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AbstrAct

the Hazard Analysis and critical control Point (HAccP) is a preventive system that intends 
to guarantee the safety and harmlessness of food. It improves the quality of products as it elim-
inates possible defects during the process, and saves costs by practically eliminating final prod-
uct inspection. this work describes the typical hazards encountered on the mushroom process-
ing line for fresh consumption. throughout the process, only the reception stage of mushrooms 
has been considered a critical control point (ccP). the main hazards at this stage were: the pres-
ence of unauthorised phytosanitary products; larger doses of such products than those permit-
ted; the presence of pathogenic bacteria or thermo-stable enterotoxins. Putting into practice such 
knowledge would provide any industry that processes mushrooms for fresh consumption with a 
self-control HAccP-based system for its own productions.
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INtrODUctION

the Hazard Analysis and critical control 
Point (HAccP) is a preventive system that in-
tends to guarantee food safety, identify the spe-
cific hazards associated with food or beverages, 
and establish the control systems which cen-
tre on prevention and not on the final prod-
uct test (EEc, 1993). this system is based on 
principles which have been well defined inter-
nationally to offer firms a more detailed and 
systematic control over their various produc-
tion stages and processes so they make bet-
ter use of their often limited resources, and re-
spond more swiftly and efficiently to possible 
contingencies. besides, HAccP is an ongoing 
system that helps face new hazards originat-
ing from emerging pathogens and food toxic 
infections as a result of changes in and forms 
of consumption.

the HAccP system may be applied along 
the whole food chain, that is, from acquiring 
raw materials, to the production, distribution, 
sale and consumption of the product (WAtsON, 
1994). Apart from improving food safety, this 
system may offer other significant advantages, 
such as facilitating the inspections made by 
the regulatory organisations, cutting losses in 
the final product (eliminating the causes that 
alter them), and promoting international com-
merce by increasing the trust in food safety.

basically owing to fierce competition and 
lower prices, a generalised drop in production 
in all the countries of the European mushroom 
sector took place in 2003. today, the sector is 
being restructured given the entrance of new 
countries like Poland, currently one of the 
largest mushroom-producing countries, and 
Hungary. European production is present-
ly around 1,260,000 t of mushrooms (AsAJA, 
2007). traditional processing countries like 
the Netherlands, France and spain are being 
affected by imports from china. both Poland 
and china have rapidly entered foreign mar-
kets in recent years, and have seriously affect-
ed spanish exports. therefore, producers are 
concerned about the possibility of the Europe-
an commission considering increased market 
quotas; that is, basically authorising imports 
from china. therefore, implementing the HAc-
cP system in this type of industries intends to 
both improve the quality of their products con-
siderably and increase customer satisfaction 
and food safety by improving the firms’ image 
and boosting their competitiveness by facili-
tating the possibility of opening new markets 
at the same time.

spanish mushroom production increased 
until 2001, but has practically stabilised since 
then. spain, presently with an approximate 
production of 165,000 t, is Europe’s fourth 
mushroom-producing country behind the 
Netherlands, Poland and France and followed 

by Italy (FAOstAt, 2007). spain’s production 
is divided between two main areas: La rioja 
and castilla-la Mancha. there are other pro-
duction centres scattered around different 
spanish regions, but collectively they repre-
sent only 2% of spanish production.

the main objective of this work is the imple-
mentation of the HAccP system in the mush-
room processing line for fresh consumption. 
It will allow mushroom factories to design and 
implement a self-control system for their own 
productions. this objective would greatly fa-
cilitate official control tasks and offer a much 
more complete and objective vision of what ac-
tually takes place in the industry.

MAtErIALs AND MEtHODs

this work has been the result of the imple-
mentation of the HAccP system in the mush-
room processing line for fresh consumption 
in different factories in La Manchuela (castil-
la-la Mancha, spain). the first step involved 
the collection of information about the proc-
ess and the physico-chemical and microbio-
logical characteristics of the raw material 
used. Information about instructions on us-
age, and transport and storage conditions was 
also sought.

One important step in the methodology fol-
lowed has been the design of a flow diagram 
showing the complete production process (Fig. 
1). After designing, reviewing and checking 
this diagram, each stage of the process was re-
viewed to search for possible hazards (biolog-
ical, physical or chemical) which may endan-
ger food safety.

Having defined any hazards encountered, we 
then defined the possible preventive measures 
to mitigate or even eliminate the hazard. After-
wards, the critical control points (ccPs) were 
determined by means of a tree or sequence of 
decisions indicating the logical reasoning ap-
proach, as various International Organisations 
recommend (IcMsF, 1991; FAO, 2003).

When a stage is considered a ccP, the crit-
ical limits were established over or under 
which the process would be unacceptable. In 
order to detect these possible discrepancies, a 
monitoring or surveillance system was estab-
lished to set up the ccP-programmed meas-
urements or observations in relation to the 
critical limits.

then the specific correcting measures re-
quired for all the ccPs were drawn up to 
face the possible deviations which could take 
place.

Finally, a documentation and recording sys-
tem was set up to document all the HAccP sys-
tem procedures, along with all the records that 
had to be registered to implement the HAccP 
system correctly.
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rEsULts AND DIscUssION

In this section the flow chart of the process 
(Fig. 1) is explained from the reception of auxilia-
ry material to the dispatch of the finished prod-
uct in accordance with the scope of the study 
and always on the basis of the real process ob-
served in the various mushroom-processing fac-
tories for fresh consumption analysed.

table 1 summarises the hazards analysis of 
the mushroom processing line for fresh con-
sumption. the foreseeable main hazards (micro-
biological, chemical and physical) are described 
for each stage, along with the preventive meas-
ures to be taken with a view to minimising or 
eliminating such hazards. this table also indi-
cates the stages that were considered ccPs af-
ter the decision tree was implemented. the an-
swers to the different questions raised on the 
decision tree for each stage, as well as the com-
ments explaining the reasons for not being in-
cluded as a ccP, are shown in table 2. the crit-
ical levels, monitoring system, including the fre-
quency of surveillance, corrective actions and 
records taken for each stage, are also described 
in the summary table.

Fig. 1 - Flow diagram of the mushroom processing line for 
fresh consumption.

stage 1. reception and storage 
of auxiliary material

the auxiliary material used to carry the mush-
rooms from the production plant to the process-
ing factory (boxes and pallets), and from this fac-
tory to the shops (trays, labels, plastic film, etc.) 
is received and subjected to a thorough visual 
inspection. Once this control has been passed, 
the auxiliary material can be stored in the stor-
age area.

Hazards: One of the main hazards of this stage 
will be accepting material that does not meet the 
requirements for use with food or the basic san-
itary standards.

Preventive measures: It will be necessary to 
officially approve the suppliers of the auxilia-
ry materials, which will involve defining pur-
chase specifications and demanding technical 
specifications for all the materials they supply. 
Prior to their official approval, visits will be or-
ganised to the suppliers to verify that they fulfil 
the necessary quality and hygiene regulations. 
Packaging should never be toxic, give off smells 
or flavours, or allow dyes to come into contact 
with the mushrooms, and should withstand be-
ing stacked.

critical control Point (ccP): this stage was 
not considered a ccP since the approval of sup-
pliers ensures compliance with the specifica-
tions laid down in royal Decree 397/1990 of 16 
March, which approves the general conditions 
of the materials used for food, apart from poly-
mers, as well as the hygienic quality of the ma-
terial received.

stage 2. reception of mushrooms

the mushrooms that arrive at the factory are 
unloaded and weighed in the reception room. 
Mushrooms are received mainly in bulk (in box-
es), although some may be received on trays. 
Mushrooms may be received without stalks, 
sliced or even placed on trays covered in plas-
tic film. Mushrooms must be picked when ma-
ture, when the stalk has become flexible and 
the whole mushroom is softer when touched. 
Mushrooms should always be picked before the 
velum covering the hymenium breaks. two box-
es of each batch will be selected randomly for 
the purpose of determining the sensory qual-
ity. A Quality committee will be in charge of 
the sample analysis, and will offer incentives 
or impose sanctions to the associates accord-
ing to several analysed parameters. Delivering 
mushrooms early in the morning, when tem-
peratures are as low as possible will be encour-
aged because the subsequent refrigeration of 
mushrooms is more effective. In this phase, all 
the batches received will be labelled in accord-
ance with the firm’s established tracking sys-
tem. Labels will include the date, time, weight 
and a reference corresponding to the associate’s 
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or farmer’s number. therefore, each batch will 
be identified with its farmer.

Hazards: the main hazard of this stage will 
be the presence of unauthorised phytosanitary 
products or in higher doses than those permit-
ted for the mushrooms received. In addition, the 
microbiological contamination of mushrooms 
must be taken into account due to a possible 
lack of hygiene in cultivation chambers and in 
compost. the main pathogens associated with 
fresh mushrooms are Clostridium botulinum, Es-
cherichia coli, Campylobacter jejuni, Samonel-
la sp. and Listeria monocytogenes (GONZÁLEZ-
FANDOs et al., 2001; sAMADPOUr et al., 2006; 
cHIKtHIMMAH et al., 2007; KOrstEN, 2008). 
Deterioration caused by microbials after har-
vest are due to bacterial growth, mainly the ge-
nus Pseudomonas, which generates bacterial 
stains and also influences carpophore darken-
ing (sIMÓN, 2004; PEÑArANDA, 2008), although 
in this case, the hygienic quality of the mush-
rooms is not affected.

Preventive measures: the use of phytosani-
tary products containing certain non-registered 
or unauthorised active matter will be forbidden. 
similarly, all those recommendations or restric-
tions of use considered necessary to reduce res-
idue content in the harvested product will be in-
dicated (PArDO, 1994). to ensure suitable cul-
tivation and harvesting so that the product ar-
rives at the factory in safe conditions, the facto-
ry’s recommendations will be followed, with spe-
cial emphasis placed on the chambers and op-
erators’ hygiene. transport will be organised as 
quickly as possible in clean, disinfected and well-
ventilated vehicles to prevent microbial growth. 
In addition, exclusive transport for mushrooms 
will be used to avoid cross-contamination.

critical levels: the farmer must respect the 
doses and safety periods of the phytosanitary 
products employed so that any residue exceed-
ing the maximum residue limits set by legisla-
tion does not appear in the mushrooms. Farm-
ers must comply with the growing and harvest-
ing guidelines set by the firm as regards the 
hygiene of the cultivation chambers and oper-
ators. Good transport practices will be carried 
out and will be performed in the shortest possi-
ble time and under the appropriate hygiene con-
ditions. Furthermore, vehicles should transport 
only mushrooms.

Monitoring: the firm shall have a sampling 
plan to control the quality of the mushrooms re-
ceived, which includes monitoring the presence 
of toxic residues and pathogenic microorgan-
isms. the firm must ensure that the cultivation 
and transportation guidelines have been given to 
each partner, and must check that these guide-
lines are being followed by organising surprise 
visits to cultivators. During mushroom recep-
tion, the person in charge will verify that exclu-
sive transport for mushrooms was used and that 
the external appearance of the boxes is good.

corrective actions: Whenever the firm detects 
that a batch does not arrive in acceptable con-
ditions, this will be rejected or moved out of the 
way to seek the most appropriate solution; for 
example, sending such batches to the canning 
industry instead of using them for fresh con-
sumption. If this problem persists with a giv-
en associate, its official approval status may be 
withdrawn. In addition, the company will be in 
charge of emphasising that the farming associ-
ates must learn and comply with the firm’s farm-
ing, harvesting and transport guidelines.

records: records will be made on the delivery 
note of the associate/farmer’s number and lo-
cality, weight, and the date and time the batch 
was admitted, along with the sanitary state it 
arrives in after the person in charge has visual-
ly inspected it. All the phytosanitary products 
used by the farmer will be recorded, as will the 
results of the residues analysis done of the phy-
tosanitary products used. Any incidence occur-
ring and any corrective measures carried out 
when the batch arrives will also be recorded.

stage 3. cooling

Once the mushrooms have passed the visu-
al inspection to ensure their quality and weight, 
they will be placed inside the cooling chamber 
immediately to rapidly eliminate the heat they 
have absorbed in the cultivation chambers and 
to hold their oxidation (bUrtON et al., 1987). 
containers with mushrooms will be stacked in-
side these chambers and maintained at a tem-
perature of 2°-4°c. storage in a cool atmosphere 
will stop the ripening process and will prevent 
deterioration (sIMÓN, 2004). Nonetheless, low 
temperatures will dry mushrooms due to the 
effect of evaporation in a cold, dry atmosphere, 
which could worsen the quality of the mush-
rooms and lower their weight. therefore, refrig-
erated chambers require reliable modern humid-
ity-controlled systems to maintain a relative hu-
midity of 70-80%. cooling, apart from prolong-
ing the mushrooms’ life and helping them bet-
ter withstand subsequent handling, makes them 
more resistant to microbial contamination. the 
success of this stage depends on several factors: 
the time between picking mushrooms and cool-
ing, the type of transport container, the prod-
uct’s initial and final temperatures, the veloci-
ty or amount of cold air, the cleaning of the air 
or water to be used while lowering the temper-
ature in order to reduce the amount of decom-
posing microorganisms, and the maintenance of 
the recommended temperature after the cooling 
phase (PArDO et al., 2004).

chambers will consist in expanded poly-
urethane panels, powerful compressor fans, a 
sensor to determine the air temperature and 
sprinklers to maintain, and if necessary, to in-
crease the relative humidity of the product. 
there will be a control panel on the outside of 
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each chamber to observe the temperature and 
the relative humidity inside the chamber at all 
times. these chambers will be used for the ini-
tial cooling phase and for subsequent conserva-
tion purposes since the conditions under which 
the product will be maintained must be equal 
in both stages.

Hazards: One of the main hazards to emerge 
in this stage will be the microbial alteration to 
mushrooms caused by excessively high cooling 
temperatures. the hazard involving microbio-
logical alterations could also emerge owing to 
inadequately cleaned chambers.

Preventive measures: the first measure will 
consist in the preventive maintenance of the 
equipment used in the cooling chambers (fans, 
sprinklers, temperature sensors, etc.). A con-
stant temperature of 2°-4°c must be maintained, 
and the relative humidity of the product must re-
main between 70-80%. Likewise, it is essential to 
ensure that the cleaning and disinfection of the 
chambers is appropriate to avoid contamination.

critical control Point (ccP): this was not con-
sidered a ccP as the preventive maintenance 
of equipment and the cleaning and disinfection 
programmes applied to the cooling chambers 
will ensure the proper working of the refrigera-
tion equipment and the hygienic conditions in-
side the chambers, respectively.

stage 4. Dispatching to industries

Generally, the firm itself handles the mush-
rooms after the cooling phase to obtain the fi-
nal product (fresh mushrooms on trays). How-
ever in some cases, mushrooms could be sent 
to the canning industry before or after the han-
dling stage (cutting, calibrating, slicing, etc.). 
If dispatched to industries, mushrooms will be 
removed from the refrigerated chambers or the 
processing room to be loaded onto lorries in the 
docks located in the dispatch room. the temper-
ature in the transport vehicles could be some-
what higher, but should never exceed 10°c. How-
ever, it is preferable that the temperature inside 
these vehicles is the same as that inside the re-
frigerated chambers (2°-4°c) to avoid any dete-
rioration of the mushrooms.

Hazards: the main hazard of this phase will be 
the microbiological contamination of the mush-
rooms caused by the poor hygiene of the deliv-
ery facilities or the transport vehicles, and ex-
cessively high temperatures during transport.

Preventive measures: the dispatching area, 
the boxes and the refrigerated chambers of the 
transport vehicles will be kept in perfect hy-
giene-sanitary conditions by suitably applying 
the established cleaning and disinfection plan in 
each case. A suitable temperature will be main-
tained in the dispatching area, and special care 
will be taken to avoid temperatures in excess of 
12°c. Mushrooms will be left in this area for the 
shortest possible time to avoid their temperature 

dropping too low and any alterations to them. 
Another preventive measure in the refrigerated 
vehicle chambers will be to ensure the correct 
temperature (2°-4°c) and relative humidity (70-
80%) during transport.

critical control Point (ccP): this was not con-
sidered a ccP since the cleaning and disinfec-
tion program implemented will guarantee the hy-
giene of the dispatching area and vehicles, while 
preventive maintenance will ensure the proper 
working of refrigeration equipments.

stage 5. Handling (cutting, slicing, etc.)

In this stage, various operations will be car-
ried out depending on the final product needed:

- Whole mushrooms with stalks: mushrooms 
are placed directly into boxes and are trans-
ferred to the next area without further handling.

- Whole mushrooms without stalks: stalks are 
removed and mushrooms are placed onto trays.

- sliced mushrooms: mushrooms are sliced 
and placed onto trays.

- combinations of spring onions, asparagus, 
sliced mushrooms: mushrooms are sliced and 
combined with the other products to be placed 
onto trays.

All these operations are done manually by the 
firm’s manipulators. For these purposes, staff 
will use suitably sharpened stainless steel knives 
and cutters to ensure safe, perfect slices. Whole 
mushrooms must be calibrated before packing.

Hazards: the main hazard will be physical 
contamination caused by either the incorpora-
tion of metal traces from the knives and cutters 
used for removing stalks or for slicing, or the 
presence of foreign bodies or dirt on the working 
surfaces. Microbiological contamination caused 
by the manipulators’ poor hygiene or the unhy-
gienic conditions of the working surfaces will be 
another factor to bear in mind.

Preventive measures: the tools used for slic-
ing or cutting mushrooms must be kept in per-
fect conditions and need to be suitably sharp-
ened. the cleaning and disinfection plan for the 
handling area must be correctly carried out, 
particularly regarding working surfaces, and 
only authorised products for this purpose must 
be used. Knives and cutters will be disinfected 
at the start of each working day and each time 
a new batch of mushrooms is received for han-
dling. both the manipulators’ hygiene and han-
dling practices will be strictly fulfilled. the staff 
working in the handling area will wear a uni-
form comprising hygienic gloves, a white coat 
or working aprons, caps and, on specific occa-
sions, masks. All the handling staff members 
will receive the appropriate training and will be 
made aware of the importance of appropriate 
hygiene and sanitary handling. the tempera-
ture in the handling area will always be main-
tained at below or equal to 12°c to avoid mi-
crobial proliferation.
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critical control Point (ccP): this was not con-
sidered a ccP since the programme of preven-
tive maintenance of equipment and utensils will 
avoid any traces of metals coming into contact 
with the mushrooms. In addition, the cleaning 
and disinfection programmes and the good han-
dling and hygiene practices will prevent micro-
biological contamination.

stage 6. Placing products onto trays or 
into other types of packaging, and weighing

Processed mushrooms are placed onto pol-
ystyrene trays and weighed on stainless steel 
balances. Damaged and very dirty mushrooms 
shall be removed and replaced to reach the re-
quired weight. balances will be tared to exclude 
the weight of the tray from the product. Whole 
mushrooms that have not undergone handling 
will be received in this area in the boxes into 
which they were placed inside the refrigerated 
chambers. therefore, workers will need trays to 
place and weigh them.

Hazards: One of the hazards at this stage will 
be the presence of foreign objects among mush-
rooms that cause mechanical damage, or even 
chemical or microbiological contamination. In 
this stage, the product could be microbiologi-
cally contaminated due to the unsuitable hy-
giene of either the workers or the working sur-
faces that mushrooms come into contact with.

Preventive measures: the main preventive 
measure will be the application of the hygiene 
and good handling practices, and carrying out 
the established cleaning and disinfection plans. 
Another important preventive measure will in-
volve maintaining the temperature in this area 
at a maximum of 12°c to avoid or mitigate mi-
crobial proliferation.

critical control Point (ccP): this was not con-
sidered a ccP since the various programmes im-
plemented (good handling, hygiene and cleaning 
practices and disinfection) will avoid hazards.

stage 7. Adapting packagings 
(plastic protection)

In this stage, once the product has been 
placed on trays and weighed, it is transferred 
on a conveyor belt to the plasticising machine. 
Porous heat activating food film is used to facil-
itate the gas exchange and to avoid anaerobio-
sis conditions to prevent Clostridium botulinum 
from developing (sIMÓN, 2004).

Hazards: the main hazard at this stage will in-
volve the use of unadequate or non-porous plas-
tic film for food use, which can contaminate the 
mushrooms or enable pathogen formation of mi-
croorganisms like C. botulinum.

Preventive measures: the main preventive 
measure will consist in checking the validity of 
the transparent film used in accordance with 
the firm’s suppliers. the approval of this sup-

plier will ensure compliance with the terms of 
contract. For the purpose of reducing microbial 
proliferation, trays will be covered in plastic film 
immediately after being filled, and the tempera-
ture in the area will not exceed 12°c.

critical control Point (ccP): this was not con-
sidered a ccP since the approval of suppliers 
will ensure adequate film being used to meet 
the target objectives.

stage 8. Labelling

trays will leave the plasticising machine on a 
conveyor belt to be automatically transferred to 
the labelling machine. Labels will include details 
about the product, the commercial brand, the 
packing date, weight, conservation recommen-
dations, plus a code consisting in one number 
and one letter. the number will correspond to the 
associate or farmer who grew the mushrooms, 
while the letter will indicate the worker or group 
of workers who handled them. this enables the 
product to be controlled until it reaches the des-
tination market so it can be withdrawn should 
any problem be detected; it also helps identify 
its origin to help solve any problem earlier. La-
belled trays will move on the conveyor belt to a 
rotating table where one or several workers will 
inspect them. If satisfactory, they will be placed 
suitably into boxes to be taken immediately to 
the refrigerated chambers.

Hazards: the only hazard at this stage will be 
incorrect tray labelling because the labelling ma-
chine does not work properly.

Preventive measures: the preventive mainte-
nance programme for the labelling machine will 
be carried out.

critical control Point (ccP): this was not con-
sidered a ccP as the preventive maintenance of 
equipment will ensure the correct working of the 
labelling machine.

stage 9. refrigerated storage

the labelled trays are placed into boxes or con-
tainers, and are kept in refrigerated chambers 
to be dispatched as soon as possible.

Hazards: As in the cooling stage, one of the 
main hazards to emerge in this phase will be the 
microbial alteration of mushrooms due to exces-
sively high refrigeration temperatures. tempera-
ture fluctuations may cause water condensation 
on both the surface of the mushrooms and their 
packaging, which causes rotting. Another pos-
sible hazard will relate to breakages to packag-
ing if handled wrongly, which will consequent-
ly contaminate the product.

Preventive measures: the first measure will 
consist in the preventive maintenance pro-
gramme for the equipment inside the refriger-
ated chambers (fans, temperature sensors, etc.) 
to ensure a constant temperature of 2°-4°c. the 
workers’ good handling practices on the will pre-
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vent breakages to packaging, thus preventing 
subsequent microbial contamination.

critical control Point (ccP): this was not con-
sidered a ccP as the preventive maintenance 
programms for equipment and good handling 
practices will prevent inappropriate tempera-
tures and breakages to packaging, respectively.

stage 10. Dispatching

Once the product is ready, it will be dis-
patched for its commercialisation as soon as 
possible. It will be transported in refrigerated 
lorries at a temperature below 12°c at all times, 
even though they are normally offered for sale 
at room temperature when the cold chain ben-
efits are lost (FrOst et al., 1989). the process-
ing date and destination point will be checked 
before loading mushrooms onto lorries to fore-
see any replacements and control traceability.

Hazards: Packaging could become physical-
ly damaged as a result of bad handling practic-
es or inadequate transport, which could lead to 
product contamination. Another factor to con-
trol will be microbial proliferation caused by ex-
cessively high temperatures during transport.

Preventive measures: Operators’ good han-
dling practices in the dispatching room and dur-
ing transport will prevent breakages to trays and 
avoid consequent micobial contamination. Final 
products must be transported carefully to avoid 
mechanical damage to mushrooms, which could 
cause microbial contamination. the preventive 
maintenance of the refrigerated chambers on the 
vehicles will avoid inappropriate temperatures.

critical control Point (ccP): this was not con-
sidered a ccP as the preventive maintenance 
programmes for equipment and good handling 
practices will prevent inappropriate tempera-
tures and breakages to packaging, respectively.
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AbstrAct

beef tallow was interesterified with sunflower oil using immobilized lipase from Rhizomucor mie-
hei. the fats obtained were used as a fat base of the emulsions. selected physicochemical proper-
ties of fats obtained (the content of free fatty acids, the polar fraction content and oxidative stabili-
ty) were determined in the initial and modified fats. the emulsions with the interesterified fats (in-
teresterification in the presence of Lipozyme IM with 10 and 15% water in the preparation) showed 
high stability. For the emulsions containing noninteresterified fats and interesterified products, 
where the content of water in the preparation was 4%, the opposite dependence was observed.
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INtrODUctION

beef tallow has a characteristic composition 
of triacylglycerols which are responsible for 
such properties as a high melting point and 
high resistance to temperature. beef tallow is 
a source of fatty acids: stearic and palmitic ac-
ids. It is used in the cosmetic industry as a ma-
terial resource for creams or preparations de-
signed for children. In the food industry, it is 
used for edible purposes such as frying fats or 
shortenings. For technical purposes, beef tal-
low is used to obtain detergents and energy 
(fuel) (KOWALsKA et al., 2007; KOWALsKI et al., 
2004). It is one of the most important byprod-
ucts of the meat industry.

In Europe, alone annual production of beef tal-
low is over one million tons (GUNstONE, 2000). 
because of its high melting point and low lev-
el of unsaturated fatty acids (c18:2, c18:3) tal-
low practically cannot be directly used for edi-
ble purposes. For edible use, it has to be frac-
tionated and/or modified by interesterification 
with edible oils (bHAttAcHArYYA et al., 2000; 
rODrIGUEZ et al., 2001).

sunflower oil is a vegetable oil containing acid 
from the group of essential unsaturated fatty ac-
ids such as linoleic acid and also containing a 
significant quantity of oleic acid. this kind of fat 
is used in the food industry (as a component of 
“low trans” margarine and mayonnaise oils) and 
also in the cosmetic industry to produce prepa-
rations for the bath and as hair conditioners. It 
is obtained by extraction from Helianthus annu-
us seeds (KOWALsKI et al., 2004; GrUcZYŃsKA 
et al., 2002).

Interesterification is a process which is used 
in the oils and fats industry to modify the 
properties of triacylglycerol mixtures. there 
are two types of interesterification presently 
in use: chemical and enzymatic interesterifi-
cation. Enzymatic interesterification relies on 
the use of random or regiospecific and fatty 
acid-specific lipases as catalysts. by exploita-
tion of the specificity of the lipases, it is possi-
ble to manufacture a useful glyceride mixture 
which cannot be obtained in another way, for 
example by conventional chemical interester-
ification processes.

In this work the beef tallow and sunflower oil 
were used to obtain fat blends which were inter-
esterified by a biocatalyst. New fats were used as 
a material resource for the emulsions.

the components of the blends are available, 
and there is a need to utilize beef tallow, so the 
interesterification of beef tallow and sunflower 
oil blends can be reduced to practice.

the objective of this study was to determine 
the usefulness of modified beef tallow for pro-
duction of fat emulsions. Properties of emul-
sions containing interesterified fats were com-
pared with those of the starting blends contain-
ing noninteresterified fats.

MAtErIALs AND MEtHODs

this work was divided into two parts. In the 
first one, the fat mixtures were prepared, and in 
the second one, fat mixtures were used as the 
fat base in the emulsions. First, the properties of 
interesterified mixtures were compared to those 
of the initial blends. Next, selected properties of 
the emulsions prepared from the interesterified 
fat blends were determined.

MAtErIALs

Sunflower oil (SFO)
It was purchased at a local market. Its main 

fatty acid composition was as follows: c16:0 
(6.0%), c 18:0 (3.3%), c 18:1 cis 9 (27.8%), c 
18:2 all cis (60.1%).

Beef tallow (L) acid value < 1.0 mg KOH/g
It was laboratory refined, bleached and deo-

dorized under vacuum at 105°c. Fatty acid com-
position of beef tallow was: c 14:0 (3.7%), c 16:0 
(29.2%), c 16:1 cis 9 (4.7%), c 18:0 (14.9%), c 
18:1 cis 9 (34.3%), c 18:2 all cis (1.6%), c 18:2 
all cis (0.5%), c 20:0 (0.5%), c 20:1 cis 9 (0.4%).

BHT (2,6 di-t-butyl-6-methylphenol)
the antioxidant produced by rhein chemie 

rheinau GmbH bayer company was added to 
selected samples of fats in the amount of 0.02% 
to the mass of fat.

Catalyst
As a catalyst during enzymatic interesterifica-

tion Lipozyme IM (Novozymes, bagsvaerd, Den-
mark) was used. Lipozyme IM contains immo-
bilized lipase from Rhizomucor miehei and has 
a water content of 4%.

Methylcellulose
It is produced by Mikro-technik GmbH & co. 

KG, Germany. It was used as a thickener.

MEtHODs

According to the chart presented in Fig. 1 
emulsions were manufactured with eight differ-
ent fats: 1, 2, 3, 4, 5, 6, 7, and 8.

Fat blends preparation

beef tallow was mixed at 70°c under nitrogen 
with sunflower oil in the L:sFO proportions 3:2 and 
3:3. selected properties of beef tallow and sunflower 
oil and the starting mixtures are given in table 1.

Enzymatic interesterification of fats

Flasks containing fat blends were positioned 
in a thermostated mineral oil shaker bath. After 
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table 1 - characteristics of raw materials and fat blends.

Symbol	 	 Acid	value	 FFA	 FP	 TAG	 MAG+DAG
of	fat	 	 (mgKOH/g	fat)	 (%)	 (%)	 (%)	 (%)

	 Characteristics	of	raw	materials
L	 Beef tallow 2.3±0.04 1.1±0.02c 2.0±0.02 b 98.0 0.9±0.02a

SFO	 Sunflower oil 0.1±0.02 0.1±0.01a 0.5±0.01 a 99.5 0.4±0.01a

	 Characteristics	of	fat	blends	L:SFO	(3:2)
1 Initial blend (noninteresterified blend) 1.1±0.04 0.5±0.03b 2.0±0.03b 98.0 1.5±0.04b

2 Fat blend interesterified by Lipozyme IM 5.2±0.12 2.3±0.05d 8.0±0.96c 92.0 5.7±0.08c

 containing 4% water in the enzymatic preparation
3 Fat blend interesterified by Lipozyme IM 10.8±0.86 4.8±0.22f 17.0±2.11f 83.0 12.2±2.11f

 containing 10% water in the enzymatic preparation
4 Fat blend interesterified by Lipozyme IM	 23.1±2.02 10.2±2.10h 32.0±3.12h 68.0 21.8±2.56h

 containing 15% water in the enzymatic preparation

	 Characteristic	of	fat	blends	L:SFO	(3:3)
5 Initial blend (noninterestrified blend)	 1.0±0.04 0.5±0.02b 2.0±0.0b 98.0 1.5±0.02a

6	 Fat blend interesterified by Lipozyme IM 5.4±0.22 2.6±0.24e 11.0±2.12d 89.0 8.4±0.04d

 containing 4% water in the enzymatic preparation
7	 Fat blend interesterified by Lipozyme IM 11.1±1.24 4.9±0.2 16.0±1.25e 84.0 11.1±1.26e

 containing 10% water in the enzymatic preparation
8	 Fat blend interesterified by Lipozyme IM 22.2±2.75 10.0±2.00h 28.0±2.24g 72.0 18.0±2.02g

 containing 15% water in the enzymatic preparation

Initial blend - noninteresterified blend
FFA - free fatty acids; FP - polar fraction; TAG - triacylglycerol fraction; MAG - monoacylglycerol fraction; DAG - diacylglycerol fraction.
a,b,c Bearing the same letter do not differ significantly from each other.

Fig. 1 - Variants of experimental emulsions depending on used fat.
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thermal equilibration of the fat blend at the de-
sired temperature of 60°c, 8% of Lipozyme IM was 
added to the blend. to obtain a greater quantity 
of polar fraction, especially mono- and diacylglyc-
erols (MAG+DAG), in the reaction environment, 
the balance between interesterification and hy-
drolysis was changed, by addition of water (10, 
15%) to the enzymatic preparation. It is believed 
that the present of polar fraction (MAG+DAG) can 
stabilize the emulsions. the water content in the 
biocatalyst was adjusted by the addition of water 
directly before the reaction. the interesterifica-
tion was performed with continuous shaking. Af-
ter a predetermined time (6 h) the samples were 
filtered to stop the interesterification reaction. As 
the filtering bed contained a drying agent, water 
was also removed from the fat.

Determination of analyses of fats

Acid value
It was determined according to the IsO stand-

ard (IsO 660, 1996).

Polar fraction content
It was determined by column chromatography 

according to the IsO standard (IsO 8420, 2004).

Gas-liquid chromatographic analyses
the fatty acid composition of beef tallow and 

sunflower oil was determined by gas-liquid chro-
matography (GLc) after conversion of the fats 
to fatty acid methyl esters. the apparatus and 
procedure are reported elsewhere (KOWALsKI et 
al., 2000).

Resistance of fats to oxidation
the determination was carried out using ran-

cimat method according to the IsO standard (IsO 
68861997). the tests were carried out at 120°c 
with 2.5 g ± 0.02 of fat. Air flow rates were set at 
20 dm3/h. the average induction time was giv-
en in hours. the induction times for oxidation 
were measured using Methrom rancimat appa-
ratus model 679 (Herisau, switzerland).

the effectiveness was expressed as the stabi-
lization factor, F:

F=IPx/IPo

where: IPx is the induction period in the pres-
ence of the antioxidant,

 IPo is the induction period in the absence 
of the additive.

Emulsion preparation

the emulsions were prepared according to 
the following formula: fat 10% (w/w), thicken-
er 2% (w/w), and distilled water up to 100% 
(w/w). Emulsions were prepared by adding to-
gether the water and the fat phase and stirring 
with the mixer rW 20 DZM (Janke & Kunkle, 

Germany) for 3 min with the velocity of 13,500 
rpm. Each emulsion was prepared in the same 
way at room temperature (23°c).

Determination of values 
for the emulsions obtained

Determination of mean particle size and parti-
cle size distribution of fat emulsions

Determination was carried out in the range 
0.12-704 µm by laser scattering using a Micro-
trac Particle size Analyzer (Leeds & Northrup, 
UsA) after preparation. the emulsions were di-
luted 1:200 with distilled water.

Determination of dispersion index
It was carried out on the basis of the determi-

nation of particle size of the emulsion using la-
ser diffraction (ELWELL et al., 2004).

Determination of emulsion density
According to Polish standard (PN-92/c-04504, 

1992).

Determination of emulsion viscosity
Determination was carried out by using a 

viscometer (rheotest-2 typ rV 2). 15 g of each 
sample (accurate to 0.01 g) was weighed out. 
the sample was placed in the measurement 
apparatus. A measurement roller with the fol-
lowing parameters was used to take measure-
ments: Z (device constant 2.4428 N/m2), Dr 
(rate of shear 80.2/s), η (viscosity Pa·s).

the measurement was taken by reading the 
injunction of an angular factor [α]. Emulsion 
viscosity was calculated according to the fol-
lowing formula:

η = Z · α × 100/Dr

Determination of emulsion pH
Determination was carried out by using 

pH-meter N517. Each sample was placed in a 
measurement dish in a way which did not al-
low air bubbles to appear. the combination pH 
electrode was used to take measurements. De-
termination was performed at room tempera-
ture. Determination was performed according 
to Polish standard bN 77/6140-01/08

Determination of emulsion stability by using 
temperature test at 35°C and –3°C

All emulsions were stored in the dryer at 35ºc 
and in the refrigerator at –3°c alternately for five 
days, with a change every 24 hours. If the emul-
sion remains homogeneous in such conditions, 
it has proper stability.

Determination of emulsion stability by using 
centrifugal test

Determination was performed in the centrif-
ugal machine at 2,500 rpm. the test tube was 
filled with 15 mL of the emulsion and was cen-
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trifuged for 30 min. If the emulsion stays ho-
mogeneous after this time it means that it has 
proper stability.

Sensory parameters of emulsions
such parameters as adhesion, consistency, 

homogeneity, distribution, absorption, sticki-
ness, and greasiness of each emulsion were de-
termined. the emulsion was described by lab-
oratory personnel (10 people) according to the 
criteria mentioned above.

Moisturizing parameters of emulsions
they were determined by using corneome-

ter type cM 825 Pc. On the surface of the fore-
arm six squares and one additional control 
square were drawn. After that, the probe with 
constant pressure, directed perpendicularly to 
the skin surface, was applied to each square 
(five measurements). the results were noted. 
subsequently, the emulsion was applied to the 
tagged squares. After five minutes the meas-
urement was taken and noted down. After 10, 
15, 20, 30, 60, 90, and 120 min the measure-
ments were repeated and noted down.

Statistical analysis of results
the results were subjected to one-way ANO-

VA. Duncan test was used to assess the differ-
ences between means. the level of P<0.05 was 
considered significant. statgraphics plus 4.0 
package (statistical Graphics corp., UsA) was 
used. the above analyses were carried out in 
three replicates.

rEsULts AND DIscUssION

During interesterification of fats apart from 
new triacylglycerols, free fatty acids, mono- 
and diacylglycerols are also formed (KOWAL-
sKA et al., 2005). these products were deter-
mined in the reaction products and results are 
shown in table 1. the free fatty acids (FFA) and 
MAG+DAG contents in interesterified samples 
increased compared to the starting blends. 
For the fat mixture interesterified by Lipozyme 
IM with 15% water in the enzymatic prepa-
ration, the highest acid value was observed. 
consequently, the content of polar fraction 
(MAG+DAG) was also the highest for the same 
sample. these increases are in agreement with 
the findings reported in the literature (KOWAL-
sKI et al., 2004; KOWALsKA et al., 2005). Due 
to positional (sn-1,3) specificity of Lipozyme IM, 
the interesterification in these cases occurred 
mainly at the sn-1,3 positions of triacylglycer-
ols (tAGs) (KOWALsKI et al., 2004). It is believed 
that occurrence of free fatty acids such as stear-
ic and palmitic acid during interesterification is 
possible. these acids are mostly located at sn-
1,3 positions both in beef tallow and sunflower 
oil triacylglycerols. the presence of these acids 

could be very desirable, for example in cosmet-
ic emulsions. they can be used for the produc-
tion of creams, as emulsion preparations and 
also as substances reducing the action of deter-
gents. Moreover, they show coating and emul-
sifying properties (IMKE PEtErs, 2005).

Appearance of MAGs and DAGs during inter-
esterification is very desirable. they can stabilize 
emulsions (LEDÓcHOWsKA and DAttA, 1998). 
they can be used in different kinds of indus-
try. beside applications in the food and dairy in-
dustry, MAGs are also used in medicine (e.g. for 
controlled release of medical substances) and in 
other areas such as the plastics industry (plas-
ticizers) and cosmetics, e.g. toothpastes and de-
odorants (bObA’LOWA, 2006).

the cosmetics industry takes advantage of 
monoacylglycerols because of their stability, chem-
ical inertia in the presence of active substances, 
tolerance shown by skin and mucosa, penetration 
effectiveness, indifferent colors and aroma. Pure 
MAGs of lauric, palmitic and stearic acids quick-
ly penetrate through the skin and thus it is nat-
urally protected. MAGs of lauric acid are used for 
deodorants to suppress sweating and MAGs of 
stearic acid are used in hair products. Moreover, 
MAGs are widely applied in the production of face 
creams and lotions due to their capacity for wa-
ter/oil/water emulsion stabilization. Antimicrobi-
al effects of MAGs from lauric and myristic acids 
are utilized in the production of toothpastes and 
mouthwashes (IsAAcs et al., 1995). sulfated deriv-
atives of MAGs from coconut oil have been known 
for a long time in cosmetic products such as show-
er gels and foam baths or shampoos.

Oxidative stability is a very important param-
eter describing fats (rAtUsZ et al., 2002). In this 
work the induction period of interesterified fats 
as well as noninteresterified blends was deter-
mined (table 2). Initial blends had the long-
est induction time [L:sFO (3:3) = 1.22 h; L:sFO 
(3:2) = 0.98 h]. this meant that they were much 
more resistant to temperature than their inter-
esterified counterparts. Also, the presence of li-
noleic and oleic acids in fat blends derived from 
sunflower oil causes these blends to be much 
more unstable at high temperatures (tempera-
ture during the test was 120°c). the rancimat 
test was carried out on the fat samples contain-
ing bHt at the level of 0.02%. As expected, the 
induction time of samples was lengthened (on 
average from 0.15 to 0.30 h) (table 2).

Obviously, the dependencies for antioxidant 
showing a protective effect are not linear. Fat 
blends L:sFO (3:2) are easier to stabilize at 120°c: 
F from 1.15 to 1.52. the best results were ob-
tained by using bHt in fat blend no. 3 (the blend 
interesterified by Lipozyme IM containing 10% 
water in the enzymatic preparation) (Fig. 2).

As mentioned above, fats obtained during mix-
ing and interesterification are used as a fat base in 
cosmetic emulsions. there are many factors which 
play a significant role in stability of the emulsions. 
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Fig. 2 - Dependence between stabilization factor and types 
of fats.

table 3 - results of particle size determinations of the emulsions containing prepared fat blends.

	Symbol	of	emulsion	 Emulsion	 Average	particle	size	of	emulsion	 Number	 Dispersion	index
	 	 	 (×10-6m)	 of	fractions

 I Emulsion containing fat 1 15.09±1.54g 2 6.0
 II Emulsion containing fat 2 25.32±2.38h 2 4.6
 III Emulsion containing fat 3 6.21±0.52c  2 3.2
 IV Emulsion containing fat 4 4.74±0.08b 1 2.8
 I’ Emulsion containing fat 5 6.95±0.82d 2 2.8
 II’ Emulsion containing fat 6 12.44±2.46e 2 5.2
 III’ Emulsion containing fat 7 13.78±1.68f 2 3.2
 IV’ Emulsion containing fat 8 3.96±0.04a 1 2.5

a,b,c Bearing the same letter do not differ significantly from each other.

Fig. 3 - the distribution of average particle size of emulsion II.

Limitation of destabilization processes in the emul-
sions can be achieved among others by obtaining 
the proper dispersion degree (DUrAND et al., 2007; 
DŁUŻEWsKA et al., 2005; cOUPLAND and MccLE-
MENts, 2001; cYr and tAGNIt-HAMOU, 2000). In 
this study the particle size of the emulsions was 
determined for each emulsion (table 3).

It was found that the emulsion with fat 2 had 
the biggest average particle size (table 3). Its value 
was 25.19×10-6 m; however, the emulsion with fat 
8 had the smallest average particle size of emul-
sion, 3.96×10-6 m. the emulsion with fat 4 was 
also characterized by a relatively small droplet 
size. Its dispersion index was comparable with 
the dispersion index of the emulsion with fat 8. 
the value of the dispersion index was 2.8 and 2.5 
for emulsion with fat 4 and 8, respectively. these 
were the lowest values for the dispersion index.

the emulsions with both noninteresterified 
and interesterified fats (4% water in the enzy-
matic preparation) showed unstable charac-
ter (Fig. 3-6). their dispersion index was in the 
range 2.8 to 6.0 (table 3).

In most cases, two fractions were obtained; 
only the emulsions containing interesterified 
fats (where the content of water in the enzy-
matic preparation during interesterification was 
15%) had one fraction (Fig. 7). the results of 
the amount of fractions are shown in table 3.

In this work to determine the stability of the 
emulsions centrifuge and temperature tests at 
35° and –3°c were applied. the results are giv-
en in table 4.

As seen in table 4 the emulsions containing 

table 2 - results of determinations of fat blends using rancimat method.

	 	 Induction	time	for	interesterified	blends	by	using
Fat	blend	 Induction	time	 Lipozyme	IM	during	interesterification
	 for	initial	blend	(h)		 containing	different	amount	of	water	in	the	enzymatic
	 	 preparation	(h)

	 	 4%	water	 10%	water	 15%	water

L:SFO(3:2) 0.98±0.02 0.80±0.02 0.53±0.04 0.77±0.02
+BHT L:SFO(3:2) 1.13±0.01 1.1±0.04 0.81±0.02 0.92±0.01
L:SFO(3:3) 1.22±0.02 1.18±0.04 0.82±0.01 1.06±0.02
+BHT L:SFO(3:3) 1.25±0.04 1.22±0.20 1.04±0.04 1.12±0.08
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Fig. 4 - the distribution of average particle size of emulsion I.

Fig. 5 - the distribution of average particle size of emul-
sion II´.

table 4 - results of the stability of the emulsions using cen-
trifuge test and temperature test.

	 Emulsion	 Results	of	centrifuge	
	 	 and	temperature	test

 I Complete stratification
 II Stratification, heterogenous
 III Stable
 IV Stable, homogenous
 I’ Complete stratification
 II’ Stratification, heterogenous
 III’ Stable
 IV’ Stable, homogenous

Determinations of emulsions are the same as in Table 3.

Fig. 6 - the distribution of average particle size of emulsion I´.

noninteresterified fat were completely unstable. 
similar trends were observed for the emulsions 
containing fats 2 and 6. In emulsions with fats 
3, 4, 7, and 8, the opposite situation was ob-
served. these emulsions showed high stability 
during the centrifuge test. As expected, greater 
amounts of MAGs and DAGs (natural emulsifi-
ers) were generated during interesterification.

the next parameter which can determine the 
quality of the emulsions is thickness. In this 
work the thickness of all emulsions was de-
scribed (table 5).

As seen from this table most of the emulsions 
reached a comparable level of thickness. Only 
two samples were significantly different (P<0.05) 
(table 5).

Viscosity has a very significant influence 
on rheological properties of the emulsions 
(ZIELIŃsKI, 2000). From the commodity science 
view it is very important because it gives an op-
portunity to get information about the expiry 
date of the usefulness of the emulsion.

In the present research the viscosity was 
measured after 24 h and 30 days of emulsion 
formation. the changes of viscosity were in the 
range 724-784.9 mPa and 256.6-709 mPa for 
the emulsions formed after 24 h and 30 days, 
respectively (Fig. 8a,b). It was observed that in 
all cases the viscosity decreased after 30 days; 
however, the most significant changes were no-
ticed for the emulsions containing noninterest-
erified fats and emulsions with fats 2 and 6. For 

Fig. 7 - the distribution of average particle size of emul-
sion IV.

table 5 - results of the emulsion thickness.

	Type	of	emulsion	 Thickness	(g/cm3)

 I 0.9949±0.0002b

 II 0.9944±0.0001ab

 III 0.9944±0.0002ab

 IV 0.9941±0.0001ab

 I’ 0.9941±0.0001ab

 II’ 0.9944±0.0000ab

 III’ 0.9942±0.0001ab

 IV’ 0.9931±0.0002a

Determinations of emulsions are the same as in Table 3.
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Figg. 8ab - Dependence of viscosity changes on: applied fat blend in emulsion and the time of preparation of the emulsion 
(24 hours and 30 days).

the other emulsions significant changes in the 
viscosity were not observed. It is only suggest-
ed that the presence of polar fraction, especial-
ly MAG + DAG, in these emulsions could stabi-
lize them.

pH is a very important parameter of emul-
sions. In the present investigations, pH was 
measured. the determined value of pH for all 
samples was in the range 4.7- 4.9. the proper 
pH should be close to pH of skin (5.5), so the 
samples showed a rather weak acid reaction.

In this study, sensory and moisturizing pa-
rameters of emulsions were also determined. It 
was noted that all emulsions had very good dis-
tribution on the skin. the emulsions contain-
ing fats 3, 4, 7, and 8 gave good smoothness of 
skin; however, the skin adhesiveness param-
eter received a comparatively low value for all 
emulsions. It is presumed that the consistency 
of emulsions was too thin. On the other hand, 
such consistency of emulsions can be used to 
form cosmetic milks, creams or body balms.

considering moisturizing parameters of the 
emulsions it was noted that in all cases the best 
moisturizing appeared 5 minutes after applica-
tion on the skin. After the next 5 minutes a de-
crease of moisturizing was observed. In subse-
quent measurements a decreasing tendency of 
moisturizing for all applied emulsions was not-
ed. After 120 min from applying the emulsions 
on the epidermis the level of moisturizing was 
close to the level of moisturizing measured be-
fore application of the emulsion.

cONcLUsIONs

the emulsions prepared on the basis of fats 
which were formed during interesterification 
in the presence of the catalyst Lipozyme IM 
(where the amount of water was 10 and 15%) 
were the most stabilized emulsions. they suc-
cessfully passed the stability test. the addi-

tion of water to the enzymatic preparation (10, 
15%) caused the balance of interesterification 
and hydrolysis to move in the direction of hy-
drolysis. As a result, more polar fraction ap-
peared in the reaction environment. As regards 
remaining emulsions, they showed instability of 
structure. these results were also confirmed by 
the determination of particle size of emulsions, 
their distribution and the dispersion index.

the results obtained in this work showed that 
interesterification of beef tallow and sunflower 
oil blend resulted in new fats which are unprec-
edented in the environment. such fats with very 
interesting characteristics of triacylglycerols can 
be used as a fat basis in various applications, 
for example in the cosmetics and food indus-
tries. Moreover, from an economic point of view 
beef tallow is a rather cheap, useless raw mate-
rial, so its use for the production of fat blends 
and as a fat base for emulsions is justifiable in 
the opinion of the authors.
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AbstrAct

this work aimed at evaluating the influence of pedological parameters and nutritional status 
on the fruit quality and chemical composition of Citrus medica cv Diamante peel oil. With this 
purpose 16 samples were obtained from fruits collected at sea level (zone A) and at 300 meters 
above sea level (zone b). the oils were found to be rich in monoterpene hydrocarbons. the main 
components were limonene and g-terpinene. Other abundant compounds that characterized Cit-
rus medica cv Diamante peel essential oils were a-pinene, b-pinene, b-myrcene, neral and gera-
nial. the soil in the plain at sea level is characterized by a major sand content (67.6%) and con-
sequently by a lower of P2O5 and K2O. On the contrary, the soil in the area in the hills showed a 
lower content of total lime (0.89%) in comparison with the plain at sea level (26.78%). A similar 
trend was observed for the pH value. the differences highlighted in carpometric characteristics of 
fruits could be attributed to the soil composition. Nevertheless, none of the studied parameters 
influenced the amount of the main peel essential oil components.
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INtrODUctION

Plants of the genus Citrus are primarily val-
ued for their edible fruit, but they also have 
traditional medicinal value. the peel of Citrus 
fruits has been used in traditional Asian med-
icine for centuries (HUANG and WANG, 1993; 
WIcHtL and bIssEt, 1994; bLUMENtHAL et al., 
1998). the C. medica was the first Citrus fruit 
to come to the notice of Europeans and was for 
many years the only one known. this plant has 
an ancient origin; the more accredited prove-
nance is from India but it probably arrived in 
Italy through the Hebrews who introduced the 
cultivation of the citron on the calabrian coasts. 
the cultivars are divided into two groups: sweet 
and acidic citron. Among the better-known C. 
medica cultivars are “corsican”, “Diamante”, 
“Etrog” and “Fingered citron” (FErsINI et al., 
1973). C. medica cv Diamante is the most dif-
fused cultivar in Italy and in particular, in ca-
labria where the cultivation of citron extends 
along the high thyrrenium coast from Diaman-
te to tortora, called the coast of citron. citron 
was sought by industry for preparation of liq-
uors, ice cream, jams and canned products. 
besides such use of ripe fruits, fruits of vari-
ous developing stage are specifically preferred 
in preparation such as beverage. the ripe fruits 
are big, with a thin, smooth and lemon-yellow 
peel and the pulp is poor of juice. the most im-
portant part of the Diamante citron is the peel 
which is a fairly important article in interna-
tional trade. the main products obtained from 
citron are candy and liqueurs, while the peel 
essential oil is a minor product, used as fla-
vouring in sweets and beverages (cUtULI et al., 
1985). In our previous work we have evaluated 
the chemical composition and the in vitro anti-
oxidant, hypoglycaemic and anticholinesterase 
properties of C. medica L. cv Diamante n-hexane 
peel extract (cONFOrtI et al. 2007). this extract 
was characterized by the presence of monoter-
penes and sesquiterpenes. the most abundant 
constituents were two monoterpenes: limonene 
and g-terpinene. the extract showed significant 
antioxidant activity that was carried out using 
different assays (DPPH test, b-carotene bleach-
ing test and bovine brain peroxidation assay). 
this non polar extract weakly inhibited a-aml-
yase enzyme (Ic50 625 mg/mL).

In spite of previous studies that investigat-
ed the chemical composition of oils obtained 
from C. medica cv Diamante collected in ca-
labria and in Greece (POIANA et al., 1998; VEKI-
ArI et al., 2004; GAbrIELE et al., 2009), to our 
knowledge, this is the first report that evaluat-
ed the influence of environmental and pedolog-
ical parameters, nutritional status on chemical 
composition and fruits carpometric character-
istics. some studies have been also reported on 
the influence of soil characteristics on the yield 
and composition of essentials oils from vari-

ous aromatic plants (FrANZ, 1983; DIAtLOFF, 
1990; scHALLEr and scHNItZLEr, 2000). For 
instance, DIALtOFF (1990) has studied the ef-
fect of nitrogen fertilizers on the yield of essen-
tial oil of Leptospermum species, while DEtHIEr 
et al. (1997) have reported the influence of cul-
tural treatment and harvest time on Vetiver oil 
quality. More recently, rAZIc et al. (2006) have 
studied the relations between mineral content 
(eleven metals) of seven herbal drugs and cor-
responding soils. 

INtrIGLIOLO et al. (1999) reported the effect 
of some pedologic parameters on the yields 
and chemical composition of another calabri-
an Citrus fruits essential oil namely C. berga-
mia. the study demonstrated that soil param-
eters (total cacO3, pH and Mg) positively influ-
enced the oil. For this purpose in this study 16 
farms were selected in two districts different 
for soil composition, altitude and way of cul-
tivation. In Italy, the cultivation of C. medica 
cv Diamante is restricted to calabria charac-
terized by mild winters and summer tempera-
tures not very high. the trees are very sensi-
tive to low temperatures, wind and subject to 
serious infections such as “mal secco” (Phoma 
tracheiphila), in consequence, must therefore 
be protected with suitable covers, made with 
different modes. the quality of the fruits is 
also influenced by harvesting, handling, trans-
portation, and storage as reviewed by rAMA-
NA et al. (1981).

the aim of this work was to highlight for the 
first time the influence of the environmental 
parameters, cultivation management, physico-
chemical parameters of soil and leaves nutri-
ents with the fruit quality and chemical com-
position of Citrus medica cv Diamante peel oil. 
For this purpose two different areas of growth 
were analysed. these findings could help culti-
vators to improve fruit quality suitable for in-
dustrial products.

MAtErIALs AND MEtHODs

Plant material

Fruits of C. medica L. cv Diamante (rutace-
ae) used in this study were collected in October 
2006 in calabria (southern Italy), loc. santa 
Maria del cedro (cs) from 16 farms selected in 
two districts namely zone A and b. the authen-
tication of the C. medica L. cv Diamante sam-
ples was carried out at Natural History Muse-
um of calabria and botanic Garden, University 
of calabria, Italy. 

Zones are characterized by different altitudes 
(zone A with farms in the plain at sea level and 
zone b with farms in the hills at 300 meters 
above sea level). Moreover, the areas are differ-
ent based on the cultivation method and vari-
ous cultivation techniques. In zone b the aver-
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age size of farms is very small (0.16 hectares) 
with plant density up to 1,200 plants/ha, while 
in zone A the majority of the farms have an ex-
tension from 1 to 6 hectares. besides in the zone 
A are used and has been made with modern cri-
teria that allow the introduction of rational farm-
ing techniques (i.e.: working with agricultural 
machinery, irrigation, pesticide treatments, fo-
liar fertilizers).

 the C. medica cv Diamante needs a mild cli-
mate, as constant as possible during the grow-
ing season, being particularly sensitive to tem-
perature changes, especially those caused by 
cold winds that dry up the twigs. In the plain, 
the summer temperatures reach maximum val-
ues of 40°c, while winter temperatures arrive at 
4°c with differences of 2°-4°c above the hill. to 
create appropriate temperature conditions dur-
ing the winter period, plants were covered with 
dark green plastic nets.

Harvesting and sample preparation

the experimental design included fruits ran-
domly harvested on 50 healthy homogeneous 
trees per grove. twenty fruits (weight >300 g 
and length 20-30 cm) were collected. Fruits 
were examined for integrity and absence of 
dust and insect contamination. the following 
physical characteristics of citron fruits namely 
fruits number-picked, weight, volume, equato-
rial diameter, longitudinal diameter, firmness 
(by means of a penetrometer trpenetrometer-
Italy), firmness without peel, peel thickness, 
width of central axis, weight and volume fruit 
without peel were determined. samples were 
freeze-dried and stored at -20°c until they were 
analyzed. Fruits were peeled off mechanical-
ly. citron essential oil was obtained using the 
traditional cold-pressing procedure. the es-
sential oil is present in oil sacs or oil glands 
located at different depths in the peel and the 
cuticles of the fruit. Peel and cuticle oils are 
removed mechanically by cold pressing and 
since cold pressing yields a watery emulsion, 
this emulsion is then centrifuged in order 
to separate the essential oil out (bOUsbIA et 
al., 2009). the essential oils were dried (anh. 
Na2sO4) to remove traces of moisture and 
stored at 4°-8°c in a brown bottle to prevent 
the negative effect of light.

soil and leaves analysis

soils were sampled in February before the 
annual application of fertilizers using a manual 
drill. In each grove, four soil specimens were col-
lected at depths of 0-30 cm and 30-60 cm and 
mixed to form a single sample. total cacO3 (%) 
was determined by a De Astis calcimeter (MI-
rAAF, 1994). Organic matter (%) was assessed 
using the Walkley-black method (sIss, 1985), 
total N (%) with the Kjeldahl method and avail-

able P (mg/g) using the Olsen method (MIrAAF, 
1994, sIss 1985). Exchangeable K, ca, Mg, 
and Na cations (mg/g) were extracted with cH-

3cOONH4 and determined by atomic absorp-
tion spectrophotometry (sIss 1985); pH was de-
termined by PH211 pH-meter (HANNA Instru-
ments).

the leaves were picked in November when 
the level of the elements was stable and in a 
period far from the fertilizers application. the 
leaves collected for analysis were 5-7 months 
old.

the foliar analyses was performed on 20 
leaves of the index trees picked from non fruit 
bearing terminal shoots of the year’s spring 
flush (INtrIGLIOLO et al., 1999; EMbLEtON et 
al., 1973). Determinations of total nitrogen were 
made with the Kjeldahl method, the rest macro 
and micro elements have been detected by the 
inductively spectrometer plasma (IcP) (WHItE 
et al., 1999). 

Volatile compounds analysis

to determine the C. medica cv Diamante peel 
essential oil composition, Gc-Ms analyses were 
performed using a Hewlett-Packard 6890N Gc, 
equipped with a fused capillary column (sta-
tionary phase methylsilicone sE30, film thick-
ness of 0.25 µm, a length of 30 m and an in-
ternal diameter of 0.25 mm) and a mass spec-
trometer Hewlett Packard 5973N. the carri-
er gas was helium, at a flow rate of 1 ml/min. 
Electron impact ionization was carried out at 
energy of 70 eV; acquisition mass range 25-500 
m/z (scan speed: 1,470 amu/s, 2.94 scan/s) 
multiplier energy 1,340 V, solvent delay 3 min. 
Injector and detector temperatures were set at 
250° and 280°c, respectively. column tempera-
ture was initially 50°c for 5 min, then gradually 
increased to 250° at 5°c/min, and finally held 
for 10 min at 250°c. the essential oils were di-
luted 1:100 (v/v) with dichloromethane and 1.0 
mL of the diluted samples was directly injected 
using a splitless injection technique. constit-
uents of C. medica cv Diamante peel essential 
oils were identified by comparison of their Gc 
retention indices with those of the literature or 
with those of standards available in our labo-
ratory. the retention indices were determined 
in relation to a homologous series of n-alkanes 
(c8-c24) under the same operating conditions. 
Further identification was made by comparison 
of their mass spectra with those stored in Wiley 
138 and NIst 98 libraries or with mass spectra 
from literature (ADAMs, 1995). the quantita-
tive determination of the most abundant iden-
tified compounds was obtained by the external 
standard method. As standards were used a-
pinene, sabinene, a-terpinene, limonene, neral, 
linalool, trans-caryophyllene, b-bisabolene and 
citropten. Experimental results are expressed 
as the mean values.
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statistics

to achieve the objectives set, the data ob-
tained were processed using statistical proce-
dures that tend to highlight any significant re-
lationships of nutrients in the leaves and in 
the physico-chemical parameters of soil with 
the components of the essential oils extracted 
from peel. Moreover differences between zone A 
and b were underlined. For this purpose ANO-
VA test and correlation analysis with the sta-
tistical package sPss (PAsW statistics 18) was 
applied.

rEsULts AND DIscUssION

sixteen essential oils were obtained from fruits 
collected in districts namely zone A and b. these 
zones are characterized by different soil com-
position and altitude (zone A with farms in the 
plain at sea level and zone b with farms in the 
hills at 300 meters above sea level). the input 
of macroelements with fertilization was higher 
than actual needs of the plants with differenc-

es in the two areas especially for nitrogen (150-
200 g of N to plant in zone A and 250-300 in b) 
(cALAbrEttA et al., 2010). 

soil, leaves and fruits parameters

the results of soil analyses showed that al-
most all physical and chemical parameters an-
alyzed were significantly different (table 1). the 
soil in the plain at sea level is characterized by 
a major sand content (67.6%) and consequent-
ly by a lower of P2O5 and K2O. On the contrary, 
the soil in the area in the hills showed a lower 
content of total lime (0.89%) in comparison with 
the plain at sea level (26.78%). A similar trend 
was observed for pH value.

Leaf analysis is used to determine the nu-
trient status of the tree and to understand the 
nutritional requirements of the plant. Howev-
er, the data obtained should be used in com-
bination with other known parameters. table 
2 evidenced that the leaf content of macro and 
micro-nutrients was in the optimal range. the 
nitrogen content is particularly high in zone b 
(3.39%), probably caused by the higher intake of 

table 1 - Physical and chemical parameters of soils in the zone A and b.

Parameters	 Zone	A	 Zone	B	 Significance

Clay (%) 13.22±2.93 21.31±2.37 ***
Silt (%) 19.13±7.16 21.38±1.91 -
Sand (%) 67.66±8.15 57.31±0.88 **
Total N (‰) 1.23±0.24 1.05±0.38 -
P2O5 (mg kg-1) 28.07±82.43 188.07±26.64 ***
K2O (mg kg-1) 41.38±111.51 205.38±41.11 ***
Na (mg kg-1) 19.21±14.94 24.68±10.86 -
MgO (mg kg-1) 183.38±68.93 213.13±57.28 -
TOC (%) 0.98±0.30 1.05±0.34 -
S.O. (%) 1.69±0.49 1.79±0.58 -
Total lime (CaCO3 %) 26.78±11.08 0.89±5.27 ***
Active lime (%) 3.35±1.27 0.59±0.66 ***
pH 8.31±0.29 7.34±0.29 ***
Electrical conductivity (mS/cm 25°C) 1.07±0.31 1.03±0.23 -
C.S.C. (meq/100 g soil) 10.82±1.38 13.08± 0.61 ***

Data are expressed as means ± S.D. (n= 8). **p ≤ 0.01, ***p ≤ 0.001; - not significant.

table 2 - Leaf analysis of C. medica cv Diamante.

Parameters	 Zone	A	 Zone	B	 Significant

N (%) 2.74±0.22 3.39±0.29 ***
P (%) 0.20±0.03 0.25±0.06 *
K (%) 1.16±0.19 1.21±0.30 -
Ca (%) 7.84±1.58 5.73±0.74 -
Mg (%) 0.40±0.09 0.38±0.05 -
Fe (mg kg-1) 129.32±24.68 128.80±23.93 -
Zn (mg kg-1) 90.91±39.91 19.85±6.79 ***
Mn (mg kg-1) 54.24±20.76 44.43±18.80 -

Data are expressed as means ± S.D. (n= 8). *p ≤ 0.05, ***p ≤ 0.001; - not significant.
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nitrogen fertilizer. significant differences were 
noticed for Zn with higher levels in plain area. 

Fruit carpometric characteristics showed 
some statistical significant differences between 
zone A and b (table 3). In particular, fruits col-
lected in plain at sea level are characterized by 
a higher weight, equatorial and longitudinal di-
ameter and a lower fruit firmness (determined 
on a portion of the peel and “albedo”) than fruits 
collected in zone b, probably due to more bal-
anced nutritional status of plants. On the con-
trary, fruit weight/volume ratio was significant-
ly higher in sample in the hills. In zone A, it is 
evident that the greater volume of the fruit, the 
greater the consistency of albedo. Previously, 
the effect of some pedologic parameters on the 
yields and chemical composition of the peel oil 
obtained from C. bergamia was analyzed (INtrIG-
LIOLO et al., 1999). Obtained results that avail-
able phosphorus seemed to affect only some of 
the minor oil constituents (b-pinene, b-myrcene 
and b-caryophyllene). total cacO3, pH and Mg 
positively influenced the oil yield and quality. 

Volatile compounds analysis

sixteen C. medica cv Diamante peel essen-
tial oils (8 from the zone A and 8 from the zone 
b) were analyzed in order to highlight the rela-
tionships of leaves nutrients and soil pedolog-
ical parameters with chemical composition of 
the essential oil. 

A total of 34 constituents were identified as 
major essential oil components. the compo-
nents, their retention indices and their per-
centage composition are summarized in table 
4 and 5. the essential oils were found to be rich 
in monoterpene hydrocarbons. the main com-
ponent was limonene with values in the 42.7-
55.3% range for zone A and 40.2-55.8% range 
in zone b, followed by g-terpinene with values 
in the 18.3-24.2% range for zone A and 20.8-
28.0% range for zone b. According to POIANA et 
al. (1998), the high content of limonene and g-
terpinene is a significant characteristic of this 

citron cultivar. Generally, the content of oth-
er more abundant compounds, namely thu-
jene, a-pinene, b-pinene, b-mircene and ter-
pinolene, was higher in zone A. thujene con-
tent ranged from 1.0 to 1.7% for zone A and 
from 0.8 to 1.5% in zone b. A same trend was 
observed for a-pinene with values in the 2.2-
3.6% range for zone A and 1.9-3.0% range in 
zone b. the analysis of terpinolene content in 
all samples collected at sea level evidenced val-
ues in the 1.1-1.7% range for zone A except for 
sample 4 (0.2%). In the hills the same monot-
erpene presented values of 0.6-1.4%. Accord-
ing to VErZErA et al. (2005), the sesquiterpene 
fraction was less represented; the main com-
ponents were b-bisabolene with values in the 
0.5-1.3% range for zone A and 0.5-1.5% range 
in zone b, and trans-caryophyllene with values 
in the 0.2-0.5% range for zone A and 0.3-0.7% 
range in zone b. Other sesquiterpenes identi-
fied, namely a-bergamotene, b-elemene, b-cube-
bene, a-humulene, and trans-b-farnesene, were 
not representative of all C. medica cv Diaman-
te peel essential oils. Among oxygenated com-
pounds, carbonyl compounds showed the high-
est amount, with neral and geranial as the main 
components; their average content is 0.7-3.2% 
for neral and 0.8-4.5% for geranial, respective-
ly. Alcohols and esters are less represented. 
two coumarins namely citropten and oxypeu-
cedanin were also identified; their average con-
tent is 0.2-0.9% for citropten (not identified in 
samples 4, 9, 11, 12 and 16) and <0.1-0.8% for 
oxypeucedanin (not identified in samples 1-4, 
9-11 and 16).

Our results are in agreement with the results 
reported by VErZErA et al. (2005). Also in this 
study the essential oil obtained by manual pres-
sure from C. medica L. cv Diamante peel showed 
limonene (51.95%) and g-terpinene (27.71%) as 
the most abundant components. On the oth-
er hand, the hydrodistilled peel oil obtained 
by LOtA et al. (2005) showed a high content of 
limonene (70.4%) but a very low abundance of 
g-terpinene (≤ 0.05%).

table 3 - carpometric characteristics of C. medica cv Diamante fruits.

Parameters	 Zone	A	 Zone	B	 Significant

Fruit weigh (g) 775.10±205.92 504.17±133.39 **
Equatorial diameter (cm) 10.14±0.51 8.40±0.88 ***
Longitudinal diameter (cm) 17.72±2.09 13.99±1.15 **
Fruit firmness (kg/cm2) 13.47±3.88 17.92±1.36 ***
Peel thickness (cm) 24.66±3.56 19.29±3.07 ***
Central axis (cm) 13.21±2.00 9.79±1.96 **
Weigh/volume ratio (whole fruit) 0.86±0.06 0.94±0.02 **
Weigh/volume ratio (without peel) 0.90±0.03 0.99±0.03 **
Pulp (%) 10.30±4.07 8.6±2.42 -
Peel (%) 89.70±4.07 91.44±2.42 -

Data are expressed as means ± S.D. (n= 8). **p ≤ 0.01, ***p ≤ 0.001; - not significant.



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

table 4 - Major components of the essential oil from C. medica cv Diamante peel collected in zone A.

	 	 %b	
Compound		 Ia	 	 ID	Methodc

	 	 1	 2	 3	 4	 5	 6	 7	 8	

Thujene 926 1.2±0.4 1.3±0.5 1.3±0.6 1.0±0.4 1.0±0.1 1.4±0.2 1.7±0.4 1.5±0.5 I, MS
a-Pinene 936 2.5±0.9 2.6±0.9 2.8±0.9 2.3±0.7 2.2±0.5 3.3±0.9 3.6±0.7 3.1±0.5 I, MS, Co-GC
Camphene 953 0.6±0.02 tr tr  0.1±0.02 tr tr 0.2±0.02 I, MS
Sabinene 973 0.4±0.01 0.5±0.02 2.9±0.02 0.3±0.01 0.3±0.01 tr   I, MS, Co-GC
b-Pinene 978 2.1±0.02 2.2±0.06 0.6±0.06 1.9±0.05 1.8±0.1 3.0±0.4 3.4±0.5 3.1±0.02 I, MS, Co-GC
b-Myrcene 986 1.9±0.8 1.7±0.05 2.0±0.05 1.6±0.05 1.8±0.7 2.7±0.9 0.8±0.05 2.2±0.05 I, MS, Co-GC
a-Phellandrene 1005  tr 0.1±0.02 tr tr  tr 0.1±0.02 I, MS
a-Terpinene 1016 0.6±0.3 0.7±0.01 0.9±0.01 0.4±0.01  0.1±0.01  0.1±0.02 I, MS, Co-GC
Limonene 1032 55.3±1.5 53.7±1.7 46.9±1.9 52.9±2.2 45.7±1.5 42.7±1.5 47.2±2.8 45.0±1.2 I, MS, Co-GC
(E)-b-Ocimene 1047  1.3±0.08 2.4±0.08 1.4±0.08  1.2±0.2 1.4±0.08 2.9±0.5 I, MS
g-Terpinene 1059 24.1±1.4  24.2±1.2 22.7±1.2 23.6±1.2 21.3±1.9 18.3±1.8 23.7±1.0 24.2±1.9 I, MS, Co-GC
cis-Sabinene hydrate 1068  0.1±0.02 0.1±0.02  tr 0.1±0.02  0.1±0.02 I, MS
Terpinolene 1089 1.2±0.02 1.4±0.07 1.7±0.07 0.2±0.07 1.3±0.04 1.4±0.07 1.3±0.07 1.1±0.07 I, MS, Co-GC
Linalool 1098 0.2±0.01 0.1±0.02 0.2±0.01 0.2±0.02 0.2±0.01 tr  0.2±0.02 I, MS, Co-GC
n-Nonanal 1100 tr tr 0.1±0.01  tr    I, MS
Citronellal 1156 0.2±0.02 0.1±0.02 0.1±0.02 tr 0.1±0.03 0.1±0.02 0.1±0.02 0.2±0.02 I, MS
Terpinen-4-ol 1178 0.4±0.08 0.3±0.02 0.1±0.03  0.1±0.07 0.1±0.01 0.1±0.02  I, MS, Co-GC
a-Terpineol 1189 0.4±0.06 0.4±0.01 0.5±0.01 0.2±0.01 0.5±0.07 0.6±0.01 0.6±0.03 0.4±0.02 I, MS
n-Decanal 1205 tr 0.1±0.02 0.1±0.03  tr  0.1±0.02 0.1±0.02 I, MS
Nerol 1232 0.2±0.04 0.1±0.03 0.1±0.01 tr 0.1±0.04 tr tr tr I, MS
Neral 1242 1.3±0.02 1.6±0.02 1.7±0.08 1.5±0.02 2.7±0.02 3.1±0.5 3.2±0.6 1.6±0.04 I, MS, Co-GC
Geraniol 1255 0.3±0.02 0.5±0.02 0.1±0.04 0.4±0.02 0.1±0.02    I, MS
Geranial 1275 1.2±0.9 2.1±0.08 2.3±0.07 2.0±0.08 3.8±0.9 4.5±0.9 4.4±0.8 2.4±0.08 I, MS
Neril acetate 1370 0.3±0.02 0.2±0.01 0.2±0.01 0.1±0.01 0.4±0.02  0.3± 0.01 0.6±0.02 I, MS
Geranil acetate 1388 0.2±0.02 0.2±0.03 0.2±0.04 0.1±0.03 0.7±0.02 0.6±0.03 0.5±0.01 0.5±0.02 I, MS
b-Elemene 1390 0.1±0.02 0.2±0.02 0.2±0.02      I, MS
b-Cubebene 1392 0.4±0.02  tr  tr 0.2±0.04 0.2±0.02  I, MS
a-Bergamotene 1403 0.5±0.02 0.5±0.02 tr    tr 0.8±0.04 1.0±0.02 I, MS
trans- Caryophyllene 1418 0.3±0.02  0.2±0.03 0.3±0.01 0.2±0.03 0.5±0.02  0.5±0.01 0.4±0.03 0.4±0.03 I, MS, Co-GC
trans-b-Farnesene 1441 tr 0.1±0.02 0.1±0.01   0.1±0.02 0.1±0.02  I, MS
a-Humulene 1454 0.2±0.01 0.3±0.05 0.1±0.01  0.1±0.01 0.1±0.02 0.1±0.02 tr I, MS, Co-GC
b-Bisabolene 1508 0.7±0.02 0.8±0.04 0.5±0.04 0.8±0.04 1.2±0.2 1.3±0.4 1.1±0.3 1.3±0.04 I, MS, Co-GC
Citropten 1993 0.9±0.03 0.4±0.04 0.5±0.04  0.7±0.02 0.5±0.04 0.3±0.01 0.3±0.02 MS, Co-GC
Oxypeucedanin 2420     0.4±0.03 0.2±0.01 0.3±0.01 0.1±0.01 MS

aRetention Index on SE-30 MS column. bMean abundance value ± standard error, n = three independent determinations. Compositional values less than 0.1% 
are denoted as traces (tr). cI, Retention index; MS, mass spectrum; Co-GC: co-injection with authentic compound.

GAbrIELE et al. (2009) evaluated the composi-
tion of C. medica cv Diamante essential oil from 
fruits of three types: green citron of little size, 
green citron of big size and yellow citron after 1 
month from the harvest. the essential oils ex-
tracted using three different methods differ only 
in the quantitative composition, while the qual-
itative profile was the same. In agreement with 
our results, the volatile fraction of every sample 
is characterized by a high content of limonene, 
followed by g-terpinene. Differences can be not-
ed between our oils and the samples analyzed by 
GAbrIELE et al. (2009) regarding the quantitative 
composition of limonene, a-pinene and b-pinene. 
In particular, our samples are characterized by a 
lower content of limonene (40.2-55.8% in com-
parison with 57-60%), but a higher content of g-
terpinene (21.3-28.0% except for samples 6 and 
13, in comparison with 20.9-24.4%), a-pinene 
(1.9-3.6% in comparison with 0.7-1.5%) and b-
pinene (1.2-3.4% except for sample 3, in com-

parison with 0.9-1.4%). Oxypeucedanin was the 
main component of the oxygenated heterocyclic 
fraction in the extracts of green fruits, while cit-
ropten was the major oxygenated compound in 
the oil obtained from yellow citron. 

the essential oil isolated from peel of cre-
tan origin C. medica cv Diamante revealed that 
limonene was the main constituent. the oil also 
contained a high content of neral and gerani-
al, with b-pinene and myrcene being the most 
abundant monoterpene hydrocarbons following 
limonene. Moreover, the peel oil was character-
ized by appreciable proportions of citronellol, 
nerol and geraniol (VEKIArI et al., 2004). 

correlations

the physical soil constituent and leaves micro 
and macro-nutrient content attained statistical 
significance with some of the components of the 
oils. table 6 shows the correlation matrix between 
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table 5 - Major components of the essential oil from C. medica cv Diamante peel collected in zone b.

	 	 %b	
Compound		 Ia	 	 ID	Methodc

	 	 9	 10	 11	 12	 13	 14	 15	 16	

Thujene 926 0.8±0.5 1.2±0.6 1.1±0.8 1.0±0.6 1.4±0.3 1.5±0.6 0.9±0.8 1.1±0.6 I, MS
a-Pinene 936 1.9±0.5 2.6±0.9 2.5±0.4 2.5±0.9 3.0±0.7 3.0±0.9 2.1±0.5 2.4±0.9 I, MS, Co-GC
Camphene 953     tr tr tr 0.1±0.02 I, MS
Sabinene 973 1.8±0.07 tr 0.3±0.02 0.4±0.02    0.3±0.01 I, MS, Co-GC
b-Pinene 978 1.2±0.02 2.1±0.06 2.2±0.09 2.2±0.06 2.9±0.3 3.2±0.06 2.9±0.11 2.1±0.06 I, MS, Co-GC
b-Myrcene 986 1.0±0.05 1.8±0.05 1.6±0.05 1.7±0.05 2.5±0.05 1.5±0.05 1.0±0.05 1.4±0.09 I, MS, Co-GC
a-Phellandrene 1005   0.1±0.01   tr 0.1±0.01 tr I, MS
a-Terpinene 1016  0.6±0.01 0.3±0.02 0.3±0.02 tr tr 0.2±0.01 0.2±0.02 I, MS, Co-GC
Limonene 1032 55.8±1.2 52.3±1.7 51.3±1.9 48.5±1.7 48.7±2.6 40.2±1.7 50.2±1.9 54.4±2.1 I, MS, Co-GC
(E)-b-Ocimene 1047 1.1±0.5 0.3±0.08 1.7±0.08 2.1±0.08 1.3±0.08 1.1±0.08 1.8±0.08 1.9±0.06 I, MS
g-Terpinene 1059 26.5±1.9 24.6±1.2 27.5±1.2 22.2±1.2 20.8±1.5 23.0±1.2 26.1±1.2 28.0±1.1 I, MS, Co-GC
cis-Sabinene hydrate 1068  tr   tr 0.1±0.02 tr  I, MS
Terpinolene 1089 1.1±0.07 1.2±0.07 1.0±0.07 1.1±0.07 1.4±0.03 0.7±0.03 1.1±0.06 0.6±0.03 I, MS, Co-GC
Linalool 1098  0.1±0.02  0.1±0.02 0.2±0.02 0.2±0.01 0.1±0.01 tr I, MS, Co-GC
n-Nonanal 1100     0.1±0.02    I, MS
Citronellal 1156  0.1±0.02  tr tr 0.2±0.01 0.1±0.01 tr I, MS
Terpinen-4-ol 1178  0.3±0.02 0.3±0.02 0.3±0.02 tr  0.2±0.02  I, MS, Co-GC
a-Terpineol 1189  0.5±0.01   0.4±0.01 0.6±0.01 0.4±0.01 0.3±0.02 I, MS
n-Decanal 1205    0.1±0.02   tr tr I, MS
Nerol 1232  0.5±0.03  0.1±0.03 tr 0.3±0.03 tr tr I, MS
Neral 1242 0.9±0.04 1.5±0.02 0.7±0.02 1.1±0.02 2.9±0.9 1.5±0.02 1.3±0.06 1.4±0.07 I, MS, Co-GC
Geraniol 1255    0.5±0.02  0.3±0.01 tr tr I, MS
Geranial 1275 1.2±0.08 2.1±0.08 0.8±0.08 2.9±0.08 4.2±0.08 2.0±0.08 1.8±0.08 2.0±0.08 I, MS
Neril acetate 1370  0.2±0.01 tr 0.2±0.01 0.4±0.01 0.7±0.02 0.2±0.01 0.2±0.01 I, MS
Geranil acetate 1388  0.3±0.03 0.7±0.08 0.3±0.03 0.7±0.03 0.7±0.03 0.2±0.08 0.2±0.03 I, MS
b-Elemene 1390   0.6±0.08  tr tr 0.2±0.08 0.2±0.01 I, MS
b-Cubebene 1392     0.2±0.01   tr I, MS
a-Bergamotene 1403  0.6±0.02  tr tr 1.1±0.09 tr  tr  I, MS
trans-Caryophyllene 1418 0.7±0.03 0.4±0.03 0.3±0.03 0.3±0.03 0.5±0.01 0.4±0.03 0.3±0.05 0.3±0.03 I, MS, Co-GC
trans-b-Farnesene 1441  0.2±0.02   0.1±0.02 0.1±0.02 0.1±0.01 tr I, MS
a-Humulene 1454     0.1±0.01    I, MS, Co-GC
b-Bisabolene 1508 1.0±0.04 0.8±0.04 0.5±0.04 1.3±0.04 1.1±0.7 1.5±0.08 1.0±0.04 0.8±0.05 I, MS, Co-GC
Citropten 1993  0.8±0.04   0.4±0.04 0.6±0.04 0.2±0.01  MS, Co-GC
Oxypeucedanin 2420    0.8±0.04 0.1±0.02 0.2±0.01 tr  MS

aRetention Index on SE-30 MS column. bMean abundance value ± standard error, n = three independent determinations. Compositional values less than 0.1% 
are denoted as traces (tr). cI, Retention index; MS, mass spectrum; Co-GC: co-injection with authentic compound.

table 6 - correlation between soil, leaves and essential oil components.

 Essential	oil	components

Parameters	 Thujene	 a-Pinene	 a-Terpineol	 trans-b-Farnesene	 Terpinolene

Soil
Silt (%) -0.589** -0.595** - - -
Sand (%) 0.615** 0.595** - - -
K (%) -0.553* -0.534* - - -
N (‰) - - 0.500* 0.572* -
Na (mg kg-1) -0.532* -0.532* - - -
Mg (%) -0.532* -0.529* - - -
C.S.C. (meq/100 g soil) -0.491* - - - -

Leaves
Ca (%) 0.685** 0.654** - - -
Mg (%) - - - - -0.6191**

*p ≤ 0.05, **p ≤ 0.01, - not significant.
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the most significative parameters of the soil and 
leaf and the individual components of the essen-
tial oils. the sand positively influenced the con-
tent of monoterpene thujene (r= 0.615, P= 0.11) 
and the a-pinene (r= 0.595, P= 0.15). On the con-
trary, a negative correlation was observed with 
exchangeable potassium, sodium and magnesi-
um ions. the total nitrogen positively influenced 
the a-terpineol and trans-b-farnesene content (P< 
0.05). Among the parameters of leaves nutritional 
status calcium positively influenced the thujene 
and a-pinene content (r= 0.685, P= 0.03 and 0.654, 
P= 0.06, respectively), and magnesium condi-
tioned the terpinolene content (r= 0.760, P= 0.01). 

cONcLUsIONs

In this study the essential oil obtained from 
the peel of C. medica cv Diamante was analysed 
and investigated to evaluate the influence of the 
environmental parameters, cultivation manage-
ment, physico-chemical parameters of soil and 
nutrients in the leaves on its chemical composi-
tion. Differences highlighted in essential oil com-
position and carpometric characteristics of fruits 
collected in the two different zones could be at-
tributed to the soil composition and in particular 
to sand, and P2O5 and K2O content. results dem-
onstrated as fruits collected in plain at sea level 
are characterized by a higher weight, and equa-
torial and longitudinal diameter and lower fruit 
firmness lower than fruits collected in zone b. 

these findings could help cultivators to im-
prove fruits quality suitable for industrial prod-
ucts such as candy.
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AbstrAct

Effects of addition of several well-known commercially available prebiotics or fibres (inulin, Hi-
maize, lactitol, lactulose, β-glucan, and maltodextrin) in two levels (1.5 and 3.0%) on biochemical, 
microbiological and sensory characteristics of AbY-type probiotic yogurt (Lactobacillus acidophilus 
LA-5, Bifidobacterium animalis ssp. lactis bb-12 and yogurt bacteria) were investigated. Experi-
mental parameters analyzed during fermentation were changes in pH, acidity and redox potential. 
At the end of fermentation (pH 4.5), the mean pH drop, mean titrable acidity increase and mean 
redox potential increase rates, concentrations of lactic and acetic acids, incubation time, viabili-
ty of probiotic organisms, and sensory attributes of yogurts were determined. Viability of probiot-
ics in selected yogurts was also assessed during 21 days of refrigerated storage (5°c). Addition of 
prebiotics significantly changed the biochemical characteristics of different yogurts and substan-
tially enhanced the viability of probiotics/fibres immediately after fermentation and during the 
cold storage. Many prebiotic/fibre-containing yogurts had lower sensory acceptability compared 
to the control. In an overall approach, yogurts containing 1.5% β-glucan and 1.5% Hi-maize were 
considered as the best choices.
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INtrODUctION

Nowadays, many types of probiotic dairy prod-
ucts are available worldwide. Probiotic yogurt 
is still among the most popular probiotic prod-
ucts (KOrbEKANDI et al., 2010; tAMIME et al., 
2005). to provide health benefits related to pro-
biotic organisms, the minimum viable counts 
of each probiotic strain in gram or milliliter of 
probiotic products is a critical value. General-
ly, the amount of 106 cfu/mL or cfu/g has been 
accepted as minimum level and the amounts of 
107 and 108 cfu/mL or cfu/g as satisfactory lev-
els. In Japan, the “Fermented Milks and Lac-
tic acid bacteria Association” have developed a 
standard which requires a minimum of 107 cfu/
mL viable probiotic cells to be present in dairy 
products (tAMIME et al., 2005). In Iran, National 
standard requires a minimum of 106 cfu/mL vi-
able probiotic cells in yogurt (ANON, 2009). Pro-
biotic products should be consumed regularly 
with an approximate amount not less than 100 
g/d in order to deliver about 109 viable cells into 
the intestine (KOrbEKANDI et al., 2010; tAMIME 
et al., 2005). Many intrinsic and extrinsic fac-
tors in food products significantly affect viability 
of probiotic microorganisms in fermented milks 
such as pH, titrable acidity, molecular oxygen, 
redox potential, hydrogen peroxide, bacterioc-
ins, biorelationships among starter bacteria and 
microbial competitions, short chain fatty acids, 
some flavouring agents, anti-microbial preserv-
atives, packaging materials and conditions, rate 
and proportion of inoculation, step-wise/stage-
wise fermentation, microencapsulation, supple-
mentation of milk with nutrients, heat yogurt of 
product, incubation temperature, storage tem-
perature, carbonation, addition of salt, sugar 
and sweeteners, cooling rate of product and scale 
of production (KOrbEKANDI et al., 2010; tAMIME 
et al., 2005; cHAMPAGNE and rAstALL, 2009).

Prebiotics are non-viable and non-digestible 
(or very low digestible) food ingredients selec-
tively metabolized by beneficial intestinal bac-
teria and enhance their growth and/or activity. 
they are mostly sugar-like compounds compris-
ing between two and ten monomers that largely 
resist digestion by pancreatic and brush board 
enzymes. the term “symbiotic” is used to de-
scribe products that contain both probiotics 
and prebiotics (HOLZAPFEL and scHILLINGEr, 
2001; KOrbEKANDI et al., 2010; ArYANA et al., 
2007). Fructooligosaccharides (FOss) (linear or 
branched forms) are among the most important 
prebiotic compounds (ArYANAEt et al., 2007; 
AKALIN et al., 2004).

Nowadays, prebiotics are included in many 
products in order to promote the growth of pro-
biotics in the intestine. therefore, incorporation 
of prebiotics into fermented milks such as yo-
gurt, especially those containing probiotic bac-
teria, would potentially lead to a healthier prod-
uct. It has been known that prebiotics may aid 

survival of probiotics in fermented milks during 
processing and storage (cAPELA et al., 2006). Al-
though much has been written about the ben-
eficial impact of prebiotic on probiotic growth 
and/or activity under in vivo (colonic) conditions, 
there are a few years that the effects of prebiotic 
compounds on viability of mentioned organisms 
in fermented milks as well as on qualitative prop-
erties of final products has been under investi-
gation and limited reports are present (ArYANA 
et al., 2007; AKALIN et al., 2004; cAPELA et al., 
2006; ArYANA and McGrEW, 2007; DONKOr et 
al., 2007; MArtINEZ-VILLALUENGA et al., 2006; 
et al., 2009; ÖZEr and ÖZEr, 2005; tAbAtAbAIE 
and MOrtAZAVI, 2008; VAsILJEVIc et al., 2007). 
the vast majority of these studies dedicate to the 
effects of prebiotics on probiotic stability during 
the cold storage of product rather than during 
the fermentation period.

there are conflicting reports on the effect of 
prebiotics on viability of probiotics in ferment-
ed milks. Many reports indicate significant in-
crease in survival of bifidobacteria (AKALIN et 
al., 2004; cAPELA et al., 2006; NOUbAKHtI et al., 
2009; ÖZEr and ÖZEr, 2005; tAbAtAbAIE and 
MOrtAZAVI, 2008; VAsILJEVIc et al., 2007; brU-
NO et al., 2002; cHEN et al., 2004; sHIN, LEE et 
al., 2000), Lactobacillus acidophilus (ArYANA et 
al., 2007; cAPELA et al., 2006; DONKOr et al., 
2007; tAbAtAbAIE and MOrtAZAVI, 2008; rAst-
ALL and MAItIN, 2002; sADEK et al., 2004), L. ca-
sei (cAPELA et al., 2006; ArYANA and McGrEW, 
2007; DONKOr et al., 2007) and L. rahmnosus 
(cAPELA et al., 2006; tAbAtAbAIE and MOrtA-
ZAVI, 2008; sADEK et al., 2004), and some de-
tect no significant impact (L. acidophilus) (ÖZEr 
and ÖZEr, 2005) or even lower viability com-
pared to the control (L. acidophilus) (NOUbA-
KHtI et al., 2009). It seems that factors such as 
the type of prebiotic, prebiotic chemical prop-
erties and the level of incorporation determine 
its efficiency and impact. For example, short-
er chain fructooligosaccharides (FOss) are the 
first to be consumed by bifidobacteria (PErrIN et 
al., 2002); However, long-chain fructans most-
ly display non-prebiotic-specific health benefits 
such as enhancing bioavailability of minerals, 
decreasing fat absorption, preventing constipa-
tion, lowering blood cholesterol, boosting body 
defenses, decreasing incidence of colon cancer, 
and helping the body to eliminate toxins (ArYA-
NA et al., 2007; JENKINs et al., 1999). there are 
also conflicting results about the effects of preb-
iotics on sensory properties of fermented milks. 
some researches indicate good or better flavor 
and texture profiles compared to control (inu-
lin) (IbrAHIM et al., 2004; sEYDIN et al., 2005), 
whereas, some detect no significant differences 
compared to the control (inulin or wheat fiber 
or bamboo fiber) (DELLO stAFFOLO et al., 2004; 
HAssAN et al., 1999) and some represent weaker 
sensory properties compared to the control (in-
ulin) (GUVEN et al., 2005). the aim of this study 
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was to investigate the effects of addition of sev-
eral well-known commercially available prebi-
otic/fibre compounds (inulin, Hi-maize, lacti-
tol, lactulose, β-glucan, and maltodextrin; 1.5 or 
3%) on biochemical, microbiological and senso-
ry characteristics of yogurt containing Lactoba-
cillus acidophilus La-5, Bifidobacterium animalis 
ssp. lactis bb-12, and yogurt bacteria.

MAtErIALs AND MEtHODs

starter culture and prebiotic compounds

starters of commercial lyophilized AbY cul-
ture (containing Lactobacillus acidophilus LA-
5, Bifidobacterium animalis ssp. lactis bb-12, 
Lactobacillus delbrueckii ssp. bulgaricus and 
Streptococcus thermophilus) that are known as 
“FD-DVs AbY-1” were supplied by chr-Hansen 
(Horsholm, Denmark). this culture is current-
ly used by dairy industry to produce probiot-
ic dairy fermented products. the cultures were 
maintained according to manufacturer’s instruc-
tions at -18°c until used.

the fine powders of six commercially availa-
ble prebiotics/fibres (inulin, Hi-maize, lactitol, 
lactulose, β-glucan, and maltodextrin) were sup-
plied by North Pacific (IIDEA, Jalisco, Mexico). 
they were stored at room temperature and un-
der dry condition until were used.

study design and sample preparation

twelve yogurts including those containing 1.5 
or 3.0% of inulin, Hi-maize, lactitol, lactulose, 
β-glucan, or maltodextrin were formulated using 
reconstituted skim milk powder and sterilized 
potable water. A control yogurt (without prebi-
otic) was also prepared. the final milk non-fat 
dry matter content of yogurt samples was 11% 
(W/W). After heat yogurt (90°c - 15 min) and 
cooling of yogurt milk samples, and starter cul-
ture inoculation, fermentation was carried out 
at 42°c until pH reached 4.5. biochemical pa-
rameters including changes in pH, acidity and 
redox potential were measured during fermen-
tation period. these parameters were record-
ed per 30-minute time intervals. the mean pH 
drop, mean acidity increase and mean redox po-
tential increase rates, incubation time, and fi-
nal titrable acidity were determined at the end 
of fermentation. the final samples were cooled 
down and kept at 5°c until the probiotic organ-
isms were enumerated and the concentrations 
of lactic and acetic acids were determined.

Microbiological analysis

Mrs-bile agar medium (Mrs agar by Merck, 
Darmstadt, Germany and bile by sigma-Aldrich, 
Inc., reyde, UsA) was used for the selective enu-
meration of L. acidophilus and bifidobacteria in 

AbY culture composition according to MOrtA-
ZAVIAN et al. (2007). the plates were incubated 
aerobically and anaerobically at 37°c for at least 
72 hours. Yogurt bacteria (L. delbrueckii ssp. bul-
garicus and S. thermophilus) did not growth in 
presence of bile. L. acidophilus cells were selec-
tively counted under aerobic conditions, while 
selective enumeration of bifidobacteria achieved 
using subtractive enumeration method (sEM) 
under anaerobic conditions (MOrtAZAVIAN et 
al., 2007). Anaerobic conditions were produced 
using the GasPac system (Merck, Darmstadt, 
Germany).

Growth proportion index (GPI) of probiotic mi-
croorganism at the end of period was calculated 
as following (MOrtAZAVIAN et al., 2010):

   Final cell population (cfu/mL) 
 GPI = 
  initial cell population (cfu/mL)

chemical analysis

pH values and redox potential of the samples 
were measured at room temperature using a 
pH meter (MA235, Mettler, toledo, switzerland).

titrable acidity was determined after mixing 
10 mL of sample with 10 mL of distilled water 
and titrating with 0.1 N NaOH using 0.5% phe-
nolphthalein according to MOrtAZAVIAN et al. 
(2010).

Parameters of pH mean drop rate, mean acid-
ity increase rate, and mean redox potential in-
creased rate were calculated as following (MOr-
tAZAVIAN et al., 2010):

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

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

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

Quantification of lactic and acetic acids was 
carried out by High Performance Liquid chro-
matography (cE 4200- Instrument, cecil, Mil-
ton technical center, cambridge cb46AZ, UK) 
according to sHAFIEE et al. (2010). briefly, for 
extraction of acids, 4.0 g of sample was diluted 
to 25 mL with 0.1 N H2sO4, homogenized and 
centrifuged at 5,000 g for 10 min. the super-
natant was filtered through Whatman #1 filter 
paper and through a 0.20 µm membrane filter, 
and was immediately analyzed. A Jasco UV-
980 detector and a Nucleosil 100-5c18 column 
(Macherey Nagel, Duren, Germany) were used. 
the mobile phase was 0.009 N H2sO4 at a flow 
rate of 0.5 mL/min. the wavelength of detection 
was optimized at 210 nm. the standard solu-
tions of lactic and acetic acids (Merck, Darm-
stadt, Germany) were prepared in distilled wa-
ter. the retention times for lactic and acetic ac-
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ids were 3.45 and 3.58 min and the standard 
curve regression coefficients were 0.989 and 
0.991, respectively.

sensory analysis

consumer panel of nine panelists were used. 
First, yogurts containing the same prebiotic/
fibre compounds with different levels (1.5 or 
3.0%) were compared using “Paired comparison 
test (DUO-test)” (KHOsrOKHAVAr and MOrtA-
ZAVIAN, 2010). the sensory parameters stud-
ied at this phase were gel firmness and scoop-
ability of the gel, texture smoothness, sour-
ness, flavour acceptability and total acceptabil-
ity. selected yogurts were analyzed and com-
pared using “scoring methodology” according 
to the Iran national standard (ANON, 2008). 
the sensory parameters for the second phase 
were flavour, oral texture and mouthfeel, non-
oral texture (pouring, stirring and scoopabili-
ty), and appearance (colour, syneresis, and sur-
face and texture homogeneity). Each of these 
parameters was scored in a five-point scale in-
cluding 0 = inconsumable, 1 = unacceptable, 
2 = acceptable, 3 = satisfactory, and 4 = excel-
lent. the given numbers for each sensory pa-
rameter were multiplied with the relevant coef-
ficients, namely, 6 for flavour, 3.5 for oral tex-
ture and mouthfeel, 2 for appearance, and 1 
for non-oral texture.

statistical analysis

Experiments were performed in triplicate and 
the significant differences among means/val-
ues were analyzed using the Duncan’s test (on 
the basis of complete randomized design) from 
MstAtc software (Pussell D. Freed, crop and 
soil science Department, Michigan state Uni-
versity, Version 2.10).

rEsULts AND DIscUssION

biochemical characteristics 
of yogurt during fermentation 
and at the end of fermentation

Fig. 1 shows changes in pH, acidity and redox 
potential during fermentation. table 1 presents 
mean pH drop rate, mean acidity increase rate, 
mean redox potential increase rate, incubation 
time, final titrable acidity, and lactic and acetic 
acid contents (%) in different yogurts through-
out the fermentation or at the end of this pe-
riod. As shown in Fig. 1, three distinguished 
phases could be observed in charts related to 
changes in pH decline, acidity increase and re-
dox potential increase of the yogurts, namely, 
lag and pre-log phases (initial part of the charts 
with relatively low slopes), log phase (with con-
sidering higher slope), and late log and station-

ary phases (with significantly decrease in chart 
slop compared to previous phase). According to 
table 1, there is no difference in mean pH drop 
rate during fermentation among different yo-
gurts. the greatest (p<0.05) mean acidity in-
crease rate was observed in the yogurt contain-
ing 1.5% lactitol (Lactitol-1.5) and then, con-
trol, Inulin-1.5, and Maltodextrin 1.5. In con-
trast, Lactitol-3.0 and β-glucan-3.0 had the low-
est mean acidity increase rate during fermen-
tation. It seems that the addition of prebiot-
ic compounds instead of milk solid non-fat did 
not significantly affect buffering capacity of the 
product during fermentation since all yogurts 
showed a similar mean pH drop rate. It is not 
exactly clear whether the higher mean acidity 
increase rate in some yogurts was mainly due 
to stimulating growth and/or activity of yogurt 
bacteria or probiotic cells. For instance, Lacti-
tol-1.5 which exhibited the highest mean acid-
ity increase rate (table 1) was from the yogurts 
with the lowest viability of both probiotic bacte-
ria (section 3.2 and table 2); indicating unsur-
prisingly that the acidification was mainly due to 
yogurt bacteria and not by probiotics. Generally, 
yogurts with higher mean acidity increase rate 
had also higher mean redox potential increase 
rate because organic acids produced during fer-
mentation increase redox potential (KOrbEKAN-
DI et al., 2010). the highest levels of final titrable 
acidity were observed in Maltodextrin-1.5 and 
after it, Lactulose-1.5, Lactitol-1.5, inulin-1.5 
and control, whereas, the lowest were found in 
Hi-maize-3.0 and Lactulose-3.0. the longest in-
cubation times were observed for β-glucan-1.5 
& 3.0, Maltodextrin-1.5, Lactitol-3.0 and inu-
lin-3.0, whereas Hi-maize-1.5 showed the short-
est incubation time (table 1). A correlation be-
tween the mean acidity increase rate and incu-
bation time was observed: the yogurts with the 
lowest mean acidity increase rates displayed the 
longest incubation times (table 1). In compari-
son with the control, only Hi-maize-1.5 and Lac-
titol-1.5 showed significantly shorter fermenta-
tion time which was either the same or longer 
than for control.

there are conflicting reports on the effects 
of prebiotic/fibre addition on acidification or 
post-acidification (during the refrigerated stor-
age) rate of fermented milks containing probi-
otics and yogurt bacteria. HArDI and sLAcANAE 
(2000) found that the rate of pH decease of fer-
mented milk was increased by inulin supple-
mentation. this is controversial to our results 
because in this study (table 1), addition of in-
ulin (1.5 or 3.0) did not significantly affect the 
mean acidity increase rate and did not change 
the mean pH decrease rate during fermenta-
tion. Also, control yogurt had incubation time 
less than Inulin-1.5 and Inulin-3.0. ZHU (2004) 
reported that the acidity and pH of yogurt were 
not affected by the addition of 4% fructooli-
gosaccharide. According to GUVEN et al. (2005), 
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Fig. 1 - changes in pH drop, acidity increase and redox potential increase during fermentation period in different yogurts 
(continues).
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inulin did not affect the pH and titrable acidity 
of yogurt. Yogurt containing inulin had a sta-
ble pH over 28 days of storage period (DELLO 
stAFFOLO et al., 2004). tAbAtAbAIE and MOr-
tAZAVI (2008) found that the pH decrease rate 
of the control was higher compared to the yo-
gurts containing lactulose (1.0 and 3.0%).

the concentration of lactic acid was directly 
proportional to the final titrable acidity (table 
1). For instance, yogurts containing Maltodex-
trin-1.5, control, Inulin 1.5, Lactitol-1.5 and 
Lactulose-1.5 which had the highest amounts 
of titrable acidity, rendered also the highest 
values of lactic acid percentage. the same pat-
tern was observed for the lowest amounts (table 
1). Acetic acid concentration in yogurts was in 
the range of 0.05-0.12%. sum of other organic 
acids except lactic acid were less than 0.03%.

Fig. 1 - continued.

Viability of probiotic bacteria at the end 
of fermentation and during 21 days of storage

table 2 shows viability of probiotic microor-
ganisms as well as the relevant growth propor-
tion index (GPI) in different yogurts immediate-
ly after fermentation. table 3 indicates viabili-
ty of these organisms during a 21-day refriger-
ated storage period (5°c) in selected yogurts. As 
shown in table 2, for L. acidophilus, except Inu-
lin-3.0 and Lactulose-3.0, addition of prebiotics 
significantly increased the viability of this bacte-
rium compared to the control. the highest levels 
of viability of L. acidophilus were observed in yo-
gurts containing Maltodextrin-3.0>Maltodextrin-
1.5>β-glucan-1.5>β-glucan-3.0 & Hi-maize-1.5. 
the lowest viabilities of this bacterium were seen 
in Inulin-3.0 and control. For bifidobacteria, 
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table 1 - Mean pH drop rate, mean acidity increase rate, mean redox potential increase rate, incubation time, final acidity, and 
lactic and acetic acid contents in different yogurts throughout the fermentation or at the end of fermentation (final pH 4.5)*.

	 Parameters

Prebiotic	 pH-DR**	 A-IR	 RP-IR	 Incubation	 Final	 Lactic	acid	 Acetic	acid
concentration	(%)	 (pH/min)	 (°D/min)	 (mV/min)	 time	(min)	 acidity	(°D)	 percentage	 percentage

Control	 0.006a	 0.20ab	 0.40ab	 300c	 76.0b	 0.69a	 0.05cd

Inulin-1.5	 0.006a	 0.20ab	 0.38b	 315b	 76.1b	 0.61bc	 0.12a

Inulin-3.0	 0.006a	 0.17bc	 0.37b	 330a	 68.0cd	 0.58c	 0.08b

Hi-maize-1.5	 0.007a	 0.20ab	 0.42a	 285d	 70.5c	 0.60bc	 0.09b

Hi-maize-3.0	 0.006a	 0.16c	 0.41a	 300c	 61.09ef	 0.53cd	 0.06c

Lactitol-1.5	 0.006a	 0.21a	 0.41a	 295c	 74.0bc	 0.64b	 0.07bc

Lactitol-3.0	 0.006a	 0.13e	 0.35c	 330a	 56.0g	 0.47e	 0.07bc

Lactulose-1.5	 0.006a	 0.20ab	 0.40ab	 300c	 74.5bc	 0.66ab	 0.06c

Lactulose-3.0	 0.006a	 0.17bc	 0.40ab	 300c	 63.5e	 0.56c	 0.06c

Maltodextrin-1.5	 0.006a	 0.20ab	 0.34c	 330a	 80.0a	 0.68a	 0.11a

Maltodextrin-3.0	 0.006a	 0.18b	 0.36c	 310bc	 70.0c	 0.57c	 0.11a

β-glucan-1.5	 0.006a	 0.16c	 0.37b	 330a	 66.0d	 0.54cd	 0.10ab

β-glucan-3.0	 0.006a	 0.15d	 0.38b	 330a	 64.0de	 0.53cd	 0.08b

*Means	in	the	same	column	shown	with	different	letters	are	significantly	different	(p<0.05).
**pH-DR	=	man	pH	drop	rate,	A-IR	=	mean	acidity	increase	rate,	RP-IR	=	mean	redox	potential	increase	rate.

except Lactulose-3.0, addition of prebiotics sig-
nificantly increased their viability compared to 
the control. the greatest viabilities of bifidobac-
teria cells were related to the yogurts contain-
ing Inulin-1.5>Maltodextrin-1.5>Maltodextrin-
3.0>β-glucan-1.5 & β-glucan-3.0 & Inulin-3.0. 
the lowest viabilities of bifidobacteria were in yo-
gurts containing Lactitol-3.0 and control. Gen-
erally, Increasing the concentration of prebiot-
ic from 1.5 to 3.0% resulted in a neutral or de-
creasing effect on viability of the two probiotic 
bacteria the positive effect of prebiotics on vi-

table 2 - Viability of probiotic microorganisms and the relevant growth proportion index in different yogurts at the end of 
fermentation (final pH 4.5)*.

Prebiotic	 Initial	population	 Final	population	 GPI**
concentration	 (log	cfu	mL-1)	 (log	cfu	mL-1)

(%)	 A***	 B	 A+B	 A	 B	 A+B	 A	 B	 A+B

Control	 6.2	 6.4	 6.6	 7.0fAB	 7.0fA	 7.3k	 6.1	 3.9	 4.8
Inulin-1.5	 6.2	 6.4	 6.6	 7.1deB	 7.6aA	 7.7c	 7.4	 13.8	 11.5
Inulin-3.0	 6.2	 6.4	 6.6	 7.1eB	 7.4cA	 7.6f	 7.1	 9.3	 8.5
Hi-maize-1.5	 6.2	 6.4	 6.6	 7.1dAB	 7.2eA	 7.5h	 8.5	 5.5	 6.6
Hi-maize-3.0	 6.2	 6.4	 6.6	 7.1deAB	 7.2eA	 7.4i	 7.6	 5.1	 6.0
Lactitol-1.5	 6.2	 6.4	 6.6	 7.1dB	 7.3dA	 7.5g	 8.5	 6.6	 7.2
Lactitol-3.0	 6.2	 6.4	 6.6	 7.0efA	 7.1fA	 7.3jk	 6.2	 4.1	 5.0
Lactulose-1.5	 6.2	 6.4	 6.6	 7.0efAB	 7.1efA	 7.4j	 6.6	 4.5	 5.2
Lactulose-3.0	 6.2	 6.4	 6.6	 7.0gAB	 7.1efA	 7.3jk	 6.3	 4.3	 5.0
Maltodextrin-1.5	 6.2	 6.4	 6.6	 7.4bB	 7.6abA	 7.8b	 15.8	 12.9	 14.1
Maltodextrin-3.0	 6.2	 6.4	 6.6	 7.5aA	 7.5bA	 7.8a	 20.4	 12.3	 15.5
β-glucan-1.5	 6.2	 6.4	 6.6	 7.3cB	 7.4cA	 7.6d	 11.2	 9.3	 10.0
β-glucan-3.0	 6.2	 6.4	 6.6	 7.2cdB	 7.4cA	 7.6de	 9.3	 9.1	 9.6

*Means	shown	with	small	and	capital	letters	represent	significant	differences	(p<0.05)	in	the	same	columns	(between	the	yogurts)	and	rows	(between	the	two	
probiotic	bacteria	in	each	yogurt	sample),	respectively.
**GPI	=	Growth	Proportion	Index.
***A	=	L. acidophilus,	B	=	bifidobacteria,	A	+	B	=	total	probiotics.

ability of probiotics seems to be different dur-
ing fermentation compared to refrigerated stor-
age. For L. acidophilus, from d 7 onwards, Hi-
maize-1.5 that resulted in the highest viability 
throughout the storage period and β-glucan-1.5 
which caused the highest viability among the 4 
yogurts immediately after fermentation, result-
ed in the lowest viability throughout the storage 
period. For bifidobacteria, from d 7 onwards, 
β-glucan-1.5 led to the highest viability through-
out the storage period.

there are controversial reports regarding 
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stimulatory impact of various prebiotic com-
pounds on viability of probiotic bacteria, some 
of these are in agreement and some are in dis-
agreement to our findings. NOUbAKHtI et al. 
(2009) reported that addition of 3.0% Hi-maize 
into milk resulted in the highest viability of B. 
Lactis bb-12 and the lowest viability of L. acido-
philus LA-5 at the end of fermentation (pH4.2) 
compared to the control and inulin (1 and 3%). 
AKALIN et al. (2004) announced that adding 
FOss considerably increased the viability of 
B. animalis bb-12 and B. longum bb-46 (es-
pecially B. longum bb-46) during the 28 days 
refrigerated storage at 4°c. Adding of β-glucan 
from two different cereal sources into milk im-
proved the B. lactis bb-12 stability during 28 
days cold storage more efficiently than inulin 
(VAsILJEVIc et al., 2007). ArYANA and McGrEW 
(2007) reported that addition of inulin improved 
the viability of L. casei 01 during five weeks of 
cold storage compared to control. According 
to sADEK et al. (2004), the viability of L. acido-
philus LA-5 and L. rhamnosus Ascc was en-
hanced in fermented milk containing 2% inulin 
or lactulose. However, ÖZEr and OZEr (2005) 
reported that the growth of L. acidophilus LA-5 
as well as yogurt bacteria was not stimulated 
by inulin in Acidophilus-bifidus yogurt. In con-
trast, the viability of B. bifidum bb-02 was en-
hanced to a great extent. Generally, lactulose 
was more effective growth promoter for both 
probiotic strains compared to inulin. tAbAtA-
bAIE and MOrtAZAVI (2008) found that in yo-
gurt containing lactulose (1 and 3%) during 5 
weeks of cold storage, the survival of L. rham-
nosus LbA and B. bifidum cEct was slightly 
and considerably improved, respectively. rAst-
ALL and MAItIN (2002) found that the largest 
increase in bifidobacteria population was seen 
by addition of xylo-ligosaccharide and lactu-
lose, whilst, the highest growth for lactobacilli 
was obtained by addition of FOss. DONKOr et 
al. (2006) reported that in the presence of in-
ulin, L. acidophilus L10 and L. casei L26 had 
better viability compared to that of Hi-maize 
(table 2). Lower concentrations of inulin were 
found to be sufficient to stimulated the growth 
and retain the viability of the probiotic organ-
isms and yogurt bacteria. this is controversial 
to the results of present study, because inulin 
did not considerably increase the viability of L. 
acidophilus. ArYANA et al. (2007) found that in-
ulins with different chain lengths (short, medi-
um and long) resulted in the significant high-
er viability of L. acidophilus LAc4 than con-
trol during 22-day refrigerated storage. chain 
length of inulin did not significantly affect the 
viability of mentioned bacterium. According to 
table 2, addition of 1.5% Hi-maize enhanced 
the viability of probiotic bacteria (especially L. 
acidophilus). brUNO et al. (2002) found that Hi-
maize was more efficient in retention of viabili-
ty of bifidobacterial strains than inulin or rafti-

lose which was in contrast to the results of this 
study. It seems that the stimulatory impacts of 
prebiotics on probiotic viability depends on sev-
eral factors such as probiotic strain type, type 
and purity of prebiotics as well as their chain 
length (especially for inulin), and the formu-
lating and process factors such as intensity of 
milk heat treatment, incubation temperature, 
final pH of fermentation and refrigerated stor-
age temperature.

As is evident in table 1, the concentra-
tion of acetic acid is greatest in Inulin-1.5 and 
β-glucan-1.5. the lowest concentrations were 
observed in control and Lactulose-1.5 & 3.0. 
therefore, the viability of bifidobacteria was di-
rectly proportional to the concentration of acetic 
acids in yogurts; best viabilities were observed 
in yogurts containing the highest amounts of 
this acid. this phenomenon was in agreement 
to the findings of MOrtAZAVIAN et al. (2010) and 
sHAFIEE et al. (2010).

sensory attributes of yogurts 
at the end of fermentation

table 4 shows paired comparison tests (DUO 
tests) between the yogurts containing the same 
prebiotics with different concentrations (1.5 or 
3.0%). table 5 represents comparative senso-
ry analysis among the selected yogurts (section 
2.5) using scoring methodology. According to 
table 3, the sourness was more appreciable in 
the yogurts with 1.5% prebiotics, representing 
masking effect of these compounds on the pa-
rameter. Except inulin and Hi-maize, increas-
ing concentration of prebiotics led to a weaker 
sensorial gel firmness and scoopability prob-
ably due to depletion flocculation of milk pro-
teins during fermentation. Except inulin, in-
creasing the concentration of prebiotics result-
ed in the less smooth oral texture. Also, except 
inulin, higher concentration of prebiotics pos-
sessed less flavor acceptability and total ac-
ceptability. Yogurt with 1.5% inulin exhibited 
less sweetness and more unpleasant flavor. Yo-
gurts with 3.0% lactitol and lactulose displayed 
an appreciable and a mild sweet taste, respec-
tively. Maltodextrin-containing yogurts (espe-
cially 3.0%) showed a typical dusty and drug-
like off flavor with was unacceptable to most 
of the panelists. According to the total accept-
ability of the yogurts, inulin-3.0, Hi-maize-1.5, 
Lactitol-1.5, Lactulose-1.5, β-glucan-1.5, Mal-
todextrin-1.5 and control were selected for fur-
ther sensory comparison (table 4) using scor-
ing method (section 2.5). considering table 4, 
control, β-glucan-1.5, and Hi-maize-1.5 had 
the best flavor profile and Maltodextrin-1.5 
rendered the weakest. the former yogurt along 
with Lactitol-1.5 showed the best oral texture 
and mouthfeel, whilst Maltodextrin-1.5 and In-
ulin-1.5 had the lowest scores. All yogurt sam-
ples did not show significant difference from 
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table 3 - Viability of probiotic microorganisms (log cfu mL-1) in selected yogurts during a 21-day refrigerated storage peri-
od (5°c)*.

	 Storage	time	(day)

	 	 0	 	 	 7	 	 	 14	 	 	 21
Prebiotic
concentration	(%)	 A**	 B	 A+B	 A	 B	 A+B	 A	 B	 A+B	 A	 B	 A+B

Control	 7.0d	 7.0d	 7.3d	 6.9a	 6.9bc	 7.2c	 6.8a	 6.9b	 7.2a	 6.1ab	 6.5b	 6.7b

Inulin-1.5	 7.1bc	 7.6a	 7.7a	 6.9a	 7.1b	 7.3b	 6.7a	 6.9b	 7.1b	 6.0ab	 6.5b	 6.6b

Hi-maize-1.5	 7.1b	 7.2c	 7.5c	 6.9a	 7.1b	 7.3b	 6.7a	 6.9b	 7.1a	 6.5a	 6.6b	 6.8ab

β-glucan-1.5	 7.3a	 7.4b	 7.6b	 6.8ab	 7.4a	 7.5a	 6.0b	 7.1a	 7.2a	 5.5c	 7.0a	 7.02a

*Means	shown	with	small	letters	represent	significant	differences	(p<0.05)	in	the	same	columns.
**A	=	L. acidophilus,	B	=	bifidobacteria,	A+B	=	total	probiotics.

table 4 - the “paired comparison tests (DUO tests)” between yogurts containing the same prebiotic compounds with differ-
ent concentrations (1.5 or 3.0%)*.

	 Parameters

Treatments	 Gel	firmness	 Smoothness	 Sourness	 Flavor	 Total	 Notes
	 and	scoopability	 	 	 acceptability	 acceptability

Inulin	 3.0>1.5	 1.5=3.0	 1.5>3.0	 3>1.5	 3.0>1.5	 1.5%	Possessed	less	sweetness	and	more
	 	 	 	 	 	 unpleasant	flavor
Hi-maize	 3.0>1.5	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 3.0%	Had	higher	unpleasant	flavor
Lactitol	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 3.0%	Possessed	appreciable	sweet	taste
Lactulose	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 3.0%	Exhibited	a	mild	sweetness
β-glucan	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 3.0%	Was	sweeter	than	1.5%
Maltodextrin	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 1.5>3.0	 3.0%	Displayed	typical	unpleasant	dusty
	 	 	 	 	 	 and	drug-like	off	flavor

*The	signs	“>“	and	“=“	represent	significant	and	insignificant	differences,	respectively.

table 5 - comparative sensory analysis among the selected yogurts using “scoring methodology”*.

	 Parameters**

Treatments	 Flavor	 Oral	texture	 Appearance	 Non-oral	 Total	score
	 	 and	mouthfeel	 	 texture

Control	 18a	 10.5a	 8a	 3a	 39.5a

Inulin-3.0	 11.2cd	 7c	 8a	 1.9h	 28.1d

Hi-maize-1.5	 17.2ab	 10ab	 8a	 3a	 38.2ab

Lactitol-1.5	 12c	 10.5a	 8a	 3a	 33.5c

Lactulose-1.5	 16.2b	 9.5b	 8a	 3a	 36.7b

β-glucan-1.5	 18a	 10.5a	 8a	 3a	 39.5a

Maltodextrin-1.5	 6e	 7c	 7.4a	 1.7b	 22.1e***

*Means	shown	with	small	letters	represent	significant	differences	(p<0.05)	in	the	same	columns.
**Every	data	is	mean	of	9	replications	(9	panelists).
***The	flavor	profile	of	the	yogurt	with	maltodextrin	was	recognized	“unacceptable”	by	all	members	of	panel	group.

appearance point of view. Inulin-3.0 and Mal-
todextrin-1.5 showed the lowest scores of non-
oral texture. Overall, control, β-glucan-1.5 and 
Hi-maize-1.5 exhibited the highest total ac-
ceptability scores, whilst Maltodextrin-1.5 was 
unacceptable due to the off flavor. Literatures 
about the effects of prebiotics on sensory at-
tributes of fermented milk products are rather 

conflicting. sEYDIN et al. (2005) found that yo-
gurts containing inulin had a good flavor and 
smooth texture. Also, IbrAHIM et al. (2004) re-
ported that organoleptic scores for set ferment-
ed milk containing inulin and B. bifidum were 
higher than their controls. this result was not 
in agreement to the results obtained from this 
study. DELLO stAFFOLO et al. (2004) analyzed 
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consumer acceptability, color, texture, flavor 
and aroma and reported that the yogurt con-
taining inulin was not significantly different 
from the control yogurt and the yogurts con-
taining wheat or bamboo fibers. Also, HAssAN 
et al. (1999) stated that organoleptic proper-
ties of yogurt containing inulin were compara-
ble with the organoleptic properties of yogurt 
prepared with commercial stabilizers. Howev-
er, GUVEN et al. (2005) found that organoleptic 
quality of yogurt decreased with increasing in-
ulin concentration. the latter report is in agree-
ment to the results of our study because the yo-
gurt containing inulin had lower sensory score 
compared to the control.

selection of the best yogurts from probiotic 
viability and sensory profile points of view

From overall aspects, Hi-maize-1.5 and 
β-glucan-1.5 can be selected as the best preb-
iotics/fibres for yogurt. Maltodextrin-contain-
ing yogurts although good from viability point 
of view, are discounted due to unacceptable off 
flavor (section 3.3). With respect to the good 
impact of Inulin-1.5 on viable counts of bifi-
dobacteria and total probiotics, this prebiotic 
composition can be also considered as a good 
alternative.

cONcLUsIONs

Effects of addition of several commercially 
available prebiotics in concentrations of 1.5 and 
3.0% on biochemical, microbiological and sen-
sory characteristics of AbY-type probiotic yogurt 
were investigated in this study. Addition of these 
compounds significantly changed the biochemi-
cal characteristics of yogurts and substantially 
enhanced the viability of probiotics immediate-
ly after fermentation and during the refrigerat-
ed storage. Many prebiotic-containing yogurts 
had a lower sensory acceptability compared to 
the control. In overall (from viability and senso-
ry point of view), Hi-maize-1.5 and β-glucan-1.5 
were found the best prebiotics for yogurt.
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AbstrAct

changes in differential scanning calorimetry cooling thermal properties of an extra virgin olive 
oil in the presence and absence of its phenolic fraction were evaluated at different times of accel-
erated storage treatment (up to 4 weeks at 60°c under air) and related to lipid oxidation molecules 
(measured with k

232
 and k

270
 indices) and total phenol content. Phenols did not appear to direct-

ly influence crystallization of extra virgin olive oil as neither cooling profiles nor thermal proper-
ties differed significantly between the two oils at the beginning of storage. However, oil samples 
deprived of phenols showed more significant changes at the longest storage time in comparison 
with untreated oil. cooling transitions were all deconvoluted into three peaks. changes in ther-
mal properties were more evident for the two transition peaks at the highest temperature in both 
oil samples. thus, a marked influence of lipid oxidation products on the crystallization pattern of 
these two peaks may be hypothesized.
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IntroductIon

Extra virgin olive oil (EVoo) plays an impor-
tant role in the Mediterranean diet as its con-
sumption has been associated with beneficial 
effects on health and prevention against sever-
al diseases (bEndInI et al., 2007). EVoo has a 
high resistance to oxidative deterioration that 
is related not only to its fatty acid composition 
(high monounsaturated to polyunsaturated fat-
ty acid ratio), but also to the presence of minor 
compounds with powerful antioxidant activi-
ty. Lipid oxidation of EVoo occurs mainly dur-
ing processing and storage when the oil is in 
contact with oxygen, and is recognized as the 
main cause of deterioration of the oil during its 
shelf-life (FrAnKEL, 1985). the influence of sev-
eral factors on the rate of deterioration as well 
as the importance of its prevention and its im-
pact on sensory and olfactory attributes of the 
oil have been recently reviewed (bEndInI et al., 
2009). Among the minor components, phenolic 
compounds, which are responsible for sensori-
al properties of EVoo such as bitterness, pun-
gency and astringency (cErrEtAnI et al., 2008), 
also provide resistance to auto-oxidation (bAL-
dIoLI et al., 1996). At the same time, phenolic 
compounds appear to be only partially affect-
ed by heat treatment by microwave (particular-
ly lignans) (brEnEs et al., 2002; cErrEtAnI et 
al., 2009).

the evaluation of the oxidation process of 
EVoo under realistic storage conditions is quite 
slow, and complete oxidation occurs over a pe-
riod of 12 to >18 months. on the other hand, 
high-stress oxidation conditions evaluated by 
oxidative stability tests performed at high tem-
perature (e.g. rancimat) hardly mimic realistic 
storage conditions due to the widely divergent 
kinetics of lipid oxidation at the high tempera-
tures employed. thus, accelerated storage condi-
tions at a maximum of 60°c have also been eval-
uated as they do not alter the oxidation mecha-
nism, and correlate well with experiments per-
formed under normal storage conditions (FrAn-
KEL, 1993).

differential scanning calorimetry (dsc) is a 
calorimetric technique widely employed for the 
characterization of the thermal behaviour of oils 
and fats as it does not require sample prepa-
ration or the use of solvents, resulting in a re-
duced time analysis and low environmental im-
pact. the use of dsc for assessment of oxida-
tive deterioration of vegetable oils is well known 
(tAn and cHE MAn, 2002). In addition, thermal 
parameters obtained by cooling and heating 
thermograms have been found to be related to 
the chemical composition of vegetable oils (tAn 
and cHE MAn, 2000), and relationships have 
also been documented for both major and mi-
nor components of EVoo (JIMénEz MárquEz 
and bELtrán MAzA, 2003 and 2007; cHIAVAro 
et al., 2007, 2008a, and 2010).

several papers have been recently published 
on the application of dsc for assessment of 
quality factors of EVoo, such as the discrimina-
tion of commercial categories of olive oil (cHIA-
VAro et al., 2008b), detection of adulterations 
of EVoo with less expensive vegetable oils (cH-
IAVAro et al., 2008c and 2009a) and discrimi-
nation of oil samples according to cultivar-en-
vironment effects (KottI et al., 2009). However, 
few reports have examined the effects of stor-
age and/or heating treatment on the dsc ther-
mal properties of EVoo in relation to chemi-
cal oxidative changes. Auto- and thermo-oxida-
tion of EVoo have been evaluated by dsc cool-
ing thermograms (VIttAdInI et al., 2003), and 
the amount of oxidized volatile compounds was 
found to be correlated with such thermal pa-
rameters as crystallization enthalpy and on-set 
transition temperature. More recently, chang-
es in dsc thermal parameters and transition 
profiles upon cooling and heating were evalu-
ated on different commercial categories of olive 
oil after microwave heating in relation to chemi-
cal composition and stability indices (cHIAVAro 
et al., 2009b).

the aim of the present investigation was to 
evaluate dsc thermal parameters upon cool-
ing of an EVoo, in the presence and absence 
of phenolic fraction during an accelerated stor-
age treatment of up to 4 weeks at 60°c, and to 
relate these changes to the state of lipid oxida-
tion (uV absorbance at 232 and 270 nm) and 
phenolic content. the potential role of phenols 
in the crystallization of EVoo was also evaluat-
ed on a preliminary basis.

MAtErIALs And MEtHods

samples and storage

An Italian sample of extra virgin olive oil from 
tuscany (blend of Leccino, Moraiolo and Fran-
toio cultivars) was employed in this study. the 
sample was divided into two aliquots: extra vir-
gin olive oil with phenols (EVoop) and extra vir-
gin olive oil without phenols (EVoop0). Phenol-
ic compounds were removed from EVoop ac-
cording to the procedure described by bonoLI-
cArbognIn et al. (2008). briefly, 35 g of EVoop 
were washed with several aliquots of 0.5M naoH 
(4x15 mL). to eliminate the aqueous phase, the 
mixture was centrifuged (1,000 x g, 5 min) after 
each washing. combined olive oil fractions were 
then washed with 0.5M Hcl (2x10 mL) and sat-
urated nacl solution (5x10 mL), centrifuged at 
1,000 x g for 5 min, dried with anhydrous sodi-
um sulphate, and finally filtered under vacuum. 
dried EVoop0 was then obtained.

both samples (EVoop and EVoop0) were di-
vided in 8 aliquots each (250 mL, 228.8 g) and 
kept in the dark at 60°c for 4 weeks. Each aliq-
uot was stored in an individual open glass bottle 
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of 300 mL (i.d. = 6 cm; surface area exposed to 
air 28.3 cm2). bottles of EVoop and EVoop0 were 
removed each week from the oven and analyzed.

chemical analysis

Free acidity (free fatty acid content of the 
oil expressed as the percentage of oleic acid), 
peroxide value (amount of hydroperoxides ex-
pressed as mequiv of o2 kg-1oil) and uV absorb-
ance at 232 and 270 nm (k232 and k270 provide 
a measurement of the state of oxidation) were 
performed according to the official methods of 
the European commission (EuroPEAn coM-
MunItY, 2003).

Phenolic compounds were extracted from oil 
samples by a liquid-liquid extraction procedure 
using a modified version of the method by PIrI-
sI et al. (2000). briefly, 4 g of oil (± 0.001 g) were 
dissolved in 4 mL of n-hexane, and the solution 
was extracted twice with four 2 ml portions of 
methanol:water (60:40, v/v). the combined ex-
tracts of the hydrophilic layer were concentrat-
ed and dried by evaporative centrifuge (Mivac 
duo of genevac Inc., Valley cottage, nY, usA) at 
a temperature of 40°c. Finally, the residue was 
redissolved in 0.5 ml methanol:water (50:50, 
v/v) and filtered through a 0.20 µm nylon fil-
ter (Whatman, clifton, nJ, usA). HPLc analy-
sis was carried out using a HP 1100 system (Ag-
ilent technologies, Palo Alto, cA, usA) equipped 
with a binary pump delivery system, degasser, 
autosampler, diode array uV-vis detector (dAd) 
and mass spectrometer detector (Msd) using a 
reverse phase column c18 Luna 5 µm, 25 cm x 
3.00 mm i.d. (Phenomenex, torrance, cA, usA) 
according to rotondI et al. (2004). Each phe-
nolic compound was expressed as mg 3,4-dihy-
droxyphenylacetic acid (3,4-dHPAA) kg-1 oil (cal-
ibration curve with r2=0.9739).

three replicates were analyzed per sample.

dsc analysis

samples of oil (8-10 mg) were weighed in alu-
minium pans, covers were sealed into place and 
analyzed with a dsc q100 (tA Instruments, new 
castle, dE, usA). Indium (melting temperature 
156.6°c, H

f
 = 28.45 J/g) and n-dodecane (melt-

ing temperature -9.65°c, H
f
 = 216.73 J/g) were 

used to calibrate the instrument and an emp-
ty pan was used as reference. oil samples were 
equilibrated at 30°c for 3 min and then cooled 
at -80°c at a rate of 2°c/min. dry nitrogen was 
purged in the dsc cell at a flow rate of 50 cm3/
min. cooling thermograms were analyzed with 
universal Analysis software (Version 3.9A, tA 
Instruments) to obtain enthalpy (ΔH, J/g), on-
set temperature (ton, °c) and offset temperature 
(toff, °c) of the transitions. the range of the tran-
sitions was calculated as the temperature dif-
ference between ton and toff. overlapping tran-
sitions of cooling thermograms were deconvo-

luted into individual constituent peaks using 
PeakFittM software (Jandel scientific, san ra-
fael, cA, usA). the following parameters were 
considered for each deconvoluted peak: ton, toff 
and peak temperatures (tp), % peak area (per-
centage area of the total peak area) and range 
of the transitions. three replicates were ana-
lyzed per sample.

statistical analysis

data were analysed using sPss (Version 17.0, 
sPss Inc., chicago, IL, usA) statistical software. 
sPss was used to perform one-way-analysis of 
variance (AnoVA) and least significant difference 
(Lsd) test at a 95% confidence level (p ≤ 0.05) 
to identify differences between storage times. A 
student t test (p < 0.05) was also used to identi-
fy differences between samples for the same pa-
rameter at each storage time.

rEsuLts And dIscussIon

chemical analysis

Free acidity and peroxide values were deter-
mined on both oil samples before storage to ver-
ify their conformity with legal limits established 
by the European community (EuroPEAn coM-
MunItY, 2003). the free acidity percentages of 
EVoop and EVoop0 were largely under the lim-
it established by the Ec regulation for EVoo 
(EuroPEAn coMMunItY, 2003), and were 0.15 
and 0.11%, respectively. similarly, the perox-
ide values were below the legal limit (EuroPE-
An coMMunItY, 2003), ranging from 15.9 meq 
o2 kg-1 oil to 13.6 meq o2 kg-1 oil for EVoop and 
EVoop0, respectively.

Phenol stripping was very efficient: after the 
removal process (bonoLI et al., 2009) the to-
tal amount of phenolic compounds measured 
at storage time zero (t

0
) decreased from 154.95 

mg 3,4-dHPAA /kg-1 oil (EVoop) to a value low-
er than the limit of detection (EVoop0).

oxidative status of EVoop and EVoop0 was 
measured with conjugated diene (k

232
) and triene 

(k
270

) determination, as previously reported dur-
ing an accelerated storage test carried out un-
der the same experimental conditions (LErMA-
gArcÍA et al., 2009). In particular, k

232 
was pre-

viously reported to show a higher predictive val-
ue in the evaluation of the oxidative status of 
EVoo under accelerated storage test conditions 
(HrncIrIK and FrItscHE, 2005; MAncEbo-cAM-
Pos et al., 2008). before storage, both oil sam-
ples showed k

232
 and k

270
 values that were be-

low the limits established by the Ec regula-
tion for EVoo (EuroPEAn coMMunItY, 2003), 
which corresponded to 2.50 and 0.22, respec-
tively. EVoop and EVoop0 also showed signifi-
cant differences for k

232
 and k

270
 values at time 

0, as previously observed (LErMA-gArcIA et al., 
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2009), most likely because of the effects of phe-
nol stripping on oxidation, as molecules with 
different polarity can be also extracted togeth-
er with phenols.

changes in oxidative indexes (k
232

 and k
270

) 
and total phenol content were taken into ac-
count to evaluate the effects of storage on li-
pid oxidation and related to the dsc thermal 
properties. In general, k

232
 (conjugate dienes) 

and k
270

 (conjugate trienes) both increased with 
storage. After the first week, EVoop and EVoop0 
reached slightly higher k

232 
values than the le-

gal limit (2.50), as shown in table 1. After 2 
weeks of storage, significantly higher values of 
k

232
 were also observed for EVoop0 in compar-

ison with EVoop. this is probably due to very 
low content of phenolics in EVoop0 that was 
not able to inhibit oxidation, since the radical 
generation rate was too high for scavenging by 
antioxidants, as previously hypothesized un-
der similar storage conditions (bEndInI et al., 
2006). However, lipid oxidation also occurred 
in EVoop. this is probably due to a partial ox-
idation of phenols, which was promoted by 
storage conditions applied (60°c under air), as 
previously reported (HrncIrIK and FrItscHE, 
2005; LErMA-gArcIA et al., 2009). In addition, 
k

232
 values appeared to reach a plateau after 3 

weeks of storage for both samples. this is in 
accordance with a previous study where a sta-
tionary phase was observed for this index after 
a few weeks of storage at 60°c in EVoo sam-
ples with different phenol contents (MAncEbo-
cAMPos et al., 2008).

the storage conditions used did not appear 
to prevent the increase of k

270
, even in samples 

with phenol (table 1). In addition, the EVoop 

sample exceeded the legal value for k
270

 (0.22) 
after 3 weeks of storage, while EVoop0 samples 
exceeded this limit after 4 weeks (LErMA-gAr-
cIA et al., 2009), reaching a final value greater 
than EVoop. It can be hypothesized that hy-
droperoxide decomposition to hydroxy, keto 
and epoxy of fatty acids (FrAnKEL, 1985) may 
be more marked in EVoop0 at the longest stor-
age time due to the very low content of phenols 
that are well known to act as natural antioxi-
dants (bALdIoLI et al., 1996; cArrAsco-PAn-
corbo et al., 2005).

changes in phenolic content during storage 
for EVoop are shown in Figure 1. At time 0, phe-
nolic compounds were abundant in the EVoop 
sample (154.95 mg 3,4-dHPAA/kg of oil). the 
total phenol content gradually and significant-
ly decreased with increasing storage time (be-
ginning from the first week of storage), reach-
ing a value of 81.84 mg/kg-1 oil (-47.2%) after 
4 weeks. Phenolic compounds have been previ-
ously found to decrease under the same storage 
conditions used in the present study (HrncIrIK 
and FrItscHE, 2005), and are transformed into 
oxidized molecules that have been tentatively 
identified (LErMA-gArcÍA et al., 2009).

dsc analysis of cooling transition

representative dsc cooling thermograms ob-
tained for EVoop and EVoop0 at 0 week and 
during accelerated storage are shown in Figg. 
2A and 2b, respectively. both samples showed 
curves similar to those previously reported by 
cHIAVAro et al., (2007, 2008b and 2008c, 2009a 
and 2009b, 2010) with two well-defined exother-
mic events, namely a minor peak at the highest 

Fig. 1 - changes in phenolic compounds in EVoop at different storage times. Error bars represent +/- 1 standard deviation, 
(n = 3). bars with the same letters are not significantly different (p ≤ 0.05).
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and a major peak at lowest temperature. the 
major peak has been previously associated with 
crystallization of highly unsaturated triacylglyc-
erols (tAg), in particular triolein (ooo), while 
the minor peak has been attributed to crystalli-
zation of more saturated tAg fractions, proba-
bly influenced by minor components (cHIAVAro 
et al., 2007, 2010).

oil samples with phenols (EVoop) did not ex-
hibit changes upon storage except for a slight en-
largement of the transition range, probably relat-
ed to a shift in the onset temperature of crystal-
lization towards a higher temperature at longer 
storage times. In contrast, the profile of EVoop0 
showed more marked changes: in fact, the ma-
jor peak height began to decrease after 3 weeks 
at 60°c, whereas the onset and offset temper-
atures of transition shifted towards higher and 
lower temperatures, respectively, which led to 
an increase of the crystallization range especial-
ly at the longest storage times. All these chang-
es were most likely related to an increase in li-
pid oxidation products with storage, albeit less 
consistent for EVoop (table 1) where phenols 
have partially prevented oxidation. Molecules 
formed by hydrolysis and/or oxidation of lipids 
have been previously reported to interfere with 

table 1 - k
232

 and k
270

 values of EVoop and EVoop0 samples 
at different storage times.

	Storage	time	 k232	 k270
	 (weeks)
	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0

	 0	 1.9	c	 2.4	*c	 0.125	*e	 0.108	d
	 1	 3.3	ab	 3.2	bc	 0.149	*d	 0.108	d
	 2	 3.9	b	 4.5	*ab	 0.191	*c	 0.146	c
	 3	 4.9	a	 5.6	*a	 0.250	*b	 0.204	b
	 4	 4.9	a	 5.6	a	 0.269	a	 0.372	*a

a,	b,	c,	d:	The	same	letters	within	each	column	are	not	significantly	differ-
ent	(n	=	3,	p <	0.05).
Means	with	an	asterisk	at	the	same	storage	time	are	significantly	differ-
ent	(n	=	3,	p <	0.05).
RSD	≤	3%.

tAg crystallization, hindering both contact and 
alignment of molecules under dsc experimen-
tal conditions in EVoo (VIttAdInI et al., 2003; 
cHIAVAro et al., 2009b) and other vegetable oils 
(gLorIA and AguILErA, 1998). A decrease of the 
height and a shift towards a lower temperature 
of the major exothermic transition was also ob-
served by VIttAdInI et al. (2003) for EVoo af-
ter 28 days of storage at 50°c when a 1.5% de-
crease of headspace oxygen content of the sam-
ple was measured. this different behaviour can 
be reasonably attributed to different experimen-
tal conditions of storage and/or initial lipid ox-
idation status of the oil.

cooling thermal properties are reported in ta-
ble 2 for EVoop and EVoop0 at different times 
of storage. At time 0, both oil samples did not 
show any significant differences in any thermal 
properties. Accordingly, it would appear that a 
different content of total phenol compounds did 
not have a direct influence on the dsc cooling 
thermal properties of EVoo. JIMénEz MárquEz 
et al. (2007) found that the cooling thermal prop-
erties of an oil sample from the Arbequina variety 
with similar total phenol content than EVoop did 
not significantly differ from those of the same oil 
sample deprived of phenolic compounds. Howev-
er, phenolic compounds are partially dispersed 
in the water contained in olive oils (LErcKEr et 
al., 1994). thus, their direct influence on crys-
tallization transition cannot be excluded and re-
quires further investigation.

Enthalpy did not exhibit significant changes 
for either sample (table 2) during storage, except 
for EVoop0 at the longest storage time, which ex-
hibited a significant decrease of the energy re-
quired for crystallization when the formation of 
conjugated dienes and trienes (increase of k232 
and k270, table 1) from hydroperoxides became 
more pronounced. VIttAdInI et al. (2003) also 
measured enthalpy among thermal properties 
and found a small decrease in this parameter 
for EVoo starting from about 14 days of stor-
age at 50°c, when oxidation of the sample meas-
ured by depletion of headspace oxygen content 
in the dark slightly decreased.

table 2 - dsc data from cooling thermograms of EVoop and EVoop0 samples at different storage times.

	 ΔH	(J/g)	 Ton	(°C)	 Toff	(°C)	 Rangea	(°C)
	Storage	time
	 (weeks)	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0

	 0	 56.2	a	 56.4	a	 -12.9	b	 -13.0	b	 -46.0	a	 -44.8	a	 33.3	b	 31.9	c
	 1	 55.5	a	 55.6	a	 -12.4	ab	 -13.0	b	 -45.9	a	 -45.2	ab	 33.5	b	 32.2	bc
	 2	 56.2	a	 55.1	a	 -11.8	a	 -12.4	a	 -45.9	a	 -45.6	ab	 34.1	ab	 32.9	bc
	 3	 55.4	a	 54.8	a	 -11.9	a	 -12.5	a	 -46.2	a	 -46.2	b	 34.5	a	 33.4	b
	 4	 56.4*	a	 53.5	b	 -11.9	a	 -12.3	a	 -46.6	a	 -51.1	*c	 34.7	a	 38.9	*a

a,	b,	c:	The	same	letters	within	each	column	are	not	significantly	different	(n	=	3,	p	<	0.05).
Means	with	an	asterisk	at	the	same	storage	time	are	significantly	different	(n	=	3,	p	<	0.05).	RSD	≤	3%.
aTemperature	difference	between	Ton	and	Toff.
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the cooling thermal properties of EVoop ex-
hibited slight changes during storage. In par-
ticular, ton shifted significantly towards a high-
er temperature after 2 weeks at 60°c, which 
also increased the range of transition. In con-
trast, EVoop0 exhibited more marked changes 
upon cooling, especially at the longest storage 
time, when oxidative changes were more evident 
(table 1). In particular, ton and toff shifted to-
wards higher and lower temperatures, respec-
tively, and the range of transition significant-
ly increased, becoming greater than in EVoop. 
these changes in thermal properties were re-
lated to the inhibition of tAg crystallization by 
molecules formed from lipid oxidation, and have 
already been observed in EVoo after thermal 
oxidation by microwave treatment (cHIAVAro 
et al., 2009b).

deconvolution analysis of cooling transition

deconvolution of overlapping transitions has 
been previously applied to dsc cooling ther-
mograms obtained for EVoo to better describe 
the complex nature of the crystallization proc-
ess (cHIAVAro et al., 2007) and to evaluate the 
ability of dsc to discriminate commercial cate-
gories of olive oil and/or identify oleic sunflow-
er oil as an adulterant (cHIAVAro et al., 2008b 
and 2009a). More recently, statistical correla-
tions among the thermal properties of the de-
convoluted peaks obtained by cooling thermo-

table 3 - deconvolution parameters of cooling thermograms of EVoop and EVoop0 samples at different storage times.

	Storage	time	 Area	(%)	 Tp	(°C)	 Ton	(°C)	 Toff	(°C)	 Rangea	(°C)
	 (weeks)
	 	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0	 EVOOp	 EVOOp0

 Peak 1
	 0	 78.7	a	 78.6	a	 -39.2	a	 -39.0	a	 -33.0	a	 -32.9	a	 -45.1	a	 -44.4	a	 12.0	a	 11.8	b
	 1	 79.8	a	 80.6	a	 -39.3	a	 -39.2	a	 -33.5	a	 -32.9	a	 -45.4	a	 -45.5	b	 11.9	a	 12.4	b
	 2	 80.3	a	 78.0	a	 -39.1	a	 -39.3	ab	 -33.1	a	 -33.0	ab	 -44.6	a	 -44.3	ab	 11.7	a	 11.8	b
	 3	 80.4	a	 79.8	a	 -39.5	ab	 -39.7	b	 -33.3	a	 -33.3	ab	 -44.8	a	 -45.2	ab	 11.9	a	 12.3	b
	 4	 80.5	*a	 73.4	b	 -39.9	b	 -42.3	*c	 -33.1	a	 -34.7	*b	 -44.9	a	 -50.1	*c	 11.9	a	 15.4	*a

 Peak 2
	 0	 8.4	a	 8.7	a		 -33.0	a	 -32.7	a	 -27.0	a	 -26.8	a	 -36.5	a	 -36.8	a	 9.6	b	 10.0	b
	 1	 8.6	a	 8.1	a	 -33.4	a	 -32.8	a	 -27.6	a	 -26.6	a	 -37.0	a	 -36.9	a	 9.4	b		 10.1	b
	 2	 8.2	a	 8.3	a	 -33.1	a	 -33.2	a	 -27.4	a	 -27.1	a	 -36.5	a	 -37.1	a	 9.5	b	 10.1	b
	 3	 9.0	a	 8.4	a	 -33.4	a	 -33.5	a	 -27.0	a	 -27.4	a	 -37.4	a	 -36.8	a	 10.4	a	 10.3	b
	 4	 8.6	a	 8.9	a	 -33.3	a	 -35.1	*b	 -26.4	a	 -27.9	*a	 -36.9	a	 -39.4	*b	 10.5	a	 11.5	*a

 Peak 3
	 0	 11.8	a	 11.7	a	 -15.5	c	 -15.3	b	 -12.7	a	 -11.3	b	 -22.4	a	 -22.7	a	 10.2	b	 11.3	b
	 1	 11.6	a	 11.3	a	 -14.3	b	 -15.3	b	 -11.6	ab	 -11.4	b	 -21.9	a	 -22.6	a	 10.3	b	 11.2	b
	 2	 10.6	a	 11.8	a	 -13.2	a	 -15.5	*b	 -11.3	b	 -11.7	b	 -21.8	a	 -22.9	a	 10.5	b	 11.2	b
	 3	 10.6	a	 11.8	a	 -13.3	a	 -14.4	*a	 -11.2	b	 -11.7	b	 -22.5	a	 -22.9	a	 11.3	a	 11.2	b
	 4	 10.9	a	 11.8	a	 -13.4	a	 -14.5	*a	 -11.3	b	 -10.3*	a	 -22.5	a	 -24.2	*b	 11.2	a	 14.0	*a

a,	b,	c,	d:	The	same	letters	within	each	column	are	not	significantly	different	(n	=	3,	p	<	0.05).
Means	with	an	asterisk	at	the	same	storage	time	are	significantly	different	(n	=	3,	p	<	0.05).	RSD	≤	3%.
a	Temperature	difference	between	Ton	and	Toff.

grams and major and minor components such 
as diacylglycerols have been established (cHIA-
VAro et al., 2010). In all these previous studies, 
cooling transitions of EVoo were deconvolut-
ed into three peaks that were numbered start-
ing from the lowest to the highest temperature, 
identified as peaks 1, 2, and 3. the predom-
inant peak (peak 1) was an asymmetric dou-
ble gaussian function, with a rather symmet-
rical curve and a narrow profile, whilst peaks 
2 and 3 were asymmetric double sigmoid func-
tions and exhibited a more complex, asymmet-
rical shape.

In this study, deconvolution was applied for 
the first time to relate changes of thermal prop-
erties and cooling profiles to lipid oxidation. All 
cooling thermograms fit best with three peaks (r2 
≥0.98), as previously reported for EVoo (cHIA-
VAro et al., 2007, 2008b, 2009a, and 2010), 
and the thermal properties are reported for 
EVoop and EVoop0 at different storage times 
(table 3). the thermal properties of peak 1 did 
not significantly change after up to 3 weeks of 
storage for either sample. In addition, no sig-
nificant differences were found between EVoop 
and EVoop0 up to the same storage period. 
However, at the end of storage, EVoop0 showed 
a significantly lower area% in comparison with 
EVoop, as well as a marked shift of peak 1 to-
wards lower temperature, which also exhibited 
a larger range of transition. the thermal prop-
erties of peak 1, which accounted for the large 
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Fig. 2 - representative dsc cooling thermograms of EVoop (A) and EVoop0 (b) at different storage times.
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fraction of crystallizing lipid, have been previ-
ously found to positively correlate with such 
major components of EVoo as ooo, oleic acid 
and monounsaturated fatty acid (MuFA), and 
negatively with linoleic acid and polyunsaturat-
ed fatty acid (PuFA) (cHIAVAro et al., 2010). In 
addition, the thermal properties of peak 1 cor-
related well with the oxidative stability index 
(osI) (cHIAVAro et al., 2010). thus, changes in 
thermal properties for peak 1 appeared to be 
strictly related to a larger extent of oxidation 
reached by the more unsaturated lipid fraction 
for EVoop0 at the end of storage (k

232
 and k

270
 

values, table 1), likely due to the absence of a 
protective effect by phenols. However, the ther-
mal properties of peak 1 for EVoop did not ap-
pear to be directly influenced by the decrease of 
phenolic compounds observed (Figure 1), and 
remained unchanged during storage.

the thermal properties of peak 2 did not 
show any significant changes during storage 
for EVoop. However, this deconvoluted peak 
clearly shifted towards a lower temperature for 
EVoop0 at the longest storage time compared 
with EVoop (table 3). A shift towards higher 
temperature was observed for peak 3 during 
storage for both samples, although more mark-
edly for EVoop0 (table 3). It has been previous-
ly hypothesized that the more complex crys-
tallization pattern exhibited by these peaks in 
comparison with peak 1 may be related to the 
presence of minor chemical components like di-
acylglycerols and lipid oxidation products (cHI-
AVAro et al., 2007). this hypothesis was recent-
ly confirmed by the high statistical correlation 
values found among these minor components 
and the thermal properties of the two peaks 
for EVoo (cHIAVAro et al., 2010). the degree 
of lipid unsaturation (total fatty acid composi-
tion grouped as saturated, monounsaturated 
and polyunsaturated percentages) was found 
to clearly influence the thermal properties of 
these two peaks (cHIAVAro et al., 2010).

thus, it can be hypothesized that lipid oxi-
dation products, derived from the reaction be-
tween hydroperoxides and unsaturated fatty 
acids (k

232
 and k

270
 values, table 1), may have 

interfered with crystallization of the deconvo-
luted peaks 2 and 3 more markedly than for 
peak 1; in fact, some statistical differences 
were also found for EVoop (where lipid oxida-
tion was less pronounced) during longer stor-
age times, especially for peak 3. on the oth-
er hand, the presence of phenols did not ap-
pear to directly influence the thermal proper-
ties of peaks 2 and 3, which were not signifi-
cantly different between EVoop and EVoop0 at 
time 0 of storage, as previously found for peak 
1. therefore, the thermal properties of peaks 
2 and 3 appeared to be only indirectly influ-
enced by phenols for EVoop, as their decrease 
probably led to a simultaneous increase in li-
pid oxidation products.

concLusIons

the results of this study confirm that cool-
ing thermal properties and transition profiles of 
EVoo are influenced by lipid oxidation products 
formed by a relatively slow oxidation process that 
occurs during storage. deconvolution analysis 
provided additional information about the re-
lationship between lipid oxidation and cooling 
thermal properties. In particular, oxidized mole-
cules appeared to influence the thermal proper-
ties of the two transitions, peaking at the high-
est temperatures independently of the extent of 
lipid oxidation related to the presence of anti-
oxidant molecules such as phenols.

However, preliminary findings showed that the 
cooling thermal properties of EVoo did not seem 
to be influenced by phenols, although these re-
sults must be confirmed by the analysis of sev-
eral oil samples with different phenolic content. 
Additionally, more information should be ob-
tained to clarify the influence of both phenols 
and lipid oxidation products on EVoo crystalli-
zation by kinetic evaluation of this transition at 
different degrees of lipid oxidation and/or phe-
nol depletion.
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AbstrAct

seasonal changes in the fatty acid composition of neutral (NL) and polar lipid (PL) fractions 
of immature Wels (Silurus glanis) and bulatmai barbel (Barbus capito capito) were investigated. 
the most abundant saturated, monounsaturated, and n-3 and n-6 polyunsaturated fatty acids 
(PUFA) for both fractions were palmitic, oleic, docosahexaenoic (DHA), and linoleic acid, respec-
tively. the maximum n-3/n-6 PUFA ratio and eicosapentaenoic acid (EPA)+DHA content of the 
NL and PL fractions were found in the hot and cold seasons, respectively. the high n-3/n-6 ra-
tio and the high EPA+DHA content of the NL fraction might be influenced by the composition of 
ingested food and that high amount in the PL fraction can be explained by the fact that fish ac-
climatize to the cold. Finally, these species are recommended for human consumption through-
out the year, especially in winter due to the high n-3/n-6 ratio and the EPA+DHA content of the 
PL fraction during this season.
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INtrODUctION

Fish oil contains a high percentage of n-3 
polyunsaturated fatty acids (n-3 PUFA), in-
cluding eicosapentaenoic acid (EPA; 20:5 n-3) 
and docosahexaenoic acid (DHA, 22:6 n-3) 
(HENDErsON and tOcHEr, 1987; sHIrAI et al., 
2002), that are useful for preventing and treat-
ing cardiovascular disease, inflammation, ag-
gression, depression, hypertension, auto-im-
mune disorders and cancer (PIKE et al., 1999). 
because EPA and DHA are effectively synthe-
sised by aquatic organisms, humans can ob-
tain these essential components by consuming 
marine and freshwater products (sUsHcHIK et 
al., 2007). Fish production in turkey in 2007 
was 772,000 metric tonnes, with a per capita 
consumption of 8.6 kg per year (ANONYMOUs, 
2009), meaning that turkish people consume 
about 165 g of fish per week. the Fish Inter-
committee sub-group of the UK scientific Ad-
visory committee on Nutrition (UK sAcN) sug-
gested that at least two portions of fish (one 
portion = about 145 g), of which one should be 
oily, should be eaten weekly to decrease cardi-
ovascular disease risk (UK sAcN, 2004). there-
fore, the amount of fish consumed by turkish 
people does not fulfil the daily requirements 
of n-3 PUFA.

Wels (Silurus glanis Linnaeus) is the largest 
freshwater fish species of Europe and is natu-
rally distributed in large rivers and lakes from 
central and eastern Europe to the southern 
part of central Asia. this fish is also present 
in turkey’s lakes and rivers (GELDİAY and bA-
LIK, 1996). Furthermore, Silurus glanis is one 
of the most popular freshwater fish for human 
consumption throughout the word and is a 
good source of PUFA (HWANG et al., 2004). Al-
though the primary distribution areas of bu-
latmai barbel (Barbus capito capito Gülden-
städt) are the caspian sea and the Aral Lake 
basins, this species is also found in the Çoruh 
and Aras basins in the East Anatolian region 
of turkey (GELDİAY and bALIK, 1996). Barbus 
capito capito is considered to be a potential spe-
cies for fish farm owing to its tasty flesh and 
rapid growth rate (ArAs et al., 2009a; YANIK 
et al., 2009). In turkey, both S. glanis and B. 
capito capito are endangered because of ille-
gal catching methods, human pressure, deg-
radation of spawning habitats and pollution 
(bAYIr et al., 2011).

the fatty acid composition of fish lipids is ex-
tremely variable, even within a species, and de-
pends upon different abiotic and biotic factors 
such as the season, the type and amount of 
feed available, the water temperature, the pH, 
the salinity and the reproduction cycle (sHIrAI 
et al., 2002; HALİLOĞLU et al., 2005; ArAs et al., 
2009a-b). Although seasonal changes of the fat-
ty acid contents of freshwater fish species have 
been documented in the literature (rAsOArAHO-

NA et al., 2005; bAYIr et al., 2010), changes in 
the fatty acid compositions of S. glanis and B. 
capito capito throughout their yearly cycles have 
never been measured. therefore, the goal of this 
study was to determine the fatty acid composi-
tions of neutral and polar lipid fractions of the 
edible flesh of Silurus glanis and Barbus capito 
capito from the East Anatolian region of turkey 
during different seasons.

MAtErIAL AND MEtHODs

collection of samples

Immature Wels and bulatmai barbel were 
caught quarterly between autumn 2006 and 
summer 2007 from the Aras river, Karakurt, 
Kars, turkey (altitude: 1,479 m; latitude: 
040°09’36’’N; longitude: 042°35’32.4’’E). the 
mean weights of Wels and bulatmai barbel were 
807.0±41.2 g and 363.8±29.2 g in the autumn, 
738.8±38.3 g and 373.6±50.8 g in the winter, 
778.6±54.5 g and 309.0±40.3 g in the spring 
and 755.2±47.4 g and 334.4±39.4 g in the sum-
mer, respectively. the fish were caught using 
monofilament gill nets. Five fish of each species 
in each season were killed with a sharp blow to 
the head. Muscles excised from the point be-
tween the Linea lateral and the dorsal fin, were 
frozen immediately in liquid nitrogen. samples 
were transferred to the laboratory and stored at 
-84°c until analysis.

Lipid extraction and quantification

the method described by FOLcH et al. (1957) 
was used for lipid extraction. According to this 
method, samples (c. 1 g) were homogenised 
in chloroform/methanol (2:1 v/v) containing 
0.01% (w/v) butylated hydroxytoluene [sigma, 
≥ 99.0% (Gc), product number: b1378] as an 
antioxidant (20 vol. (w/v)) for 1 min. the or-
ganic solvent was evaporated under a stream 
of nitrogen, and the amount of lipid was deter-
mined gravimetrically.

Lipid fraction separation

crude muscle lipids were separated into the 
polar (phospholipids) and neutral lipid frac-
tions using sep Pak silica cartridges (Waters, 
Milford, MA, UsA). the residual lipid (c. 0.15 g) 
was applied to a silica filter, and the neutral li-
pids were eluted with 30 mL chloroform [sig-
ma, ≥ 99-99.4% (Gc), product number: 24216]. 
After the elution of the neutral lipids, the polar 
fractions were eluted with 30 mL methanol (sig-
ma, ≥ 99.9%, product number: 34885). solvent 
from both fractions was then evaporated under 
nitrogen, and the amounts of neutral and polar 
lipids were determined gravimetrically (cZEsNY 
and DAbrOWsKI, 1998).
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Fatty acid analysis

Fatty acid methyl esters (FAMEs) were pre-
pared from both fractions of lipids according to 
the method of MEtcALFE and scHMItZ (1961). 
the crude lipid extract was saponified with so-
dium hydroxide in methanol, and FAMEs were 
prepared by transmethylation with boron triflu-
oride in methanol. FAMEs were obtained using 
an HP (Hewlet Packard) Agilent 6890 N model 
gas chromatography (Gc) equipped with a flame 
ionisation detector and fitted with a Db 23 cap-
illary column (60 m, 0.25 mm i.d. and 0.25 µm). 
the ejector and detector temperature program 
was 190°c for 35 min followed by an increase 
of 30°c per min up to 220°c; this temperature 
was maintained for 5 min. the carrier gas was 
hydrogen (2 mL min-1) and split ratio was 30:1. 
the individual fatty acids (FAs) were identified 
by comparing their retention times to those of 
a standard mix of FAs (supelco 37 component 
FAME mix, cat No: 47885-U), and the FAs were 
quantified by comparing their peaks to those of 
the standards (DAVID et al., 2003).

Data analysis

the statistical analyses were performed with 
sPss version 10.0 for Windows (sPss, 1996). 
Data are presented as the mean ± the standard 
deviation (sD) of the mean. Data were analysed 
by one-way analysis of variance (ANOVA). the 
significant means were compared by Duncan’s 
multiple range tests at α = 0.05 level (n=5).

rEsULts AND DIscUssION

total lipid, neutral lipid 
and polar lipid levels

the amounts of total, neutral and polar lip-
ids of wet muscle of immature Wels and bulat-
mai barbel for different seasons are presented 
in table 1.

We found that the lipid contents (% wet weight 
of muscle tissues) of the two species were great-
est in the winter (table 1). total lipids (% w/w) 

from the muscles of S. glanis and B. capito cap-
ito during the winter were 2.34 and 4.57%, re-
spectively. Additionally, the highest polar lipid 
amounts were found in the winter and were 1.77 
and 1.26%, respectively. However, the highest 
amounts of neutral lipid were obtained in the 
summer for S. glanis (0.84%) and in the winter 
for B. capito capito (3.31%). It has been report-
ed that the amount of lipids in Silurus asotus 
during the winter was slightly higher than that 
during the summer, although the difference was 
not statistically significant (HWANG et al., 2004). 
Lipids play a major role as regulators of body 
density when organisms adapt to specific hab-
itat conditions (KOZLOVA and KHOtIMcHENKO, 
2000). Phospholipids are a major component of 
biomembranes. As for other poikilothermic or-
ganisms, freshwater fish undergo alterations of 
the composition and amount of their biomem-
brane lipids in response to changes in the en-
vironmental temperature (HENDErsON and tO-
cHEr, 1987; bAYIr et al., 2010). thus, the rea-
son behind the high total lipid and polar lipid 
amounts of S. glanis and B. capito capito dur-
ing the cold seasons is likely the response to the 
low water temperature (winter 4.1°c and au-
tumn 6.2°c).

Fatty acid composition 
of neutral and polar lipid fractions

tables 2-5 show the overall average fatty acid 
compositions of the neutral and polar lipid frac-
tions of wet muscle tissues of S. glanis and B. 
capito capito together with the range of individ-
ual fatty acids observed. 

twenty-three fatty acids were identified in the 
neutral and polar lipid fractions of both spe-
cies. the most abundant saturated (sFA), mo-
nounsaturated (MUFA) and n-3 and n-6 polyun-
saturated (n-3 and n-6 PUFA) fatty acids were 
palmitic acid (16:0), oleic acid (18:1 n-9), DHA 
(22:6 n-3) and linoleic acid (18:2 n-6), respec-
tively. these four fatty acids represented 56-63% 
of neutral lipids and 59-69% of polar lipids for 
S. glanis and 65-71% and 62-66% for B. cap-
ito capito, respectively. the most abundant po-
lar sFA was palmitic acid; 23-26% for S. glanis 

table 1 - total lipid, neutral lipid and polar lipid contents of Silurus glanis and Barbus capito capito in different seasons1.

Species	 Component	 Autumn	 Winter	 Spring	 Summer

Silurus glanis	 Total	lipid	 2.33±0.25a	 2.34±0.06a	 1.11±0.19c	 1.31±0.41b

	 Neutral	lipid	 0.76±0.09a	 0.57±0.04b	 0.67±0.11ab	 0.84±0.22a

	 Phospholipid	 1.57±0.19a	 1.77±0.04a	 0.43±0.15b	 0.46±0.27b

Barbus capito	 Total	lipid	 2.06±0.28b	 4.57±1.09a	 1.77±0.16c	 1.34±0.74d

capito	 Neutral	lipid	 0.95±0.12c	 3.31±1.19a	 1.29±0.20b	 0.74±0.05c

	 Phospholipid	 1.11±0.16a	 1.26±0.14a	 0.48±0.09b	 0.60±0.04b

1Values	are	means	of	five	replicates	(n=5)	±	standard	deviation	(SD).	Values	in	the	rows	with	different	superscript	(a-d)	are	significantly	different	(P	<	0.05).
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(table 3) and 22-28% for B. capito capito (table 
5). Numerous researchers have reported similar 
results for tilapia species, bulatmai barbel (to-
tal lipids) and brown trout subspecies (rAsOA-
rAHONA et al., 2005; ArAs et al., 2009a; bAYIr 
et al., 2010). It has been suggested that decreas-
ing the water temperature results in a decrease 
in the 16:0 content (HENDErsON and tOcHEr, 
1987). However, an inverse result was found in 
this study except for the neutral lipids of B. cap-
ito capito; this discrepancy could be explained 
as a metabolic response of fish to extreme envi-
ronmental conditions.

the highest and lowest total sFA contents of 
both fractions in S. glanis and B. capito capito 
were found during the hot (spring and summer) 
and cold seasons (autumn and winter), respec-
tively (tables 2-5) (P < 0.05). the sFA content 
of the polar lipid fraction was higher than that 
of the neutral lipid fraction (tables 2-5). It has 
been suggested that in most freshwater fish spe-

table 2 - Fatty acid content of neutral lipids of Silurus glanis 
along the year seasons1,2.

	 Neutral	lipids
Fatty	acids
	 Autumn	 Winter	 Spring	 Summer

14:0	 0.35±0.0c	 0.44±0.0b	 0.57±0.0a	 0.35±0.0c

15:0	 0.16±0.0c	 0.38±0.0a	 0.34±0.0b	 0.19±0.0c

16:0	 17.3±0.2c	 20.3±0.2a	 19.6±0.3b	 17.4±0.0c

17:0	 0.65±0.1bc	 0.73±0.1b	 0.59±0.0c	 1.26±0.0a

18:0	 3.88±0.1d	 4.17±0.0c	 6.47±0.3a	 4.78±0.0b

20:0	 0.36±0.0b	 0.39±0.0b	 0.35±0.0b	 0.57±0.0a

22:0	 1.43±0.0b	 1.24±0.0c	 2.97±0.2a	 1.37±0.0bc

24:0	 0.23±0.0c	 0.50±0.0b	 0.77±0.0a	 0.21±0.0c

Σ SFA	 22.9±0.2d	 27.0±0.2b	 28.7±0.3a	 24.8±0.1c

15:1	 0.24±0.0d	 1.15±0.0a	 0.37±0.1c	 0.54±0.0b

16:1	n-7	 14.1±0.6d	 19.5±0.6a	 18.5±0.1b	 16.1±0.2c

17:1	 0.25±0.0c	 0.47±0.0b	 0.25±0.0c	 0.54±0.0a

18:1	n-9	 29.5±0.7a	 20.7±0.4c	 19.5±0.3d	 24.0±0.3b

20:1	n-9	 6.01±0.3a	 3.60±0.2d	 4.12±0.4c	 5.46±0.2b

22:1	n-9	 0.56±0.0c	 0.72±0.0b	 0.79±0.0a	 0.58±0.0c

Σ	MUFA	 50.1±0.7a	 45.5±0.9c	 42.7±0.4d	 46.7±0.3b

18:3	n-3	 0.22±0.0b	 0.37±0.0a	 0.34±0.0a	 0.35±0.0a

20:5	n-3	 0.54±0.0c	 0.74±0.0a	 0.60±0.0b	 0.56±0.0c		

22:5	n-3	 0.08±0.0c	 0.15±0.0c	 1.00±0.1a	 0.39±0.0b

22:6	n-3	 6.23±0.3b	 6.08±0.2b	 5.55±0.3c	 7.28±0.1a

Σ	n-3	PUFA	 7.08±0.4b	 7.34±0.2b	 7.50±0.4b	 8.58±0.1a

18:2	n-6	 16.0±0.5a	 13.5±0.3c	 14.5±0.2b	 13.4±0.3c

20:2	n-6	 0.27±0.0c	 0.64±0.0a	 0.25±0.0c	 0.47±0.0b

20:3	n-6	 2.05±0.0b	 1.69±0.0c	 2.45±0.1a	 2.60±0.2a

20:4	n-6	 0.11±0.0d	 0.58±0.0c	 0.82±0.0a	 0.68±0.0b

22:2	n-6	 0.78±0.0b	 0.77±0.02	 1.06±0.0a	 0.81±0.0b

Σ n-6	PUFA	 19.2±0.5a	 17.2±0.4c	 19.1±0.2a	 17.9±0.3b

Unknown	 -	 ~2.07	 ~4.04	 ~2.25
Σ PUFA	 26.3±0.62a	 26.2±0.5ab	 24.1±0.2c	 25.5±0.7b

Σ	n-3/n-6	PUFA	 0.37±0.0d	 0.43±0.0b	 0.39±0.0c	 0.48±0.0a

EPA+DHA	 6.77±0.3b	 6.82±0.2b	 6.16±0.3c	 7.84±0.1a

1Values	are	expressed	as	percentages	of	total	fatty	acids.
2Values	are	means	of	five	replicates	(n=5)	±	standard	deviation	(SD).	Val-
ues	 in	 the	rows	with	different	superscript	 (a-d)	are	significantly	different	
(P <	0.05).

cies, the polar lipid fraction contains more PUFA 
than and similar amounts of sFA as the neutral 
lipid fraction (HENDErsON and tOcHEr, 1987). 

However, it is also known that water tempera-
ture can have a substantial impact on the fatty 
acid profiles of fish (JANKOWsKA et al., 2008). In 
this study, because a substantial temperature 
difference was observed between winter (4.1°c) 
and summer (20°c), it was assumed that the 
adaptation of fish to this extreme environmen-
tal condition was a possible reason for the high-
er sFA amounts in the polar lipid fraction than 
in the neutral lipid fraction. similarly, in a previ-
ous study, we reported that the polar lipid frac-
tion of Salmo trutta contained higher sFA levels 
than the neutral lipid fraction (bAYIr et al., 2010).

As seen in tables 3 and 5, the highest MUFA 
levels in the polar lipid fraction were recorded 
in the autumn (25% for Wels and 23% for bu-
latmai barbel). similarly, the maximum MUFA 
level in the neutral lipid fraction was also ob-

table 3 - Fatty acid content of polar lipids in the edible por-
tions of immature Silurus glanis along the year seasons1,2.

	 Polar	lipids
Fatty	acids
	 Autumn	 Winter	 Spring	 Summer

14:0	 0.24±0.0ab	 0.22±0.02b	 0.25±0.0a	 0.25±0.0a

15:0	 1.96±0.1c	 2.44±0.20a	 2.23±0.1b	 1.57±0.0d

16:0	 23.2±0.2b	 26.1±0.70a	 23.9±0.8b	 25.7±0.6a

17:0	 0.21±0.0b	 0.18±0.01b	 0.30±0.0a	 0.29±0.0a

18:0	 9.79±0.6a	 9.62±0.33a	 10.1±0.3a	 9.86±0.2a

20:0	 0.24±0.0b	 0.18±0.01c	 0.16±0.0c	 0.28±0.0a

22:0	 7.33±0.3c	 8.16±0.36b	 11.1±0.3a	 7.20±0.2c

24:0	 0.73±0.1b	 0.57±0.05b	 1.55±0.1a	 0.58±0.0b

Σ	SFA	 43.7±0.7d	 47.5±0.28b	 49.7±0.9a	 45.7±0.4c

15:1	 0.05±0.0c	 0.07±0.01b	 0.25±0.0a	 0.06±0.0bc

16:1	n-7	 5.59±0.3b	 5.51±0.22b	 7.06±0.1a	 5.05±0.1c

17:1	 2.48±0.2a	 2.38±0.13a	 1.50±0.1c	 1.88±0.1b

18:1	n-9	 13.8±0.4a	 10.1±0.25b	 13.4±0.9a	 13.6±0.6a

20:1	n-9	 2.38±0.1b	 1.91±0.06a	 1.44±0.2d	 2.41±0.1c

22:1	n-9	 0.96±0.0b	 0.83±0.06c	 0.80±0.0c	 1.11±0.0a

Σ	MUFA	 25.2±1.0a	 20.8±0.28c	 24.4±0.8ab	 24.1±0.5b

18:3	n-3	 0.30±0.0a	 0.17±0.03c	 0.18±0.0c	 0.23±0.0b

20:5	n-3	 1.33±0.0b	 1.50±0.08a	 1.03±0.0c	 1.12±0.0c

22:5	n-3	 0.04±0.0b	 0.04±0.00b	 0.11±0.0a	 0.02±0.0c

22:6	n-3	 11.9±0.5b	 15.2±0.34a	 7.94±0.1d	 10.7±0.2c

Σ	n-3	PUFA	 13.6±0.4b	 16.9±0.40a	 9.26±0.1d	 12.0±0.2c

18:2	n-6	 13.4±1.0a	 11.4±0.59b	 11.2±0.2b	 13.8±0.4a

20:2	n-6	 0.21±0.1a	 0.30±0.03a	 0.23±0.0a	 0.24±0.0a

20:3	n-6	 1.45±0.1b	 1.09±0.05c	 1.89±0.0a	 1.81±0.1a

20:4	n-6	 1.43±0.2ab	 1.01±0.09c	 1.32±0.0b	 1.57±0.0a

22:2	n-6	 0.58±0.0a	 0.55±0.03a	 0.60±0.0a	 0.56±0.0a

Σ	n-6	PUFA	 17.0±1.1a	 14.2±0.72c	 15.3±0.3b	 18.0±0.3a

Σ	PUFA	 30.0±0.2b	 30.6±1.11ab	 31.5±0.4a	 24.5±0.4c

Σ	n-3/n-6	PUFA	 0.80±0.0b	 1.19±0.08a	 0.60±0.0c	 0.67±0.0c

EPA+DHA	 13.2±0.5b	 16.7±0.38a	 8.97±0.1d	 11.8±0.2c

1Values	are	expressed	as	percentages	of	total	fatty	acids.
2Values	are	means	of	five	replicates	(n=5)	±	standard	deviation	(SD).	Val-
ues	 in	 the	rows	with	different	superscript	 (a-d)	are	significantly	different	
(P <	0.05).
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tained during the cold seasons (in the autumn 
for Wels (50%) and in the winter for bulatmai 
barbel (49%); tables 2 and 4). Oleic acid was 
the most abundant fatty acid among MUFAs of 
both fractions, which is a characteristic property 
of freshwater fish oils (GÜLEr et al., 2008), and 
the highest level of oleic acid was found during 
the cold seasons (tables 2-5) (P < 0.05). How-
ever, csENGErI et al. (1978) suggested that the 
low level oleic acid in carp was related to the low 
level oleic acid in their natural diets, which is a 
possible explanation for our results. Although 
the MUFA content in the neutral lipid fraction 
was higher than that of in the polar lipid frac-
tion, PUFA contents of both fractions were sim-
ilar for the two species. GUNstONE et al. (1978) 
reported that the polar lipid fractions of fish 
contain much lower contents of MUFA than the 
neutral lipid fraction does. thus, the findings 
of our study are in accordance with those pub-
lished in literature. 

there was no harmony in the seasonal fluc-
tuations of the highest total PUFA value of po-
lar lipids. While the maximum total PUFA val-
ue was measured in the spring for Wels (31%), 
the maximum value was observed in the win-
ter for bulatmai barbel (32%). In contrast, the 
total PUFA contents of neutral lipids in both 
species were higher in the autumn than dur-
ing the other seasons (tables 2-5) (P < 0.05). 
Additionally, we found that fish have more 
total PUFA during cold seasons than during 
hot seasons except for polar lipids in bulat-
mai barbel. similar to our results, FArKAs et 
al. (1980) reported that exposure to cold tem-
peratures for only a few hours was sufficient 
to increase the PUFA content of the polar lip-
id fraction of the liver of Cyprinus carpio. It is 
also known that as the temperature decreas-
es, the level of unsaturation tends to increase 
to assist in maintaining the freezing point be-
low that of the surrounding water to ensure 

table 4 - Fatty acid content of neutral lipids in the edible 
portions of immature Barbus capito capito along the year 
seasons1,2.

	 Neutral	lipids
Fatty	acid
	 Autumn	 Winter	 Spring	 Summer

14:0	 0.30±0.0c	 0.45±0.0b	 0.90±0.0a	 0.30±0.0c

15:0	 0.14±0.0b	 0.47±0.0a	 0.48±0.0a	 0.13±0.0b

16:0	 11.5±0.6b	 12.6±1.4b	 17.8±0.8a	 11.9±0.6b

17:0	 0.24±0.0b	 1.58±0.1c	 0.77±0.0c	 0.24±0.0a

18:0	 2.16±0.1b	 2.62±0.2a	 2.77±0.0a	 2.32±0.2b

20:0	 0.18±0.0d	 0.62±0.0a	 0.50±0.0b	 0.36±0.0c

22:0	 0.95±0.0b	 0.83±0.1b	 1.32±0.1a	 0.85±0.1b

24:0	 0.22±0.0c	 0.31±0.0b	 0.45±0.0a	 0.28±0.0bc

Σ	SFA	 14.7±0.6c	 18.4±1.3b	 23.6±0.9a	 15.4±0.8c

15:1	 0.24±0.0c	 0.43±0.0b	 1.06±0.0a	 0.16±0.0d

16:1	n-7	 7.05±0.4c	 12.6±0.9b	 15.7±1.0a	 5.92±0.4d

17:1	 0.16±0.0c	 1.13±0.1a	 0.29±0.0b	 0.16±0.0c

18:1	n-9	 25.9±0.5ab	 26.4±1.0a	 24.9±1.1b	 26.5±0.4a

20:1	n-9	 12.3±0.4b	 8.83±0.9c	 4.92±0.3d	 14.8±0.4a

22:1	n-9	 0.27±0.0a	 0.26±0.0a	 0.28±0.0a	 0.27±0.0a

Σ	MUFA	 45.7±0.7c	 49.4±0.6a	 7.00±1.6bc	 47.7±0.7b

18:3	n-3	 1.21±0.0a	 0.73±0.0c	 0.40±0.0d	 0.87±0.0b

20:5	n-3	 0.70±0.0a	 0.63±0.1a	 0.59±0.0a	 0.59±0.0a		

22:5	n-3	 0.05±0.0c	 0.26±0.0a	 0.27±0.0a	 0.09±0.0b

22:6	n-3	 2.24±0.1b	 5.96±0.3a	 6.07±0.4a	 1.51±0.0c

Σ	n-3	PUFA	 4.19±0.1b	 7.57±0.2a	 7.32±0.4a	 3.05±0.1c

18:2	n-6	 32.1±0.6a	 21.2±1.1c	 16.2±0.3d	 30.4±1.0b

20:2	n-6	 0.25±0.0b	 0.31±0.0a	 0.24±0.0b	 0.26±0.0b

20:3	n-6	 1.67±0.1b	 1.64±0.1b	 2.81±0.1a	 1.70±0.1b

20:4	n-6	 0.52±0.0c	 0.65±0.1b	 0.78±0.0a	 0.51±0.0c

22:2	n-6	 0.34±0.0a	 0.35±0.0a	 0.39±0.0a	 0.35±0.0a

Σ	n-6	PUFA	 34.8±0.6a	 24.1±1.2c	 20.4±0.4d	 33.2±1.1b

Σ	PUFA	 39.0±0.4a	 31.7±1.3c	 27.8±0.8d	 36.2±1.0b

Σ	n-3/n-6	PUFA	 0.12±0.0c	 0.31±0.0b	 0.36±0.0a	 0.09±0.0d

EPA+DHA	 2.94±0.1b	 6.59±0.2a	 6.66±0.4a	 2.09±0.1c

1Values	are	expressed	as	percentages	of	total	fatty	acids.
2Values	are	means	of	five	replicates	(n=5)	±	standard	deviation	(SD).	Val-
ues	 in	 the	rows	with	different	superscript	 (a-d)	are	significantly	different	
(P <	0.05).

table 5 - Fatty acid content of polar lipids in the edible por-
tions of immature Barbus capito capito along the year sea-
sons1,2.

	 Polar	lipids
Fatty	acid
	 Autumn	 Winter	 Spring	 Summer

14:0	 0.18±0.0bc	 0.14±0.0c	 0.24±0.0b	 0.30±0.0a

15:0	 1.73±0.0b	 0.88±0.1c	 2.55±0.0a	 2.50±0.0a

16:0	 28.2±0.2a	 27.7±1.4a	 24.2±0.4b	 22.8±0.1c

17:0	 0.29±0.0b	 0.43±0.0a	 0.26±0.0b	 0.41±0.0a

18:0	 8.46±0.2c	 9.42±0.3b	 9.54±0.5b	 12.3±0.4a

20:0	 0.06±0.0c	 0.13±0.0b	 0.24±0.0a	 0.11±0.0b

22:0	 9.38±0.0c	 7.51±0.2d	 10.1±0.2b	 11.5±0.1a

24:0	 1.66±0.1a	 0.21±0.0c	 0.16±0.0c	 0.54±0.0b

Σ	SFA	 50.0±0.1a	 46.4±1.6b	 47.4±0.7b	 50.6±0.2a

15:1	 0.50±0.0b	 0.54±0.0a	 0.55±0.0a	 0.38±0.0c

16:1	n-7	 2.77±0.1b	 3.66±0.1a	 3.68±0.2a	 2.21±0.0c

17:1	 0.12±0.0b	 0.15±0.0b	 0.24±0.0a	 0.25±0.0a

18:1	n-9	 14.1±0.4ab	 10.2±0.6c	 14.9±1.2a	 13.6±0.1b

20:1	n-9	 5.46±0.1b	 6.00±0.5a	 1.56±0.3d	 2.58±0.0c

22:1	n-9	 0.42±0.0c	 0.69±0.0a	 0.48±0.0b	 0.23±0.0d

Σ	MUFA	 23.4±0.6a	 21.3±0.9b	 21.4±0.9b	 19.3±0.1c

18:3	n-3	 0.49±0.0a	 0.13±0.0c	 0.31±0.0b	 0.32±0.0b

20:5	n-3	 0.92±0.0a	 0.53±0.0c	 0.89±0.1a	 0.70±0.0b

22:5	n-3	 0.02±0.0a	 0.007±0.0c	 0.03±0.0b	 0.006±0.0bc

22:6	n-3	 6.55±0.4d	 16.9±0.5a	 16.0±0.9b	 11.2±0.1c

Σ	n-3	PUFA	 7.98±0.4c	 17.6±0.5a	 17.3±1.0a	 12.2±0.2b

18:2	n-6	 14.7±0.2a	 10.3±0.5b	 11.1±0.9b	 14.7±0.2a

20:2	n-6	 0.75±0.0d	 2.30±0.1c	 0.30±0.0b	 1.01±0.1a

20:3	n-6	 1.97±0.0b	 0.29±0.0a	 0.24±0.0b	 0.24±0.0c

20:4	n-6	 0.12±0.0c	 0.26±0.0b	 1.61±0.1a	 1.55±0.0a

22:2	n-6	 0.56±0.0d	 1.39±0.0b	 0.35±0.0a	 0.16±0.0c

Σ	n-6	PUFA	 17.9±0.4a	 14.6±0.5b	 13.6±0.9c	 17.7±0.2a

Σ	PUFA	 25.9±0.6c	 32.2±0.8a	 30.9±1.6ab	 29.9±0.2b

Σ	n-3/n-6	PUFA	 0.44±0.0c	 1.21±0.0a	 1.27±0.0a	 0.69±0.0b

EPA+DHA	 7.47±0.4d	 17.4±0.5a	 16.9±1.0b	 11.9±0.2c

1Values	are	expressed	as	percentages	of	total	fatty	acids.
2Values	are	means	of	five	replicates	(n=5)	±	standard	deviation	(SD).	Val-
ues	 in	 the	rows	with	different	superscript	 (a-d)	are	significantly	different	
(P <	0.05).
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membrane fluidity and general body flexibili-
ty (MArtINO and crUZ, 2004). 

the n-3/n-6 ratio of the polar lipid fraction was 
higher than that of the neutral lipid fraction (ta-
bles 2-5) (P < 0.05). similarly, bAYIr et al. (2010) 
found that phospholipids have a higher n-3/n-6 
ratio than neutral lipids in female Salmo trutta. 
Whereas the highest n-3/n-6 ratio of the neutral 
lipid fraction was observed during the summer 
for Wels (0.48) and during the spring for bulat-
mai barbel (0.36), it was obtained in the winter 
for the polar lipid fraction of Wels (1.19) and in 
the spring and winter for bulatmai barbel (1.27 
and 1.21, respectively). Previously, rAsOArAHO-
NA et al. (2005) and GÜLEr et al. (2008) suggest-
ed that the highest n-3/n-6 ratio of muscle lip-
ids of tilapia and carp were present in the winter. 
On the other hand, sHIrAI et al. (2001) report-
ed that there was no seasonal variation in the n-
3/n-6 ratio of liver phosphatidylcholine in Silu-
rus asotus. because many factors may be respon-
sible for the variations in the levels of lipids and 
fatty acids of fish, e.g., internal factors such as 
genetic variation, age, sex, condition, starvation 
and reproductive cycle and external factors such 
as diet, season and temperature (HALİLOĞLU et 
al., 2004-2005; bAYIr et al., 2006; KWEtEGYE-
KA et al., 2008), the fatty acid composition of fish 
lipids is extremely variable (sHIrAI et al., 2002; 
ArAs et al., 2009a-b). this variability may have 
influenced the results of this study. 

the EPA+DHA content of the polar lipid frac-
tion was higher than that of neutral lipid fraction 
for both species. this result was in accordance 
with that of PEtUrsDOttIr et al. (2008), who 
found that dietary EPA and DHA were present 
in much higher proportions in the polar lip-
id fraction than in the neutral lipid fraction of 
the deep-sea redfish Sebastes mentella. In our 
present study, the highest amounts of EPA+DHA 
of both species were recorded during the sum-
mer for neutral lipids and during the winter for 
polar lipids (P < 0.05). the general assumption 
is that the fatty acid composition of the neutral 
storage lipids reflects trophic influences much 
better than the physiologically more important 
polar lipids (KWEtEGYEKA et al., 2008). the lip-
ids of predatory fish such as S. glanis that prey 
on small fish are expected to be influenced by 
the fatty acid composition of their prey, which 
are rich sources of PUFA (HENDErsON and tO-
cHEr, 1987). B. capito capito is an omnivorous 
fish, and its natural food items are invertebrates, 
algae, detritus, plant material, and small fishes 
(KOttELAt and FrEYHOF, 2007). the fatty acid 
composition of B. capito capito lipids is also in-
fluenced by its nutritional habits. these results 
indicate that the high EPA+DHA content of neu-
tral lipids in hot seasons is considerably influ-
enced by the composition of the ingested food 
and that low water temperature is the main rea-
son for the high EPA+DHA content of the polar 
lipid fraction during the winter.

cONcLUsIONs

We found that the season significantly in-
fluences the fatty acid contents of the stud-
ied species. However, the n-3/n-6 ratio and the 
EPA+DHA content of the polar lipid fraction of 
edible flesh, which contained a higher amount 
of PUFA than did the neutral lipid fraction (AcK-
MAN, 1989), were higher during the winter than 
during other seasons. In recent years, n-3 PUFA 
has been determined to have greater potency 
in the amelioration of heart disorders than n-6 
PUFA. therefore, the n-3/n-6 PUFA ratio is a 
marker of the biomedical relevance of fish oils 
(HAZrA et al., 1998). the International socie-
ty for the study of Fatty Acids and Lipids advo-
cates 500 mg per day EPA+DHA for cardiovas-
cular health (IssFAL, 2004). therefore, we rec-
ommend eating about 2.5 portions of S. glanis 
or B. capito capito per week throughout the year. 
Moreover, to investigate in detail the fatty acid 
metabolism of these economically important and 
endangered species, controlled aquarium exper-
iments should be conducted.
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AbstrAct

Grain samples were derived from the plot trials. the treatments were: nitrogen rates (40, 100 
kg∙ha-1) and oat cultivars (dwarf lines: stH 6102 – naked, stH 735 – hulled and tall: Polar – na-
ked, Krezus – hulled). the naked forms were characterised by a higher content of crude protein, 
ether extract, nitrogen free extract, and starch and a lower content of crude fibre and sugars in 
comparison with the hulled forms. significant variation was found between the dwarf and the tall 
forms. the higher nitrogen treatment compared with the lower treatment resulted in an increase 
of crude protein and a decrease of: ether extract, nitrogen free extract, and starch.
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INtrODUctION

Hulled and naked are the two representa-
tive forms of common oat which are grown at 
present. In the naked oat, a thin non-lignified 
husk on the outside of the grain falls off during 
threshing. such a huskless grain has a better 
chemical composition, a higher nutrient con-
tent and an increased concentration of digesti-
ble energy (cONcIAtOrI et al., 2000; GIVENs et 
al., 2004). these properties make the oat culti-
var a highly attractive feed plant for pigs, poul-
try, horses, and dairy cows in particular (brAND 
et al., 2003; FEArON et al., 1996; HUssEIN et al., 
2004; MAcLEOD et al., 2008; WHItE et al., 2008). 
Due to the fact that naked oats contain consid-
erable amounts of high quality proteins, fat rich 
in unsaturated fatty acids, antioxidant com-
pounds and many other substances positively 
affecting the functioning of the body (HOLGUÍN-
AcUÑA et al., 2008; PEtErsON, 2001). they are 
also included in the human diet.

Oat breeders are still working to increase the 
grain yield. It is particularly noticeable in Po-
land that the grain yield of the naked cultivars 
is 10% lower than the grain yield of the hulled 
forms. spikelets with many flowers producing 
tiny grains are considered the main reason for 
such a low yield, as well as worse germination 
in field conditions, probably due to some micro-
damage occurring in the grain after mechan-
ical harvesting (PELtONEN-sAINIO, 1994; VAL-
ENtINE and HALE, 1990). One of the opportu-
nities to improve the yield is to introduce short 
naked oat cultivars with dwarf genes, which 
are an effective source of lodging control. this 
would enable applying intensive agro-chemical 
input, mainly high nitrogen treatment, as a fac-
tor maximising the grain yield. shortening the 
plant’s straw is considered a main factor con-
tributing to the success in breeding high yield 
wheat and rice varieties in the second half of 
the 20th century (sLAFEr, 2003). However, it re-
sults in many physiological and morphological 
changes in plants which are visible at the level 
of the components affecting the grain yield. the 
most important changes reported, include: (a) 
increased productive tillering due to lower in-
traspecific competition that led to higher pani-
cle density, (b) higher number of developed and 
more filled up grains harvested from a surface 
unit which resulted in a rise in the harvest in-
dex, (c) photoperiodic changes that shortened 
the vegetation season, (d) decrease in develop-
ment of the root system and disturbances in the 
proportion of the above ground plant parts and, 
as a consequence, increased the need of water 
and nutrients (brOWN et al., 1980; MÄKELA et 
al., 2004; PELtONEN-sAINIO et al., 2003; rAJA-
LA and PELtONEN-sAINIO, 2001). the present 
dwarf or semi-dwarf oat cultivars have been bred 
with the use of a dwarf gene – Dw6 (MILAcH et 
al., 2002). Using the Dw6 dwarf gene can cause 

some limitations in the growing process, namely 
a decrease in yield, size of grains and their qual-
ity (KIbItE and cLAYtON, 2000; MILAcH and FE-
DErIZZI, 2001), thus finding consistent and high 
yielding cultivars is difficult. 

so far, there is no information on the influ-
ence of dwarf genes on the quality properties of 
oats. the aim of this study was to compare the 
chemical composition and digestible energy of 
hulled and naked oat cultivars with an imple-
mented dwarf gene, along with various nitro-
gen regimes.

MAtErIALs AND MEtHODs

Oat samples were derived from the plot tri-
als carried out in 2005-2006 on sandy clay soil 
type at the Lipnik Experimental station (near 
szczecin – 53°12’N; 14º27’E), Poland. the treat-
ments were: 2 nitrogen fertilization rates: 40 kg 
N per ha (pre-sowing) and 100 kg N per ha (60 – 
pre-sowing and 40 kg N per ha – during shoot-
ing stage) and 4 oat cultivars (the best yielded 
cultivars in the Polish official trials): two short 
lines with the Dw6 dwarf gene (stH 6102 – na-
ked cultivar and stH 735 – hulled cultivar) and 
two tall cultivars as control (Krezus – hulled 
cultivar and Polar – naked cultivar). the nitro-
gen doses were randomized as a first level fac-
tor and cultivars as a second level factor on the 
sub-plots. Nitrogen fertilization was introduced 
in an ammonium nitrate form by means of the 
plot spreader. the grains were cleaned and ren-
dered free of dust, then stored in tightly closed 
glass jars at room temperature until used.

the chemical compositions of all samples were 
determined by the following AOAc (1990) proce-
dures: Dry matter was obtained by drying sam-
ples in an oven at 105°c until a constant weight 
was obtained; ether extract, by soxhlet extrac-
tion with diethyl ether; crude ash, by incinera-
tion in a muffle furnace at 580°c for 8 h; crude 
protein (cP) (N×6.25), by the Kjeldahl method. 
crude fibre was determined using the Hennen-
berg-stohmann method. Nitrogen-free extract 
(NFE) was calculated as follows: % NFE = 100 - 
%(moisture + crude protein +lipid + ash + crude 
fibre). total sugars were determined after the in-
version, using the Luff-schoorl method. the fi-
bre components were determined using the de-
tergent method according to VAN sOEst et al. 
(1991) performed with a fibre analyzer ANcOM 
220. the measurement of neutral detergent fi-
bre (NDF) was carried out on an ash-free ba-
sis, including alpha-amylase and dodecylsul-
fat natriumsaltz (Merc 8.22050.). the determi-
nation of acid detergent fibre (ADF) included 
hexadecyl-trimethyl-ammonium bromide (Merc 
102342), while acid detergent lignin (ADL) was 
determined by hydrolysis of ADF sample in 72% 
sulphuric acid. Hemicellulose was calculated as 
the difference between NDF and ADF, while cel-
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lulose – as a difference between ADF and ADL. 
Acid ether extract (AEE) was determined using a 
method described by ALDErMAN (1985). starch 
was determined by a polarimetric method (IsO 
10520:1997). A flame photometer (Flapho-4) was 
used to determine calcium, potassium and so-
dium. After oven-drying of the samples, phos-
phorus content was determined by a colorimet-
ric method. results were expressed as gram(g) 
per kilogram(kg) of dry matter (DM).

Amino acids were determined using an AAA 
400 automatic amino acid analyser (INGOs, 
czech republic). samples were subjected to an 
acid hydrolysis in the presence of 6 M Hcl at 
105°c for 24 hours. sulphur-containing amino 
acids were determined separately in 6 M Hcl af-
ter an oxidative hydrolysis (formic acid + hydro-
gen peroxide, 9:1 v/v, 20 h at 4°c). tryptophan 
was determined according to a method described 
in AOAc (1990). the Amino acid composition was 
displayed as g per 16 g of nitrogen.

All results are given as means of double anal-
ysis.

Digestible energy (DE) concentration for pigs 
and apparent metabolisable energy (AME) val-
ues for poultry were predicted using equations 
of MAFF (1993) derived for use on compound 
feeds. these equations are:

DE (pigs) (MJ·kg-1 DM) = 17.47 + 
+(0.0079 × cP) + (0.0158 × AEE) + 
– (0.0331 × ash) – (0.014 × NDF).

AME (poultry) (MJ·kg-1 DM) =
= (0.01551 × cP) + (0.03431 × AEE) +

+ (0.01669 × starch) – (0.01301 × sugar).

the differences between the means were test-
ed by the standard ANOVA method. the year, 
cultivar and nitrogen treatment were the fac-
tors of analysis. to distinguish the differenc-
es between the forms of the cultivars (naked vs 
hulled and dwarf vs tall) a planned comparison 
technique using linear contrast method was 
used. specific posthoc comparisons of means 
were made using the tukey procedure at p=0.05. 
All calculations were made using the statisti-
ca Data Analysis software system (stAtsOFt, 
INc. 2007).

rEsULts AND cONcLUsION

significant differences between years were ob-
tained for all of the parameters measured indi-
cating that oat differed in its response to changes 
in environmental factors, especially water condi-
tions during growth (table 1). reduced rainfalls 
in 2006, particularly in June-July period, result-
ed in higher ash, crude protein, cellulose, hemi-
cellulose, and starch content but lower ether ex-
tract, crude fibre, nitrogen free extract, and sug-
ars, as compared with the wet season of 2006. 
these results support the conclusion of a great 
impact of water deficiency on the grain quality 

table 1 - Probability level of F statistic from analysis of variance to test differences among years (Y), cultivars (c) and nitro-
gen treatments (N) for evaluated traits.

	 Source	of	variation
Trait
	 Y	 C	 N	 Y×C	 Y×N	 C×N	 Y×C×N

Dry matter  0,00 0,00 0,18 0,00 0,37 0,00 0,00
Ash 0,00 0,07 0,01 0,00 0,52 0,02 0,08
Crude protein (N×6.25) 0,00 0,00 0,00 0,00 0,09 0,00 0,02
Ether extract 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Crude fibre 0,01 0,00 0,68 0,00 0,00 0,03 0,00
Nitrogen free extract 0,00 0,00 0,00 0,00 0,05 0,24 0,01
Sugars 0,01 0,00 0,00 0,55 0,85 0,47 0,97
Starch 0,00 0,00 0,00 0,99 0,99 0,00 0,99
Neutral detergent fibre 0,00 0,00 0,02 0,00 0,14 0,00 0,00
Acid detergent fibre 0,00 0,00 0,43 0,00 0,12 0,22 0,00
Acid detergent lignin 0,01 0,00 0,05 0,16 0,60 0,17 0,21
Cellulose 0,00 0,00 0,95 0,00 0,40 0,16 0,00
Hemicellulose 0,00 0,00 0,11 0,00 0,01 0,00 0,00
Total amino acids 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Essential amino acids 0,00 0,00 0,01 0,00 0,00 0,00 0,00
Calcium 0,00 0,00 0,38 0,01 0,35 0,01 0,01
Phosphorus 0,00 0,00 0,00 0,02 0,09 0,34 0,44
Potassium 0,04 0,00 0,10 0,00 0,01 0,01 0,00
Sodium 0,00 0,00 0,89 0,00 0,04 0,04 0,12
Digestible energy 0,00 0,00 0,00 0,00 0,84 0,00 0,00
Apparent metabolisable energy 0,00 0,00 0,13 0,00 0,01 0,00 0,20

Cultivars (C) and nitrogen treatments (N) for evaluated traits.



Ital. J. Food Sci., vol. 23 - 2011  183

of oat. the ANOVA data showed significant in-
teraction between the cultivar and the year for 
most of the traits, except for sugars, starch, and 
acid detergent lignin content. An interaction be-
tween the nitrogen treatment and the year was 
also significant, but only in a few cases. Although 
the interaction between the main factors of the 
experiment and years was significant, rankings 
of differences among cultivars and between two 
nitrogen doses were consistent, regardless of the 
year. therefore, the results were interpreted as 
average crops harvested in 2005 and 2006 with-
out showing any interactions between the test-
ed factors and years. 

Differences due to cultivar x nitrogen inter-
action were significant for ash, crude protein, 
ether extract, crude fibre, and starch content 
and were not significant for nitrogen free extract 
and starch content (table 1). However, the pat-
tern of differences among cultivars was almost 
the same, with both nitrogen doses (table 2). 

the total protein content in oat grain was dif-
ferent in the tested cultivars, oat forms and it 
was subjected to changes due to applied nitro-
gen treatment (table 2). In this study, both na-
ked oat cultivars, Polar and stH 6102, contained 
more protein, fat, and starch than conventional 
oats, regardless of the nitrogen treatment (table 
2). similar findings were also reported by other 
authors (brAND and MErWE, 1996; MAUrIcE et 
al., 1985). Polar, a model cultivar, contained the 
highest protein content (168.4 g, over nitrogen 
treatment) compared with the other cultivars. 
Although significant differences between the tall 

and dwarf cultivars were observed in terms of 
the total protein, fat, crude fibre, carbohydrates, 
sugars, and starch content, only the differenc-
es in sugars and starch content were consistent 
in character (increasing or decreasing trend). As 
for the others, the differences resulted from the 
dominance of an individual cultivar.

Increase the nitrogen rate to 100 kg∙ha-1 sig-
nificantly increased the grain protein level by 
approximately 27 g∙kg-1 DM. A positive relation-
ship between nitrogen treatment and the rise 
in grain protein level was also reported by oth-
er authors (GIVENs et al., 2004; IZsÁKI, 2004; 
LÁsZtItY, 1998). Nitrogen treatment usually 
results in an increased protein content in oats, 
there are only discrepancies as to the extent of 
the increase and modifying impact of the envi-
ronmental factors.

Due to increased nitrogen treatment, the fat 
content was reduced significantly while crude fi-
bre content had no significant change (table 2).

Due to the fact, that the monogastric animals 
are not able to digest fibre, the energetic value of 
fodder is lowered. Large amounts of fibre lower 
the utilization of nutrients, such as amino ac-
ids, therefore, whole oats are mostly fed to pigs 
and poultry with an addition of a suitable en-
zyme (sVIHUs and GULLOrD, 2002; WELcH et 
al., 1983).

this study confirmed the high fibre content 
of hulled oats. It is worth mentioning, however, 
that the stH 735 dwarf hulled oat contained 
significantly less fibre compared with the model 
hulled cultivar Krezus, in both nitrogen regimes 

table 2 - Effect of cultivar, nitrogen treatment and oat form on the chemical composition of oat grain (g∙kg-1 DM).

 N.	fertilisation	kg∙ha-1

	 Cultivar	 Oat	form
	 	 	 	 	 	 	
Trait	 40	 100

	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 N	 H	 D	 T
	 	 6102ND	 	 735HD	 	 	 6102ND	 	 735HD

Dry matter 903a1 903a 902a 899b 901A2 906a 901b 899c 898c 901A 903a 899b 900a 902a
(g∙kg-1 fresh)
Ash 24,4a 22,6b 23,4ab 23,1ab 23,4B 24,5ab 25,1a 23,2b 24,2ab 24,2A	 24,1a 23,4a 23,7a 23,9a
Crude protein 153a 144b 108d 118c 131B	 184a 172b 136c 139c 158A	 163a 125b 143b 145a
(N×6.25)
Ether extract 89,5a 89,1a 47,7c 51,5b 69,4A 82,6a 82,5a 44,1c 51,5b 65,2B 85,9a 48,7b 68,6a 66,0b
Crude fibre 29,9a 28,5a 146,0a 128,2b 83,1A 29,3a 31,5a 139,4a 130,5b 82,7A 29,8b 136,0a 79,7b 86,1a
Nitrogen free 701a	 716a	 675b	 679b	 693A 680a	 689a	 657b	 655b	 670B 696a 667b 685a 678b
extract
Sugars 13,8d 14,3c 16,2b 16,8a 15,3B 14,1d 14,5c 16,6b 17,4a 15,7A 14,2b 16,8a 15,8a 15,2b
Starch 597a 588b 550c 542d 569A 573a 566b 531c 532c 551B 581a 539b 557b 563a

Abbreviations: N – naked, H – hulled, D – dwarf, T – tall cultivar.
1Values for a common nitrogen levels and the oat forms within the row that bear the same letter do not differ significantly according to Tukey test (post hoc com-
parisons) and F test (planned comparisons) at p=0.05;
2means for the nitrogen effects in the same row followed by the same capital letter are not significantly different using Tukey test (post hoc comparisons) at p=0.05.
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(128,2 and 146,0 g∙kg-1 DM at 40 N kg∙ha-1 and 
130,5 and 139,4 g∙kg-1 DM at 100 N kg∙ha-1, re-
spectively). 

table 3 shows the effect of cultivar’s nitrogen 
treatment and the interaction between both fac-
tors on the selected samples of fibre which have 
a significant influence on the quality of fibre. by 
analising the amount of neutral detergent fibre 
and hemicellulose (table 1), it became clear that 
the cultivars responded diversely to the change 
in nitrogen fertilisation. this was mainly due 
to a decrease in the stH 735 cultivar’s prop-
erties at the higher nitrogen treatment in com-
parison with the basic nitrogen dose. the stH 
6102 dwarf naked oat had a significantly lower 
concentration of NDF and ADF fractions (150 g 
and 41 g∙kg-1 DM, respectively) after using aver-
age nitrogen treatments. Lignin content (ADL), 
which lowers feed digestibility and nutritional 
value the most, was ca. 80% lower in naked oat, 
compared with hulled oat. A similar trend may be 
observed in the amount of neutral detergent fibre 
as well as in acid detergent fibre, which was also 
reported by brAND et al. (1996). A trend was no-
ticed, for dwarf oats to have higher fibre content, 
compared with conventional oats. An increase 
in nitrogen treatment significantly lowered the 
levels of lignin (by 1.6 g∙kg-1 DM) and NDF frac-
tion (by 6.0 g∙kg-1 DM). Furthermore, lower val-
ues of other fibre components were found when 
nitrogen rates were increased, however, the dif-
ferences were not significant.

Oat protein had high levels of essential ami-
no acids (table 4). cultivars, nitrogen fertilis-
er treatment and the interaction between them, 
all resulted in significant changes in amino acid 
composition (table 4). the highest EAA con-
tent was detected in the stH 6102 dwarf naked 
oat (33.4 g∙16 g-1 N, over nitrogen treatment). It 
is worth emphasizing that Krezus cultivar (tall 
hulled oat) had a significantly higher content of 

lysine (3.50 g∙16 g N, over nitrogen treatment), 
i.e. the amino acid that most frequently limits 
the efficiency of cereal protein utilization (bOIs-
EN et al., 2000). On average, the naked culti-
vars were characterized by a significantly high-
er content of total and essential amino acids in 
comparison with the traditional hulled oat cul-
tivars. Naked oats had higher levels of phe, thr, 
trp, asp, and glu and lower levels of pro com-
pared to the hulled cultivars. the results indi-
cate that the proteins from the naked grain have 
a higher nutritional value. PEtErsON (1976) also 
reported that the higher cereal quality of oat pro-
teins is due to a lower content of prolamine pro-
tein. On the other hand, the significant differenc-
es between tall and dwarf forms were obtained 
only for ser and pro content. the results of the 
studies conducted so far on the effect of nitro-
gen treatment, have not confirmed unequivocally 
the direction of changes in amino acid composi-
tion of oat protein in conditions of diverse sup-
ply of this nutrient (LÁsZtItY, 1998). In the stud-
ies conducted by GIVENs et al. (2004) increased 
nitrogen treatment (from 0 to 80-140 kg∙ha-1) 
led to increase in the concentration of all ami-
no acids, proportional to the increased content 
of total protein. However, the authors also found 
that differences in the effect of nitrogen treat-
ment, were not the same for hulled and naked 
oat. regarding the non essential amino acids, a 
nitrogen rate of 100 kg∙ha-1 resulted in an in-
creased level of aspartic acid, glutamic acid and 
alanine (table 4). Furthermore in this study, in-
creased nitrogen treatment led to a significant 
rise in the levels of some essential amino acids 
(leu, phe, tyr), while only the content of lysine 
and cystine decreased significantly. Among the 
tested cultivars, stH 6102 (dwarf naked oat cul-
tivar) showed the strongest positive response to 
increasing nitrogen fertilisation, especially for 
leu, phe, tyr, thr, gly, and ala.

table 3 - Effect of cultivar, nitrogen treatment and oat form on the fibre fraction (g∙kg-1 DM).

	 N.	fertilisation	kg∙ha-1

	 Cultivar	 Oat	form
	 	 	 	 	 	 	
Trait	 40	 100

	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 N	 H	 D	 T
	 	 6102ND	 	 735HD	 	 	 6102ND	 	 735HD

Neutral detergent 184b 149c 403a 418a 288A 190c 152d 411a 376b 282B 169b 402a 274b 297a
fibre 
Acid detergent 53b 41b 185a 179a 115A 47c 41c 190a 173b 113A 45b 182a 109b 119a
fibre 
Acid detergent 4,6b 4,1b 23,4a 25,2a 14,3A 3,5b 4,7b 21,8a 20,9a 12,7B 4,2b 22,8a 13,7a 13,3a
lignin
Cellulose 49b 37b 161a 154a 100A 44b 36b 168a 152a 100A 41b 159a 95b 105a
Hemicellulose 131b 108c 219b 238a 174A 143c 111d 221a 203b 170A 123b 220a 165b 178a

See	Table	2	for	abbreviations	and	indicators.
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table 4 - Effect of cultivar, nitrogen treatment and oat form on the amino acid composition (g∙16 g∙N-1).

 N.	fertilisation	kg∙ha-1

	 Cultivar	 Oat	form
	 	 	 	 	 	 	
Amino	acid	 40	 100

	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 N	 H	 D	 T
	 	 6102ND	 	 735HD	 	 	 6102ND	 	 735HD

Essential	amino	acids
Ile 2,77b 3,13a 2,93ab 2,89ab 2,93A 2,85bc 3,33a 2,98b 2,68c 2,96A 3,02a 2,87a 3,01a 2,88a
Leu 5,87a 6,22a 5,93a 5,99a 6,00A 6,07b 6,84a 6,24b 5,98b 6,28A 6,25a 6,03a 6,26a 6,03a
Lys 3,28a 3,49a 3,57a 3,39a 3,43A 3,28a 3,29a 3,43a 3,18a 3,29B 3,33a 3,39a 3,34a 3,39a
Met 1,30b 1,42ab 1,58a 1,27b 1,39A 1,52a 1,41ab 1,45ab 1,34b 1,43A 1,41a 1,41a 1,36a 1,46a
Cys 2,34b 2,23b 2,70a 2,30b 2,39A 2,36a 2,25a 2,22a 2,15a 2,24B 2,29a 2,34a 2,23a 2,40a
Phe 4,10a 4,41a 4,18a 4,12a 4,20B 4,43b 5,27a 4,46b 4,23b 4,60A 4,55a 4,25b 4,51a 4,29a
Tyr 2,90a 2,81a 2,86a 2,77a 2,83B 2,98b 3,44a 2,90b 2,95b 3,07A 3,03a 2,87a 2,99a 2,91a
Thr 2,91ab 2,99a 2,90ab 2,74b 2,88A 2,79b 3,39a 2,71b 2,61b 2,87A 3,02a 2,74b 2,93a 2,83a
Trp 1,27a 1,19a 1,06a 0,95a 1,12A 1,16a 1,17a 1,03a 0,93a 1,07A 1,20a 0,99b 1,06a 1,13a
Val 4,02a 4,18a 4,18a 4,06a 4,11A 4,11a 4,31a 4,11a 3,85a 4,09A 4,16a 4,05a 4,10a 4,10a

Nonessential	amino	acids
His 1,82a 2,13a 2,06a 1,94a 1,99A 1,93a 2,06a 2,01a 1,83a 1,96A 1,99a 1,96a 1,99a 1,95a
Arg 6,95a 6,95a 7,04a 6,73a 6,92A 7,08a 7,08a 7,20a 6,44a 6,95A 7,01a 6,85a 6,80a 7,07a
Asp 8,03a 7,83a 7,85a 7,19b 7,72B 8,21b 8,87a 8,26b 7,57c 8,23A 8,24a 7,72b 7,86a 8,09a
Glu 21,1a 20,4a 19,7a 18,7a 19,9B 21,8a 21,6a 20,2a 19,1a 20,7A 21,2a 19,4b 19,9a 20,7a
Ser 3,78a 4,18a 4,04a 3,94a 3,98A 3,78a 4,32a 3,64a 3,87a 3,90A 4,02a 3,87a 4,08a 3,81b
Pro 4,45c 5,32a 4,72bc 4,95b 4,86A 4,35c 4,61bc 4,96b 5,46a 4,84A 4,68b 5,02a 5,08a 4,62b
Gly 4,42a 4,15a 4,46a 4,35a 4,35A 4,35b 4,85a 4,41b 4,17b 4,44A 4,44a 4,35a 4,38a 4,41a
Ala 4,05ab 3,72b 4,26a 4,26a 4,07B 4,00b 4,42a 4,26ab 4,30ab 4,24A 4,05a 4,27a 4,18a 4,14a
Total 85,3a 86,7a 86,0a 82,5b 85,1B 87,0b 92,5a 86,4b 82,6c 87,1A 87,9a 84,4b 86,1a 86,2a
EAA 30,7bc 32,1a 31,9ab 30,5c 31,3B 31,5b 34,7a 31,5b 29,9c 31,9A 32,3a 30,9b 31,8a 31,4a

See Table 2 for abbreviations and indicators.

Oat is a reservoir of mineral components, es-
pecially ash, that are of big importance from 
both nutritional and technological perspective. 
Ash content in the entire oat grain averaged 
23.8 g∙kg-1 DM. table 5 presents the average 
concentration of selected mineral components 
in the tested oat grain. there was a signifi-
cant difference in the content of mineral com-

table 5 - Effect of cultivar, nitrogen treatment and oat form on the mineral composition of oat grain (g∙kg -1 DM).

	 N.	fertilisation	kg∙ha-1

	 Cultivar	 Oat	form
	 	 	 	 	 	 	
Trait	 40	 100

	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 N	 H	 D	 T
	 	 6102ND	 	 735HD	 	 	 6102ND	 	 735HD

Calcium 0,98c 1,05bc 1,38a 1,26b 1,17A 0,88c 1,36ab 1,43a 1,16b 1,21A 1,07b 1,31a 1,21a 1,17a
Phosphorus 4,65a 4,15a 3,27b 3,65b 3,93B 4,79a 4,78a 3,59b 3,89b 4,27A 4,59a 3,60b 4,12a 4,08a
Potassium 2,49b 2,12b 3,66a 3,59a 2,96A 2,35c 2,67c 4,12a 3,31b 3,11A 2,41b 3,67a 2,92a 3,16a
Sodium 0,16b 0,16b 0,15b 0,20a 0,17A 0,15b 0,19a 0,15b 0,19a 0,17A 0,16a 0,17a 0,19a 0,15b

See Table 2 for abbreviations and indicators.

ponents between cultivars. the Krezus hulled 
cultivar had by far the highest content of cal-
cium. compared with the hulled oat, phospho-
rus levels where significantly higher while po-
tassium and calcium levels, significantly lower 
in both naked oat cultivars. the highest level 
of sodium was detected in the stH 735 dwarf 
hulled oat. compared with the tall forms, the 
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dwarf cultivars had a higher content of sodi-
um and a similar content of calcium, phospho-
rus, and potassium. the increase in nitrogen 
treatment did not have a significant affect on 
the content of calcium, potassium, or sodium. 
Due to the increasing nitrogen treatment there 
was a significant increase in the phosphorus 
content of the oat grain, thereby confirming 
the findings reported by GIVENs et al. (2004). 
A significant interaction between cultivars and 
nitrogen treatment was detected in calcium, 
potassium and sodium levels. Increasing ni-
trogen fertilisation up to 100 kg∙ha-1 resulted 
in a higher calcium content in the stH 6102 
cultivar and higher potassium content in Kre-
zus cultivar in comparison with other cultivars. 

the naked cultivars had significantly higher 
energy value for pigs (table 6). the dwarf cul-
tivar had the highest DE level (17 MJ∙kg-1 DM). 
A similar relationship was found in the stud-
ies conducted by brAND et al. (2003) for pigs 
with the use of mobile nylon bags. they report-
ed higher digestible energy for naked oat com-
pared with hulled oat (18.0 and 12.6 MJ∙kg-1 
DM, respectively). Due to increased concentra-
tion of energy and high quality protein, naked 
oat may be a valuable component of pig feed 
(MOrrIs and bUrrOWs, 1986). GIVENs et al. 
(2004) reported higher DE for hulled oat (on av-
erage 14 MJ∙kg-1 DM), which probably result-
ed from a higher fat content than that found in 
this study (64.5 and 48.7 g∙kg-1 DM, table 2). 
the dwarf forms of oat had slightly higher val-
ues of digestible energy. In this study, increased 
nitrogen treatment significantly affected the di-
gestible energy value as a result of higher crude 
protein concentration. 

Hulled oat is reluctantly used as poultry feed 
due to it’s high fibre content. the lack of hull 
in naked oat cultivars enables them to be used 
as feed. In this study, AME value for the hulled 
cultivars averaged 12.8 MJ∙kg-1 DM and for the 
naked cultivars it was significantly higher – 15.4 

MJ∙kg-1 DM. this trend was also reported by 
GIVENs et al. (2004). studies conducted by cAVE 
and bUrrOWs (1993) indicated that naked oat 
may be applied in feeding poultry.

the results obtained in this study indicate 
that oat cultivar and the amount of nitrogen 
treatment have a significant effect on chemical 
composition and energy value of grain. On the 
basis of this study it is difficult to determine 
clearly whether straw shortening by introduc-
ing the Dw6 dwarf gene affects the quality prop-
erties of grain.

In this study, an improvement in the fibre 
(NDF, ADF, cellulose and hemicellulose) compo-
sition of dwarf forms was observed but for the 
other tested properties, it seems that the gen-
otype of an individual cultivar was the decisive 
factor. similarly ambiguous results were report-
ed by KIbItE and cLAYtON (2000) who tested 7 
pairs of oat near-isogenic lines, dwarf vs. tall. 
they observed adverse effects of the Dw6 gene 
on fat content, however, protein content was 
dependent on the genetic background, not the 
dwarf gene. In conclusion, it is worth empha-
sizing that in this study the stH 6102 short 
naked oat, with an introduced dwarf gene had 
the highest quality properties of grain, i.e. high 
quality protein and significantly higher content 
of essential amino acids. the tested naked oat 
also had a beneficial fibre content in terms of 
NDF and ADF levels. considerably lower fibre 
content and its beneficial composition, as well 
as an increased fat level affected the energy 
content of this cultivar. the stH 6102 oat had 
a high energy content for both pigs (DE) and 
poultry (AME).
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table 6 - Effect of cultivar, nitrogen treatment and oat form on the predicted energy value (MJ∙kg-1 DM).

 N.	fertilisation	kg∙ha-1

	 Cultivar	 Oat	form
	 	 	 	 	 	 	
Trait	 40	 100

	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 PolarNT	 STH	 KrezusHT	 STH	 Mean	 N	 H	 D	 T
	 	 6102ND	 	 735HD	 	 	 6102ND	 	 735HD

Digestible
energy 16,7b 17,2a 12,7c 12,6c 14,8B 16,8b 17,2a 12,7d 13,3c 15,0A 17,0a 12,8b 15,1a 14,7b
Apparent 
metabolisable
energy 15,6a 15,3b 12,7d 12,9c 14,1A 15,4a 15,1b 12,7d 13,0c 14,1A 15,4a 12,8b 14,1a	 14,1a

See Table 2 for abbreviations and indicators.
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AbstrAct

the seed fatty acids composition from five spanish pomegranate cultivars was determined. Pome-
granate seeds yielded oil contents ranging from 69-81 g kg-1 of dry matter for sweet cv. to 131 g kg-1 
and 105 g kg-1 for the sour-sweet and sour cv., respectively. the highest levels of fatty acids were 
those of polyunsaturated ones (from 80.41 to 91.03%). the predominant unsaturated fatty acid 
was punicic (66.76-79.29%). Data on punicic acids were reported here for the first time for sour 
and sour-sweet spanish pomegranate cv. this relatively high quantity of unsaturated fatty acids 
could be of interest for human nutrition and may definitively drive breeding selection programs.
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INtrODUctION

Although pomegranate (Punica granatum L.) 
seeds are mainly fresh consumed, they have 
been lately used for processing jams, jellies, re-
freshing juices and alcoholic drinks, as well as 
for colouring and flavouring drinks. several re-
searchers have already investigated the poten-
tial of pomegranate fruit for minimally processed 
ready to use fresh seeds and possible seed oil 
processing (MELGArEJO et al., 1995, GIL et al., 
1996 and ArtÉs et al., 1998). Moreover, there 
is an incipient interest worldwide in the func-
tional and health benefits of pomegranate fruit 
(sUMNEr et al., 2005). 

seeds in pomegranate fruit are often abun-
dant depending on the cultivar. they account for 
50 to 70% of fruit fresh weight, including mem-
branes and skin. the hard portion of pomegran-
ate seeds (tegmen, cotyledons and embryo) rep-
resents 5-15% of the seed and is relatively rich 
in fibre and fat. the large fraction of seeds is the 
juicy testa (arils), being rich in soluble solids, 
sugars, pigments and organic acids.

From now on, and for study purposes, we will 
only refer as seed to the hard portion of the con-
ventionally named pomegranate seed.

the seeds of diverse pomegranate cultivars are 
a rich source of lipids (FADAVI et al., 2006 and 
KIrALAN et al., 2009). Depending on the culti-
var, lipids contents may range from 140 to 270 
g kg-1 of dry matter (EL-sHAArAWY and NAHAPE-
tIAN, 1983; EL-NEMr et al., 1990; MELGArEJO, 
1993; KIrALAN et al., 2009). Pomegranate seed 
oil is also a natural source of punicic acid, rep-
resenting about 80% of its total fatty acid com-
position (YAMAsAKI et al., 2006).

the determination of total lipid content along 
with the constituent fatty acids is an important 
mean of assessing pomegranate suitability for 
specific food and industrial utilisation (EKPA 
et al., 1994). consumers are particularly con-
cerned about the saturated to unsaturated fat-
ty acid ratio, and about contents of essential 
fatty acids as linoleic, linolenic and arachidon-
ic, with especial emphasis on polyunsaturated 
ones. these fatty acids play a natural preven-
tive role in cardiovascular disease and alleviat-
ing other health disorders (DE HOYA and MAtA, 
1989); they promote the reduction of both total 
and HDL cholesterol (MELGArEJO and ArtÉs, 
2000). Furthermore, pomegranate seed oil and 
extracts might be used as an alternative or sup-
plement (phytoestrogen medicaments) to con-
ventional hormone replacement therapy in men-
opausal women (LANsKY, 1999).

Pomegranate seed oil contains considerable 
amounts of polyunsaturated fatty acids (PUFA), 
including conjugated linolenic acid (cLA) iso-
mers as well as low saturated fatty acid content 
(YÜcEL, 2005). cLA isomers may prevent can-
cer incidence (YAsUI et al., 2005 and IGArAsHI 
and MIYAZAWA, 2000). Furthermore, consump-

tion of oils rich in highly unsaturated fatty acids 
(HUFA) protects against diseases such as color-
ectal, breast, colon and prostate cancers (GEr-
bEr et al., 2005).

Punicic acid may also have beneficial anti-in-
flammatory effects. Oral administration of pure 
punicic acid, or pomegranate seed oil rich in pu-
nicic acid to rats prevented induced colitis and 
lowered induced-tissue damage (bOUssEttA et 
al., 2009).

the total lipid content plays an important role 
in several biochemical and nutritional studies. 
Not only the amount, but the type of fat has also 
an intense effect on human health. Determin-
ing the fatty acid profile of a substance helps in 
deciding its end use for both food and non-food 
applications.

remarkable differences were found among di-
verse studies on the constituent fatty acids of 
pomegranate seeds (EL-sHAArAWY and NAHA-
PEtIAN, 1983: EL-NEMr et al., 1990; MELGArE-
JO et al., 1995; MELGArEJO and ArtÉs, 2000; 
KIrALAN et al., 2009; PANDE and AKOH, 2009). 
these compositional differences could be linked 
to agronomic and environmental effects as well 
as to different genotypes.

thus, the goal of this study was to determine 
the total lipid content and the constituent fatty 
acids of five spanish pomegranate cv., cultivat-
ed under homogeneous conditions to prevent po-
tential agronomic and environmental effects on 
plant genotypes. As far as we know, this proba-
ble aspect has not been carefully considered in 
any experiment previously reported. Moreover, 
the attained results could help breeders to select 
pomegranate cultivars according to not only ex-
ternal fruit quality and organoleptic traits (size, 
colour and appearance, soluble solids content, 
acidity and firmness), but also to total lipid con-
tent and constituent fatty acids, satisfying then 
consumers demand on beneficial fruit effects on 
human health.

MAtErIALs AND MEtHODs

Pomegranate cultivars

the selected plant material belongs to the 
main pomegranate gene bank of the EU, located 
at the experimental field station of Miguel Her-
nandez University, in the province of Alicante 
(spain) (02º03´50´´E, 38º03´50´´N, and 25 masl). 
the pomegranate collection held 64 different 
cultivars, with four repetitions of each and cul-
tivated under homogeneous conditions. Estab-
lished in 1992, the orchard is settled in a typi-
cal agricultural area close to the Mediterranean 
coast, obviously under the influence of moder-
ate climatic conditions (MELGArEJO et al., 1998). 
conventional and commercial summer pruning 
along with drip irrigation and standard cultur-
al practices were performed.
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the studied cultivars were selected according 
to either their fresh consumption traits (sweet 
and sour-sweet cv.) or ornamental and process-
ing aptitudes (sour cv.). While cultivars VA1 (Va-
lenciana 1), ME16 (Mollar de Elche 16) and MA2 
(Mollar de Albatera 2) were sweet, PtO8 (Piñón 
tierno de Ojós 8) and bA1 (borde de Albatera 
1) were sour-sweet and sour cultivars, respec-
tively. the complete pomological description of 
these pomegranate cultivars was previously re-
ported by MELGArEJO (1993).

From mid-september to the end of October, 
fully ripe pomegranate fruits were harvested by 
hand during two consecutive years (2008-2009). 
Approximately 15 kg of fruit per cultivar were 
sampled as follows: 10 fruits per tree (5 locat-
ed externally and five within tree canopy), and 4 
trees per cultivar (n=40). Harvested fruits were 
taken to the laboratory afterwards, where those 
defective or even damaged were rejected (sun-
burns, cracking and bruises).

the following physical-chemical parameters 
were analysed at harvest to characterise the di-
verse cv.: size, weight, seeds, soluble solids con-
tent and titratable acidity of juice, as well as ma-
turity index (data not shown).

Fatty acid extraction and analysis

Analytical methods were applied for prepar-
ing samples and methyl esters of the fatty acids. 
Preparation, extraction, separation and identifi-
cation were performed as follows: triplicate sam-
ples of fresh seeds per cultivar (100 g each) were 
dried out in an oven for two days at 60ºc; after 
drying, seeds were crushed and refluxed with 
300 ml of petroleum ether in weighed flasks us-
ing a soxhlet apparatus according to the AAcc 
(1987). Lipids were recovered by distilling petro-
leum ether in a rotary evaporator at 60ºc, and 
then dried out to constant weight in a vacuum 
oven at 90ºc for 1 hour and weighted. Extract-
ed lipids were dissolved with ethyl ether and 
kept at room temperature following the AAcc 
protocol (1987).

Fatty acid methyl esters (FAMEs) were pre-
pared according to the AOAc method (1990). 
triglyceride purification was accomplished by 
evaporating until completely dried. samples 
were resolved in hexane:ether (90:10 v/v) un-
der a nitrogen flow, and kept in a silica column 
of 20 cm length and 0.9 cm diameter after elu-
tion with 50 ml hexane:ether (90:10 v/v). Eve-
ry lipid sample (0.1 g) was methylated by trans-
esterification with alcoholic KOH 2N (Merck co, 
Darmstard, Germany). Methyl esters samples (1 
mL) were analysed by a Hewlett-Packard gas-liq-
uid chromatograph (5890 series II, UsA), with 
a silica funded column (Db-WAX, J&W scientif-
ic) of 25 m length, 0.25 mm diameter and 0.25 
mm film thickness. the initial temperature was 
140ºc for 2 min, and then a 4ºc ramp until 
200ºc for 20 min; nitrogen was the carrier gas 

(1 ml/min) with a 1:70 split relation. Methyl es-
ters were derivatized to fix the unsaturating po-
sitions; it was accomplished by obtaining the ox-
azoline derivatives reaction (DMOX) with 2-ami-
no-2 methyl 1 propanol. samples of methyl es-
ters and DMOX were analyzed by a Hewlett-
Packard 5890 series II gas-liquid chromato-
graph coupled to a high resolution mass spec-
trometer (Finnigan MAt 95, UsA), equipped with 
a Db-WAX column similar to that previously de-
scribed. temperatures of the analyses were: in-
jector 250ºc, initial 180ºc, rate 2ºc/min until 
220ºc (240ºc for DMOX derivates) for 20 min. 
Mass spectrums were accomplished by ioniza-
tion: electronic impact at 70 eV with a resolu-
tion of 2,300 and a sweep range of 50-600 amu 
at 2 seg/dec.

Peaks were identified according to their reten-
tion times. All samples were run by triplicate us-
ing standard fatty acids methyl esters. All sol-
vent/chemicals used were from sigma (MO, UsA) 
and Merck (Germany).

statistical analysis

Analysis of variance (ANOVA) and Duncan’s 
multiple range test were performed. the software 
package sPss v.18.0 for Windows was used to 
evaluate the significance of differences among 
samples regarding oil contents and individu-
al fatty acids composition at a confidence level 
of p≤ 0.05. samples were analysed by triplicate 
and data expressed as mean values ± standard 
deviation.

rEsULts AND DIscUssION

total lipids and fatty acid composition are 
given in table 1. Pomegranate seeds yielded to-
tal lipids contents ranging from 69-81 g kg-1 of 
dry matter for sweet cv. (VA1, ME16 and MA2) 
to 131 g kg-1 and 105 g kg-1 for the sour-sweet 
PtO8 and sour bA1, respectively. 

Whereas the results on lipid contents agreed 
with those obtained by FADAVY et al., (2006) 
dealing with Iranian cultivars, they differed from 
those found by EL-NEMr et al., (1990) for an un-
identified Egyptian cultivar (272 g kg-1 total lip-
ids), and from these attained by EL-sHAArAWY 
and NAHAPEtIAN (1983) for the Iranian sweet 
cultivar called Shiring (161 g kg-1 total lipids).

As previously said by FADAVI et al., (2006), 
the spanish pomegranate cultivars showed the 
following lipid content relation: sweet < sour < 
sour-sweet.

Other studies revealed remarkable differences 
in total lipid contents among pomegranate culti-
vars grown in turkey, Iran and Georgia (13.95-
24.13, 6.63-19.3 and 18.1-21.5%, respectively) 
(YÜcEL, 2005; KIrALAN et al., 2009; PANDE and 
AKOH, 2009). this notable compositional diver-
gence could be linked to agronomic and environ-
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mental effects on pomegranate trees, as well as 
to genotypic differences. However, all cultivars 
in this study were cultivated under homogene-
ous growing conditions, and differences in total 
lipid contents and compositional fatty acid pro-
files should be entirely attributed to genotypic 
backgrounds. 

Only five fatty acids were identified in all eval-
uated cultivars. Fatty acid compositional pro-
files are shown in table 1 (fatty acids esters as 
% w/w total fatty acid esters).

the major saturated fatty acid in all cultivars 
was palmitic, which ranged from 2.9 to 4.3% 
for the sour bA1 and sour-sweet PtO8, respec-
tively. these palmitic percentages were similar 
to those obtained by KIrALAN et al., (2009) and 
YÜcEL (2005), 2.10-2.77 and 2%, respectively. 
On the contrary, the amounts of palmitic acid 
were lower than those obtained by MELGArE-
JO et al. (1995), MELGArEJO and ArtÉs (2000), 
and FADAVI et al. (2006), with palmitic percent-
ages of 18.16-22.63, 2.58-14.91 and 2.8-16.7%, 
respectively.

the following saturated fatty acid was stearic 
(1.6% for the sour bA1 and 2.62% for the sour-
sweet PtO8). these percentages were similar to 
those reported by YÜcEL (2005), FADAVI et al. 
(2006), and KIrALAN et al. (2009).

Arachidic and behenic acids were undetec-
ted in any evaluated cultivar. However, YÜcEL 
(2005), MELGArEJO and ArtÉs (2000) and KI-
rALAN et al. (2009) identified arachidic acid in 
pomegranate seed oil (3.0, 0-2.76 and 0.33-
0.48%, respectively). Likewise, FADAVI et al. 
(2006) and KIrALAN et al. (2009) detected the 
presence of behenic acid (0-3.9 and 0.16-0.22%, 
respectively). the divergence in saturated fatty 
acid profiles could be certainly attributed to gen-
otypic backgrounds.

Unsaturated fatty acids were predominant 
in all cultivars. the highest levels of fatty ac-
ids were those of polyunsaturated ones (80.41-
91.03%), and between 66.76-79.29% were c18:3 
fatty acids with double bonds in the 9, 11 and 
13 positions, named all as punicic acids. these 
punicic acids were identified at different reten-
tion times, indicating the existence of differ-
ent geometric isomers because of the invaria-
ble double bond positions. tAKAGI (1966) and 
KIrALAN et al. (2009) confirmed the presence 
of these and other isomers of the c18:3 fatty 
acid: specifically positions 9-cis, 11-trans and 
13-trans (α-eleostearic acid), 9-trans, 11-trans 
and 13-trans (β-eleostearic acid), and 9-trans, 
11-trans and 13-cis (catalpic acid). However, all 
identified isomers in the present study were con-
sidered as punicic acids. 

the sour bA1 showed the highest content in 
punicic acid while sweet ME16 the lowest one. 
results for sweet cv. confirmed previous findings 
obtained by EL-sHAArAWY and NAPEtIAN (1983) 
(67.6% of punicic acids content). Furthermore, 
our results for sweet, sour-sweet and sour cv. 
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were similar to those obtained by FADAVI et al. 
(2006), KIrALAN et al. (2009), and PANDE and 
AKOH (2009). Data on punicic acids were re-
ported here for the first time for sour and sour-
sweet spanish pomegranate cv.

the second most abundant fatty acid in all 
cultivars was linoleic, ranging from 4.98 (bA1) to 
8.54% (MA2), followed by oleic acid (4.7-6.8%). 
Oleic and linoleic contents were similar to those 
of previous studies (MELGArEJO and ArtÉs, 
2000; FADAVI et al., 2006; KIrALAN et al., 2009).

Unlike those detected by EL-NEMr et al. 
(1990), MELGArEJO and ArtÉs (2000), YÜ-
cEL (2005) and KIrALAN et al. (2009), the pres-
ence of other fatty acids in pomegranate seed 
oil could not be confirmed [hexanoic (c6:0), oc-
tanoic (c8:0), decanoic (c10:0), lauric (c12:0), 
mirystic (c14:0), mirystoleic (c14:1), palmito-
leic (c16:1), arachidic (c20:0), behenic (c22:0), 
lignoceric (c24:0) and gadoleic (c20:1)]. these 
compositional differences on the constituent 
fatty acids of pomegranate seeds could be pos-
itively linked to agronomic and environmental 
effects as well as to different genotypes (tHOMP-
sON et al., 1973; HOLADY and PEArsON, 1974; 
HArrIs et al., 1978; rObErtsON et al., 1978; 
LAJArA et al., 1990).

the evaluated spanish cultivars were culti-
vated under homogeneous growing conditions, 
showing different fatty acid profiles of pome-
granate seed oils than those spanish cv. stud-
ied by MELGArEJO et al. (1995) and MELGArE-
JO and ArtÉs (2000), which were grown under 
heterogeneous and different climatic and envi-
ronmental conditions.

the saturated/unsaturated fatty acid ratio 
was usually very low (table1). these ratios were 
similar to those previously reported by MEL-
GArEJO and ArtÉs (2000), FADAVI et al. (2006), 
and KIrALAN et al. (2009).

Moreover, some intervarietal differences re-
garding fatty acids compositions were estab-
lished. the sour bA1 cv. showed the lowest con-
tent in oleic (c18:1), linoleic (c18:2) and pal-
mitic (c16:0) acids and the highest one in pu-
nicic acid. While the sweet ME16 cv showed the 
lowest content in punicic acids, the sour-sweet 
PtO8 cv. showed high contents in oleic, linoleic 
and punicic acids.

cONcLUsIONs

results clearly indicate that evaluated pome-
granate seeds contained considerable amounts 
of oil depending on cultivars: sweet < sour < 
sour-sweet. besides, it can be stated that un-
saturated fatty acids were predominant in all 
evaluated spanish pomegranate cultivars. the 
saturated/unsaturated fatty acid ratio was very 
low, ranging from 0.055 to 0.077. this relatively 
high quantity of unsaturated fatty acids could 
be of interest for human nutrition and may de-

finitively drive breeding selection programs, in 
terms of pomegranate cv. lipid profiles.

Furthermore, it can be acknowledged that 
Mediterranean pomegranates differed from oth-
er spanish and foreign cultivars with regards to 
fatty acid compositional profiles.

Finally, and since all evaluated pomegranates 
were grown under homogeneous conditions, dif-
ferences in total lipid contents and fatty acid 
compositions among cultivars must be entirely 
due to genotypic backgrounds.

rEFErENcEs

AAcc. 1987. Approved Methods of the AAcc, American As-
sociation of cereal chemists Inc. st Paul. MN. UsA.

AOAc. 1990. “Official Method of Analysis” 15th Associa-
tion of Official Analytical cereal chemists, Washington, 
Dc, UsA.

Artés F. and tomás-barberán F. 1998. Postharvest treat-
ments of pomegranate and obtention of derived products. 
International symposium on Pomegranate.

boussetta t., raad H., Lettéron P., Gougerot-Pocidalo M.A., 
Marie J.c., Driss F. and El-benna J. 2009. Punicic acid 
a conjugated linolenic acid inhibits tNFα-induced neu-
trophil hyperactivation and protects from experimental 
colon inflammation in rats. PLos One. 4 (7): 6458. 

De Hoya M. and Mata P. 1989. Estudio de los distintos com-
ponentes de la dieta y la aterosclerosis. boletín campaña 
Difusión conocimiento científico Aceite Oliva. European 
community commission. Madrid. 4:1

Ekpa O.D., Fubara E.P. and Morah F.N.I. 1994. Variation in 
fatty acid composition of palm oils from two varieties of the 
oil palm (Elaieis guineensis). J. sci. Food Agric. 64: 483.

El-Nemr s.E., Ismail I.A. and ragab M. 1990. chemical 
composition of juice and seeds of pomegranate fruit. Die 
Nahrung. 34: 601.

El-shaarawy M.I. and Nahapetian A. 1983. studies on pome-
granate seed oil. Fette seifen Anstrichmittel. 85: 123.

Fadavi A., barzegar M. and Azizi M.H. 2006. Determina-
tion of fatty acids and total lipid content in oilseed of 25 
pomegranates varieties grown in Iran. J. Food compost. 
Anal. 19: 676.

Gerber M., thiébaut A., Astorg P. and combe N. 2005. Di-
etary fat, fatty acid composition and risk of cancer. Eur. 
J. Lipid. sci. technol. 107: 540.

Gil M.I., Martínez J.A. and Artés F. 1996. Minimally proc-
essed pomegranate seeds. Lebensm. Wiss technol. 29: 708.

Harris H.c., McWilliam J.r. and Mason W.K. 1978. Influ-
ence of temperature on oil content and composition of 
sunflower seed. Aust. J. Agric. res. 29: 1203.

Holaday c.H. and Pearson J.L. 1974. Effects of genotype 
and production area on the fatty acid composition total 
oil and total protein in peanuts. J. Food sci. 39: 1206.

Igarahi M. and Miyazawa t. 2000. Newly recognized cyto-
toxic effect of conjugated trienoic fatty acids on cultured 
human tumor cells. cancer Lett. 148: 173.

Kiralan M., Gölükcü M. and tokgöz H. 2009. Oil and con-
jugated linolenic acid contents of seeds from important 
pomegranate cultivars (Punica granatum L.) grown in tur-
key. J. Am. Oil chem. soc. 86: 985.

Lajara J.r, Diaz U. and Quldlello r.D. 1990. Definite in-
fluence of location and climatic conditions on the fatty 
acid composition of sunflower seed oil. J. Am. Oil chem. 
soc. 67: 618.

Lansky E.P. 1999. Phytoestrogen supplement prepared from 
pomegranate seed and a herbal mixture or coconut milk. 
Us Patent. 5, 891,440.

Melgarejo P. 1993. selección y tipificación varietal de gra-
nado (Punica granatum L) D. thesis, Polytechnical Uni-
versity of Valencia, spain.



Ital. J. Food Sci., vol. 23 - 2011  193

Melgarejo P. and Artés F. 2000. total lipid content and fat-
ty acid composition of oilseed from lesser known sweet 
pomegranate clones. J. sci. Food Agric. 80: 1452.

Melgarejo P., Martínez J.J., Hernández F. and Amorós A. 
1998. the pomegranate. conference in the International 
seminar of the UE Proyect rEsGEN29ct95. Universitá 
degli studi, Firenze, Italy.

Melgarejo P., salazar D.M., Amorós A. and Artés F. 1995. Li-
pid and fatty acid composition of seed oils from six pome-
granate cultivars. J. sci. Food Agric. 69: 253.

Pande G. and Akoh c.c. 2009. Antioxidant capacity and li-
pid characterization of six Georgia grown pomegranate 
cultivars. J. Agric. Food chem. 57: 9427.

robertson J.A., chapman G.W. and Wilson r.L. 1978. re-
lation of days after flowering to chemical composition 
and physiological maturity of sunflower seed. J. Am. Oil 
chem. soc. 55: 266.

sumner M.D., Elliott-Eller M., Weidner G., Daubenmier J.J., 
chew M.H., Marlin r., raisin c.J. and Ornish D. 2005. 
Effects of pomegranate juice consumption on myocar-

dial perfusion in patients with coronary heart disease. 
J. cardiology. 96: 810.

takagi t. 1996. stearic configurations of parinaric and pu-
nicic acids. J. Am. Oil chem. soc. 43: 249-250.

thompson D.L., Jellum M.D. and Young c.t. 1973. Effect of 
controlled temperature environments on oil content and 
on fatty acid composition of corn oil. J. Am. Oil chem. 
soc. 50: 540.

Yamasaki M., Kitagawa t., Koyanagi N., chujo H. and Maeda 
H. 2006. Dietary effect of pomegranate seed oil on immune 
function and lipid metabolism in mice. Nutrition. 22: 54.

Yasui Y., Hosokawa M., sahara t., suzuki r., Ohgiya s., 
Kohno H., tanaka t. and Miyashit K. 2005. bitter gourd 
seed fatty acid rich in 9c,11t,13t-conjugated linolenic acid 
induces apoptosis and up-regulates the GADD45, p53 
and PPArg in human colon cancer caco-2 cells. Prostag. 
Leukot Essent Fatty Acids (PLEFA). 73: 113.

Yücel s.Ö. 2005. Determination of conjugated linolenic acid 
content of selected oil seeds grown in turkey. J. Am. Oil 
chem. soc. 82: 893.

Paper received September 2, 2010   Accepted November 26, 2010



short communication

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

- Key words: myosin, actin, fish sausage, DSC -

ProtEin DEnaturation 
DurinG thE ProcEssinG oF sausaGE 

PrEParED With niLE tiLaPia FiLLEt 
anD mincED Fish

P.r.c. oLiVEira FiLho1, P.J.a. soBraL2, m.a. trinDaDE2 and E.m.m. ViEGas1,*
1Department of Animal Science, Faculty of Animal Science and Food Engineering, 

University of São Paulo, Av. Duque de Caxias Norte 225, 13635-900 Pirassununga, SP, Brazil
2Department of Food Engineering, Faculty of Animal Science and Food Engineering, 

University of São Paulo, Av. Duque de Caxias Norte 225, 13635-900 Pirassununga, SP, Brazil
*Corresponding author: e-mail: emviegas@usp.br

AbstrAct

the objetive of this paper was to study changes in the state of the protein during the produc-
tion of sausage with up to 100% of minced fish (MF) tilapia (Oreochromis niloticus L.). Differential 
scanning calorimetry (Dsc) was used to study protein denaturation. the fillets and MF showed no 
difference in the myosin denaturation temperature, although the actin denaturation temperature 
was higher in the fillet than in the MF. After comminution, the denaturation temperature of actin 
decreased from 73,4° to 70,6°c when MF increased from 0 to 100%. the emulsification process 
caused an increase in the myosin and actin denaturation temperatures. the proteins of the sau-
sages were denatured after approximately 1 h 20 min of cooking with a final temperature of 72°c.
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INtrODUctION

Nile tilapia (Oreochromis niloticus) is one of 
the fish species most produced in brazil, and 
production reached nearly 70 thousand tones 
in 2005 (FAO, 2006). However the fillet yield 
is considered low (30 to 35%) (GArDUÑO-LUGO 
et al., 2003), consequently generating a large 
amount of waste. Filleting waste may be used 
for the extraction of minced fish (MF) (KrIst-
bErGssON and ArAsON, 2007), which is used 
as a raw material in the development of di-
verse products, amongst which cooked sau-
sages (rAJU et al., 2003; HU et al., 2008; sINI 
et al., 2008).

the production of these sausages implies in 
the formation of a good-quality gel, and for this 
the myofibrillar proteins must be in the non-de-
natured state before thermal processing, which 
will be responsible for the gel formation (sAEED 
and HOWELL, 2004). thus a study of the dena-
turation of the proteins before sausage process-
ing is of interest because the state of muscle pro-
teins can be affected during frozen storage of the 
raw material (JENsEN et al., 2003), or even dur-
ing surimi processing (cHAN et al., 1992). some 
products such as sugars, phosphates and sorbi-
tol, when mixed with meat, help protect the pro-
tein against denaturation during frozen storage, 
but they also affect protein denaturation during 
processing (PArK and LANIEr, 1987; sYcH et al., 
1990, HErrErA et al., 2001).

the denaturation of proteins is a kind of or-
der-disorder transition, which occurs when pro-
teins are folding-unfolding due to some exter-
nal agent (WrIGHt et al., 1977; WALstrA, 2003; 
MEDINA-VIVANcO et al., 2007). Knowledge of the 
protein denaturation temperature and the en-
thalpy is useful to establish the final cooking 
temperature, as well as knowledge concerning 
the heat transfer rate and the cooking process 
of some products (PArEDI et al., 1994).

the degree of protein denaturation can be 
measured from several indicators such as the 
myosin AtP-ase activity, solubility, availability 
of sulphide groups, viscosity, fluorescence and 
differential scanning calorimetry (Dsc) (bEAs et 
al., 1991; PArEDI et al., 1994; FUrUKAWA et al., 
2004), and the latter is widely used. the Dsc 
technique is used in the determination of ther-
modynamic data, energy and the denaturation 
temperature of proteins under some industrial 
processing conditions (NAGAJ et al., 1999).

the purpose of this paper was to study the 
changes in protein state during the processing 
of fish sausage produced with Nile tilapia fil-
let and minced fish obtained from the filleting 
waste. thus the effects of the processes (commi-
nution, emulsification and cooking) and the for-
mulations (0, 20, 40, 60, 80 and 100% of minced 
fish in substitution of the fillet) on protein de-
naturation were studied using differential scan-
ning calorimetry (Dsc).

MAtErIAL AND MEtHODs

raw materials

the frozen tilapia fillets and filleting wastes 
from Nile tilapia (Oreochromis niloticus) were pur-
chased on the local market and transported in 
thermal boxes to the laboratory. the wastes were 
composed of vertebral spinal columns without 
the head, skin and viscera. Nearly 24 h before 
processing, the wastes were thawed (7°±0.3°c), 
washed with water, cut in the abdominal region 
to remove excess fat and treated in an industri-
al fish deboning machine (Ht 250, High tech, 
chapecó, brazil). In this machine, a screw forced 
the filleting waste against separator blades, pro-
ducing minced fish (MF) with a yield of 53%. the 
MF was packed into plastic bags, each contain-
ing 500 g of mass, and frozen (-40°c) in an ul-
tra-fast plate freezer (UcE - 20, Eco, são Paulo, 
brazil), for approximately 1 h 15 min.

Formulations

In the sausage formulations, the tilapia fil-
let was replaced by MF in different proportions: 
0, 20, 40, 60, 80, and 100%. Other ingredients 
used were 4% of soy protein isolate (Nutrisoy, co-
lombo, brazil), 2% of cassava starch, 1% of salt 
and other commercial additives, such as 0.25% 
curing salt (cura, Ibrac, rio claro, brazil), 0.5% 
antioxidant (Ibracor – serie 500, Ibrac, rio claro, 
brazil), 0.25% stabilizer (Acordini – serie 700, 
Ibrac, rio claro, brazil), 1% sausage seasoning 
(Kerry, rio claro, brazil), and 2% natural onion.

sausage processing

the raw materials (MF and fillet) were thawed 
in a refrigerator (7°±0.3°c) for approximately 
24 h, weighed, comminuted and emulsified in 
a cutter (V80, tecmafrig, são Paulo, brazil) for 
5 min together with the other ingredients. the 
temperature of the emulsion at the cutter out-
let was 1°c. the emulsions were then filled into 
cellulose casing with a diameter of 25 mm (Vis-
cofan, são Paulo, brazil) with the aid of a pneu-
matic sausage filler (V25, sirman, curtarolo, It-
aly), handtied and cooked in an oven (sL 218, 
Arprotec, Valinhos, brazil) with direct steam in-
jection to an internal temperature of 72°c, at-
tained in approximately 1 h 20 min (P410 digit-
al thermometer, Incoterm, Porto Alegre, brazil) 
(UYHArA et al., 2008). After cooking, the sau-
sages were cooled by spraying with cold water 
to an internal temperature of 40°c (P410 dig-
ital thermometer, Incoterm, Porto Alegre, bra-
zil), the casings manually removed, and the sau-
sages then vacuum packaged (MI 60, selovac, 
são Paulo, brazil) in plastic bags (polyamide/
polyethylene with a medium barrier to oxygen 
and water vapor) measuring 15 x 35 x 0.018 
mm, (selovac, são Paulo, brazil) and stored in 
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a controlled temperature refrigerator (0°±0.3°c) 
until analyzed.

Protein and moisture contents

the protein and moisture contents of the raw 
materials (fillet and MF) and sausages were de-
termined in triplicate according to the AOAc 
method (1999). the crude protein was deter-
mined using the micro-Kjeldahl method (N x 
6.25) and the moisture gravimetrically deter-
mined in an oven at 105°c for 16 h.

Differential scanning calorimetry (Dsc)

to evaluate the state of the proteins in the 
various processing steps, the samples were an-
alysed by differential scanning calorimetry (Dsc 
tA2010, controller tA5000, tA Instruments, 
New castle, UsA) operating at a flow rate of 45 
mL/min of N2, heating rate of 10°c/min, between 
0° and 100°c, with a sealed empty pan as refer-
ence (FUrUKAWA et al., 2004). the instrument 
was calibrated with indium (t = 156.6°c and DH 
= 28.71 J/g). the samples, about 10 mg, were 
placed in hermetically sealed aluminum pans 
(tA Instruments) and weighed (±0.01 mg) on a 
precision scale (Ohaus, Analytical Plus, New Jer-
sey, UsA). the denaturation temperature (td) 
and enthalpy (DHd) were identified as the peak 
temperature and area, respectively, on the en-
dotherms, calculated using the Universal Analy-
sis software (V.2.5H, tA Instruments, New cas-
tle, UsA). these tests were performed in dupli-
cate on the raw materials, on the product ob-
tained after comminution (mixtures) in the cut-
ter, on the emulsion before filling and on the 
cooked sausages.

Experimental design 
and statistical analysis

the experimental design was completely ran-
domized for the different samples: raw materials 
(fillet and MF), mixtures, after comminution in 
the cutter, emulsions and sausages (0, 20, 40, 
60, 80, and 100% of MF), with two replicates. 
the data were analyzed by ANOVA and when-
ever significant differences (p<0.05) were found, 
the tukey test was applied. the statistical anal-
yses were performed using the sAs statistical 
program version 9.1.3 (sAs/stAt®, cary, UsA).

rEsULts AND DIscUssION

Protein and moisture contents

In order to explain the results of the differen-
tial scanning calorimetry (Dsc) analyses, one 
must know the protein and moisture contents 
of the samples. It is worth mentioned that the 
sausages from all the treatments showed pro-

tein levels between 15.4 and 20.8%, above the 
minimum value required by the brazilian leg-
islation for regular sausages (made with oth-
er meats), which is 12% (UYHArA et al., 2008), 
which makes this production interesting (table 
1). the protein levels of the samples were used 
to calculate the protein denaturation enthalpy 
(DHd) in joules/gram of protein.

results of the Dsc analysis

the results of all the Dsc analyses are shown 
in Fig. 1, and the values relative to all the phe-
nomena observed in these thermograms are pre-
sented in table 2.

the Dsc thermogram of the tilapia fillet (Fig. 
1.1a), which may be considered as the control in 
order to compare those obtained with the proc-
essed samples, shows its first inflection (ana-
lyzing from low to high temperature) at 47.2°c, 
which may be associated with some fragments 
of myosin. two clear endotherms were then ob-
served one at 54.0°c, caused by denaturation of 
the myosin and the other at 73.9°c, associated 
with denaturation of the actin. At higher temper-
atures, an inflection in the baseline was observed 
at 84.3°c, which may have been a result of the 
denaturation of some actin fragments, followed 
by an exothermic peak at 94.0°c, which is prob-
ably related to the phenomenon of aggregation 
of the myofibrillar proteins (PArK and LANIEr, 
1987; PArEDI et al., 1994; HErrErA et al., 2001). 

table 1 - Moisture and protein content (%) of the samples1 
prepared for differential scanning calorimetry (Dsc).

	 	 Moisture	(%)1	 Protein	(%)1

Raw	material	 Tilapia	fillet	 78.9±2.7	 18.7±1.1
	 Minced	fish	(MF)	 75.5±0.2	 12.8±0.6

Mixtures	(%MF)	 0	 80.8±0.1	 18.0±0.8
	 20	 81.1±0.1	 14.9±0.2
	 40	 80.4±0.2	 14.0±0.2
	 60	 79.0±0.3	 13.3±0.3
	 80	 77.0±2.1	 13.1±1.0
	 100	 75.6±0.3	 12.3±0.1

Emulsion	(%MF)	 0	 73.6±3.2	 18.8±2.3
	 20	 73.3±2.3	 17.9±1.8
	 40	 73.1±1.5	 16.9±1.5
	 60	 72.6±0.8	 16.1±1.4
	 80	 72.4±0.6	 15.0±1.0
	 100	 71.7±0.9	 13.7±0.7

Sausages	(%MF)	 0	 71.5±3.7	 20.8±2.5
	 20	 71.3±2.7	 19.7±2.1
	 40	 70.8±1.6	 18.7±1.7
	 60	 70.6±0.1	 17.7±1.1
	 80	 70.5±0.6	 16.1±0.4
	 100	 69.8±0.6	 15.4±0.5

1Average	±	standard	deviation	of	three	samples.
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According to KO et al. (2007), the heating of my-
ofibrilar proteins (such as actomyosin) may form 
a cluster of aggregates with noncovalent and di-
sulfide bonds. the curve obtained was typical of 
the thermal behaviour of fish muscle proteins, 
and many authors have reported that the first 

Fig. 1 - Examples of Dsc curves of raw materials (1) (fillet-a, and minced fish (MF)-b), mixtures (2) (a-0%, b-20%, c-40%, 
d-60%, e-80% and f-100% of MF), emulsions (3) (a-0%, b-20%, c-40%, d-60%, e-80% and f-100% of MF), sausages (4) (a-0%, 
b-20%, c-40%, d-60%, e-80% and f-100% of MF) after cooking.

denaturation peak corresponds to myosin, the 
second to the sarcoplasmic or stromatic (colla-
gen) proteins, and the third to actin, with tran-
sition temperatures between 30° and 80°c (PArK 
and LANIEr, 1987; NAGAJ et al. 1999; HErrE-
rA et al., 2001; JENsEN et al., 2003). the values 
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table 2 - Denaturation temperature1 (ºc) and enthalpy2 (DHd) (J/g) of the protein from raw materials, mixtures after commi-
nution in cutter, ingredients, emulsions and Nile tilapia cooked sausages.

	 T1	(°C)1	 Myosin	(°C)1	 T3	(°C)1	 Actin	(°C)	1	 T5	(°C)1	 DHd	(J/g)2

Raw	materials
Fillet	 47.2	±0.6	 54.0±1.0a	 -	 73.9±0.8a	 84.3±1.2	 24.8±5.0a

Minced	fish	(MF)	 -	 54.6±0.0a	 59.1±0.7	 71.8±0.1b	 85.1±0.0	 21.2±1.3a

Mixtures	(%MF)
0	 47.0±0.5	 54.5±0.7a	 -	 73.4±0.1a	 86.1±1.9	 23.5±5.4a

20	 46.6±0.3	 54.6±0.3a	 -	 72.4±0.8a	 83.7±0.5	 25.6±2.4a

40	 46.8±0.5	 54.6±0.1a	 -	 72.8±0.6a	 84.9±0.8	 26.9±7.0a

60	 46.8±0.3	 54.1±0.2a	 -	 72.6±0.6a	 85.3±1.0	 21.8±4.0a

80	 46.4±0.3	 55.3±1.7a	 -	 70.3±0.4b	 -	 16.7±0.4a

100	 46.8±0.0	 54.6±0.8a	 -	 70.6±0.8b	 -	 18.9±1.5a

Average	 46.7±0.2	 54.6±0.4	 -	 72.0±1.3	 -	 22.2±3.9

Ingredients
Starch	 -	 -	 67.9±0.4	 -	 -	 -
SPI3	 -	 -	 -	 -	 -	 -

Emulsions	(%MF)
0	 45.9±1.2	 59.3±1.2a	 70.1±0.2	 76.5±0.3a	 -	 18.3±0.4a

20	 47.2±0.9	 58.1±0.9a	 69.6±0.6	 76.4±0.2a	 -	 13.9±5.0a

40	 47.6±0.9	 58.1±1.2a	 69.6±0.6	 76.7±0.1a	 -	 15.2±2.1a

60	 44.5±1.2	 57.8±0.1a	 68.9±0.9	 76.3±0.2a	 -	 14.7±0.1a

80	 45.1±0.4	 57.5±0.9a	 68.6±0.1	 76.4±0.5a	 -	 16.7±1.1a

100	 43.7±0.3	 57.5±0.1a	 65.4±0.0	 76.2±0.6a	 -	 15.3±0.9a

Average	 45.7±1.5	 58.1±0.7	 68.7±1.7	 76.4±0.2	 	 15.7±1.6

Sausages	(%MF)
0	 -	 -	 -	 -	 -	 2.7±0.9a

20	 -	 -	 -	 -	 -	 1.7±0.0a

40	 -	 -	 -	 -	 -	 1.9±1.6a

60	 -	 -	 -	 -	 -	 1.7±1.2a

80	 -	 -	 -	 -	 -	 2.9±0.6a

100	 -	 -	 -	 -	 -	 2.2±0.2a

Average	 	 	 	 	 	 2.2±0.5

1Peak	temperatures	of	thermograms	(average	±	standard	deviation);
2Different	letters	in	same	column	indicate	significant	difference	(p<0.05);
3SPI	-	soy	protein	isolate.

reported by these researchers are in agreement 
with those found in the present study (table 2).

MONtErrEY-QUINtErO and sObrAL (2000) 
found values very close to those of myosin dena-
turation (54.4°c) and slightly higher than those 
of actin denaturation (75.9°c) in a study with 
Nile tilapia muscle for the development of edi-
ble films. similar values can be observed in the 
work of MEDINA-VIVANcO et al. (2007). Neverthe-
less, PArK and LANIEr (1989), in a study with 
tilapia (Oreochromis aureus), observed higher 
values for myosin (58.3°c) and actin (78.6°c) 
denaturation than those found in this experi-
ment. the different results found by different 
authors might suggest that the species of fish 
can also affect the behavior of protein dena-
turation. Moreover these small variations also 
depend on various factors such as pH, ionic 
strength and the presence of other compounds, 

amongst others (PArK and LANIEr, 1989). the 
denaturation temperatures found in the present 
study for the myosin of the fillet (54.0°c) and 
MF (54.6°c) were close to those found for the 
denaturation of herring myosin (Clupea haren-
gus) (53.0°c), but higher than those found for 
cod (Gadus morhua) (46°c) and silver hake (Mer-
luccius bilinearis) (47.0°c) (cHAN et al., 1992), 
and this variation was possibly due to the type 
of material used in the analysis (intact mus-
cle or purified protein), as well as to the habi-
tat of the fish (AKAHANE et al., 1985). Accord-
ing to HOWELL et al. (1991) and POULtEr et al. 
(1985), the thermal stability of fish myosin in-
creases in species adapted to higher environ-
mental temperatures.

On the other hand, in the thermogram of MF 
(Fig. 1.1b), two clear denaturation (endother-
mal) peaks can be seen with a small inflection 
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between them. the peak occurring at 54.6°c 
may be associated with the denaturation of 
myosin, while the peak at 71.8°c is associated 
with the denaturation of actin. the inflection, 
appearing as a shoulder at 59.1°c, may be as-
sociated with the denaturation of sarcoplasmic 
proteins and collagen (MONtErrEY-QUINtErO 
and sObrAL, 2000). the MF was obtained from 
filleting waste, which is composed of the verte-
bral column and the remains of muscles and 
fins, so it should contain a considerable amount 
of collagen. In addition, the MF was not sub-
mitted to a washing process, which could leach 
out the sarcoplasmic proteins, so the amount 
of sarcoplasmic protein present may be consid-
erable (LEE, 1984). Moreover, in this thermo-
gram (Fig. 1.1b), unlike that of the fillet (Fig. 
1.1a), there was no rise in the baseline after 
actin denaturation, which could be a conse-
quence of the processing, which may also af-
fect the thermal stability of the proteins (PArK 
and LANIEr, 1989; MONtErrEY-QUINtErO and 
sObrAL, 2000).

comparing the results from the two thermo-
grams shown in Fig. 1.1, a lower denaturation 
temperature of the MF actin (71.8°c) was ob-
served in relation to that of the fillet (73.9°c) 
(p<0.05) (table 2), similar to that observed 
by PArK and LANIEr (1989) and MONtErrEY-
QUINtErO and sObrAL (2000). According to 
these authors, this loss of thermal stability of 
the actin is difficult to explain, but is probably 
an outcome of the destruction of certain inter-
actions between the myofibrils. On the other 
hand, it can be seen (Fig. 1.1b) that the tem-
perature of actin peak for MF was lower than 
that of the muscle (Fig. 1.1a), which may in-
dicate that the actin present in comminut-
ed MF had already been denatured by some 
means. this denaturation was probably due 
to the mechanical strength of the industrial 
fish deboning machine used to obtain the MF. 
According to WALstrA (2003), proteins may 
be denaturated by mechanical forces of fric-
tion. PArK and LANIEr (1989) also observed a 
reduction in the actin denaturation tempera-
ture (85.0°c) after the grinding of tilapia (Ore-
ochromis aureus) muscle (78.0°c) and also af-
ter the processing of surimi (75.0°c). However, 
these authors did not observe any difference 
in the myosin denaturation temperatures un-
der these conditions, similar to that observed 
in the present work (p> 0.05).

In spite of the differences observed in the 
thermal stability of the actin, overall, the de-
naturation enthalpy (DHd) of the fillet proteins 
(24.8 J/g protein) showed no significant dif-
ference (p>0.05) from that of the MF (21.2 J/g 
protein) (table 2). this result is probably due 
to the high thermal stability of the myosin in 
both materials. However, this is only a sugges-
tion, because it is very difficult to quantify the 
enthalpy associated with each event in the Dsc 

thermograms presented in Fig. 1 (sObrAL and 
HAbItANtE, 2001).

In general, it can be seen that the commi-
nution process had practically no effect on the 
trends of the Dsc thermograms for the fillet 
(Fig. 1.2a) and the MF (Fig. 1.2f) as compared 
with those in Fig. 1.1. Overall, the trends of the 
Dsc thermograms varied as a function of the 
increment in MF, mainly concerning the event 
associated with the actin (Fig. 1.2). Neither the 
denaturation temperatures of the myosin frag-
ment, which remained around 46.7°±0.2°c, nor 
that of the myosin, which remained close to 
54.6°±0.4°c, were affected by the MF concen-
tration (p>0.05) (table 2). However, the actin 
denaturation temperature showed a difference 
(p<0.05) with the inclusion of MF in the mix-
tures, and decreased (p<0.05) from 73.4°c (0% 
of MF) to 70.6°c (100% of MF). the DHd showed 
no difference (p>0.05) between the treatments, 
with an average value of 22.2±3.9 J/g protein, 
although the treatment with 0% of MF was ap-
proximately 25% higher than the treatment with 
100% of MF (table 2).

contrary to the effect of comminution, the 
emulsification process together with the ingredi-
ents added (soy protein isolate, cassava starch, 
salt, curing salt, antioxidant, stabilizer, sausage 
seasoning, and natural onion) caused a drastic 
change in the profiles of the thermograms (Fig. 
1.3) when compared to the previous results (Fig. 
1.1 and 1.2). A broadening of the peaks can be 
observed in the thermograms of the emulsions, 
probably due to the inclusion of additives in 
the mass. However, these results could also be 
caused by vigorous comminution as can be ob-
served from the reduced values of the denatur-
ation enthalpies (PArK and LANIEr, 1989). these 
results are in agreement with those found for 
rabbit meat (FUrUKAWA et al., 2004) and hake 
(Merluccius hubbsi) surimi (bEAs et al., 1991), 
where a broadening of the endotherms was also 
observed after the inclusion of additives to the 
muscles.

It is worth noting that the denaturation tem-
peratures of the myosin and actin increased by 
about 4°c between the comminution and emul-
sification processes (table 2). this result could 
be due to the polyphosphate (cryoprotectant 
agent) added to the emulsion, which may sta-
bilize these two myofibrillar proteins and con-
sequently increase the respective denaturation 
temperatures, or, in another words, may protect 
the proteins against heat denaturation (PArK 
and LANIEr, 1987). Moreover, the soy protein 
isolate may have protected the myofibrillar pro-
teins. In a study with protein additives in Alas-
ka pollock (Theragra chalcogramma) surimi, the 
soy protein isolate stabilized the fish myofibril-
lar proteins, as indicated by an increase in the 
myosin denaturation temperature from 36.7° to 
48.1°c (PArK, 1994).

On the other hand, cassava starch contrib-
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uted to the stabilization of fish proteins, more 
specifically, of the sarcoplasmic or stromatic 
proteins. thus the denaturation temperature 
of these proteins increased from 59.1°±0.7°c 
in the MF, to an average value of 68.7°±1.7°c 
(table 2). It is worth saying that this value is 
even higher than the gelatinization tempera-
ture of starch, 67.9°±0.4°c (table 2).

In emulsions, the salt is the ingredient re-
sponsible for the extraction and solubilization 
of the myofibrillar proteins (rUUsUNEN et al., 
2003), immobilizing the fat and water during 
heating and forming a stable emulsion (gel for-
mation) (PAPPA et al., 2000). However it is known 
that the salt causes destabilization of the pro-
teins and, consequently, decreases the dena-
turation temperatures (HAstINGs et al., 1985; 
FUrUKAWA et al., 2004). bEAs et al. (1991) in-
vestigated the destabilization of the myofibrillar 
proteins of hake surimi (Merluccius hubbsi) with 
added 3% salt, as indicated by the reduction in 
the myosin (46° to 42°c) and actin (75° to 65°c) 
denaturation temperatures, using Dsc. A de-
crease in the actin denaturation temperature of 
6°c with the inclusion of 3% salt was also veri-
fied by Dsc in rabbit meat, showing the destabi-
lization of this protein by salt (FUrUKAWA et al., 
2004). However, in the present study, the salt 
added to the emulsion did not apparently cause 
this phenomenon, the myosin and actin denatur-
ation temperatures increasing after the addition 
of this ingredient together with the others (Fig. 
1.3). the denaturation temperatures of the my-
osin (58.1°±0.7°c) and actin (76.4°±0.2°c) and 
the DHd of the emulsions with different levels of 
MF inclusion (0 to 100%), showed no difference 
(p>0.05) from each other (table 2).

No endothermic peaks were observed in the 
Dsc thermograms of the cooked sausages (Fig. 
2.4). the DHd were very low (2.2±0.5 J/g pro-
tein) (table 2), indicating that the cooking time (1 
h 20 min) and final cooking temperature (72°c) 
were sufficient to cook the product and promote 
denaturation of all the proteins present in the 
sausages.

cONcLUsIONs

the evaluation of the denaturation of the Nile 
tilapia proteins during sausage processing as 
shown by Dsc, showed that the most important 
effect on denaturation was observed after obtain-
ing the emulsion, in association with the formu-
lation. the ingredients used during the emulsi-
fication process must stabilize the fish proteins, 
increasing their denaturation temperatures, al-
though causing a broadening in the endother-
mal denaturation peaks. Finally, it was con-
firmed that the Nile tilapia proteins were com-
pletely denatured after cooking the sausages 
for approximately 1 h 20 min to a final temper-
ature of 72°c.
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AbstrAct

Gluten has been proposed as raw material to develop edible film formulation. Gluten based ed-
ible films are characterised by good mechanical and gas barrier properties but poor water vapour 
barrier properties. Process conditions influence final film structure and performances. In partic-
ular, heating treatment is supposed to improve protein reticulation. In this study, different tem-
peratures from 30° to 85°c were used to prepare film forming dispersions with the aim of stud-
ying the influence of temperature on mechanical and water vapour barrier properties of edible 
films. Differences in mechanical and barrier properties of films were observed only for samples 
prepared at 30° and 85°c. size Exclusion-HPLc was performed to study the effect of temperature 
dispersion on molecular properties of gluten based films. Protein size distribution seemed not to 
change when dispersion temperature increased, suggesting the absence of modifications in pro-
tein chains. therefore, the different behaviours observed for film prepared at different tempera-
ture are not due to changes in gluten fraction on the basis of molecular weight. Probably, heating 
leads to a more homogeneous gluten network caused by the protein unfolding, to the increase in 
hydrophobic interactions and a better plasticizer distribution.
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INtrODUctION

In recent years, the potential of edible films 
to control water transfer, and to improve food 
quality and shelf-life, has received increasing 
attention from researchers and industry. Mate-
rials that can be used to make edible films in-
clude polysaccharides, proteins and lipids, or a 
combination of these. Different proteins, such as 
wheat gluten, corn zein and whey proteins have 
been proposed as raw materials to develop edible 
films formulation. Wheat gluten (WG) is a major 
functional food ingredient, inexpensive, biode-
gradable and with good film forming properties. 
Film forming and casting conditions influence fi-
nal structure, mechanical and barrier properties 
of wheat gluten edible film. High pH conditions 
allow a better protein dispersion in film form-
ing dispersion and a good final appearance, be-
cause reduction of the disulfide bonds to sulf-
hydryl groups is favoured. but, films processed 
in alkaline conditions are characterized by yel-
low colour and unpleasant taste (GENNADIOs et 
al., 1993a). Wheat gluten films in acid conditions 
are very interesting even if they showed prob-
lems in protein dispersion. the solvent process 
is based on dispersing and solubilising proteins 
in various solvents and then casting, spraying, 
or dipping followed by drying.

Film formation from WG solutions or disper-
sions has been extensively studied (GONtArD et 
al., 1992; GENNADIOs et al., 1993a and b; KAY-
sErILIOGLU et al., 2003; HErNÁNDEZ-MUÑOZ 
et al., 2004; brAVIN et al., 2006). this process 
requires protein matrix formation and drying 
step, with the aim of obtaining a thin layer. WG 
proteins are not soluble in water and require a 
complex solvent system with basic or acid con-
ditions in the presence of alcohols. General-
ly, pH of the medium strongly affects final film 
properties. Intermolecular (for glutenins) and 
intramolecular (for gliadins and glutenins) cov-
alent s-s bonds are cleaved and reduced to sH 
groups when dispersing WG in alkaline envi-
ronments. During drying, solvent and these vol-
atile disruptive agents are progressively elimi-
nated, allowing gluten active sites for bond for-
mation getting free and close enough to each 
other to create new interactions. New hydro-
gen bonds, hydrophobic interactions, and s-s 
bonds contribute to formation of a three-dimen-
sional network. the addition of plasticizers is 
essential to avoid film brittleness. Final films 
properties are highly dependent on film forma-
tion conditions, including the nature, concen-
tration, and order of the addition of the sol-
vents, drying conditions, nature and amount of 
plasticizers (GUILbErt et al., 2002). Disulphide 
bonds, formed between the sulphydryl groups 
of cysteine residues, are important in stabilis-
ing the folded conformations of gluten proteins. 
strong interactions were observed between pH 
and ethanol concentration affecting film opac-

ity, solubility and water vapour permeability. 
However, the visual disadvantage of alkaline 
films is offset by their significantly higher ten-
sile strength. the effect of heating treatment on 
the final film properties had been studied for 
both dispersion and film after drying (HErNAN-
DEZ-MUNOZ et al., 2004; KAYsErILIOGLU et al., 
2003; MIcArD et al., 2000; rOY et al., 1999). 
Different heating treatments were applied on 
aqueous liquid dispersion in order to investi-
gate changes in proteins (sINGH and MAcrItcH-
IE, 2004). At temperatures below 100°c, glute-
nins appeared to polymerize but polymerization 
of gliadins occurs only at higher temperatures. 
size exclusion-High Performance Liquid chro-
matography (sE-HPLc) has shown that the glia-
din peak is reduced and the glutenin peaks in-
creased for gluten samples that had been heat-
ed above 130°c. the polymerization of gluten-
in may involve oxidation of sulphydryl groups 
whereas sulphydryl-disulfide interchange may 
be the mechanism for cross-linking of gliadin. 
Heat treatment resulted in aggregation of pro-
teins by cross-linking (hydrophobic and di-
sulfide bonding). rOY et al. (1999) investigated 
the effect of heating film-forming solutions on 
physical and molecular properties of cast wheat 
gluten films. Film-forming solutions prepared 
in alkaline conditions were heated at 55°, 75° 
or 95°c for 10 min. Protein solubility of films in 
water decreased with increasing temperature, 
suggesting a protein denaturation due to the 
heating treatment, which reduced existing s-s 
bonds, and revealed previously unexposed sH 
groups. Heating treatments had been applied 
on gluten based films, after the drying step, in 
order to investigate the effect on final film prop-
erties (HErNANDEZ-MUNOZ et al., 2004; MIcArD 
et al., 2000). the effect of thermal treatments 
on properties of gliadin- and glutenin- rich films 
was investigated by HErNANDEZ-MUNOZ et al. 
(2004). the heating treatment after drying was 
performed at 40°, 55°, 70°, 85°, 95° and 115°c 
for 24 h. thermal treatments at temperatures 
higher than 70° and 85°c, respectively, for glu-
tenin and gliadin-rich films improved their wa-
ter barrier properties, making them less exten-
sible due to the promotion of cross-linking of 
polymer chains through disulphide bonds. Oth-
er Authors investigated the effect of post dry-
ing heating on final film properties: the appli-
cation of short time-high temperature heat cur-
ing treatment caused a tensile strength increase 
at the expense of the film extensibility (MIcArD 
et al., 2000). the post treatment caused also 
drastic protein insolubilisation, probably due 
to an increase in covalent binding between glu-
tenins. thermal treatment induced changes in 
film colour. Many works were carried out about 
the formulation set up and process condition 
effect on final film properties, but only few Au-
thors investigated the possibility of large scale 
productions and industrialization. the purpose 
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of this work was to study the effect of film form-
ing conditions on functional properties of glu-
ten films. the influence of dispersion tempera-
ture was investigated from 30° to 85°c.

MAtErIALs

Wheat gluten (80% purity), glycerol, ethanol, 
potassium acetate, magnesium nitrate were sup-
plied by sigma-Aldrich (UsA).

MEtHODs

Film preparation

the first film-forming dispersion was prepared 
using 10 g of wheat gluten, 3.2 g of glycerol and 
water-ethanol mixture (40:60, v/v). the pH of 
film forming dispersion was adjusted to 3 by 
adding hydrochloric acid and stirred for 15 min 
at a temperature of 30°, 55°, 70° or 85°c. Film-
forming dispersions were spread on PVc-coat-
ed glass plates using a tLc spreader and dried 
overnight at 25°c and 40% rH. the thickness of 
dried films was 75±5 µm and 85±5 µm (Elcom-
eter 345 digital micrometer, Elcometer Instru-
ments, UK). before measurements, films were 
maintained at a constant relative humidity (rH) 
of 53% and a temperature of 25°c for 10 days, 
using a saturated magnesium nitrate solution.

Water vapour permeability (WVP)

Water vapour transfer rate (WVtr) was meas-
ured gravimetrically at a constant difference of 
rH and at 25°c, using a modification of AstM 
standard method E 96-80. the test film was 
sealed to a glass permeation cell containing dis-
tilled water, and the cell was placed in a climat-
ic room maintained at 22% rH, with a saturat-
ed salt solution of potassium acetate. the cli-
matic room was equipped with a fan to elimi-
nate stagnant air above the test cell. cell weight 
was determined to evaluate stationary-state wa-
ter vapour transfer. WVtr (g m-2 s-1) and WVP (g 
m-1 s-1 Pa-1) were calculated using the equations

  (1)
  

  (2)
  

where Dm is weight loss of the permeation cell, 
with 4.9x10-4 m2 exposed area (A), over time (Dt), 
x is film thickness, and p1 - p2 is real vapour par-
tial pressure difference (Pa) across the film. the 
real vapour partial pressure at the film inner sur-
face (p1) was corrected for the stagnant air gap 

inside the test cell, according to the method of 
GENNADIOs et al. (1994).

Mechanical properties

tensile strength (ts, MPa) and percentage 
elongation (E, %) at breakpoint were measured 
uniaxially by stretching the specimen (10 x 2.5 
cm) in one direction at 50 mm/min using an In-
stron Universal testing Instrument (model 4301, 
England). the films were analyzed in a climat-
ic room at 53% rH and 25°c. Initial grip sepa-
ration was set at 4 cm. ts was calculated by di-
viding the maximum load by the cross-section-
al area of the film, E being expressed as a per-
centage of change in the original specimen length 
between grips (4 cm), according to AstM stand-
ard method D 882-88.

Protein size distribution

Protein was extracted and was analysed by 
sE-HPLc according to NIGHtINGALE et al. (1999) 
with minor modifications. sDs-soluble gluten 
was analysed by sE-HPLc (1% sDs in 0.1 M so-
dium phosphate buffer at pH 7.0) using a Phe-
nomenex bIOsEP-sEc-s 4000 precolumn (35 
x 7.8 mm) and a column (300 x 7.8 mm). Ana-
lytes were eluted with an isocratic separation at 
a flow rate of 0.5 mL/min with 50% aqueous ace-
tonitrile solution, containing 0.05% trifluoroace-
tic acid. Proteins were detected at a wavelength 
of 210 nm. Areas for the glutenin peak and the 
gliadin peak were measured by star chromatog-
raphy Workstation (v 5.31, Varian Associates, 
Inc., copyright©). total gluten content and sDs-
soluble gluten fraction were determined accord-
ing to Kjeldahl method (AOAc, 1980).

rEsULts AND DIscUssION

In order to investigate the effect of tempera-
ture dispersion on structure of gluten-based film 
prepared in acidic conditions, different prop-
erties were evaluated: tensile behaviour, water 
vapour permeability, solubility, and changes in 
protein fractions. temperatures ranging from 
30° to 85°c were selected, since gluten is known 
to be a complex mixture of proteins with differ-
ent susceptibility to heat. the glutenin fraction 
is affected predominantly between 55°-70°c, 
while changes in gliadin proteins occur at tem-
peratures greater than 70°c (scHOFIELD et al., 
1985). A reference sample without heating was 
prepared at a dispersion temperature of 30°c. 
this study was motivated by our results (un-
published data) on gluten-based film prepared 
in alkaline conditions (pH = 11), which showed 
large changes in its properties due to dispersion 
heating at 70°c for 15 min. sDs-solubility of this 
film, for example, decreased from 89.4 to 11.8% 
when dispersion temperature was increased 
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from 30° to 70°c indicating that heat and al-
kaline treatment had resulted in cross-linking 
(KAYsErILIOGLU et al., 2001; rOY et al., 1999).

changes in mechanical properties of edible 
film as a function of dispersion temperature 
are reported in Fig. 1. similar ts and E values 
were reported by GENNADIOs et al. (1993). ten-
sile properties are related to cross-linking densi-
ty in the gluten network and polymer plasticiza-
tion. tensile strength decreased increasing dis-
persion temperature from 30° to 70°c, while a 
trend to enhance was observed above 70°c (Fig. 
1). Elongation was gradually increased by heat-
ing up to 85°c. the inverse relationship observed 
between ts and E in the temperature range 30°-
70°c could be attributed to differences in the 
polymer plasticization. Gluten is characterised 
by high contents of glutamine and proline resi-
dues inducing hydrogen and hydrophobic bond-
ing among the protein molecules. Above 30°c, 
these non-covalent bonds are probably broken 
altering the proteins to a more open structure 
(WEEGELs and HAMEr, 1998). this might fa-
vour glycerol-protein hydrogen bonds, which re-
place polymer-polymer interaction in the film. 
this phenomenon in turn led to lower strength 
and higher values of elongation at break or film 
extensibility.

For a dispersion temperature higher than 
70°c, ts increased (Fig. 1). We interpret this be-
haviour as a result of cross-linking formation. 
Generally, the surface hydrophobicity increases 
upon heating due to the increase in exposure of 
hydrophobic groups at the outer surface of the 
molecule. Increased hydrophobicity leads to pro-
tein aggregation (WEEGELs and HAMEr, 1998; 
WEEGELs et al., 1994). Due to low sensitivity to 
heat, changes in the gliadin fraction are visible 
above 70°c. cross-linking promotes general-
ly the increase in ts and decrease in E of film. 
this is not our case: elongation increased above 

70°c (Fig. 1). An explanation could be gliadin-
glycerol interaction, favoured by protein unfold 
at high temperature. An additional hypothesis 
is simply the formation of a more homogeneous 
protein network promoted by non-covalent in-
teractions, which render high extensibility and 
high strength.

brAVIN et al. (2006b) observed ts values about 
four times higher, and E values about four times 
lower for gluten films in alkaline medium than 
our samples, probably due to strong gluten net-
work. Due to problem in protein dispersion, films 
prepared in acid conditions showed large aggre-
gates of gluten that affected film aspect. In or-
der to minimize this disadvantage, glycerol con-
tent was increased compared to the formulation 
prepared in alkaline conditions by brAVIN et al. 
(2006b). the difference between our results and 
those obtained for film prepared in alkaline con-
ditions are partly related to the quantity of plasti-
cizer that strongly affects mechanical properties.

No significant differences in WVP were ob-
served for films prepared at different temper-
atures of dispersion (table 1). Wheat gluten 
films have high permeability to polar substanc-
es, such as water vapour. the WVP is strong-
ly affected by the presence of glycerol, because 
of its hydrophilicity. Probably, in this study, 
the high concentration of plasticizer, due to the 

Fig. 1 - ts and E of wheat gluten edible films as a function of dispersion temperature (¿ 75 µm and n 85 µm).

table 1 - WVP for wheat gluten films at different thickness.

	 	WVP	(10-10gm-1s-1Pa-1)

Temperature	(°C)	 75	µm	 85	µm

30	 8.21±0.47	 8.88±0.93
55	 8.16±0.50	 10.23±0.68
70	 9.06±0.80	 10.15±0.91
85	 8.49±0.87	 9.38±1.12
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problem in protein dispersion, strongly influ-
enced WVP and did not allow to observe the ef-
fect of the heating treatment on the film barrier 
properties. According to other Authors (brAVIN 
et al., 2006a), WVP increased when film thick-
ness increased.

In order to better understand the effect of tem-
perature dispersion on gluten at molecular lev-
el, protein was extracted from native gluten and 
gluten films prepared at 30° and 85°c and an-
alysed by sE-HPLc (table 2). sDs-soluble pro-
tein fraction decreased from 90% (native glu-
ten) to 79-83% due to film preparation. Disper-
sion temperature did not induce large changes 
in protein solubility of gliadin and glutenin frac-
tions. sDs is able to break hydrophobic and hy-
drophilic bonds and to highlight the contribu-
tion of disulfide bonds. No significant differenc-
es between temperature dispersion of 30° and 
85°c were observed suggesting that heating in-
fluenced mainly non-covalent interactions be-
tween protein chains.

Decrease in sDs-gluten solubility of films can 
not be explained only by protein denaturation, 
because a sample was prepared at low tempera-
ture. rOY et al. (1999) observed thiol-disulphide 
interchanges at temperature above 55°c for al-
kaline films. In acid media (pH=5.5), sINGH and 
MAcrItcHIE (2004) observed a shift towards low-
er elution times for gliadin peak, when the tem-
perature was above 70°c. HErALD et al. (1995) 
reported a glutenin solubility decrease in acid 
media according to our results.

cONcLUsIONs

Different dispersion temperatures were ap-
plied to gluten film forming dispersion, pre-
pared in acid conditions, with the aim of im-
proving protein reticulation. Differences in me-
chanical and barrier properties of films were 
observed only for samples prepared at 30° and 
85°c. Protein size distribution seemed not to 
change when dispersion temperature increased, 
suggesting the absence of modifications in pro-
tein chains. When heating treatment was ap-
plied, protein changed its conformation be-
cause of non-covalent bonding ruptures: the 
exposure of hydrophilic groups allowed more 
interactions between protein chains and sol-
vent (HErALD et al., 1995). In this way, glycer-

ol distribution was favoured inducing the de-
crease of intermolecular forces, as observed for 
film mechanical properties.

 therefore, the different behaviours observed 
for film prepared at different temperature are 
not due to gluten components polymerization, 
but probably to a more homogeneous gluten 
network caused by the protein unfolding with 
the increasing temperature, the enhancement 
of hydrophobic interaction and a better plasti-
cizer distribution.
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AbstrAct

the microstructures of cellulose, fabric and plastic casings were evaluated by polarized light and 
scanning electron microscopy. the small diameter casings (18 mm), typically used for frankfurt-
ers, showed a fine structure of cellulose particles (pulp) adhering to each other. birefringence of 
the cellulose was clearly visible by polarized light. the large diameter cellulose casing (90 mm) was 
three times thicker and also contained large distinct cellulose fibers embedded in its matrix. the 
fibers are used to enhance the strength required to hold heavy products as well as prevent bulg-
ing during the process of smoking and cooking that is commonly done at high relative humidity.

cellulose casings with either inside or outside plastic (PVDc polymer) coating showed the in-
teractions of the two components which are used to increase strength, and reduce moisture/gas 
permeability. While the inside coated casing requires a high humidity processing environment, 
the outside coated can be processed dry but it does not exert the same pressure on the product 
during cooking. regular and coated fabric casings showed the unique woven structure of thread-
ed fibers, within their matrix, which is used to support heavy products. scanning electron mi-
croscopy revealed some hollow fibers. the all plastic casing appeared to be composed of two dis-
tinct layers. the inner layer appeared as a very dense matrix and the outer layer as a sheet/layer 
structure which also contributed to the shiny appearance. Overall, this casing was very thin yet 
very strong and could handle a 100 mm diameter product.

the study demonstrates the advantages of combining regular and polarized light as well as elec-
tron microscopy to study casings microstructure. In the case of inside versus outside PVDc coat-
ed fibrous casings, the microstructure could be used to explain differences in soaking require-
ments and problems that may be associated with post cooking splitting.
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INtrODUctION

there are many types of casings on the mar-
ket today. they influence the manufacturing 
and characteristics of sausages and therefore 
should be carefully selected for each applica-
tion. casing materials range from natural bi-
opolymers, such as collagen (natural or man-
ufactured) and cellulose, to synthetic poly-
mers such as polyethylene and polyvinyli-
dene dichloride. Natural collagen casings are 
the oldest form of casings, which have been 
used for thousands of years. the internation-
al trade in natural casings has been estimat-
ed at about $2.5 billion a year (KOOLMEEs et 
al., 2004). Over the past few decades, manu-
factured cellulose casings (i.e. prepared from 
derivatized fibers), fabric casings (woven fib-
ers), and more recently plastic casings (extrud-
ed polymers) have been introduced on the mar-
ket (rUst and OLssON, 1988; bArbUt, 2002). 
Exact trade figures for the different categories 
of manufactured casings are difficult to obtain, 
but they are used in a substantial number of 
sausages manufactured today. the increased 
popularity of cellulose casings has been in 
part due to the relatively high cost of using 
natural casings (e.g. preparation cost, labour 
at the meat processing plant), their strength, 
ease of processing and shelf life considerations 
(bAKKEr et al., 1999; ZAVIc and ZAVIc, 2002). 
It should also be mentioned that because of 
the uniformity of the cellulose family of cas-
ings and plastic families of casings more au-
tomation and mechanization can be employed; 
both are essential in high speed/high volume 
production lines. For generations, casings 
have been used to stuff different meats (whole 
muscle chunks, coarse ground, emulsified) as 
well as other food products (dairy) for storage, 
preservation (by fermentation) and processing. 
An example could be a semi-liquid raw com-
minuted meat batter, which after heating gels 
and forms a self-supporting structure which 
can then be handled without the casings. the 
casings play both direct and indirect roles in 
the volumetric, structural and chemical chang-
es that occur in the sausage throughout the 
processing steps (sAVIc and sAVIc, 2002; bAr-
bUt, 2010). therefore the unique requirements 
of each sausage should be matched with the 
characteristics of the casings to be used. to 
accomplish this goal, the casing industry offers 
a variety of products with different functional 
properties. In spite of the large volume of this 
industry, there is very little or no information 
in the scientific literature on the microstruc-
ture of cellulose, fabric and plastic casings 
used for meat products. the objective of this 
study was to examine and compare the struc-
ture of some representative cellulose and fab-
ric casings with and without the use of plas-
tic polymer coating.

MAtErIAL AND MEtHODs

sausage preparation

seven different casings (table 1) were stuffed 
with a common sausage meat batter at the Uni-
versity of Guelph Meat science Laboratory. the 
common meat batter was made with 20% chilled 
beef trims (80/20), 25% pork trims (80/20), 20% 
pork jowls, 15% pork back fat, and 20% ice. 
the non meat ingredients were: 1.7% salt, 1.0% 
starch, 0.6% seasonings, 0.02% phosphate, 
0.003% sodium erythorbate, and 0.0016% so-
dium nitrite. the meat was ground through a 
12 mm plate, chopped in a bowl cutter (sch-
neidmeister sMK 40, berlin, Germany) while 
adding all the non meat ingredients for 4 min; 
temperature maintained below 12°c. the meat 
was then stuffed (Mainca model EM20r, berk-
shire, UK) into the different casings. sausages 
were cooked in a smokehouse (Enviro-Pak, mod-
el cVU 490E, clackhamas, Or) up to an inter-
nal temperature of 72°c. casings were evalu-
ated by cutting thin sausage samples (5 mm), 
and embedding the whole section or a portion 
of the section (depending on product’s diame-
ter) in paraffin. In the case of the “easy release” 
type casing, which would not stay attached to 
the meat product after slicing the sausage, a 
casing sample was attached onto 2x2 cm rigid 
cardboard squares (using stainless steel pins) 
prior to embedding.

Light microscopy

samples were fixed in 10% neutral buffered 
formalin for 1.5 h, followed by dehydrating in 
70, 95, and 100% isopropanol; each for 2 h. the 
samples were soaked in xylene for 2 h and em-
bedded in paraffin for 3 h, using an automat-
ed vacuum infiltration unit (sakura tissue-tek 
VIP, sakura Finetek, torrance, cA). the embed-
ded samples were sectioned (Microtome HM 200, 
Ergostar, Walldoft, Germany) into 5-7 micron 
sections, allowed to float on water, and trans-
ferred onto a glass slide. slides were dried, and 
stained with Hematoxyline/Eosin. A compu-
terized image analysis system attached to mi-
croscope (Model bX60F5, Olympus Optical co, 
Ltd., Japan) was used to view (x 200 magnifica-
tion) the samples, and capture images (Image-
Pro Plus, Version 4.5-1.29, Media cybernetics 
Inc., silver spring, MD).

scanning electron microscopy

Five to six cubes (approx. 1 cm3) from the edge 
of each raw sausage were fixed overnight in 2.5% 
glutaraldehyde, washed with a sorensen’s buff-
er, post fixed in 1% OsO4, dehydrated in etha-
nol, critical point dried, fractured to expose in-
side surfaces, placed on stubs and sputter-coat-
ed with 200-300Å of gold/palladium (Emitech 
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K550; Ashford, Kent, England). the scanning 
electron microscope (s-570, Hitachi, Japan) was 
used at an accelerating voltage of 5 kV.

rEsULts AND DIscUssION

the thin cellulose casings, regularly used for 
a small diameter frankfurter product (18 mm 
diameter; table 1), show a very uniform profile 
(Fig. 1a) with a thickness of 50 µm. It consists 
of cellulose material that is clearly visible under 
polarized light (Fig. 1b) as cellulose fibers/pulp 
show birefringence characteristics. this results 
from the anisotrophic nature of the fibers (KrIsH-
NA-IYEr et al., 1983; PEtErssON et al., 2009) 
which have two or more principle refractive in-
dices. this particular casing is commonly mar-
keted under the name “easy release”. In this ex-
periment, the casing also did not adhere to the 
thin slice of the product and therefore was pre-
pared as a casing sample by itself (i.e. not show-
ing the meat mass underneath as is shown in 
all the other samples) (Fig. 1). such casings are 
preferred in high capacity production of cooked 
smoked frankfurters where the casing is later 
removed by automatic peeling equipment, pri-
or to vacuum packing at the plant. sAVIc and 
sAVIc (2002) indicated that this type of casings 
are usually available in diameters ranging from 
15 to 38, or less often at 50 mm, and are gener-
ally produced in flat or shirred (i.e., applied to a 
dummy transfer horn) forms with a wall thick-
ness of about 30 µm. they do not require pre-
soaking in water, and are directly inserted on the 
stuffer’s nozzle, ready for packing. this casing 
is permeable to small molecules such as water 
and short hydrocarbon molecules carried with-
in wood smoke; i.e., the spaces between the fine 
cellulose pulp particles allow migration of the 
small molecules, but usually not the passage of 
large molecules such as of fat and protein. they 
are designed to resist breakage and withstand 
conditions used in a smokehouse (e.g., high rel-
ative humidity).

the large diameter fibrous casing (Fig. 1c) 

Fig. 1 - Light micrographs of cellulose casings: (a) and (b) 
thin, “easy release” frankfurter type; (c) and (d) large diam-
eter fibrous casings covering the actual meat batter; (e) and 
(f) outside polyvinylidene dichloride (PVDc) coated fibrous 
casings; (g) and (h) inside PVDc coated fibrous. Polarized 
light was used in (b), (d), (f), and (h) to reveal cellulose fib-
ers. bar = 200 µm.

was substantially thicker (150 µm) as it is de-
signed to hold a 90 mm diameter product (ta-
ble 1). Another difference from the thin casing 
is the presence of larger and distinct cellulose 
fibers which are embedded within the fine cel-

table 1 - cellulose, fibrous, and plastic casings evaluated and some of their characteristics.

Casings type Stuffed diameter Appearance Treatment prior Supplier(1)

 (mm)  to stuffing

1. Cellulose - “easy release” 18 Very thin, clear with 2 dark strips None Naturin
2. Fibrous - “regular” 90 Thick, brown color Soak in water Kalle
3. Fibrous-outside coated(2)  98 Thick, shiny, red color Soak / no Soak Kalle
4. Fibrous -inside coated(2)  66 Thick, orange color Soak in water Kalle
5. Fabric - regular Ave. 65 Bag type, printed pattern None Texda
6. Fabric - outside coated Ave. 52 Bag type, shiny, printed pattern None Texda
7. Plastic - extruded 100 Thin, shiny, black color None Supralon

(1)Naturin/Viscofan, Montgomery, AL, USA. Kalle, Wiesbaden, Germany. Texda, Osnabruck, Germany. Supralon, Massy, France.
(2)Coated with-polyvinylidene dichloride (PVDC).
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Fig. 2 - Light micrographs of fabric and plastic casings: (a) and (b) fabric casing covering a meat batter; (c) and (d) outside 
coated fabric; (e) and (f) extruded plastic casing. Polarized light was used in (b), (d) and (f) to reveal cellulose fibers/special 
plastic. bar = 200 µm.

lulose (e.g., usually regenerated from alpha cel-
lulose) matrix (Fig. 1d; large fibers visible by po-
larized light), which are about 10 to 20 µm in di-
ameter. these fibers provide the casing with the 
strength needed to hold the meat mass (sAVIc 
and sAVIc, 2002); in this case, in excess of 1 kg 
while the product was going through the smok-
ing and cooking cycle. this is a very important 
point because heavy sausages hanging on a 
smoke house tree are subjected to fairly sub-
stantial physical stresses (e.g., vibration, tem-
perature and relative humidity changes) as well 
as strict requirements (e.g., no uneven expan-
sion of diameter especially at the lower part of 
the sausage as the casing is hanging in a hu-
mid environment for a few hours). A closer look 
at the cellulose fibers, using a scanning elec-
tron microscope (Fig. 3b), shows the larger cel-
lulose fibers embedded in a fine cellulose ma-
trix. In this cross section the four round fibers 
appearing at the top are running along the sau-
sage’s length and the ones underneath are po-

sitioned around the product to provide more ra-
dial support. It is also interesting to note that 
some of the fibers have a hollow core. In con-
trast, the thin frankfurters casing (Fig. 3a) does 
not have any such large fiber embedded within 
its matrix and is composed of what appears to 
be fine cellulose particulates (pulp) “glued” to-
gether. this is consistent with the light micro-
graphs (Figs. 1a and 1b) not showing any dis-
tinct large fibers. Large cellulose fibrous casings 
require soaking in water prior to filling (usually 
0.1-0.5 hr) to allow stretching of the fibers. It is 
then recommended to fill them tightly. Later dur-
ing cooking and drying (within the smoke house) 
the large fibers start to shrink and by doing so 
they put pressure on the product’s surface and 
prevent fat/jelly pocket formation. the thicker 
the casings’ wall the higher the shrink/pressure 
can be. this type of casing is commonly used for 
various large diameter products (e.g., luncheon 
meats) as it allows water and smoke migration.

the outside polyvinylidene chloride (PVDc) 
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coated fibrous casings (table 1) show cellulose 
fibers under the plastic layer (Figs. 1e and 1f). 
the cellulose appears to be divided into middle 
dense material and bottom (inside, close to the 
meat) fine structured matrix of short cellulose 
fibers/pulp. the PVDc is a crystalline thermo-
plastic polymer (cH2ccl2-)n of vinylidene dichlo-
ride. A relatively small pendent group, such as 
chlorine, yields a distinct level of crystallinity. 
the polymer can be formed into waterproof and 
chemically resistant filaments, films, and fab-
rics (sAVIc and sAVIc, 2002). the outside PVDc 
coated casing is usually impermeable to smoke 
and water (note: but not always – depending on 
the manufacturing process; processor needs to 
check specific transmission data), has a shiny 
(gloss) surface and because the cellulose ma-
terial is inside, it is recommended to soak the 
casings prior to stuffing (table 1). If the proces-
sor does not soak the casing, in order to get the 
cellulose fibers hydrated, the water will have to 
come from the meat (note: some shirred casings 
today are pre-humidified). As for filling pres-
sure, they are usually stuffed very firm because 
the plastic layer provides substantial strength. 
cooking and later cooling can be done in a dry 
or wet environment since the outer plastic layer 
is not sensitive to humidity. Under higher mag-
nification (Fig. 3c), a bunch of fibers is seen in 
a cross section of the casing, and the smooth 
plastic matrix is seen on the top. the individual 
fiber diameter is about 10-20 µm which agrees 
with the light microscopy results. 

the inside PVDc coated casings (Figs. 1g and 
1h) show the cellulose fibers all positioned on the 
outside surface (away from the meat mass). the 
thickness of the casings is about 125 µm. Un-
der high magnification (Fig. 3d) a cross section 
of fibers is visible on top of the smooth plastic 
matrix. the inner layer of plastic is very dense 
compared to the cellulose layer. With this casing, 
the processor needs to soak the casing prior to 
use (usually recommended 0.5 hr in warm wa-
ter) so the cellulose fibers will get hydrated, be 
more flexible, and be able to stretch. the filling 
pressure should be fairly firm (not to exceed 5% 
of nominal caliber) (sAVIc and sAVIc, 2002) but 
not as much as with the outside coated casing, 
since the cellulose fibers on the outside would 
also exert pressure on the product during the 
cooking operation. In terms of heat processing, 
this casing should be cooked in a steam environ-
ment or water. A dry environment will cause dry-
ing and shrinking of the fibers, which will even-
tually result in splitting of the casings. the cool-
ing stage is also critical and should be done un-
der water or a humid environment otherwise the 
casing would split. the advantage of this casing 
is the continuous pressure it exerts on the prod-
uct; however, if this casing is allowed to dry dur-
ing the process (heating and cooling), there is a 
high risk of bursting. EFFENbErGEr (1996) has 
also recommended wetting the casings, with a 

Fig. 3 - scanning electron micrographs of casings: (a) thin 
cellulose “easy release” frankfurter type; (b) large diameter 
fibrous sausage; (c) outside polyvinylidene dichloride (PVDc) 
coated fibrous; (d) inside PVDc coated fibrous; (e) regular 
fabric; (f) outside coated fabric; (g) extruded plastic; and (h) 
lower magnification of micrograph “f” - see box. bars = 25 
µm for all, except (h) which is 120 µm.

wet fine cloth or gauze, prior to slicing if a rela-
tively dry environment is used for storage.

the fabric casings (also known as cloth) which 
are commonly produced from woven soft wood 
pulp or less often today from cotton fibers (Figs. 
2a and 2b) show a unique pattern of fibers ar-
ranged around and parallel to the product’s 
length. the woven fiber arrangement is more eas-
ily viewed under polarized light (Fig. 2b) where 
the small dots (diameter of about 5 to 20 µm) are 
the ones running parallel to the product’s length; 
i.e. part of a cross section of a cotton thread. 
the elongated fibers are positioned around the 
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product and seen here in lengthwise section. 
A higher magnification of the fibers’ cross sec-
tion obtained by sEM (Fig. 3e) shows the inner 
microstructure of several fibers which form a 
thread. this casing is permeable to both mois-
ture and smoke as the spaces among the fibers 
allow small molecule to migrate. the casing can 
be made very strong by including more threads 
and/or interconnecting the threads. the diame-
ter of the product stuffed in this casing was not 
so uniform and as reported in table 1, the aver-
age was 65 (actual 65±3 mm) for this bag-type 
casing. this was probably done to give the cas-
ings a more “natural appearance”. Fabric cas-
ings with a consistent diameter are also availa-
ble on the market.

the outside coated fabric casings (Figs. 2c and 
2d) reveal a very ordered pattern of the soft wood 
pulp fibers positioned around the circumference 
of the product. some of the fibers run along the 
product’s length (appear as small dots arranged 
in a concentric pattern on the right hand side; 
Fig. 2d). they appear to be woven with some oth-
er fibers (possible plastic polymer fibers) that do 
not show birefringence properties under polar-
ized light (Fig. 2d). A closer look at the fiber ar-
rangement (Fig. 3h) shows a group of fibers run-
ning along the product’s length (the group is sur-
rounded by a square box and further magnified 
in Fig. 3f) and fibers running along the product’s 
circumference. this arrangement provides sup-
port in both radial and lengthwise directions, 
which is important in keeping the shape of the 
product (e.g., constant diameter), and allow-
ing high pressure filling. because of the plastic 
coating, this casing is usually impermeable to 
moisture and smoke and therefore can also be 
cooked in water.

the extruded plastic casing is composed of 
two distinct polymer layers (Figs. 2e and 2f). 
the inner one appears as a dense material, with 
a thickness of 30 µm. the outer one (about 25 
µm) possesses some birefringency and appears 
bright under polarized light. this outer layer 
provided a very shiny appearance to the prod-
uct (table 1). Under higher magnification (Fig. 
3g) the inner layer appears as a very dense ma-
trix (thickness 30 µm), and the outer one com-
posed of several sheets/layers. this sheet/layer 
structure appears to be the reason for the unique 

light reflectance pattern seen under polarized 
light (Fig. 2f). It should also be mentioned that 
the appearance of the two-layer structure can 
also be resulting from different densities of the 
same polymer used for manufacturing. Overall, 
this plastic casing is relatively thin but yet very 
strong, as well as impermeable to moisture and 
smoke. the reasons for that can be explained by 
the very dense inner layer’s structure, and the 
plastic polymer composition. the casing used 
in this experiment was for a 100 mm in diam-
eter sausage, and was strong enough to hold a 
> 1.5 kg product tightly stuffed and provided a 
very firm raw product. No deviation in diameter 
was observed before or after cooking.
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AbstrAct

In this paper, we examine the contents and composition of phenolic compounds and antioxidant 
capacity of celery roots. the phenolic compounds content ranged from 265.44 to 368.51 µmol of 
chlorogenic acid per g of dry extract. the antioxidant capacity was determined by DPPH method 
and Ec50 value ranged from 2.41 to 3.14 mg/mL. by HPLc analysis 24 compounds were identi-
fied. the main components are genkwanin glucosides (30.03 to 35.80%), kaempferol glucosides 
(17.19 to 24.25%), and quercetin glucosides (2.23 to 17.85%).
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IntroDuctIon

Phenolic compounds have free radical scav-
enging abilities, take part in antimutagenic and 
anticancerogenic activities and have ability to 
modify the gene expression (nAkAmurA et al. 
2003). For this reason there is increased in-
terest for these compounds in food, today. nu-
merous studies have confirmed relationship 
between the dietary intake of phenolic com-
pounds, especially flavonoids, and the reduc-
tion in cardiovascular and carcinogenic risk 
(cook and sAmmAn, 1996).

Phenolic compounds are one of the most nu-
merous and widely distributed group of sub-
stances in the plant kingdom with more than 
8,000 structures (HArbornE, 1993). they are a 
product of secondary metabolism of plants which 
arise biogenetically from the main synthetic 
pathways: shikimate and the acetate pathway 
(brAvo, 1998). the phenolic compounds content 
varies during the process of development (mArI-
novA et al., 2005) and the antioxidant capacity 
depends on the exposure to stress such as light, 
temperature, water (kAys, 1997; DIoxIn and PA-
IAvA, 1995), nutritional deficiencies (sALtIvEt, 
1997), type of vegetable tissue (sonIA and ALI-
cIA, 2007), mechanical damage such as wound-
ing (FErnAnDo et al., 2007), maturation stages 
(ÖzgEn et al., 2009), etc. their function as nat-
ural antioxidants has already been discussed 
(AstELy, 2003; trEwAvAs and stEwArt, 2003) 
and especially that of quercetin (HErtog and 
HoLLmAn, 1996). their antioxidant capacity is 
based on the free radical scavenging capacity 
and several methods for its determination have 
been developed, typically based on spectromet-
ric measurements of the disappearance of free 
radicals such as 2,2 diphenil-1-picrylhydrazyl 
radical (DPPH radical) (sáncHEs-morEno et al., 
1998; cHoI et al., 2002).

In celery (Apium graveolens L.) leaves phenol-
ic compounds content was 113.0 mg gallic acid 
equivalents/100 g of fresh weight, while in cel-
ery fruit the content was 436.1 mg/100 mg gallic 
acid equivalents/100 g of dry weight. Following 
a cutting process, the total phenolic compounds 
content changed and the flavonoids identified 
by HPLc were apigenin and luteolin (sonIA and 
ALIcIA, 2007).

the purpose of this study was to examine 
whether the content and composition of phe-
nolic compounds and their antioxidative capac-
ity depend on whether the celery roots had the 
same duration of development period and dif-
ferent growth levels. the present work was un-
dertaken with the following objectives: (1) to de-
termine the content and composition of phenol-
ic compounds in different size celery roots; (2) 
to determine their antioxidant capacity and (3) 
to find the correlations between antioxidant ca-
pacity and total phenolic compounds and the 
main phenolic compounds content.

mAtErIALs AnD mEtHoDs

Plant material

celery cv golden boy roots, grown in serbia 
were grouped into a c1 (root size 55±5 g), c2 
(130±10 g), and c3 (450±20 g) group. the roots 
had the same period of development and were 
obtained from an experimental lot of the Agri-
cultural school, Leskovac, serbia. Five samples 
of roots were collected for each group. the roots 
were cut into cube shape (1.5x1.5x1.5 cm), dried 
at 45°c during 6 h and left at room tempera-
ture for 1 h. then the five samples were mixed 
into each group and milled to average particle 
size of 0.5 mm.

moisture content

the plant material moisture content after 
drying was determined by using the analyzer 
(scaltec smo 01, scaltec instruments, germa-
ny). the plant material (3 g) was dried at 110°c 
until a constant weight and moisture content 
was read out on the analyzer display. triplicate 
determinations were performed.

Preparation of extracts

Plant extracts preparations for measurements 
of the phenolic compounds content were done 
according to DokHAnI et al. (2005) procedure. 
Plant material (3.0 g) was measured and 80 mL 
of 80% (v/v) ethanol was added. the mixture was 
stirred by IkA mr1 magnetic stirrer, for 10 min-
utes at 200 min-1 and vacuum filtered through 
no. 54 wathman filter paper. the solids were 
re-extracted with 60 mL of 80% (v/v) ethanol, 
the filtrates combined and made to a final vol-
ume of 250 mL. three replicate extractions from 
each celery group were made. For the measure-
ment of total phenolic compounds content, 10 
mL of each extract was filtered through a 0.45 
µm membrane filter. For antioxidant capacity 
measurements and HPLc analysis, 200 millilit-
ers of each extract were evaporated in vacuum at 
45°c until dry and dissolved in 96% v/v ethanol.

total phenolic compounds content

For the total phenolic compounds content 
measurement, a standard curve for five chloro-
genic acid (sigma chemical co., st. Louis, usA) 
concentrations, covering the range from 50 to 
1,500 µmol, was made. In a test tube, 0.25 mL 
of 0.1% Hcl in 95% ethanol, 4.50 mL of 2% Hcl 
and 0.25 mL of chlorogenic acid standard solu-
tions were added, mixed by vortex and allowed 
to stand for approximately 15 min. then the ab-
sorbance was read at 280 nm as described by 
gLorIEs (1998). For the measuring total phenol-
ic compounds content in celery extracts, 0.25 
mL of 0.1% Hcl in 95% ethanol, 4.50 mL of 2% 
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Hcl and 0.25 mL of filtered extracts were added 
into test tube and further treated as standard 
solutions of chlorogenic acid. the total phenolic 
compound content was determined as follows:

tPc =  (µmol of chlorogenic acid/L)

and calculated as µmol per gram of dry extract.

Antioxidant capacity

the antioxidant capacity of extract diluted by 
ethanol to concentrations ranging from 0.2 to 6 
mg/mL, was determined by the DPPH test (cHoI 
et al., 2002). thus, an ethanol solution of DPPH 
radicals, 1 mL of a 0.3 mm, was added to 2.5 mL 
of the investigated extract and allowed to react at 
room temperature during 30 min. then the Ab val-
ue was measured at 518 nm on a vArIAn uv–vis 
cary-100 spectrophotometer, and converted into 
the percentage of scavenging capacity by using the 
equation, as described by LucIAnA et al., 2001:

scavenging capacity (%) = 100 - [(Ab of sample – Ab of blank) x 100/Ab of control],

where “Ab of sample” is the absorbance at 518 
nm of the ethanol solution of the extract treat-
ed with the DPPH radical solution; “Ab of blank” 
is the absorbance at 518 nm of the ethanol so-
lution of the extract (1 mL of ethanol added to 
2.5 mL of extract), and “Ab of control” is the ab-
sorbance at 518 nm of the ethanol solution of 
DPPH radical (1 mL of a 0.3 mm added to 2.5 
mL of ethanol). the final results are presented 
as Ec50 value, i.e. concentration of investigated 
extracts sufficient to decrease the initial DPPH 
concentration by 50%.

Qualitative HPLc analysis

the HPLc analyses were performed on an 
Agilent 1100 series HPLc system consisting of 
a micro vacuum degasser, binary pump, ther-
mostatted column compartment, and variable 
wavelength detector. An original vIEt et al. (1995) 
method was used. column: Agilent Eclipse xDb-
c18 4.6 mm ID x 150 mm (5 µm) 80 Å. Elution 
profile: A = 0,15% phosphoric acid in H2o:meoH, 
77:23 (v/v, pH=2); b = meoH. Isocratic: 0-3.6 
min 100% A; gradient: 3.6 min 100% A; line-
ar-24.0 min; 80.5% A-isocratic-30 min linear-60 
min; 51.8% A-linear-67.2 min; 100% b; Flow 
rate: 1 mL/min. the dosing volume of an ethanol 
extract diluted to a concentration of 5 mg/mL, 
was 20 µL. the spectrophotometric detection in 
the uv region at 350 nm was used; therefore, 
all the used solvents had to have sufficient light 
permeability at this wavelength. Due to the poor 
reproducibility of retention times in HPLc chro-
matograms and the relative retention times in 

HPLc chromatograms, the relative retention in-
dices were calculated as the ratio between reten-
tion time of the component in question and nar-
ingenin as the internal standard. the peak iden-
tity was checked by comparison of the relative 
retention indices with the previous ones (vIEt et 
al., 1995) and with reference compounds querce-
tin 3-o-rhamnoside, genkwanin 5-o-glucoside, 
genkwanin 5-o-(6”-o-malonylglucoside, kaemp-
ferol 7-o-rhamnoside, apigenin 5-o-(6”-o-malo-
nylglycosid and naringenin, obtained from sig-
ma chemical co. (st. Luis, usA); methanol and 
ortho-phosphoic acid from merck (Darmstad, 
germany). the mass of analyzed compounds 
present in the samples was calculated by intro-
ducing the areas of peaks into the correspond-
ing calibration curves. those curves were made 
with reference compounds. standard solutions 
of at least 5 concentration levels were injected 
three times each into the HPLc and the corre-
sponding peak areas were plotted against con-
centration. statistical analysis showed that all 
standard solutions had good linearity within the 
concentration range examined in this work, as 

shown by the high correlation coefficients. the 
validity of the calibration curve was checked 
every day of measurement by means of one of 
the 5 calibration solutions mentioned above and 
kept cool in a refrigerator. the percentage com-
position of the extracts was computed based on 
HPLc peak area.

statistical analysis

statistica version 5.0 software was used to 
perform the statistical analysis. the mean and 
standard deviations were obtained by Descrip-
tive statistics, marking the median & Quartiles 
and confirm Limits for means.

rEsuLts AnD concLusIons

the investigation results of moisture content, 
extract yield and total phenolic compounds con-
tent, expressed as µmol of chlorogenic acid per 
g of dry extract are presented in table 1.

FErnAnDo et al. (2007) found the total phenolic 
compounds content in fresh celery root after be-
ing wounded and stored at 15°c for 2 days, was 
about 250 mg of chlorogenic acid per kg of fresh 
weight. mArInovA et al. (2005) published that cel-
ery leaves cut into small pieces, frozen with liq-
uid nitrogen, freeze-dried and vacuumized in her-
metically sealed packages, contained 113 mg of 
gallic acid equivalents per 100 g of fresh mass, 
while according to souri et al. (2008) results, the 
phenolic content in celery fruit was 436.05 mg 
of gallic acid equivalent per 100 g of dry weight.
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Fig. 1 - the HPLc chromatogram of 80% (v/v) ethanol extract of phenolic compounds from c2 group of celery roots.

table 1 - moisture content, extract yield and total phenolic compounds content in celery roots.

Group	 C1	 C2	 C3

Plant material moisture content (%)a 8.28±0.2 9.62±0.3 8.41±0.2
Extract yield (g per g of plant material dry weight)a 0.28±0.03 0.32±0.03 0.33±0.02
Total phenolic compounds content 368.51±15.3 297.13±14.7 265.44±16.1
(µmol chlorogenic acid per g of dry extract)a

EC50 (mg/mL)a 3.14±0.11 2.97±0.08 2.41±0.06

aMean value of three determinations ±SD.

our results showed that the phenolic com-
pounds varied ranging from 265.44 to 368.51 
µmol of chlorogenic acid per g of dry extract and 
the highest phenolic compounds content was in 
the c1 group where the samples with the small-
est root size were grouped. In order to be able 
to compare our results to those of FErnAnDo et 
al. (2007), where the content of 250 mg of chlo-
rogenic acid per kg of fresh weight was found, 
and considering that dry matter content in cel-
ery samples was 4%, the phenolic compounds 
content is calculated to be 193.81 µmol chloro-
genic acid per g of dry extract. so, the phenol-
ic compounds content of 265.44 µmol of chlo-
rogenic acid per g of dry extract in the c3 cel-
ery sample had a similar value while the con-
tent found in samples c1 was almost twice as 
high as the one found in celery root samples in 
FErnAnDo et al. (2007). Hence, root size influ-
enced on phenolic compounds content.

the results of antioxidant capacity of phe-
nolic extracts from celery roots as Ec50 values 
are shown in table 1. the scavenging capacity 
ranged from 64.6 to 69.9%. generally, the low-
er Ec50 value indicates higher antioxidant ca-

pacity, the roots of c1 group had a slightly bet-
ter antioxidant capacity than the others. For 
trolox, the concentration necessary for reach-
ing Ec50 value was 3.67 µg/mL, so the investi-
gated samples showed much lower antioxidant 
capacity than this compound.

Phenolic compounds composition

the HPLc chromatogram of 80% (v/v) ethanol 
extract of phenolic compounds from c2 sample 
is presented in Fig. 1.

In the investigated samples of dried celery 
roots, 24 compounds were identified, of which 
20 are presented in table 2, and the others are 
phenolic “p3” and “p5” found in c1 sample with 
a content of 2.82 and 1.16%, and phenolic “p7” 
and quercetin 3-o-rutinoside found in sample 
c3 in content of 1.66 and 2.22%, respectively. 
the content of the quercetin 3-o-rutinoside com-
pound was added to the total content of querce-
tin glucoside for c3 sample in table 2.

the highest content of identified compound in 
samples c1 and c2 was kaempferol 3-o-rham-
noside (18.63 and 19.03%, respectively) and 
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table 2 - Phenolic compounds identified in celery roots by HPLc analysis.

  Relative peak area, %
 Component
	 	 C1	 C2	 C3

 1. Kaempferol glucoside “p1” 0.631 0.58 1.05
 2. Hydroxycinnamic acid “C1” 3.73 3.99 1.45
 3. Monocaffeol-meso-tartaric acid 2.09 2.73 0.65
 4. Protoapigenin-4-glucoside 0.57 0.67 1.91
 5. 5-O-Caffeoylshikimic acid 2.83 2.52 1.31
 6. Kaempferol 3-O-(6”-O-malonylglucoside)-7-O-glucoside 1.16 4.03 2.82
 7. Phenolic “P5” 1.12 2.42 2.04
 8. Caffeic acid methylester 1.52 1.93 3.52
 9. Luteolin 5-O-glucoside 0.24 0.59 0.82
10. Quercetin 3-O-glucoside 1.67 2.61 1.56
11. Quercetin 3-O-(6”-O-malonylglucoside) 0.32 1.38 0.74
12. Quercetin 3-O-rhamnoside 10.24 11.16 13.33
13. Kaempferol 3-O-glucoside 2.05 1.95 1.50
14. Genkwanin 5-O-glucoside 11.3 11.97 15.16
15. Apigenin 5-O-(6”-O-malonylglucoside) 2.09 2.61 2.37
16. Naringenin 2.21 2.54 1.52
17. Kaempferol 3-O-rhamnoside 1.78 1.44 1.53
18. Genkwanin 5-O-(6”-O-malonylglucoside) 17.90 18.41 18.86
10. Kaempferol 7-O-rhamnoside 18.63 19.03 10.29
20. Genkwanin 4’-O-glucoside 0.83 1.83 1.78
Total	Kaempferol	glucoside	(%)	 24.25	 27.03	 17.19
Total	Quercetin	glucoside	(%) 12.23	 15.15	 17.85
Total	Genkwanin	glucoside	(%)	 30.03	 32.21	 35.80
Total	Apigenin	glucoside	(%)	 2.66	 3.28	 4.28
Total	Luteolin	glucoside	(%)	 0.24	 0.59	 0.69
Total	Naringenin	(%)	 2.21	 2.54	 1.52

genkwanin 5-o-(6”-malonylglucoside in sample 
c3 (18.86%).

As many derivates of kaempferol, quercetin, 
genkwanin, apigenin and luteolin compound 
are detected, in order to facilitate the compari-
son of our results to literature data; in table 2, 
the total contents of these compounds are pre-
sented. thus, the total content of kampferol glu-
coside is the sum of kaempferol glucoside ”p1”, 
kaempferol 3-o-(6”-o-malonylglucoside)-7-o-
glucoside, kaempferol 3-o-glucoside, kaempfer-
ol 3-o-rhamnoside and kaempferol 7-o-rham-
noside, the total content of quercetin glucoside 
is the sum of quercetin 3-o-glucoside, querce-
tin 3-o-(6”-o-malonylglucoside) and quercetin 
3-o-rhamnoside, the total content of genkwanin 
glucoside is the sum of genkwanin 5-o-gluco-
side and genkwanin 5-o-(6”-o-malonylgluco-
side), the total content of apigenin glucoside is 
the sum of protoapigenin-4-glucoside and api-
genin 5-o-(6”-o-malonylglucoside) and the to-
tal content of luteolin is only that of luteolin 
5-o-glucoside.

sonIA et al. (2007) found that the initial lute-
olin content in the celery petioles was 0.88 while 
apigenin initial content was 4.61 µg per g of 
fresh tissue. these contents represent 1.5 and 
8% of total phenols content, respectively. ALAn 
et al. (1997) have also identified luteolin and api-

genin in several celery varieties in whole celery 
plants, leaves and petioles. For hydrolyzed cel-
ery extract, considerable amounts of both com-
pounds, 38 µg of luteolin and 97 µg apigenin 
were found, but the Authors pointed that querce-
tin and kampferol were not detected. the differ-
ences between the results of sonIA et al. (2007) 
and ALAn et al. (1997) indicate that the flavo-
noid content in petioles is markedly lower than 
in leaves. After storage at different temperatures 
of minimally processed celery, luteolin content 
increased up to approximately 8 and apigenin 
content up to approximately 35 nmol per g of 
fresh tissue (sonIA et al. 2006).

contrary to ALAn et al. (1997) results that 
quercetin and kaempferol were absent, in all of 
our investigated size celery roots samples, be-
sides luteolin and apigenin, kampferol, querce-
tin, genkwanin and naringenin were also detect-
ed. Different parts (petioles, leaves or root) and 
state (fresh or dried) of celery plant and differ-
ent extraction conditions could be the reason for 
this. so, in the total sum, the main components 
are genkwanin glucosides (30.03 to 35.80%), 
kaempferol glucosides (17.19 to 24.25%), and 
quercetin glucosides (2.23 to 17.85%). the con-
tent of other components, apigenin glucosides, 
luteolin glucosides and naringenin were below 
5%.
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