemical tests, that 
can be used for the official control and self-ver-
ification systems. The Freshness Index can be 
used for the evaluation of consignments of fresh 
or presumed fresh fish to produce definite evi-
dence for control purposes; this index can also 
monitor the production of fish up to the level of 
retail display. 
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Abstract

‘Barhi’ dates at Balah stage are characteristic with their attractive and pleasant flavor and tex-
ture. They are more acceptable by consumers and marketed with high prices at this stage of ma-
turity compared with Rutab and Tamar stages of the same cultivar. The duration of Balah stage 
of ‘Barhi’ dates is about 4 weeks which is considered very short for successful marketing of ‘Barhi’ 
dates at this stage. This research work aimed at studying the possibility of prolonging the dura-
tion of Balah stage for ‘Barhi’ dates. Four harvesting dates and 3 storage temperatures were used 
in this study. The sensorial as well as the physico-chemical properties of the fresh and stored date 
samples were determined at specific intervals. The obtained results showed that the fresh ‘Barhi’ 
dates at Balah stage contain (on dwb) 2.8-4.2% ash, 20-35% Brix, 61-79% moisture, 0.18-0.20% 
acidity, 2.8-10.5% tannins, 14.1-49.4% fibre, 2.1-4.9% pectin, 80.6-87% total sugars, whereas 
the softening rate ranged between 0-5%. The sensory evaluation results revealed that date fruits 
stored at 0ºC achieved the best results. The best combination of harvesting time and storage tem-
perature was found to be 4th September and 0°C where a four weeks extra time were added to the 
Balah stage of ‘Barhi’ dates.
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1. Introduction

Dates (Phoenix dactylifera L.) are considered a 
major fruit crop in the Middle East countries as 
more than 80% of the world production is pro-
duced in this area (Alsaed, 2010). They are rich 
in sugars (about 80% on dwb), particularly invert 
sugar, some essentially important vitamins and 
minerals, and fiber (Yousif et al., 1991). After 
pollination, date fruits pass through five stag-
es, namely, Habobouk, Kimri, Khalal or Beser 
or Balah, Rutab and Tamr (Dawson and Aten, 
1962). Date fruits during the first two stages (Ha-
bobouk and Kimri) have high levels of tannins 
and accordingly are not consumed (El-Nakhal 
and Al-Kahtani, 1986). At the Balah stage, they 
show the characteristic color of the cultivar, ab-
sence of stringent taste and appearance of sweet 
taste with a hard texture.

Growing and processing of dates in Jordan 
is new and belongs only to less than 30 years. 
There are three locations where dates could be 
successfully grown in the country i.e. Al-Azraq, 
Aqaba, and Jordan Valley. Commercial date 
palm farms have been recently spreading. The 
most popular commercial date cultivars in the 
country are ‘Barhi’, ‘Madjoul’, ‘Degletnoor’, ‘Kahl-
as’ and ‘Hayani’ (Alsaed, 2005). The annual pro-
duction of date crop in Jordan reached to about 
12,000 tones (JGSD, 2011), and is expected to in-
crease significantly in the coming few years due 
to the many new date palm plantings.

‘Barhi’ dates at Balah stage are characteris-
tic with their attractive and pleasant flavor and 
texture. They are more acceptable by consumers 
and marketed with high prices at this stage of 
maturity compared with Rutab and Tamr stag-
es of the same cultivar. The duration of Balah 
stage of ‘Barhi’ dates is about 4 weeks which is 
considered very short for successful marketing 
of ‘Barhi’ dates at this stage.

Certain aspects of dates of Saudi Arabia were 
discussed by Sawaya (1986). Ripening of five 
date cultivars at Balah stage at room tempera-
ture and at 5°C before and after freezing were 
studied by El-Nakhal and Al-Kahtani (1986). 
It was found that ripening by freezing and thaw-
ing, then leaving date fruits at room tempera-
ture until they reach the desired stage of Rutab 
was the best treatment of ripening. The suita-
bility of 8 date cultivars at Rutab stage grown 
at Al-Hassa area for preserving using refriger-
ation and freezing techniques was reported by 
Yousif and Abou-Ali (1993). The results re-
vealed that the Rutab of ‘Um-Rhaim’ and ‘Hila-
li’ dates proved to be superior on the other cul-
tivars for freezing.

 Freezing accelerates the diffusion of enzymes 
out of the date’s fruit cell, which decompose the 
pectin and lignin in the fruit causing the tissues 
to become softened, as well as increasing the 
sugar content in the fruit. This mechanism ac-
celerates the ripening process and makes dates 

more palatable for consumers (El-Nakhal and 
Al-Kahtani,1986).

There is a shortage in data about processing 
of the locally produced dates. Only some infor-
mation were given recently about dates in Jor-
dan regarding the cultivars, cultivation area 
and the quantities produced (Alsaed, 2005; 
Gorn et al., 2008). On the other hand, many 
papers are available on date cultivars grown in 
Saudi Arabia (Yousif et al., 1985; Yousif and 
Abu-Ali, 1993; Mikki and Al-Taisan, 1993; 
Yousif, 1996; Yousif and Alghamdi, 1999, 
2000; Al-Redhaiman, 2005; Alansari, 2008), 
United Arab Emirates (Abdullah and Thomp-
son, 1998; Ahmed et al., 1995), Egypt (Osman, 
2008), Oman (Elmardi et al., 2002; Al-Yahyai 
and Al-Kharusi (2012), Iraq (Yousif et al., 
1982; Benjamin et al., 1985), and United States 
(Norman et al., 1976). Desrosier and Tress-
ller (1977) found that there is a possibility of 
storing some date cultivars at the Balah stage 
at temperature of -29°C for two years . Also Al-
Ogadi (1983) found that the freezing technique 
is better than refrigerating for the preservation 
of Bahraini dates at the Balah stage. Benjamin 
et al. (1985) found that date cultivars of Zahdi 
and Ahmer Bathenjani in the Balah stage were 
successfully stored at temperature of -3°C. Re-
garding Saudi date cultivars, Yousif and Abu-
Ali (1993) during their study on eight Saudi date 
cultivars at Rutab stage, found that refrigeration 
at 5°C can only preserve dates for one month. 
Swingle (1926) also reported about the suita-
bility of ‘Dejlaht Noor’ date cultivar in the Amer-
ican environment for cold storage.

It was reported (Abdullah and Thompson, 
1998) that ‘Khnaize’ dates at Rutab stage is more 
suitable for storage because it can keep its phys-
ical properties such as ‘firmness’ and chemical 
ones such as ‘pH, TSS’ value better than ‘Kahl-
as’ dates. Both the storage temperatures -10°C 
and -20°C could be used without greatly af-
fecting the quality of the dates except the col-
our at -10°C which was darker and the texture 
was softer than -20°C. Also both maturity stag-
es (early and middle of the Rutab) could be used 
since they did not greatly differ in their physi-
cal or chemical characteristics. The PE wrapping 
could have increased the storage period from the 
usual 2 months at 0°C and 94% relative humid-
ity to more than 3 months.

The effects of prolonged freeze storage on Om-
ani ‘Khalas’ dates physical and chemical quality 
attributes were reported by Al-Yahyai and Al-
Kharusi (2012). Dates were collected at three 
ripening stages (i.e., Khalal, Rutab & Tamar) 
andsubjected to storage at -18°C in a conven-
tional freezer. Results suggest that prolonged 
freeze-storage is a viable alternative that allows 
for the consumption of dates at three stages of 
ripening compared to conventional storage of 
only dry dates. The postharvest storage period 
possible for ‘Barhi’ dates at balah stage can be 
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markedly improved by exposure to elevated CO2 
up to 20% (Al-Redhaiman, 2005). It was sug-
gested that modified atmosphere system can be 
developed for ‘Barhi’ dates at Balah stage to re-
tard ripening and senescence and allow ship-
ping of fruit to distant markets with accepta-
ble quality.

Little data are available in the literature con-
cerning the prolonging of Balah stage for ‘Barhi’ 
dates. Therefore, the main objective of this re-
search is to study the possibility of increasing 
the duration of Balah stage for ‘Barhi’ dates. The 
suitability of cold storage techniques as a meth-
od for keeping ‘Barhi’ dates at Balah stage from 
spoilage and infestation is another objective.

2. Materials and Methods

2.1 Samples collection and preparations

 Samples of ‘Barhi’ date cultivar at the Balah 
stage were procured from a date palm farm lo-
cated in the Jordan Valley area. Samples of Bal-
ah were collected four times, at the initial Balah 
stage (1st stage at 8/8/2011), at the early mid-
dle of the stage (2nd stage at 16/8/2011), at the 
middle of the stage (3rd stage at 24/8/2011) and 
at the end of Balah stage or the beginning of the 
Rutab stage (4th stage at 5/9/2011). Four car-
tons each filled with date bunches (about 5 kg) 
were chosen randomly. On each occasion, the 
fruits were brought to the laboratory on the day 
of harvesting and after the removal of sub-sam-
ple for analytical purposes, dates were filled in 1 
kg plastic containers (Figs. 1 and 2) and stored 
in a refrigerating incubators at 5°, 0° and -5°C 
with a relative humidity of 65 to 70%.

Samples from each storage temperature were 
drawn at different intervals i.e. zero time, 2, 4, 
and 6 weeks. At the zero time (fresh initial Bal-
ah stage), Balah fruits were characterized with 
regard to their content of moisture, Brix, pH, 
acidity, fiber, ash, tannins, pectin, sugar com-
position (fructose, glucose, sucrose, total sug-
ar), color, softening ratio, weight of whole fruit, 
flesh, calyx and seed, volume, length and cir-
cumference, as well as the sensory properties of 
the fruits. Samples from each storage tempera-
ture were taken every two weeks and analyzed 
for sugar composition, pectin, tannins, pH, Brix, 
moisture, and softening ratio.

2.2 Fruit physical measurements

Ten fruits in triplicate were taken random-
ly for each physical measurement; the obtained 
values were averaged and divided by 10 to have 
the measurement for one fruit. Weight of whole 
fruit, flesh, calyx and seed were determined us-
ing 4 digital electronic top loading balance mod-
el SB062, Germany. Volume of fruit was deter-
mined by water displacement; length and cir-

cumference were conducted using varnier calib-
er. Softening ratio was determined by observing 
the soft spots appearing on the fruits.

2.3 Chemical analysis

Moisture, ash, titrable acidity, pectin, fiber, 
tannins, pH and total soluble solids (Brix) were 
determined using AOAC method (1995).

Moisture content was determined following 
the AOAC method No. 934.06; ten intact dates 
were selected randomly, macerated in a high 
speed blinder and about 10 g sample in triplicate 
were taken and dried in a vacuum oven at 65°-
70°C for about 48 hrs or until a constant weight 
was obtained. Ash content was determined ac-
cording to the AOAC method No. 940.26; 2-3 g 
of a date sample were weighed in pre-weight por-
celain crucible, placed in a muffle furnace (Ther-
molyne 600 Furnace) at 550°C. Pectin, fiber, and 
tannins were determined using AOAC official 
methods having the numbers 924.09, 993.21 
and 955.35 respectively. Determination of pH 
was performed with pH meter model pH525. 
The acidity was determined (AOAC official meth-
od No. 954.07) by titration of samples with 0.1 
N sodium hydroxide and completing titration to 
pH 8.1± 0.2, the acidity was expressed in gram 
as Malic acid per 100 g fruit. Total soluble solids 
(Brix) was determined by weighing 10 g sample 
then mixed well with 10 mL H2O (distilled), fol-
lowed by grinding in a mortar and mixing thor-
oughly then the Brix value was read using digital 
Abbe Refractometer model CETI, Belgium. Color 
was measured using the extraction procedure 
described by Maier and Schiller (1960). About 
8 g of dates sample was transferred into a mor-
tar and pestle and 40ml of 65% methanol was 
added. The content was transferred into a 100 
mL beaker and stirred continuously for 3 min-
ute; filtration through filter paper and washing 
3 times with 18 mL of 65% methanol were per-
formed. Then 2 mL of 4M acetate- citrate buffer 
were added to adjust pH to (6-6.3; the volume 
was adjusted up to 100 mL using distilled wa-
ter in a volumetric flask.

The specific extinction was computed using 
the absorbance reading at 400 nm by the equa-
tion:

P = K*A*100/sample weight

where P= mg pigment/mL of extract, K= specif-
ic extinction coefficient = 0.65, A= Absorbance 
reading.

2.4 Sugar extraction and determination

The sugar composition (fructose, glucose, su-
crose and total sugars) of the fresh and stored 
samples were determined using a method de-
scribed by (Langemeier and Rogers, 1995), 
with slight modifications. Five g sample was 
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placed in 100 mL volumetric flask with 70% 
ethanol. The sample was homogenized in a ho-
mogenizer (Ultra turex mixer, Type 25, Germa-
ny) for 5 min at 15,000 rpm and then sonicat-
ed for 15 min at 45°C. The sample was then 
filtered using (Whatmon filter no. 1). The fil-
trate was micro filtered using 0.45 μm nylon-
type membrane. Then the sample was ready for 
HPLC analysis. Using (NH2- R-P-Macherey-An-
gel-Germany) with 79:21 acetonitril: water at 
flow rate of 1 mL/min.

2.5 Sensory evaluation

The fresh and stored Balah samples were eval-
uated by a panel of assessors (10 semi-trained 
subjects) from the Department of Nutrition and 
Food Technology at the University of Jordan. 
Samples were evaluated using the hedonic scale 
test. Over all acceptability for the sensory attrib-
utes (texture, flavor, and color) were considered 
using a 9 point hedonic scale, with 9 indicating 
“like extremely” and 1 “dislike extremely”. Each 
Balah sample were evaluated by 10 subjects, 
each scored the samples giving between 1 for 
dislike extremely and 9 for like extremely; so the 
Balah samples were evaluated on a scale of 90. 
Testing was conducted in one session in a well- 
lighted and odor-free environment with specific 
instructions for sample evaluators. The sensory 
evaluation for the fresh and stored Balah sam-

ples were done twice in a duration of 1 week. 
(Ogunrinola et al., 1988; Yousif et al., 1991).

2.6 Statistical analysis

The Analysis of Variance (ANOVA) was done 
using mixed procedure (Proc Mixed). Differenc-
es between treatment means were tested us-
ing protected Least Significant Difference (LSD) 
test at p<0.05. All statistical analyses were per-
formed using the SAS software, version 9 (SAS 
Institute, 2002).

3. Results and Discussions

3.1 Effect of harvesting time 
on the chemical properties

The effect of harvesting time on the chemical 
and physical properties of fresh ‘Barhi’ dates at 
Balah or Khalal stage of maturity are shown in 
Table 1. It is well known that dates pass through 
5 stages of ripening i.e. Hababouk, Kimri, Balah 
or Khalal, Rutab and Tamer. For most date vari-
eties, date fruits are consumed at Balah, Rutab 
and Tamer stages. Balah stage extends about 
4 weeks and is described by 4 terms i.e. ear-
ly, middle, proper and late (Dawson and Aten, 
1962). The 1st harvest in this study was done 
early at the start of Balah stage (08/08/2011), 

Table 1 - Chemical and physical properties of fresh ‘’Barhi’’ dates at Balah stage as affected by harvesting time.

	 Chemical and physical attributes	 Harvesting time*

	 1st harvest	 2nd harvest	 3rd harvest	 4th harvest	 SD**	 CV	 LSD

Moisture% fwb	 79.3a***	 75.0a	 64.4b	 61.1b	 2.3	 3.4	 4.4
Total sugar % dwb	 87.0a	 82.8ab	 82.9ab	 80.6b	 2.4	 2.9	 4.5
Brix fwb	 20d	 23c	 30b	 35a	 1.5	 5.6	 2.8
Fiber % dwb	 49.4a	 25.3b	 14.4c	 14.5c	 2.6	 10.0	 4.9
Pectin % dwb	 4.9a	 4.4a	 2.1b	 2.3b	 0.3	 8.8	 0.6
Tannins % dwb	 10.5a	 8.7b	 5.0c	 2.8d	 0.5	 0.7	 9.0
Ash % dwb	 4.2a	 3.5b	 2.8c	 2.8c	 0.3	 9.0	 0.6
Color 
(mg pigment/100 g fruit on dwb)	 16.5a	 12.4b	 5.7c	 5.5c	 1.8	 18.3	 3.4
Color (sensorial) 	 Yellow	 Yellow	 Yellow	 Yellow	 -	 -	 -
	 to green	 to orange	 to orange	 to orange
Titrable acidity
as malic acid on fwb	 0.18a	 0.20a	 0.20a	 0.20a	 0.02	 9.4	 0.03
PH	 6.9a	 6.9a	 6.5b	 6.3c	 0.06	 0.9	 0.1
Weight (g)	 7.3c	 8.3b	 8.6b	 13.0a	 2.7	 2.9	 5.0
Volume(cm3)	 9.0c	 10.4b	 10.6b	 13.8a	 3.0	 2.8	 5.7
Length (mm)	 26c	 29.3b	 29.3b	 30.7a	 0.5	 1.7	 0.9
Diameter (mm)	 22c	 23b	 23b	 23.6a	 0.3	 1.3	 0.5
Flesh weight (g) 	 6.3c	 7.2b	 7.7b	 11.9a	 2.8	 3.3	 5.2
Seed weight (g) 	 1.0a	 1.1a	 1.1a	 0.9b	 0.7	 7.1	 1.3
Calax weight (g) 	 0.4d	 0.7c	 1.0b	 1.3a	 0.1	 10.1	 0.2
Softening ratio %	 0.0c	 1.7bc	 3.3ab	 5.3a	 1.2	 -	 2.3

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/8/2011 and the 4th at 5/9/2011;**SD: standard deviation; CV: coefficient of variation; LSD: 
least significant difference ***Means in each row followed by the same letter are not significantly different at 95% confidence.
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Fig. 2 - 2nd harvest of ‘Barhi’ dates at Balah stage (16/8/2011).

while the 4th harvest was conducted at the 
end of the stage (05/09/2011). Regarding the 
chemical properties, it can be seen from Table 
1, that moisture, fiber, pectin, tannins, pH, pig-
ments and ash levels tended to decline gradu-
ally by progressing of harvesting time. On the 
other hand, total soluble solids (Brix) tended to 
increase while titrable acidity and total sugars 
were almost stable by progressing of harvest-
ing time. These results agree partly with those 
reported by Golshen and Fooladi (2006) who 
studied the physico-chemical properties of Ira-
nian Shamasaei dates during progressive lev-
els of maturity. However, those researchers re-
ported lower tannins content (1.1%) and higher 
acidity levels (0.40%) for the same date variety 
at Balah stage. Moisture, ash, and total sugars 
contents of ‘Barhi’ dates at Balah stage grown 
in UAE were found to be close to those reported 
in this study (Ahmed et. al.,1995). Furthermore, 
lower levels of fiber (1.5%) and tannins (1.25%) 
in Egyptian Sammany dates at Balah stage were 
reported by Osman (2008). Additionally, Elmar-
di et al. (2002) found almost similar pectin re-
sults (1.8-2.3%) for Omani ‘Fard’ dates at Balah 
stage. Such differences in the chemical proper-
ties of date fruits at Balah stage might be attrib-
uted to variation in varieties and environmental 
conditions. Statistical analysis for data in Table 
1 showed that the harvesting time affected sig-
nificantly (p≤0.05) all of the studied chemical 
parameters except titrable acidity. Furthermore, 
the two statistical criteria given in Table 1 (SD 
and CV) reveal the acceptable accuracy of the 
results; it is well established that the accepta-
ble coefficient variation (CV) should be less than 
20; the maximum CV recorded for the chemical 
parameters was for color and was 18.3 which is 
considered acceptable.

3.2 Effect of harvesting time 
on the physical properties

Taking the physical properties into considera-
tion, data in Table 1 and Figs. 1 and 2 show that 
the color of date fruit at Balah stage changed 
from yellow/green to yellow/orange by progress-
ing of harvesting time. Remarkable increase in 
fruit weight, fruit volume, flesh weight, calyx 

weight and softening ratio was noticed by pro-
gressing of harvesting time. A sharp increase was 
clear for most studied physical properties at the 
4th harvest which was conducted at the end of 
Balah stage. However, fruit length and diame-
ter achieved a moderate increase by progressing 
of harvesting time whereas seed weight was al-
most stable at the 1st, 2nd and 3rd harvesting time 
and decreased by the fourth. Fruit weight, fruit 
volume, fruit length and seed weight of ‘Barhi’ 
dates at Balah stage ranged between 7.3-13.0 
g, 8.9-13.8 cm3, 26.0-30.7mm and 0.87-1.07 
g, respectively. Statistical analysis for data re-
lated to the physical properties of Balah sam-
ples indicated the presence of significant effect 
(p≤0.05) of harvesting time on all those physical 
properties. Additionally, the calculated CV for all 
physical parameters was acceptable (less than 
20).The obtained physical results are confirmed 
by earlier results for other date varieties at Bal-
ah stage reported by other researchers (Osman, 
2008; Golshen and Fooladi, 2006; Elmardi 
et al., 2002; Ahmed et al., 1995). However, low-
er fruit weight values (7.4 g) were reported for 
‘Barhi’ dates at Balah stage grown under Indian 
environment (Fageria et al., 1998). 

3.3 Sugar composition results

Results of the sugar composition in fresh and 
stored ‘Barhi’ dates at Balah stage are presented 
in Tables 2-5. Total sugars ranged between 77.5-
85.7% 0n dry weight basis (dwb). Higher values 
for total sugar were observed for fresh date fruits 
(80.6-85.7), whereas lower values (79.2-85.5) 
were characteristic of date fruits stored at 5°C for 
4 weeks. It is clear from data in Tables 2-5 that 
the effect of harvesting time on the total sugars 
of fresh and stored Balah samples was not ap-
parent. However, the higher total sugar content 
in ‘Barhi’ dates at Balah stage affects positively 
their sensory properties and enhance their ac-
ceptability for consumers specially for Muslims 
in the holy fastening month “Ramadan” where 
relatively huge quantities of dates at Balah, Ru-
tab and Tamer stages are consumed. In spite of 
the little variation in total sugar content, they 
were affected significantly (p≤0.05) by both har-
vesting time and storage temperature. Howev-

Fig. 1 - 1st harvest of ‘Barhi’ dates at Balah stage (8/8/2011).



350  Ital. J. Food Sci., vol. 25 - 2013

Table 2 - Effect of harvesting time on the sugar compositions and proportions of fresh ‘’Barhi’’ dates at Balah stage (on dwb).

Sample	 Fructose	 Glucose	 Sucrose	 Total sugars	 Glucose/fructose ratio

Fresh 1st harvest*	 38.6a**	 41a	 6.3ab	 85.7a	 1.1
Fresh 2nd harvest	 32.8b	 42.4a	 7.2ab	 82.8ab	 1.3
Fresh 3rd harvest	 33.9b	 43.4a	 5.4b	 82.9ab	 1.3
Fresh 4th harvest	 31.9b	 40.5a	 7.9a	 80.6b	 1.3
SD***	 2.4	 1.5	 1.0	 2.2	 -
CV	 7.0	 3.7	 15.2	 2.7	 -
LSD	 4.6	 2.9	 1.9	 4.2	

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/11/2011 and the 4th at 5/9/2011; **Means in each column followed by the same letter are not 
significantly different at 95% confidence;***SD: standard deviation; CV: coefficient of variation; LSD: least significant difference.

Table 3 - Effect of harvesting time on the sugar compositions and proportions of ‘’Barhi’’ dates at Balah stage stored at 5º C 
for 4 weeks (on dwb).

Sample	 Fructose	 Glucose	 Sucrose	 Total sugars	 Glucose/fructose ratio

1st harvest*	 32.4b**	 39.4a	 1.9b	 79.2b	 1.2
2nd harvest	 37.3a	 39.3a	 3.5a	 79.6b	 1.1
3rd harvest	 34.2b	 41.4a	 3.8a	 79.9b	 1.2
4th harvest	 39.5a	 42.5a	 3.5a	 85.5a	 1.1
SD***	 1.6	 1.8	 0.8	 1.5	 -
CV	 4.4	 4.4	 23.8	 1.8	 -
LSD	 3.0	 3.4	 1.4	 2.8	 -

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/11/2011 and the 4th at 5/9/2011; **Means in each column followed by the same letter are not 
significantly different at 95% confidence;***SD: standard deviation; CV: coefficient of variation; LSD: least significant difference.

Table 4 - Effect of harvesting time on the sugar compositions of ‘’Barhi’’ dates at Balah stage stored at 0ºC for 4 weeks (on dwb).

Sample	 Fructose	 Glucose	 Sucrose	 Total sugars	 Glucose/fructose ratio

1st harvest*	 38.0a**	 43.6a	 8.5a	 81.9ab	 1.1
2nd harvest	 33.3a	 40,1b	 11.1a	 84.8a	 1.2
3rd harvest	 32.8a	 38.5b	 11.5a	 83.1ab	 1.2
4th harvest	 30.9a	 39.2b	 10.6a	 80.7b	 1.3
SD***	 4.1	 1.8	 1.6	 1.9	 -
CV	 12.1	 4.5	 18.2	 2.3	 -
LSD	 7.7	 3.4	 3.0	 3.6	 -

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/11/2011 and the 4th at 5/9/2011; **Means in each column followed by the same letter are not 
significantly different at 95% confidence;***SD: standard deviation; CV: coefficient of variation; LSD: least significant difference.

Table 5 - Effect of harvesting time on the sugar compositions of ‘’Barhi’’ dates at Balah stage stored at -5º C for 4 weeks (on dwb).

Sample	 Fructose	 Glucose	 Sucrose	 Total sugars	 Glucose/fructose ratio

1st harvest*	 32.3b**	 41.6bc	 2.8b	 77.5b	 1.3
2nd harvest	 36.3a	 39.5c	 5.2a	 80.6ab	 1.1
3rd harvest	 35.2ab	 45.1ab	 3.5ab	 83.4ab	 1.3
4th harvest	 34.4ab	 46.4a	 3.4ab	 84.3a	 1.4
SD***	 2,0	 2.2	 1.2	 3.3	 -
CV	 5.8	 5.2	 32.2	 4.0	 -
LSD	 3.7	 4.2	 2.3	 6.2	 -

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/11/2011 and the 4th at 5/9/2011; **Means in each column followed by the same letter are not 
significantly different at 95% confidence;***SD: standard deviation; CV: coefficient of variation; LSD: least significant difference.
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er, the CV values for total sugar contents in the 
four treatments i.e. fresh, stored at 5°, 0°, and 
-5°C ranged between 1.8-4.0 indicating an ac-
ceptable accuracy for total sugar results.

Glucose percentages in fresh Balah samples 
(Table 2) ranged between 40.5-43.4%, while 
fructose ranged between 31.9-38.6% and su-
crose ranged between 5.4-7.9%. Furthermore, 
glucose/fructose ratio ranged between 1.1-1.3. 
Data in Table 2 show that glucose was the 1st 

sugar followed by fructose and sucrose. Low-
er quantities of sucrose in ‘Barhi’ dates (5.4-
7.9%) classifies ‘Barhi’ dates as soft dates (Al-
saed, 2005). Glucose was not affected signifi-
cantly (p≤0.05) by the harvested time while the 
other sugars were affected. Similar results for 
glucose/fructose ratio in ‘Barhi’ dates at Bal-
ah stage was reported by Ahmed et al. (1995). 
The same authors reported that fresh ‘Barhi’ 
dates at Balah stage contain 78, 32.8, 29.5 and 
15.5% total sugars, glucose, fructose and su-
crose respectively on dwb. Those sugar com-
position results are slightly lower than what 
have been reported by this study with an ex-
ception for sucrose. Such variation might be 
attributed to differences in environmental con-
ditions. However, results for sucrose in this 
study differ than those reported by Almardi 
et al. (2002) during their work on Omani ‘Fard’ 
dates. Such variation might be ascribed to va-
rietal differences.

The same trend for sugar composition in Bal-
ah samples stored at 5°C for 4 weeks can also 
be observed (Table 3), i.e. no significant effect 
for the harvesting time on glucose content while 
the other sugars were affected. The glucose to 
fructose ratio was also between 1.1-1.2. Further-
more, Lower sucrose levels were observed in Bal-
ah samples stored at 5 Cº. Such results might 
be attributed to the increased invertase activity 
at 5°C (Benjamin et al., 1985).

It can be seen from data in Table 4 that fruc-
tose and sucrose were not affected significantly 
(p≤0.05) by harvesting time when samples were 
stored at 0ºC for 4 weeks. Glucose to fructose ra-
tio was almost the same as those for fresh Balah 
samples and those stored at 5ºC (1.1-1.3). Some-
thing of interest in these results is the higher su-
crose levels (8.5-11,5%) compared with the oth-
er two storage temperatures (5° and -5ºC). Such 
results might be due to the inactivation of in-
vertase at 0ºC (Benjamin et al., 1985).

Regarding the effect of harvesting time and 
storage at -5ºC on the sugar composition of Bal-
ah samples, data in Table 5 reveal that all sug-
ars were affected significantly (p≤0.05) by the 
harvesting time. More glucose than fructose was 
present (1.1-1.4) and relatively low quantities of 
sucrose were found.

Taking the statistical analysis of the sugar 
composition for stored Balah samples (stored at 
0°, 5° and -5ºC) into consideration, the statisti-
cal indicators in Tables 3-5 reveal that the CV 

values were less than 20% except for sucrose 
at 5º and -5ºC storage treatments where the CV 
values exceeded 20% (23.8 and 32.2%). Such 
higher CV values which mean large variability 
might be due to personnel error during the ex-
traction process for sugar analysis.

3.4. Effect of storage temperature 
and harvesting time on some Balah quality 
parameters

In Jordan, date producers used to get bet-
ter prices for dates at Balah stage compared 
with Rutab stage. Accordingly, they try to find 
means and methods to extend the Balah stage 
and minimize the softening ratio or the change 
to Rutab.

It is clear from data in Table 6 that soften-
ing ratio was very low (less than 2 %) in fresh 
dates at the 1st and 2nd harvest; a significant in-
crease (p≤0.05) in softening ratio occurred at the 
3rd and 4th harvesting times. However, this in-
crease is considered acceptable since it is less 
than 7 % (Yousif and Abou-Ali, 1993). Storage 
results (Table 6) of date samples for 4 weeks at 
three temperatures (5°, 0°, -5ºC) revealed that 
remarkable and significant (p≤0.05) increase in 
softening ratio (33-90%) was characteristic of 
the 1st harvest, with moderate one (20-30%) for 
the 2nd harvest and relatively low one for the 3rd 
and 4th harvest. Extreme softening results could 
be noticed for date samples stored at -5ºC. As 
a result, date samples taken at the 3rd harvest 
could be stored successfully at 5° or 0ºC for 4 
weeks without softening. In other words, the 1st 
and 2nd harvest were not suitable to extend the 
duration of Balah stage.

Pectin content in ‘Barhi’ dates at Balah stage 
tended to decrease significantly (p≤0.05) by pro-
gressing of harvesting time. It ranged between 
4.9% (on dwb) in the 1st harvest and 2.3% in the 
4th harvest. Such decrease might be ascribed to 
the increased activity of pectinases. These re-
sults agree with those reported by Elmardi et 
al. (2002). Storage at 5° and 0ºC for 4 weeks had 
no significant effect (p≤0.05) on pectin content, 
whereas this effect was significant for date sam-
ples stored for 4 weeks at -5ºC. Compared with 
other fruits, dates might be considered relative-
ly a rich source for pectin (Alsaed, 2005). Such 
high pectin content confirm the distinguished 
nutritive value of dates (Alshahabi and Mar-
shall, 2003).

Results in Table 6 also show that tannins 
content in ‘Barhi’ dates at Balah stage have the 
same trend as for pectin, i.e. there was a sig-
nificant effect (p≤0.05) for both harvesting time 
and storage temperature on tannin content. The 
3rd and 4th harvesting time were characteristic 
with low tannins (less than 5% on dwb). Howev-
er, Golshan Tafti and Fooladi (2006) report-
ed lower values for tannins (1.3% dwb) in Irani-
an Shamsaei dates at Balah stage.
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Concerning Brix and pH, results in Table 6 in-
dicate a significant increase in Brix or total solu-
ble solids by progressing of harvesting time and 
the opposite was true for the pH, i.e. it was de-
creased by progressing of harvesting time. These 
results were confirmed with those reported by 
Almardi et al. (2002) and Golshan Tafti and 
Fooladi (2006).

Table 6 - Some quality properties of ‘Barhi’ dates at Balah stage as affected by harvesting, storage time and temperature.

Chemical attributes	 Harvesting time

	 1st harvest*	 2nd harvest	 3rd harvest	 4th harvest

			   Softening ratio
Fresh	 0c**	 1.7bc	 3.3ab	 5.3a
stored at 5°C for 4 wks	 33.3a	 20a	 10a	 10a
stored at 0°C for 4 wks	 33.3a	 23.3ab	 13.3bc	 6.7c
stored at -5°C for 4 wks	 90a	 30bc	 46.7b	 13.3c

			   Pectin % (on dwb)
Fresh	 4.9a	 4.4b	 2.1b	 2.3b
stored at 5°C for 4 wks	 5.3a	 4.1a	 4.7a	 4.4a
stored at 0°C for 4 wks	 5.2a	 4.5a	 4.9a	 4.3a
stored at -5°C for 4 wks	 3.7b	 5.5a	 4.9ab	 4b

			   Tannins % (dwb)
Fresh	 10.5a	 8.73b	 5.0c	 2.8d
stored at 5°C for 4 wks	 6.5a	 7.3a	 3.97b	 2.0c	
stored at 0°C for 4 wks	 1.3c	 3.7a	 2.5b	 1.6c
stored at -5°C for 4 wks	 4.8a	 3.9b	 3.3b	 1.77c

			   Brix
Fresh	 20d	 23c	 30b	 35a
stored at 5°C for 4 wks	 22.7c	 23c	 32b	 38a
stored at 0°C for 4 wks	 23d	 28c	 36b	 40a
stored at -5°C for 4 wks	 25b	 28b	 38a	 42a

			   pH
Fresh	 6.9a	 6.9a	 6.5b	 6.3c
stored at 5°C for 4 wks	 6.6a	 6.1c	 6.3b	 6.5a
stored at 0°C for 4 wks	 6.1c	 6.0c	 6.9b	 7.3a
stored at -5°C for 4 wks	 7.4a	 6.9c	 7.2b	 7.2b

*1st harvest was done at 8/8/2011; the 2nd at 16/8/2011, the 3rd at 24/11/2011 and the 4th at 5/9/2011; **Means in each row of each property (pectin, tannins, etc.) 
followed by the same letter are not significantly different at 95% confidence.

3.5 Sensorial results

Sensory scores could be considered the most im-
portant quality parameter for dates at Balah stage 
from the consumer point of view. It is clear from 
Data in Table 7, that Balah samples taken at the 
1st, 2nd and 3rd harvest either fresh or stored for 4 
weeks at 5°, 0°, -5ºC achieved the lowest sensory 

Table 7 - Sensory evaluation results of fresh and stored ‘’Barhi’’ dates at Balah stage as affected by harvesting time.

	 Harvesting time

	 1st harvest	 2nd harvest	 3rd harvest	 4th harvest	 SD*	 CV	 LSD

Panelists scores	 Fresh dates
Average of total scores	 53c**	 58c	 65b	 73a	 2.4	 3.8	 6.5

Panelists scores*	 Dates stored at 5°C for 4 wks
Average of total scores	 56b	 61a	 64a	 61a	 1.5	 2.4	 4.1

Panelists scores*	 Dates stored at 0°C for 4 wks
Average of total scores	 50.5d	 57.5c	 67.5b	 82.5a	 0.7	 1.1	 2.0

Panelists scores*	 Dates stored at -5°C for 4 wks
Average of total scores	 68b	 60.5c	 67.5b	 79a	 1.5	 2.2	 4.2

*SD: standard deviation; CV: coefficient of variation; LSD: least significant difference; ** Means in each row followed by the same letter are not significantly dif-
ferent at 95% confidence
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scores (between 50.5 and 68 on a scale of 90), in-
dicating an inferior quality that might be ascribed 
to high tannin and pectin and low total solid con-
tents. On the contrary, higher sensory scores were 
achieved by Balah samples taken at the 4th har-
vest. This indicates that the 4th harvesting time (5 
September) was the optimum with regard to dates 
quality at Balah stage. Taking the storage temper-
ature for Balah samples taken at the 4th harvest, it 
is apparent from data in Table 7 that Balah sam-
ples stored at 0° and -5ºC achieved the best sen-
sory scores (82.5/90 and 79/90 respectively). Fur-
thermore, the lowest sensory score was given to 
date samples stored for 4 weeks at 5ºC. This might 
be due to the bad effect of the relatively high stor-
age temperature(5ºC) and increased enzyme ac-
tivity on some of the quality parameters of Balah 
specially color, flavor and texture.

In conclusion, the Balah stage for ‘Barhi’ dates 
can be successfully extended for 4 weeks if they 
were harvested at the end of the stage (4th har-
vest) and stored at 0° or -5ºC for 4 weeks.
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Abstract

The antioxidant properties of Mapo Tangelo fruit and leaves extracts were investigated. The con-
tent of health-promoting components (total phenolics, flavonoids and ascorbic acid) were evaluat-
ed by spectrophotometric assays. Higher concentrations of total phenolics, flavonoids and ascor-
bic acid were found in peel samples extracted with boiling water, followed by leaves extracted with 
boiling ethanol. The radical-scavenging activity of the extracts was evaluated by different in vitro 
tests (total antioxidant activity, DPPH, ABTS and β-carotene bleaching tests). The trend observed 
for bioactive compounds was confirmed by antioxidant activity assays and good correlation val-
ues were obtained with total phenolics, flavonoids and ascorbic acid.
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INTRODUCTION

Mapo tangelo (Citrus deliciosa Ten. x C. par-
adisi Macf.) is widely grown in Italy where it is 
valued for its earliness, juiciness and taste. It 
is a hybrid between Avana mandarin and Dun-
can grape fruit obtained in 1950 at the Citrus 
Experimental Institute of Acireale (Italy) and re-
leased for cultivation in 1972. Considerable ef-
forts have been devoted to the determination of 
the antioxidant activity of several citrus fruits 
using either the fruit itself, its extracts or juice 
and it has been found to possess antioxidant, 
anti-inflammatory, anti-tumor and anti-fungal 
activities (WANG et al., 2011). In this context, 
the aim of this research was the evaluation of 
antioxidant properties of the Mapo tangelo pulp, 
peel and leaves. Different extraction protocols 
and solvent mixtures have been considered, in 
relation to the polarity of the compounds to be 
extracted. Bioactive compounds were evaluat-
ed in terms of total phenolic compounds, flavo-
noids and ascorbic acid content, while in vitro 
antioxidant activities were assessed by total an-
tioxidant activity, DPPH and ABTS assays. Free 
radical scavenging properties of sample extracts 
were also measured by β-carotene bleaching ki-
netic reaction and the correlation between anti-
oxidant properties and antioxidant compounds 
was reported.

MATERIALS AND METHODS

Materials and instrumentation

All chemical used were of high analytical 
grade, product of Sigma-USA. Solvents were 
HPLC-grade and provided by Fluka Chemi-
ka-Biochemika. UV-Vis spectra were recorded 
with a Jasco V-530 UV/Vis spectrometer (Jas-
co, Japan).

Plant materials and extraction procedure

To obtain a representative sample, Mapo 
tangelo fruits (Citrus deliciosa Ten. x C. para-
disi Macf.) were randomly harvested from 20 
plants in Sicily (South Italy). All samples were 
examined for integrity and absence of dust and 
insect contamination, and were freeze-dried 
and stored at -20°C until analysis. Fruits were 
washed with tap water and then in distilled 
water for three times before the peel and pulp 
fractions were carefully separated. The Mapo 
tangelo peel, composed of flavedo and albedo, 
were removed from pulp and powered in a con-
ventional food mixer. The pulp was cut cross-
wise and powered in a conventional food mix-
er. Fresh leaves from Mapo Tangelo trees were 
manually picked on and washed with tap wa-
ter and then with distilled water for three times 
and then powered in a conventional food mix-

er. A portion of the sample was extracted ap-
plying the procedures reported in Table 1. To 
fully understand the impact of the extraction 
method and to compare the solvent extraction 
efficiency, the same extraction protocol was re-
peated using water, ethanol and water/ethanol 
mixture (50/50, v/v) as extraction solvents. In 
a standard procedure, 50 g of sample were con-
tinuously extracted using a Soxhlet apparatus 
(400 mL, 10 h). Alternatively, a second extrac-
tion procedure was performed on pulp, peel and 
leaves for 96 h at room temperature. The recov-
ery yields of the extraction procedure were also 
considered and the determination of total phe-
nolic compounds was reported for all solvents 
and extraction methods (Table 1). All fractions 
were evaporated under reduced pressure and 
re-dissolved in a known volume of the solvent 
originally used for their extraction. 

Determination of total antioxidant 
capacity (TAC) 

The TAC of extracts was evaluated according 
to the method reported in literature (SPIZZIRRI 
et al., 2011). Briefly, in five test tube, 0.3 mL of 
five different extract solutions were mixed with 
1.2 mL of reagent solution (0.6 mol∙L-1 H2SO4, 
28.0 mol∙L-1 Na3PO4, and 4.0 mol∙L-1 (NH4)2MoO4) 
to rise the final concentrations of 0.02, 0.05, 
0.08, 0.11, 0.16 mg∙mL-1. The reaction mixture 
was incubated at 95°C for 150 min and, after 
cooling to room temperature, the absorbance 
of the mixture was measured at 695 nm to re-
cord the calibration curve. The TAC of the ex-
tracts was expressed as micromoles of gallic acid 
equivalents per gram of polar extract by using 
the equation obtained from the calibration curve 
of the antioxidant.

Evaluation of total phenolic content 
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 (RESTUCCIA et al., 2011). A 2.0 
mL aliquot of four different extracts (0.02, 0.05, 
0.08 and 0.20 mg∙mL-1) was mixed thorough-
ly with 1.0 mL of Folin-Ciocalteu reagent in a 
volumetric flask. After 3 min, 1.0 mL of Na2CO3 
(7.5% w/w) were added, and then the mixture 
was allowed to stand for 2 h with intermittent 
shaking. The absorbance was measured at 760 
nm to record a calibration curve and the cor-
relation coefficient (R2), slope and intercept of 
the regression equation were calculated by the 
method of least square. The amount of total 
phenolic compounds in the extracts was ex-
pressed as micromoles of gallic acid equivalents 
per gram of polar extract by using the equation 
obtained from the calibration curve (R2 = 0.996) 
of the antioxidant.
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Determination of total flavonoids (TF)

A slightly modified version of the spectropho-
tometric method was used to determine the TF 
concentrations of samples (SPIZZIRRI et al., 2011). 
Briefly, in a graduate flask, 0.7 mL of five differ-
ent alcoholic extract solutions (0.10, 0.25, 0.030, 
0.045 and 0.060 mg∙mL-1) 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∙6 H2O solution (10% w/w) were added 
and allowed to stand for another 5 min before 2.0 
mL of 1.0 mol∙L-1 NaOH was added. The mixture 
was brought to 10.0 mL with distilled water and 
mixed well. The absorbance was measured im-
mediately against the blank at 510 nm to record 
the calibration curve. The amount of TF in the 
starting material was expressed as micromoles 
of catechin equivalents per gram of initial mate-
rial by using the equation obtained from the cal-
ibration curve of the antioxidant (R2). 

Ascorbic acid assay

A slightly modified version of the spectro-
photometric method was used to determine the 
ascorbic acid concentrations of samples (ZHANG 
et al., 2009). Briefly, in a graduate flask 1.0 mL 
of the polar extract was mixed with 1.0 mL of 
1.5∙10-2 mol∙L-1 ferric chloride and 1.0 mL of 
1.5∙10-2 mol∙L-1 potassium ferricyanide. The mix-
ture was brought to 10.0 mL with distilled wa-
ter and mixed well. Then, it was let to stand at 
30 min at 20°C. Afterward, the solution’s ab-
sorbance was measured at 735 nm against a 
reagent blank prepared with the same reagent 
concentrations except for ascorbate. The amount 
of ascorbic acid in the starting material was ex-
pressed as mass of ascorbic acid per gram of 
initial material by using the equation obtained 
from the calibration curve of the antioxidant (R2). 

Determination of scavenging effect 
on DPPH radical 

In a standard procedure, extracts was allowed 
to react with the stable free radical DPPH with 
the aim of evaluating their free radical scaveng-
ing properties (SPIZZIRRI et al., 2011). Six differ-
ent extract concentrations (2.0, 4.0, 10.0, 20.0, 
30.0 and 40.0 mg∙mL-1), were mixed with DPPH 
solution and, after 30 min, the absorbance of 
the remaining DPPH was determined at 517 nm. 
The scavenging activity was expressed as per-
cent inhibition of DPPH radicals calculated ac-
cording 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.

Determination of scavenging effect 
on ABTS radical cation

The scavenging activity towards the ABTS rad-
ical cation was assessed according to the litera-
ture with slight modifications (RE et al., 1999). 
Radical cation (ABTS•+) was produced according 
to the literature and an aliquot of sample was 
mixed with 25.0 mL of ABTS radical solution. 
The mixture, protected from light, was incubated 
in a water bath at 37°C for 5 min. The decrease 
of absorbance at 734 nm was measured at the 
endpoint of 5 min. The antioxidant activity was 
expressed as a percentage of scavenging activ-
ity on ABTS radical according to equation (1).

b-Carotene-linoleic acid assay 

The antioxidant properties of extracts were 
evaluated through measurement of percent 
inhibition of peroxidation in linoleic acid sys-
tem by using the β-carotene bleaching test 
(RESTUCCIA et al., 2011). Briefly, 1.0 mL of 
β-carotene solution (3.0 mg∙mL-1 in chloroform) 
was added to 7.0 mL of linoleic acid and 70.0 
mL of Tween 20. The mixture was then evapo-
rated at 40°C for 10 min in a rotary evapora-
tor to remove chloroform. After evaporation, 
the mixture was immediately emulsioned with 
35.0 mL of distilled water. The emulsion (5.0 
mL) was transferred to five different test tubes, 
1.5 mL of extract (0.015, 0.050, 0.090, 0.130 
and 0.180 mg∙mL-1) was added to each tube and 
shaken 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, con-
sisting of an emulsion without β-carotene. The 
measurement was carried out at the initial time 
(t = 0) and successively at 60 min. The antiox-
idant activity (AA) was measured in terms of 
successful bleaching of β-carotene using the 
following equation:

where A0 and A0° are the absorbance values 
measured at the initial incubation time for 
samples and control, respectively, while A60 
and A°

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

Statistical analysis

The results are presented as the average of 
five experiments and standard deviation (± SD). 
Data were analysed using one-way analysis of 
variance (ANOVA), and differences were consid-
ered significant at p < 0.05.
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RESULTS AND DISCUSSION

The extraction protocols, the recovery yields 
(%) related to the extraction procedures and to-
tal phenolic content are reported in Table 1. For 
all samples, higher yields and amount of total 
phenols was obtained by Soxhlet method respect 
to the maceration at room temperature, irrespec-
tive of the used solvent. This is due to the high-
er temperature of the Soxhlet protocol which im-
proves the extraction efficiency by increasing the 
cell walls permeability, the solubility and thus 
the diffusion coefficients of the molecules of in-
terest, and by decreasing the viscosity of the sol-
vent (WANG et al., 2011). Generally speaking, 
soluble phenolic compounds are extracted from 
plant materials using water, methanol, ethanol 
or acetone. Although methanol and methanol-
water mixtures have been most commonly used 
for phenols extraction from citrus fruits, in this 
study ethanol was selected because it is envi-
ronmentally benign and relatively safe to human 
health. Table 1 shows that pulp and peel ex-
tracts possess decreasing yields and total phe-
nols content moving from pure water to pure 
ethanol, with both Soxhlet and maceration pro-
cedure, while data obtained for leaf samples by 
Soxhlet method show an opposite trend. On the 
other hand, the same samples extracted by mac-
eration at room temperature produce higher val-
ues of yields and total phenols with enhancing 
ethanol concentration. These results are relat-
ed with the composition of the sample, because 
crude phenolic extracts contain a complex mix-
ture of compounds differing in their degree of 

polymerization and in the number and arrange-
ment of both hydroxyl and methoxy groups on 
the aromatic rings. Moreover, pure ethanol 
showed the best results in terms of total phe-
nols concentration in leaf samples while the bet-
ter results for pulp and peel samples extracted 
by boiling water, this effect being related once 
again with the polarity of the extracted com-
pounds. In Citrus species naringenin and hes-
peretin widely distribute as their glycoside form 
(i.e. naringin, neohesperidin, narirutin, and hes-
peridin). This was confirmed also for Tangelo 
fruits by RAMFUL et al. (2011) reporting the LC-
DAD profile of the pulp extract where the most 
abundant flavonoids were narirutin, hesperidin, 
neoeriocitrin, isorhoifolin, didymin, rutin and 
poncirin, while the same experiment dealing with 
Tangelo flavedo samples showed in decreasing 
order hesperidin, narirutin, neoeriocitrin, rutin, 
neohesperidin, isorhoifolin, poncirin, diosmin, 
didymin and rhoifolin as the most abundant phe-
nols (RAMFUL et al., 2010). As the presence of 
attached sugars tends to render the phenolic 
compounds more water soluble, the obtained re-
sults for peel and pulp samples reflect the high-
er affinity of the extracted compounds for water 
in comparison with pure ethanol. The difference 
among the concentrations of phenolic com-
pounds between pulp, peel and leaf samples was 
significative, and higher phenolic compounds 
were always found in peel samples extracted 
with boiling water (12.45 mmol of gallic acid 
equivalent g-1), followed by leaves extracted with 
boiling ethanol (9.11 μmol of gallic acid equiva-
lent g-1) and finally by pulps extracted with boil-

Table 1 - Extractive procedures applied to pulp, peels and leaves samples of Mapo Tangelo fruit. Recovery yields and total phe-
nols measured in pulp, peel and leaves extracts of Mapo Tangelo fruit. Data expressed as mean value ± standard error (n = 5).

Matrix	 Weight (g)	 Extraction solvent	 Extraction method	 Time	 Recovery yield*	 Total phenolic content**

		  Water (mL)	 Ethanol (mL)		  (h)	 [%]	 (μmol∙g-1)

Pulp	 50.0	 400.0	 /	 Soxhlet extraction 	 10.0	 8.26±0.30	 6.00±0.57
Pulp	 50.0	 200.0	 200.0	 Soxhlet extraction	 10.0	 4.51±0.28	 4.34±0.39
Pulp	 50.0	 /	 400.0	 Soxhlet extraction	 10.0	 2.82±0.17	 1.41±0.28
Pulp	 50.0	 400.0	 /	 Maceration at r.t.	 96.0	 0.65±0.09	 0.21±0.03
Pulp	 50.0	 200.0	 200.0	 Maceration at r.t.	 96.0	 0.25±0.03	 0.18±0.02
Pulp	 50.0	 /	 400.0	 Maceration at r.t.	 96.0	 0.23±0.04	 0.04±0.01
Peels	 50.0	 400.0	 /	 Soxhlet extraction 	 10.0	 3.46±0.31	 12.45±0.80
Peels	 50.0	 200.0	 200.0	 Soxhlet extraction	 10.0	 4.64±0.43	 8.21±0.48
Peels	 50.0	 /	 400.0	 Soxhlet extraction	 10.0	 3.38±0.27	 5.38±0.40
Peels	 50.0	 400.0	 /	 Maceration at r.t.	 96.0	 0.36±0.07	 0.57±0.06
Peels	 50.0	 200.0	 200.0	 Maceration at r.t.	 96.0	 0.23±0.03	 0.18±0.03
Peels	 50.0	 /	 400.0	 Maceration at r.t.	 96.0	 0.13±0.02	 0.09±0.02
Leaves	 50.0	 400.0	 /	 Soxhlet extraction 	 10.0	 6.98±0.32	 5.43±0.44
Leaves	 50.0	 200.0	 200.0	 Soxhlet extraction	 10.0	 3.12±0.34	 8.17±0.53
Leaves	 50.0	 /	 400.0	 Soxhlet extraction	 10.0	 1.60±0.12	 9.11±0.68
Leaves	 50.0	 400.0	 /	 Maceration at r.t.	 96.0	 0.06±0.01	 0.27±0.05
Leaves	 50.0	 200.0	 200.0	 Maceration at r.t.	 96.0	 0.33±0.02	 0.38±0.06
Leaves	 50.0	 /	 400.0	 Maceration at r.t.	 96.0	 0.59±0.08	 0.69±0.05

*Weight of extract per weight of matrix, **μmol of gallic acid equivalent per 1 g of matrix.
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ing water reaching the maximum value of 6.00 
μmol of gallic acid equivalent g-1. The higher val-
ues of phenolics obtained in peels, in compari-
son with those found in pulps, confirm the data 
obtained in previous studies on citrus fruits 
(GORISTEIN et al., 2004a; BARRECA et al., 2011; 
WANG et al., 2011). However, RAMFUL at al. 
(2011) reported, for five Tangelo peels, concen-
trations of phenolic compounds ranging from 
3,000 to about 6,200 μg of gallic acid equiva-
lents g-1 which are much higher than those re-
ported in this study. However, it should be con-
sidered that in the cited research, a significant 
concentration of phenols was accomplished be-
fore extraction, because portions of the periph-
eral peels of each variety were lyophilised for 48 
h. Moreover it should be underlined that, be-
sides analytical parameters, other factors can 
influence the phenolic content such as genetic 
differences, geographical origin and agronomic 
practices. As far as pulps are concerned, con-
centrations found in mesocarpes are in accord-
ance with those obtained for pulps of other Tan-
gelo fruits by RAMFUL et al. (2011) generally ex-
ceeding 1,000 μg g−1. In Table 2 the values of to-
tal flavonoids (TF), ascorbic acid content and to-
tal antioxidant capacity (TAC) of Mapo Tangelo 
pulp, peel and leaf samples extracted by Soxhlet 
method are reported. Data highlight that the 
same trend observed for total phenols are con-
firmed for TAC, TF and ascorbic acid content: 
higher values for pulp and peel samples are ob-
tained with water, while pure ethanol shows the 
best results for leaf samples. WANG et al. (2011) 
found that flavonoid content in different citrus 
fruit pulps ranged from 8.41 to 21.6 mg rutin 
equivalent g−1 DW, while GORINSTEIN et al. 
(2004a) found a total flavonoid content of 
47.12±4.1 in peeled hybrids and 37.7±3.2 in 
peeled white grapefruits (mg catechin/100 g FW). 
More recently, RAMFUL et al. (2011) reported for 
Tangelo pulps a range of about 480-620 μg of 

quercetin g−1 FW of plant material. Higher levels 
of total flavonoids were obtained in extracts of a 
Tangelo peels (5,615±93 μg of quercetin g−1 FW) 
(Ramful et al., 2010) which is once again much 
higher than flavonoid concentrations obtained 
for peel samples in our research. TF in leaf sam-
ples are comparable with those (178±13 mg kg-1 
FW) obtained by LC-MS by BARRECA et al. (2011) 
for Chinotto (Citrus myrtifolia Raf.) leaves, while 
MENICHINI et al. (2011) found for C. medica cv 
Diamante a concentration of TF of 97.5±2.8 mg 
100 g−1 FW (expressed as quercetin equivalents). 
Table 2 shows that ascorbic acid contents for 
Mapo tangelo pulps are comparable with those 
obtained by RAMFUL et al. (2011) for Tangelo 
fruits, ranging from about 0.25 to about 0.52 
mg mL-1. Higher ascorbic acid concentration was 
found in peel (5.39 µmol g−1 FW). This data is 
comparable with that found in other tangelos 
evaluated by Ramful (2011) reporting a range 
of ascorbic acid concentration from 2.84 to 5.68 
µmol g−1. In addition, to investigate the TAC of 
the extracts, the phospho-molybdenum method 
have been applied; by taking into account val-
ues of the total phenolics reported in Table 2, it 
is possible to underline that 65, 78 and 73% of 
TAC of pulp (Soxhlet, 100% water), peel (Sox-
hlet, 100% water) and leaves (Soxhlet, 100% eth-
anol) samples can be related with molecules pos-
sessing a phenolic moiety. The radical-scaveng-
ing activity of the extracts was assessed by 
means of DPPH and ABTS assays. The IC50 val-
ues for both assays are given in Table 2, and the 
scavenging activities are depicted in Fig. 1 A-F. 
Peels extracted by water, possess the highest 
ability to scavenge DPPH radicals (IC50 of 0.04 
mg mL-1) followed by leaves extracted by boiling 
ethanol (IC50 0.10 mg mL-1) and pulps extracted 
by boiling water (IC50 0.18 mg mL-1). DPPH re-
sults of peel and pulp aqueous extracts were al-
most the same than the corresponding ABTS as-
say (IC50 0.06 and 0.18 mg mL-1). Hence, both 

Table 2 - Flavonoids, ascorbic acid content and antioxidant activities measured in pulp, peel and leave extracts of Mapo Tan-
gelo fruit. Data expressed as mean value ± standard error (n=5).

Extracts	 Total flavonoids**	 Total antioxidant	 Ascorbic acid content		  Scavenging effect IC50	 β-Carotene-linoleic
		  capacity*			   (mg/mL)		  acid assay

	 μmol∙g-1	 μmol∙g-1	 µmol g-1	 DPPH radical	 ABTS radical	 IC50 (mg/mL)

Pulp1,a	 0.46±0.05	 9.28±0.60	 2.56±0.04	 0.18±0.01	 0.19±0.01	 2.12±0.09
Pulp2,a	 0.23±0.05	 6.70±0.09	 1.82±0.07	 0.23±0.08	 0.32±0.08	 3.75±0.18
Pulp3,a	 0.11±0.01	 3.53±0.08	 1.08±0.09	 0.27±0.10	 0.40±0.10	 4.23±0.23
Peels1,a	 0.90±0.04	 15.94±0.75	 5.39±0.05	 0.04±0.01	 0.06±0.02	 1.08±0.19
Peels2,a	 0.53±0.07	 11.31±0.80	 4.09±0.08	 0.12±0.03	 0.18±0.03	 1.21±0.08
Peels3,a	 0.38±0.01	 7.98±0.39	 1.99±0.10	 0.21±0.08	 0.26±0.08	 2.38±0.10
Leaves1,a	 0.39±0.06	 9.03±0.42	 1.70±0.02	 0.19±0.06	 0.18±0.06	 2.85±0.20
Leaves2,a	 0.58±0.04	 11.07±0.19	 3.24±0.07	 0.13±0.04	 0.23±0.04	 1.97±0.15
Leaves3,a	 0.63±0.06	 12.48±0.51	 4.43±0.10	 0.10±0.03	 0.29±0.03	 1.32±0.16

1Water; 2Water/ethanol 50/50 (v/v); 3Ethanol.
aHot continuous extraction.
*μmol of gallic acid equivalent per 1 g of matrix; **μmol of catechin equivalent per 1 g of matrix.
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methods could be equally useful for assessing 
antioxidant activities of natural extracts at phys-
iological pH and where colour interference is not 
significant. It has been reported that the effect 
of antioxidants on both DPPH and ABTS radical 
scavenging is related with their hydrogen-donat-
ing ability but, while DPPH is a useful reagent 
for the evaluation of antioxidant properties of 
compounds in organic media, the ABTS radical 
is widely applied to test food and natural water-
soluble phenolics. Moreover, poor selectivity of 
ABTS in the reaction with H-atom donors is con-
sidered a limitation of the method as it reacts 
with any hydroxylated aromatics independent-
ly of their real antioxidative potential. In con-
trast, DPPH is more selective as it does not re-
act with flavonoids, which contain no OH-groups 
in B-ring as well as with aromatic acids contain-
ing only one OH-group. Data shown in Table 2 
seem to indicate hydrophilic features of com-
pounds extracted from peel and pulp samples. 

On the contrary, water leaf extract seem to scav-
enge ABTS radicals better than the correspond-
ing alcoholic extract, in contrast with DPPH as-
say results. These differences can be ascribed 
either to different phenols distribution in the di-
verse solvent mixtures or, if the extracts should 
contain the same phenols, to their different an-
tioxidant action in relation with the environment. 
In fact, according to FINOTTI and DI MAJO (2003), 
all Citrus flavonoids have an antioxidant action 
in a hydrophilic environment while, in a lipo-
philic environment, some molecules (neohesper-
idin, hesperetin, didymin and isosakuranetin) 
show a reduced antioxidant capacity, and oth-
er (naringin, narirutin, naringenin, neoerioci-
trin, heridictyol invert their behavior, becoming 
pro-oxidants. All extracts were also able to in-
hibit the discoloration of β-carotene. The results 
(Fig. 1 G-I) of effect of the samples on the auto-
oxidation of linoleic acid are shown in Table 2. 
With a view to rationalizing the antioxidant po-

Fig. 1 - Scavenging activity against DPPH radical, ABTS radical and linoleic acid- β-carotene assays of Mapo Tangelo pulp 
(A, D, G), peels (B, E, H) and leaves (C, F, I) extracts with water (◆), ethanol (▲) and water/ethanol 50/50 (v/v) mixture (■).
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tential of the extracts in terms of their phyto-
phenolic constituents, linear regression plots 
were generated (Fig. 2). A strong correlation be-
tween total phenols and antioxidant capacity ex-
tracts was noted (TAC, R2 = 0.9895; DPPH, R2 = 
0.9798; β-carotene, R2 = 0.8337) except for ABTS 
(R2 = 0.6254). It has been demonstrated that 
ABTS and DPPH assays, even though they be-
long to the hydrogen atom transfer rather than 
electron transfer type of antioxidant tests, may 
yield different results, in relation with their in-
dividual mechanisms and kinetics of radical in-
activation as well as with the solvent used for 
extraction. Extracts with the highest phenolic 
contents had the highest antioxidant potential 
in all assayed systems, whilst extracts charac-
terised by low total phenolic levels exhibited poor 

antioxidant capacities as already reported by 
other studies (GORINSTEIN et al. 2004b; RAMFUL 
et al., 2011; RAPISARDA et al., 1999) thus sug-
gesting that the antioxidant activity of the cit-
rus extracts is not likely to be ascribed to the 
property of an individual compound but rather 
to the synergistic actions of several phytochem-
icals. The flavonoid levels also showed good 
influence on the antioxidant capacities of the ex-
tracts in all antioxidative systems as evidenced 
by the correlation coefficient values (TAC, R2 = 
0.9786; DPPH, R2 = 0.9634; β-carotene, R2 = 
0.8288) (Fig. 2). Once again, moderate correla-
tion was found for ABTS (R2 = 0.6619). Finally, 
Fig. 2 also shows high correlations between 
ascorbic acid levels and antioxidant capacity of 
the extracts (TAC, R2 = 0.8882; DPPH, R2 = 

Fig. 2 - Linear regression plots of IC50 values of scavenging activity against DPPH and ABTS radicals and linoleic acid-β-
carotene assays with respect to total phenols, flavonoids, ascorbic acid contents and total antioxidant activity of Mapo Tan-
gelo pulp, peels and levees extract.
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0.9458; β-carotene, R2 = 0.8145, ABTS, R2 = 
0.4363) supporting previous findings of Gard-
ner et al. (2000) and Sánchez-Moreno et al. 
(2003). On the other hand, several studies do 
not support these results, assessing that ascor-
bic acid contribution to antioxidant activity is 
small as phenolics of fruits are more active an-
tioxidants than ascorbate and thus considering 
vitamin C a minor component compared with 
the free phenols of fruits (RAPISARDA et al., 1999; 
RAMFUL et al., 2010; RAMFUL et al., 2011).

In conclusion this study this study evaluated 
the antioxidant potentials of pulp, peel and leaf 
extracts of Mapo Tangelo fruit. After the optimi-
zation of the extraction parameters, it was found 
that tissues generally contain more antioxidant 
compounds than pulp. These results have been 
confirmed by the antioxidant activities of the 
samples measured by three independent meth-
ods (DPPH assay, ABTS assay and β-carotene 
bleaching test). Obtained data showed that high 
total phenols content increases antioxidant ac-
tivity and there is a linear correlation between 
the concentrations of phenols, flavonoids and 
ascorbic acid and the antioxidant activity. Con-
sidering the nutritional importance of the sub-
ject, further studies should be accomplished on 
the isolation and characterisation of individual 
compounds in Mapo Tangelo fruit and tissues 
to elucidate their different antioxidant mecha-
nisms and the existence of possible synergism 
among them.
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Abstract

The study provides original data on quality attributes and nutritional profile of organic and con-
ventional kiwifruit grown in Italy (Lazio region). Data on macronutrients (protein, lipid, carbohy-
drate) total dietary fiber, minerals, trace elements, organic acids (citric, malic, oxalic) and bioactive 
molecules including ascorbic acid, carotenoids (lutein and β-carotene), tocopherols (α-tocopherol, 
γ-tocopherol, γ-tocotrienol) content are reported.Organic orchards displayed a lower yield but high-
er fruit performances (flesh firmness, dry matter, soluble solids) than conventional ones. Ascorbic 
acid content was significantly higher in organic kiwifruit (66 mg/100 g) than in conventional one 
(53 mg/100 g). Both lutein and β-carotene content was higher in organic kiwifruit than in con-
ventional one. No significant differences in tocopherol content between cultivation systems were 
observed. Antioxidant activity was significantly higher (p <0.001) in organic than in conventional 
fruit mirroring the trend reported for ascorbic acid.

mailto:lombardiboccia%40inran.it?subject=
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INTRODUCTION

The cultivation of kiwifruit [Actinidia delicio-
sa, (A. Chev.) C.F. Liang et A.R. Ferguson var. 
deliciosa, cultivar Hayward] is spread through-
out the world. Since the early ‘60s, when kiwi 
began to be cultivated in Italy, the cultivation of 
this fruit increased steadily, so far Italy has be-
come the world’s largest producer of Kiwifruit 
(TESTOLIN and FERGUSON, 2009). Kiwifruit is 
extensively grown in central Italy (Lazio region), 
about 37% of the Italian kiwifruit production 
is in the Lazio region that is about 10% of the 
world’s production (TESTOLIN and FERGUSON, 
2009). The high quality of kiwifruit grown in this 
area has led to the designation of Protected Ge-
ographical Indication (PGI) to the “Kiwi Latina” 
by the European Union (EU) since 2004. About 
10% of the PGI kiwifruit orchards are cultivated 
according to organic agricultural practice, this 
geographical area indeed has favourable envi-
ronmental conditions suitable to kiwifruit culti-
vation, this makes easier to apply low input cul-
tivation systems.The physico-chemical features 
(BELTRAMO et al., 2007) and the nutritional qual-
ity in relation to vine training system and geno-
type (D’EVOLI et al., 2009) of conventional kiwi-
fruit in the Lazio region (area of PGI “Kiwi Lati-
na”) have already been described. By contrast 
few comparative studies dealing with the post-
harvest quality of organic and conventional ki-
wifruit are available (HASEY et al. 1997; BENGE 
et al. 2000; AMODIO et al. 2007), but no data de-
scribing the nutritional quality of organic kiwi-
fruit in the PGI “Kiwi Latina”area are available.

This study was designed to assess the phys-
icochemical characteristics (weight, firmness, 
soluble solids, and titrable acidity) and the nu-
tritional quality of organic and conventional ki-
wifruit (cv Hayward) grown in the same pedocli-
matic condition: the orchards were in Cori lo-
cality in the“Kiwi Latina” PGI area. Fruit were 
analysed for their compositive profile, including 
macronutrients, total dietary fiber, minerals and 
trace elements, organic acids (citric, malic) and 
oxalic acid content. Furthermore, the concen-
tration of bioactive molecules like ascorbic acid, 
carotenoids (lutein and β-carotene), tocopherols 
(α-tocopherol, γ-tocopherol, γ-tocotrienol) was 
quantified. Kiwifruits from both cultivation sys-
tems were also evaluated for the expression of 
their antioxidant activity.

MATERIALS AND METHODS

Vine and orchard characteristics 
and management

The study was carried out in two neighbour-
ing farms growing with organic and conventional 
kiwifruit orchards in the PGI “Kiwi Latina” area 
(Cori). The area is suitable for the cultivation 

of kiwifruit because the climate is mild (frost is 
rare during spring and autumn) and tempera-
tures during winter are never dangerous for the 
vines. Yearly rainfall ranges from 800 to 1,200 
mm. The wind speed is rarely dangerous. Soils 
of both orchards had a clay texture, pH around 
neutrality, limestone in trace amount, about 
2.7% organic matter and medium-high nutri-
ent (N, K, P, Mg, Ca, Fe) content. Both organic 
and conventional orchards consisted of mature 
vines of the cv Hayward, with cv Matua as pol-
lenizer (500 vines/ha). Vines were trained to the 
pergola system. In both orchards, vines were ir-
rigated with a drip irrigation system, ensuring 
full resupplying of evapo-transpired water (etc.). 
Cultural practices differed for the kind of fertilis-
ers used (chemical fertilizers in the convention-
al orchard and organic fertilizer in the organic 
one) and for the use of “Dormex” (hydrogen cy-
anamide), to enhance bud breakingin the con-
ventional cultivation system.

Harvesting and post-harvest storage 
of kiwifruit

At harvesting (end of October), the yield (t/
ha) was estimated from the actual crop produc-
tion and recorded when the fruit soluble sol-
ids content was around 7°Brix. Fruit was im-
mediately stored in normal atmosphere at T = 
0°±0.5°C and RH > 90% for about 5 months. Ki-
wifruit were than sampled following the outlines 
of GREENFIELD and SOUTHGATE (2003). About 
5 kg of fruit from each orchard were transport-
ed to the laboratory, equal amount of defect-free 
kiwifruit were randomly grouped into 4 batches 
per orchard. Each batch was homogenized and 
aliquots were taken for subsequent analyses.

Fruit weight, flesh firmness 
and soluble solids content

Fruit weight was determined by weighing 100 
fruits per orchard. Fruit flesh firmness was de-
termined on 100 fruits per orchard with a hand-
held penetrometer (Effe.gi, Ravenna, Italy) with 
an 8 mm plunger, after removal of about 1 cm2 
of skin. The same fruits were used to determine 
the soluble solids content, as °Brix, by taking 
a juice sample from the equatorial part of each 
fruit using a hand-held refractometer (Model M, 
Atago, Japan). Fruit dry matter content was de-
termined on 40 fruits by drying them at 105°C 
in a forced air oven to constant weight (AOAC, 
1996).

Preparation of a fruit powder

Fruit powder was prepared for titratable acid-
ity, carbohydrates, and organic acids analyses. 
Four samples per orchard were prepared, each 
composed of sub-samples (segments) of 8 fruits: 
hairs and skin were removed by scraping the 
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surface of each fruit with a sharp knife, then a 
segment representative of all the fruit tissues 
(outer and inner pericarp and columella) was re-
moved from each fruit and rapidly frozen in liq-
uid N2. Samples were stored at -80°C. The fro-
zen samples were ground to a fine powder under 
liquid N2 (nitrogen powder) in a pre-cooled mor-
tar and stored at -80°C until analysis.

Titratable acidity

Five grams of fruit powder were dissolved in 
10 mL of distilled water. Titratable acidity was 
determined by titrating the solution with 0.1 N 
NaOH to pH 8.2. Results are expressed as g of 
citric acid per kg of fruit.

Proximate analysis

Moisture, protein, lipid and ash were deter-
mined according to AOAC methods (1996). The 
analyses were carried out on triplicate.

Carbohydrates and starch

Fifty mg of the fruit powder were extracted as 
described by FAMIANI et al. (2009), centrifuged 
and the supernatant analysed for glucose, fruc-
tose and sucrose content as described by JONES 
et al. (1977). The pellet, containing starch, was 
re-suspended and processed as described by AN-
TOGNOZZI et al. (1996) to completely hydrolyse 
the starch to glucose. 

Total dietary fiber

Total dietary fiber was determined following 
the method of PROSKY et al. (1988). The analy-
ses were carried out on triplicate.

Oxalic acid

One hundred mg of fruit powder were extract-
ed in 1.5 mL of distilled water. Samples were 
then processed as described by PROIETTI et al. 
(2009) to extract both soluble and insoluble ox-
alic acid. Oxalic acid was determined following 
the method of BEUTLER et al. (1980).

Citric and malic acids

Citric and malic acid content was determined 
in the fruit extracts used to determine the solu-
ble sugars content, by the enzyme-coupled spec-
trophotometric method described by LOWRY and 
PASSONNEAU (1972).

Ascorbic acid

Ascorbic acid was quantified according to 
the method of VALLS et al. (2002) by HPLC on 
an Alltima NH2 column (0.46x25 cm, Alltech) at 
248 nanometers with a photodiode array detec-

tor (HPLC/PDA) referring to the ascorbic acid 
standard calibration curve. 

Minerals and trace elements

Minerals (Ca, Mg, Na, K, P) and trace ele-
ments (Fe, Zn, Cu, Mn) content was determined 
by ICP-Plasma (Optima 3200XL - Perkin-Elm-
er) following liquid ashing (4 mL HNO3+1 mL 
H2O2) of the samples in a microwave digestion 
system (Milestone, 1200 Mega). Standard Refer-
ence Materials:Mixed diet (NBS 8431, National 
Bureau of Standards, Gathersburg, MD 20899) 
and Wholemeal flour (BCR 189, Community Bu-
reau of Reference, Brussels) were analysed as a 
check on the accuracy of the analysis.

Carotenoids

β-carotene and lutein were extracted and 
quantified by HPLC following the method of SEY-
BOLD et al. (2004).

Tocopherols

α-tocopherol, γ-tocopherol, γ-tocotrienol were 
extracted and quantified using a HPLC/fluo-
rescence detector as described by BALTZ et al. 
(1992).

Antioxidant activity

Kiwifruit crude extracts were prepared as de-
scribed by MEYERS et al. (2003) and their anti-
oxidant activity determined by FRAP assay (BEN-
ZIE and STRAIN, 1996). Results are expressed 
as mmol Trolox equivalent (TE) kg. 

Statistics

Data are reported as the Mean±Standard De-
viation of at least three analyses. Organic and 
conventional kiwifruits were compared by means 
of Student’st-test.

RESULTS AND DISCUSSION

Yield, physico-chemical characteristics and 
kiwifruit compositional profile of both organ-
ic and conventional orchards are reported in 
Table 1. The organic orchards showed a low-
er yield compared to the conventional one: 17.0 
vs 33.5 t ha-1 (Table 1). The lower yield exhibit-
ed by organic orchard may be attributed to the 
restriction in the use of agronomical inputs in 
this cultivation. Indeed, in the present study the 
use of Dormex in conventional orchard (not al-
lowed in organic cultivation) probably improved 
fruit production by increasing bud-breaking (IN-
GLESE et al., 1998). A lower yield of organic ki-
wifruit orchard was already observed by AMO-
DIO et al. (2007). Organic kiwifruit showed flesh 
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firmness, soluble solids and titratable acidity 
significantly higher than conventional one (Ta-
ble 1). AMODIO et al. (2007) found in organic ki-
wifruit a soluble solids content similar to that 
found in this study, on the other hand previous 
studies (HASEY et al., 1997; BENGE et al., 2000; 
AMODIO et al., 2007) did not find differences in 
flesh firmness between organic and convention-
al kiwifruit. Fruit firmness can be affected by 
several factors, such as fertilization (JOHNSON 
et al., 1997), light exposure (ANTOGNOZZI et al., 
1995), calcium content (FRANCESCHI and NAKA-
TA, 2005) and dry matter content (FAMIANI et al., 
2012). The highest flesh firmness showed by or-
ganic kiwifruit could be due to the lower mois-
ture content compared to the conventional one 
(Table 1) and to the better lightening as a result 
of lower bud-breaking with a consequent lower 
number of shoots/vine due to the restriction in 
Dormex use. Flesh firmness is also considered 
an index of fruits storability, value over 2.5 N en-
sures higher fruit quality during storage. Thus 
our data (Table 1) indicate a high quality of PGI 
kiwi Latina in terms of storability.

Macronutrients profile of kiwifruit is report-
ed in Table 1. Moisture content was significant-
ly lower (p<0.001) in organic kiwifruit compared 
to the organic one. Several studies have already 

confirmed a trend toward a low moisture con-
tent with a concomitant higher nutrient content 
in organic products (WORTINGTON et al., 2001; 
BOURNE and PRESCOTT, 2002). No significant 
differences in ash, protein, lipid, total dietary 
fiber content between organic and convention-
al kiwifruit were detected (Table 1). Conversely, 
carbohydrate content was significantly higher 
(p<0.05) in the organic kiwifruit: glucose, fruc-
tose and sucrose content was significantly high-
er (p<0.05) compared to the conventional ones 
(Table 1). AMODIO et al. (2007) did not find dif-
ferences in simple sugar content between or-
ganic and conventional kiwifruit. Starch con-
tent was very low, indicating the ripened stage of 
the fruit after 5 months of storage (Table 1). To-
tal dietary fiber content was similar in kiwifruit 
of both the cultivation systems (Table 1).Oxal-
ic acid content in organic kiwifruit was reported 
for the first time in this study. Oxalic acid and 
its soluble and insoluble forms, were detected 
in very low amount in both organic and conven-
tional kiwifruit with the insoluble form detected 
in much higher amount than the soluble form 
(Table 1). Therefore at the end of storage oxalic 
acid, especially the soluble form, do not adverse-
ly affect the quality of the fruit. Among organ-
ic acids, citric acid content was similar in both 
organic and conventional fruit, whereas malic 
acid content was significantly higher (p<0.05) in 
the organic fruit (Table 1). AMODIO et al. (2007) 
did not find differences in both citric and malic 
acids content between organic and convention-
al kiwifruit. Ascorbic acid content in organic ki-
wifruit was significantly higher (p<0.05) than in 
conventional fruit (66 vs 53 mg/100 g) (Table 1). 
The data reported in this study about the ascor-
bic acid content in conventional kiwifruit were 
in the range already reported in other studies 
(LEONG and SHUI, 2002; NISHIYAMA et al., 2004; 
DU et al., 2009; D’EVOLI et al., 2009). In this 
study ascorbic acid appears to follow the trend 
of sugar content, in particular of glucose, which 
represents an important sugar of the metabol-
ic pathway of ascorbic acid synthesis (LOEWUS, 
1999). A number of organically grown fruit spe-
cies have been found to contain higher amount 
of ascorbic acid compared to the conventional 
ones (WHORTINGTON, 2001; AMODIO et al., 2007; 
DUARTE et al., 2010). The use of ‘compost’ (rich 
in organic not easily available nitrogen) as a soil 
supplement has been shown to enhance ascor-
bic acid synthesis in organic fruit compared to 
those produced conventionally (ASAMI et al., 
2003; WANG and LIN, 2003), probably because 
it induces plants to first synthesize non-nitro-
gen-containing compounds. No significant dif-
ferences in minerals and trace elements content 
between organic and conventional kiwifruit were 
observed (Table 2). Among carotenoids only lute-
in and β-carotene were detectable (Fig. 1). Lutein 
was the most abundant carotenoids in kiwifruit, 
its content in organic fruit was 0.19 mg/100 g, 

Table 1 - Yield, physiso-chemical characteristics, macronu-
trients, starch, total dietary fiber, oxalic acid, organic acids, 
of organic and conventional kiwifruit (fresh weight).

	 Cori orchards

	 Organic	 Conventional
	 M±SD	 M±SD

Yield	 t ha-1	 17.0	 33.5
Fruit weight	 g	 104±20	 102±13
Flesh firmness	 N	 36±8a	 28±9b
SSC	 °Brix	 13.8±1.3a	 12.7±0.4b
Titratable acidit	 mg/100 g	 1.29±0.1a 	 1.18±0.04b
Moisture 	 mg/100 g	 84±0.4a	 86±0.2b
Ash	 mg/100 g	 0.8±0.09a	 0.7±0.04a
Protein	 mg/100 g	 0.9±0.1a	 0.9±0.08a
Lipid	 mg/100 g	 0.1±0.01a	 0.1±0.01a
Carbohydrates	 g/100g	 11±0.4a	 10±0.2b
Glucose	 g/100 g	 5±0.3a	 4±0.1b
Fructose 	 g/100 g	 5±0.3a	 4±0.1b
Sucrose	 g/100 g	 1±0.1a	 1±0.04 b
Starch	 mg/100 g	 0.07±0.02a	 0.04±0.02b
Total diet. fiber	 mg/100 g	 2.4±0.1a	 2.4±0.2a
Oxalic acid 	 mg/100 g	 8.5±0.2a 	 8.5±1.6a 
Soluble	 mg/100 g	 1.2±0.8a	 1.8±0.6a 
Insoluble	 mg/100 g	 7.4±1.8a	 6.6±1.6a

Organic acids
Citric acid	 mg/100 g	 1.4.±0.1a	 1.2±0.2b
Malic acid	 mg/100 g	 0.3.±0.03a	 0.2±0.02b
Ascorbic acid	 mg/100 g	 66±1.1a	 53±1.2b

Values are the M±SD of three determinations.
Values followed by  different letters are significantly different (a vs b p<0.05)
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a slightly lower amount was detected in conven-
tional fruit (0.16 mg/100 g). β-carotene content 
was 0.05 mg/100 g in the organic fruit, a sig-
nificantly higher amount (p<0.05) compared to 
that found in the conventional one (0.04 mg/100 
g) (Fig. 1). Previous studies reported a carote-
noids content in kiwifruit similar to that found 
in this study (CANO, 1991; D’EVOLI et al., 2009), 
by contrast higher values were found by NISHIY-
AMA (2007); on the other hand a large variation 
especially in lutein content in fruit was known 
(HART and SCOTT, 1995). No differences in to-
copherols content between organic and conven-
tional kiwifruit were found (Fig. 2). Among toco-
pherols, α-tocopherol was the most represented 
(0.8 mg/100 g in both cultivations) followed by 
γ-tocotrienol (average 0.12 mg/100 g in both cul-
tivations) and γ-tocopherol (average 0.04 mg/100 
g in both cultivations) (Fig. 2). Finally, kiwifruit 
was also analyzed for expression of the antiox-
idant activity, measured in the hydrophilic ex-
tracts of the fruit as FRAP (mmol Trolox/100 g). 
The antioxidant activity expressed by organic 
fruit was significantly higher (p<0.001) than that 
of the conventional fruit (0.62 and 0.51 mmol 
Trolox/100 g, respectively) (Fig. 3). The differ-
ences in antioxidant activity observed in the two 
cultivation systems mirrored the trend report-
ed for their respective ascorbic acid content (Ta-
ble 1). Previous studies (DU et al., 2009; PARK et 
al., 2011) carried out on several Actinidia geno-
types already highlighted a high direct correla-
tion between antioxidant activity and both vita-
min C and polyphenols content.

CONCLUSION

In this study a direct comparison of the nu-
tritional quality of organic and conventional ki-
wifruit has been possible because both the cul-
tivations were carried out in the same locality; 
this allowed the effect of the pedoclimatic condi-

Table 2 - Minerals and Trace Elements content in organic 
and conventional kiwifruit (f.w.).

	 Cori orchard

	 Organic	 Conventional
	 M±SD	 M±SD

Ca	 mg/100 g	 23±1.8	 21±4.3
P	 mg/100 g	 25±2.9	 25±1.8	
Na	 mg/100 g	 4.2±1.4	 4.2±0.4
Mg	 mg/100 g	 12.5±0.5	 11.4±1.0
K	 mg/100 g	 281±11	 257±11	
Fe	 mg/100 g	 0.23±0.4	 0.19±0.02
Zn	 mg/100 g	 0.08±0.003	 0.07±0.003
Mn	 mg/100 g	 0.04±0.003	 0.03±0.004
Cu	 mg/100 g	 0.13±0.003	 0.14±0.002

Values are the M±SD of three determinations. 
No differences between means were observed.

Fig. 1 - Lutein and β-carotene contents in organic and con-
ventional kiwifruit.

Fig. 2 - Tocopherol contents in organic and convention-
al kiwifruit.

tions to be overcome. Our findings suggest that 
organic cropping system enhances the quali-
tative properties of kiwifruit and its storabili-
ty. The nutritional traits of the kiwifruit ana-
lyzed in this study indicate that this fruit is an 
excellent vehicle in the diet of many bioactive 
molecules (e.g. ascorbic acid, carotenoids, to-
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copherols). In particular the results confirmed 
that kiwifruit is among the fruits with the high-
est content of lutein and, furthermore, its daily 
consumption would provide an adequate vita-
min C intake, consistent with the Recommend-
ed Dietary Allowance (LARN, 1996). The antioxi-
dant activity of fruit is highly dependent on the 
biological activity of a number of molecules in 
foods. In this study the antioxidant activity was 
measured in the hydrophilic extracts of kiwifruit, 
ascorbic acid mostly contributed the highest an-
tioxidant activity expressed by organic fruit com-
pared to the conventional one, thus represent-
ing the most important nutritionally active frac-
tion of kiwifruit.

Indeed fruit is an important part of the daily 
human diet and its consumption plays an im-
portant role in the prevention of chronic-degen-
erative diseases (RIBOLI and NORAT, 2003). The 
knowledge of the phytochemical profile in fruit 
can be an important tool either from an agro-
nomic point of view, in order to obtain more val-
uable productions (the management of crops, 
the choice of the genotype, are all factors that 
can influence the accumulation bioactive mol-
ecules), or from a nutritional point of view be-
cause it provides reliable information to better 
understand the relationship between diet com-
position and the risk of disorders of recognized 
nutritional etiology, allowing to plan strategies 
to achieve the recommended dietary intake of 
molecules important to health.
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Physico-Chemical, Microbiological, Rheological and Sensorial Properties of Set-Type Yoghurt 
Produced with Different Origin Wild Lactobacillus delbrueckii ssp. Bulgaricus and Streptococcus 
Thermophilus Strains
O. Yerlikaya, A. Akpinar and S. Kilic

Film Type and MAP on cv. Himbo Top Raspberry Fruit Quality, Composition and Volatiles
C. Peano, V. Girgenti, A. Palma, E. Fontanella and N.R. Giuggioli

Italian-Type Salami with Propolis as Antioxidant
S. Bernardi, C.S. Favaro-Trindade, M.A. Trindade, J.C.C. Balieiro and A.D. Cavenaghi

Table Olive Consumption by Socioeconomic and Demographic Groups of Consumers in Turkey
E.I. Tumer

Microbiological Quality of Leafy Green Vegetables Sold in the Local Market of Saudi Arabia
M. Al-Holy, T. Osaili, S. El-Sayed, E. AlShammari and I. Ashankyty

Antioxidant Activity and Biochemical Variation Among Juices of Different Genotypes of Sugarcane
S.R. Abbas, S.M. Sabir, S.D. Ahmad, A. Zulfiqar, A. Wajid, A. Hamid, A. Batool and M.R. Abbas

The Influence of Temperature and Storage Time on Cantaloupe Melons Physico-Chemical Quality
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