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AbStrAct

Studies were conducted to develop a technology for the preparation of mixed toffee from aon-
la pulp and ginger extract and to evaluate the changes in the quality of prepared toffees during 
storage for 90 days under both ambient and refrigerated conditions. Among the various blends 
of aonla pulp and ginger extract evaluated, toffee prepared from an 80:20 w/w (aonla pulp: gin-
ger extract) blend was found to be superior to other blends in terms of yield, organoleptic proper-
ties and nutritional quality. the cost of toffee prepared from an 80:20 (aonla pulp:ginger extract) 
blend was rs. 70.78/kg. Storage studies of toffee packed in 200 gauge polyethylene bags indi-
cated that the content of tSS, reducing and total sugars increased as the duration of the storage 
period increased, whereas the moisture and acidity content decreased. the rate of reaction was 
relatively higher at the ambient temperature than at the refrigerated temperature. Although the 
sensory quality of the toffees also decreased more rapidly during 90 days of storage under am-
bient conditions than under refrigeration, the toffees were found to be acceptable even after 90 
days under either condition.

mailto:r.amarowicz%40pan.olsztyn.pl?subject=
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INtrODUctION

Aonla is one of the richest sources of vitamin 
c and of polyphenols, and these polyphenols 
are considered to have a high medicinal value. 
As a result, the fruit has acquired an important 
therapeutic role in the Ayurvedic and Unani sys-
tems of medicine (MEHtA and rAtHOrE, 1979). 
It contains 20 times more vitamin c than cit-
rus (GOYAL et al., 2008). Ascorbic acid has sev-
eral uses in food processing. It acts as a pre-
servative to prevent enzymatic browning dur-
ing processing and is also an antioxidant. More-
over, ascorbic acid promotes both clarity and 
the preservation of taste and flavour (cHAUHAN 
et al., 1998). the fruit is valued, e.g., for its an-
tiscorbutic, diuretic, laxative and cooling prop-
erties (rADHA and MAtHEW, 2007). It is seldom 
consumed as fresh/raw fruit because it is as-
tringent in taste. Aonla has substantial poten-
tial for value addition because its consumption 
in fresh form is extremely low due to its high-
ly acidic and astringent taste (tONDON and KU-
MAr, 2005). It can be processed to yield a vari-
ety of products, e.g., juice, preserves, murrab-
ba, pickle, concentrates, squash, syrup and de-
hydrated amla (KALrA, 1988).

Ginger is widely used in foods, beverages, con-
fectionery and medicines. It is the most effective 
flavouring agent known and is used in confection-
ery, ginger beer, ginger champagnes and bever-
ages. Ginger is also used as preserved ginger and 
candied ginger and as a carminative and digestive 
stimulant. Ginger is valued for its manifold me-
dicinal properties and is useful in gastritis, dys-
pepsia and flatulence and in colds and coughs as 
an expectorant (ArYA, 2003). toffee is a confec-
tionery product. It is reported that pulpy fruits, 
e.g., mango, guava, papaya, fig, chikku, jackfruit 
or aonla, can be employed for the preparation of 
fruit toffee. Such fruit toffees are naturally very 
nutritious, as they contain most of the constitu-
ents of the fruit from which they are made (JAIN 
et al., 1958). Spices may also be used in toffee 
preparation to give good flavour and increase the 
shelf life of the product. However, very little work 
has been conducted on mixed toffees. 

this study was conducted to prepare mixed tof-
fees by combining aonla pulp with ginger extract 
and to evaluate the storage stability of the prod-
uct. this toffee blend provides good nutrition as 
well as several medicinal benefits to the consum-
er. Aonla is a good source of ascorbic acid, and 
ginger helps to prevent colds and coughs.

MAtErIALS AND MEtHODS

Plant material

Fully matured aonla (NA-7) fruits and ginger 
(local) rhizomes were obtained for this project. 
the aonla fruits were obtained from the All In-

dia coordinated research Project on Dry Land 
Fruit crops of the Department of Horticulture, 
Mahatma Phule Krishi Vidyapeeth, rahuri, and 
the ginger rhizomes were obtained from a local 
market.

Chemicals and additives

All chemicals used in this investigation were of 
analytical grade. cane sugar, hydrogenated fat, 
salt and skim milk powder were obtained from 
a local market and used as ingredients for the 
preparation of mixed toffee from aonla and ginger.

Packaging materials

butter paper, metal-coated polythene wrap-
pers and LDPE or polythene 200 gauge bags 
were obtained from a local market.

Extraction of pulp

Fully mature aonla fruits with a firm texture 
and uniform in size were blanched and used for 
the experiment. the fruits were processed for ex-
traction of pulp with a home-scale pulping ma-
chine to obtain a fine pulp. the ginger rhizomes 
were washed in clean water and passed through 
the home-scale pulping machine to obtain a fine 
pulp with the addition of water (1:1; w/w), and 
ginger extract was obtained by straining the re-
sulting pulp through muslin cloth.

Standardisation of toffee recipe

Aonla-ginger mixed toffees were first prepared 
from 11 blends involving different levels of pulp 
and ginger extract. the other ingredients, such 
as sugar, hydrogenated fat, skim milk powder 
and salt were kept constant (table 1). the pref-
erable level of pulp and extract was finalised 
based on the sensory evaluation of the toffees 
by a semi-trained panel of ten judges using a 
9-point hedonic scale (AMErINE et al., 1965).

Preparation of toffee

Following standardisation, four types of toffees 
were prepared using the optimum ratios of aon-
la pulp: ginger extract: 100:00 (control), 85:15, 
80:20 and 75:25 w/w. the other ingredients, 
such as 750 g sugar, 50 g butter fat, 50 g skim 
milk powder and 2 g salt per kg pulp, were kept 
constant. the homogenised pulps were placed in 
a stainless steel container and mixed well with the 
other ingredients (e.g., sugar, butter fat and skim 
milk powder) according to the selected treatment 
protocol. the mixture was heated until the tSS 
content reached 80°brix. Salt was dissolved in a 
small quantity of water, mixed with the above mix-
ture and again heated until the tSS of the con-
tents reached 82-83°brix. the heated mass was 
spread thinly on a stainless steel plate that had 
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table 1 - Various blends of aonla pulp and ginger extract for the preparation of mixed toffee.

Aonla pulp (%) Ginger extract (%) Organoleptic overall acceptability* Rank/Remark Ranking for further study

 100 00 7.15 Control T1
 95 05 7.20 Not selected -
 90 10 7.23 Not selected -
 85 15 8.25 Selected for further study T2
 80 20 8.85 Selected for further study T3
 75 25 8.43 Selected for further study T4
 70 30 7.23 Not selected -
 65 35 6.66 Not selected -
 60 40 6.34 Not selected -
 55 45 5.65 Not selected -
 50 50 5.46 Not selected -

Other ingredients, such as sugar: 750 g; fat: 50 g; skim milk powder: 50 g; and salt: 2 g were kept constant for all blends. Four replications.
*Nine-point hedonic scale; 10 semi-trained judges were used for sensory evaluation.

previously been smeared with fat, resulting in a 
sheet 1 to 2 cm in thickness. this sheet was al-
lowed to cool and set for two to three hours, and 
the solid sheet was then cut into cubes measur-
ing 1.5 to 2.5 cm on a side with a stainless steel 
knife (PArPIA, 1967).

Chemical analysis of toffee

the toffee was chemically analysed for mois-
ture, tSS, acidity, reducing sugar and total sug-
ar content according to the standard methods 
of A.O.A.c. (1990).

Sensory evaluation of toffee

the sensory evaluation of aonla-ginger mixed 
toffee was conducted according to the stand-
ard procedure (AMErINE et al., 1965) on a nine-
point hedonic scale. the mean score obtained 
from a minimum of 10 semi-trained judges for 
each quality parameter, namely, colour and ap-
pearance, texture, taste, flavour and overall ac-
ceptability, was recorded.

Packaging and storage of toffees

the prepared toffees were wrapped in metal-
coated polyethylene wrappers. Four replications 
were used. the wrapped toffees were packed in 
plastic bags (200 gauge) and stored at the am-
bient temperature (27°±2°c) as well as under 
refrigeration (10°±2°c) for up to 90 days. the 
stored toffees were evaluated for chemical com-
position, sensory properties and microbial qual-
ity at intervals of 30 days.

Microbial quality of toffees

Microbial counts were recorded using a stand-
ard plate count (SPc). Each colony was counted. 
tryptone dextrose yeast extract agar was used 
as the growth medium, and petri dishes were in-
cubated at 37°±5°c for 48 h to count bacterial 

colonies. the colonies were counted with a mag-
nifying lens. the total count was recorded, and 
pinpoint colonies were likewise noted.

Statistical analysis

the data were analysed according to a facto-
rial completely randomised design (FcrD) with 
four replications for statistical significance, as 
specified by PANSE and SUKHAtME (1967).

rESULtS AND DIScUSSION

the recovery of aonla pulp was found to be 
975 g/kg of fruit without straining, and the re-
covery of ginger extract was found to be 820 g/
kg of rhizome. KOHINKAr et al. (2012) have re-
ported 99% recovery of fig pulp and 65% recovery 
of guava pulp. PAWAr et al. (1992) have report-
ed that fig fruits consist of 84% skin and 16% 
seeds. KHANDEKAr et al. (2005) have reported a 
fig pulp recovery value of 995.50 g/kg of fruit.

the tof fee prepared from 80:20 aonla 
pulp:ginger extract and 750 g sugar, 50 g but-
ter fat, 50 g skim milk powder and 2 g salt/kg 
of pulp was found to be superior in colour and 
appearance, texture, taste, flavour and over-
all acceptability to those prepared from other 
blends (table 1).

the yield of aonla-ginger mixed toffee ranged 
from 1.124 to 1.240 kg/kg of pulp (table 2). It has 
been reported that the yield of fig toffees ranged 
from 1.218 to 1.220 kg/kg of pulp (KHANDEKAr 
et al., 2005). Additionally, the yield of guava tof-
fees has been reported as 1.410 to 1.360 kg/kg 
of pulp (JAIN et al., 1958). It has been reported 
that the yield of custard apple toffee increased to 
1.35 kg/kg of pulp with an increase in the sug-
ar level (DHUMAL et al., 1996). the 165 yield of 
tamarind, 166 mango, and papaya blended tof-
fees has been reported as 1.196 to 1.210 kg/kg 
of pulp (NALE et al., 2007; KAUSHAL et al., 2001; 
KErAWALA and SIDDAPPA 1963a, 1963b).
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the moisture content of aonla-ginger mixed 
toffee ranged from 8.4 to 8.6%. Significant dif-
ferences in the moisture content of toffee have 
been found. It has been reported that the mois-
ture content of guava toffees ranged from 8.3 to 
8.5% (JAIN et al., 1958). the moisture content 
of fig toffees has been found to range from 8.4 
to 8.5% (KHANDEKAr et al., 2005).

the total Soluble Solids (tSS) content of 
aonla-ginger mixed toffee ranged from 82.4 to 
84.4°brix. the 80:20 blend had a higher tSS 
content than the 85:15 blend and the control 
but a lower tSS content than the 75:25 blend. 
the tSS content was found to increase with in-
creases in the level of ginger extract. the tSS 
content of the blends differed significantly. the 
tSS content of fig toffee has been found to range 
from 82.5 to 83.7°brix (KHANDEKAr et al., 2005). 
the tSS content of guava fruit toffee has been 
found to range from 82.1 to 82.4°brix. the tSS 
content of custard apple toffee has been found 
to range from 82.4 to 82.8°brix (DHUMAL et al., 
1996). the tSS content of tamarind, mango and 
papaya blended toffee has been found to range 
from 84.2 to 84.8°brix (NALE et al., 2007; SID-
DAPPA and KErAWALA, 1963a, 1963b, 1963c).

the titratable acidity of aonla-ginger mixed 
toffee ranged from 0.39 to 0.47%. the control 
had 0.47% acidity, whereas the 85:15, 80:20 and 
75:25 blends had 0.43, 0.40 and 0.39% acidi-
ty, respectively.

the reducing sugar content of aonla-ginger 
mixed toffee ranged from 33.8 to 35.7%. the 

80:20 blend showed the lowest content of re-
ducing sugar (33.8%) of any blend tested. It is 
possible that the observed variation in the re-
ducing sugar content of the fresh toffee was due 
to differences in the level of pulp and ginger ex-
tract. the reducing sugar content of aonla-gin-
ger mixed toffee showed significant differences 
among blends. the reducing sugar content of 
fresh fig toffee has been reported to range from 
36.3 to 39.1% (KHANDEKAr et al., 2005). the re-
ducing sugar content of guava fruit toffee has 
been reported to range from 40.9 to 41.3%.

the total sugar content of aonla-ginger mixed 
toffee ranged from 51.6 to 55.2% (table 2). the 
total sugar content of fig toffee has been report-
ed to range from 73.6 to 75.8% (KHANDEKAr et 
al., 2005). Similarly, guava toffee has been re-
ported to contain from 75.1 to 77.2% total sugar. 
Other reports have shown the total sugar con-
tent of mango toffees to be 67.3% (KErAWALA 
and SIDDAPPA, 1963a, 1963b), that of custard 
apple toffee to range from 72.2 to 78.9% (DHU-
MAL et al., 1996) and that of tamarind, mango 
and papaya blended toffee to range from 55.7 
to 60.1% (ArUNA et al., 2000; NALE et al., 2007).

the ascorbic acid content of aonla-ginger 
mixed toffee ranged from 107.4 to 145.9 mg/100 
g. As the percentage of ginger extract increased, 
the ascorbic acid content decreased.

the score for colour and appearance was 8.2, 
8.7, 8.6 and 8.4 for the 100:00, 85:15, 80:20 
and 75:25 blends, respectively (table 3). the 
score for colour and appearance of the control 

table 2 - Yield and chemical composition of aonla-ginger mixed toffee.

Treatment  Yield Moisture TSS Acidity Reducing sugars Total sugars Ascorbic acid
(Aonla:Ginger) (kg/kg of pulp) (%) (oBrix) (%) (%) (%) (mg/100 g)

T1 = 100:00 1.240 8.60 82.40 0.47 35.71 55.18 145.90
T2 = 85:15 1.180 8.43 83.90 0.43 33.81 52.07 128.05
T3 = 80:20 1.148 8.49 84.00 0.40 33.77 52.04 116.44
T4 = 75:25 1.124 8.38 84.35 0.39 34.23 51.60 107.42
Mean  1.173 8.48 83.66 0.42 34.13 52.72 124.45
S.E. ± 0.043 0.020 0.024 0.002 0.020 0.022 0.024
CD at 5% (n=4) 0.130 0.058 0.070 0.006 0.057 0.064 0.068

table 3 - Sensory score of aonla-ginger mixed toffee.

Treatment   Sensory score*
(Aonla:Ginger)
 Colour and appearance Texture Flavour Taste Overall acceptability

T1 = 100:00 8.25 8.22 8.20 8.00 8.20
T2 = 85:15 8.68 8.66 8.65 8.30 8.35
T3 =  80:20 8.65 8.78 8.67 8.60 8.50
T4 = 75:25 8.35 8.57 8.50 8.33 8.29
Mean  8.49 8.56 8.51 8.31 8.34
S.E. + 0.022 0.025 0.022 0.019 0.021
CD at 5% (n=10) 0.063 0.072 0.062 0.054 0.060

*Nine-point hedonic scale; 10 semi-trained judges were used for sensory evaluation.
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was less than the score of the 85:15 blend. the 
scores for colour and appearance of the 80:20 
and 75:25 blends were also greater than that of 
the control but were less than that of the 85:15 
blend. It is possible that the white colour of the 
ginger extract improved the colour of the toffee 
in comparison with that of the control. 

the texture score for aonla-ginger mixed tof-
fee ranged from 8.2 to 8.8. the 80:20 blend re-
ceived the highest score (8.6), whereas the con-
trol received the lowest score (8.2).

the flavour score for aonla-ginger mixed tof-
fee ranged from 8.2 to 8.8. the flavour scores 
differed significantly among blends. the 80:20 
blend received the highest flavour score (8.8), 
whereas the control received the lowest flavour 
score (8.2). It is possible that the increase in 
the flavour score was due to the increase in the 
level of ginger extract. the fully mature ginger 
rhizome had an extremely strong flavour. this 
characteristic contributed to the flavour of the 
mixed toffee. the strong ginger flavour was the 
principal reason for the high flavour score re-
ceived by the 80:20 blend.

the taste score for aonla-ginger mixed toffee 
ranged from 8.0 to 8.6. It is possible that the high 
taste scores resulted from higher levels of gin-
ger extract. the taste score for papaya toffee has 
been reported to range from 8.1 to 8.4 (DIWAtE 
et al., 2004). the taste score for tamarind, man-
go and papaya blended toffee has been report-
ed to range from 8.0 to 8.8 (NANE et al., 2007).

the overall acceptability of the tested blends 
differed significantly. the 80:20 blend received 
the highest overall acceptability score (8.5), fol-
lowed by the 85:15 blend (8.3). the control re-
ceived the lowest overall acceptability score (8.2). 
the high scores received by the 80:20 and 85:15 
blends might be a result of the superior colour 
and appearance, texture, flavour and taste of 
these toffees.

the moisture content of the toffee blends de-
creased significantly during storage, and the 
magnitude of this decrease varied among blends. 
the smallest moisture loss was found for the 
85:15 blend, a decrease from 8.3 to 7.7% un-

der ambient conditions and from 8.3 to 7.9% 
under refrigeration. these results might reflect 
the temperature difference between the storage 
conditions. the mean tSS content of the four 
aonla-ginger mixed toffees increased from 84.0 
to 85.9°brix under ambient conditions and from 
83.2 to 85.3°brix under refrigeration (table 4). 
the tSS content of all tested blends increased 
significantly during storage. the increase in tSS 
content during storage might reflect a decrease 
in moisture content during storage (KOHINKAr 
et al., 2012; KHANDEKAr et al., 2005). Under 
ambient conditions, the 75:25 blend showed a 
decrease to the smallest observed post-storage 
value of acidity, from 0.39 to 0.37%, followed by 
the 80:20 blend, from 0.40 to 0.38%, and the 
75:25 blend, from 0.43 to 0.40%. Under refrig-
eration, the acidity decreased only for the 80:20 
blend, from 0.40 to 0.38%, and for the 80:20 
blend, from 0.39 to 0.38%. the rate of decrease 
in the acidity percentage was greater in ambi-
ent storage than in refrigerated storage. At the 
ambient temperature, the maximum increase in 
the reducing sugar content was observed for the 
80:20 blend, from 33.7 to 34.5%. Under refrig-
eration, the maximum increase in the reducing 
sugar content was also observed for the 80:20 
blend, from 33.7 to 34.0%. the rate of increase 
of the reducing sugar content was greater at 
the ambient temperature than under refriger-
ation. the increase in the reducing sugar con-
tent during storage was due to the hydrolysis of 
non-reducing sugars. At the ambient tempera-
ture, the maximum increase in the total sugar 
content was observed for the 85:15 blend, from 
52.1 to 53.1%. A similar trend was observed un-
der refrigeration. the increase in the total sugar 
content of the mixed toffee might be due to the 
loss of moisture under both storage conditions. 
Increases in total sugar content during storage 
have been reported in banana toffee (from 73.7 
to 74.1%), in sapota toffee (from 73.8 to 74.1%), 
in guava toffee (from 76.1 to 76.5%), and in fig 
toffee (from 74.8 to 75.1%) (KHANDEKAr et al., 
2005). A similar trend in the content of ascorbic 
acid was observed in all studied toffee samples.

table 4 - Effect of storage period on chemical composition of aonla-ginger mixed toffee after three months storage.

Treatment Moisture TSS Acidity Reducing sugars Total sugars Ascorbic acid Standard plate count
(Aonla:Ginger) (%) (%) (%) (%) (%) (mg/100 g) (log cfu/g)

 A R A R A R A R A R A R A R

T1 = 100:00 8.02 8.28 84.00 83.20 0.445 0.450 36.48 36.25 55.92 55.81 144.09 144.00 9.5 8.5
T2 = 85:15 7.90 8.17 85.10 84.85 0.402 0.407 34.75 34.59 53.18 53.10 120.82 126.68 8.5 6.5
T3 =  80:20 7.84 8.00 85.90 85.14 0.382 0.386 34.52 34.25 52.53 52.43 115.51 115.35 6.5 5.5
T4 = 75:25 7.79 7.94 85.50 85.30 0.370 0.375 34.25 34.02 52.00 51.90 106.26 106.13 6.5 4.5
Mean 7.89 8.10 85.13 84.62 0.400 0.405 35.00 34.78 53.41 53.31 121.67 123.04 7.7 6.2
C. D. at 5% (n=4) NS NS 0.140 0.120 0.085 0.086 0.120 0.113 0.064 0.130 0.142 0.137 NS NS

A- Ambient (27°±2°C); R - Refrigerated (10°±2°C).
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Changes in the sensory properties 
of aonla-ginger mixed toffee during storage

Colour and appearance: A gradual decrease in 
the colour and appearance score from 8.2 to 7.7, 
8.7 to 8.2, 8.6 to 8.3 and 8.4 to 8.0 for the con-
trol, the 85:15 blend, the 80:20 blend and 75:25 
blend, respectively, was observed by the end of 
storage at the ambient temperature, whereas 
mixed toffee stored under refrigeration showed 
decreases from 8.2 to 7.7, 8.7 to 8.2, 8.6 to 8.4 
and 8.4 to 8.1 for the control, the 85:15 blend, 
the 80:20 blend and the 75:25 blend (table 5). 
refrigerated storage yielded a better colour than 
ambient-temperature storage. the reason for 
this result might be that the temperature, as 
well as the environment, affected the colour and 
appearance of the product.

Texture: A gradual decrease in the texture score 
from 8.2 to 7.7, 8.7 to 7.8, 8.8 to 8.3 and 8.6 to 8.2 
for the control, the 85:15 blend, the 80:20 blend 
and the 75:25 blend, respectively, occurred dur-
ing storage at the ambient temperature. A similar 
trend was observed under refrigeration.

Flavour: the flavour score decreased signif-
icantly during storage. the flavour score de-
creased more rapidly in ambient-temperature 
storage than in refrigerated storage. the prin-
cipal reason for this finding is the temperature 
difference between the storage conditions.

Taste: the taste score decreased from 8.0 to 
7.7, 8.3 to 8.0, 8.6 to 8.2 and 8.3 to 8.0 for the 
control, the 85:15 blend, the 80:20 blend and the 
75:25 blend, respectively during storage at the 
ambient temperature. the taste score decreased 
from 8.0 to 7.7, 8.3 to 8.1, 8.6 to 8.3 and 8.3 to 
8.0 for the control, the 85:15 blend, the 80:20 
blend and the 75:25 blend, respectively, under 
refrigeration. the taste score decreased signif-
icantly during storage. the rate of decrease of 
the taste score was greater at the ambient tem-
perature than under refrigeration. this effect is 
a result of the temperature difference between 
the storage conditions.

Overall acceptability: the overall acceptability 
score decreased gradually from 8.2 to 7.9, 8.4 to 
8.1, 8.5 to 8.3 and 8.3 to 8.0 for the control, the 
85:15 blend, the 80:20 blend and the 75:25 blend, 
respectively, during storage at the ambient temper-
ature. A similar trend was observed under refrig-
eration. the overall acceptability score decreased 
significantly during storage. A statistical analysis 
showed that the blend and storage period had sig-
nificant effects on overall acceptability, but the in-
teraction was not statistically significant. the over-
all acceptability of the 80:20 blend after storage 
was greater than that of the other blends under 
both the ambient and refrigerated conditions. the 
basis for this result might be the superior scores 
for colour and appearance, texture and taste for 
the 80:20 blend. It has been found that the overall 
acceptability score decreased after storage in ba-
nana toffee (from 8.7 to 8.3), in sapota toffee (from 
8.6 to 8.4), in guava toffee (from 7.4 to 7.9), in fig 
toffee (from 8.6 to 8.1) (KHANDEKAr et al., 2005) 
and in tamarind-mango blended toffee (from 8.4 
to 7.1) (NALE et al., 2007). the results of the pre-
sent study are consistent with the results report-
ed in the literature.

Microbial quality: the results of this study 
showed that the standard plate count was direct-
ly proportional to the moisture content of the tof-
fee. Although the refrigerated toffee had a high-
er moisture content, the low temperature pre-
vented microbes from attacking the toffee. the 
acceptability of the product by the panel mem-
bers after three months of storage confirms that 
the minimum changes that might have occurred 
due to microbes were within the safe limit for 
human consumption (HArrIGON and MccANcE, 
1967). the 80:20 blend received the highest ac-
ceptance rating, followed by the 85:15 blend, the 
75:25 blend and the control.

cONcLUSIONS

the results of the present study show that 
toffee of superior quality can be prepared from 
aonla pulp and ginger extract using 80% aonla 

table 5 - Sensory quality of mixed toffees of aonla : ginger after 3 months storage.

Treatment  Colour and appearance Flavour Texture Taste Overall acceptability Ranks
(Aonla:Ginger)
 A R A R A R A R A R A R

T1 = 100:00 7.66 7.70 7.90 8.00 7.71 7.80 7.69 7.75 7.87 8.00 4 4
T2 = 85:15 8.16 8.20 8.22 8.30 7.80 7.90 8.02 8.08 8.10 8.10 2 2
T3 =  80:20 8.33 8.38 8.38 8.40 8.30 8.38 8.18 8.30 8.27 8.33 1 1
T4 = 75:25 8.00 8.06 8.25 8.28 8.16 8.22 8.00 8.02 8.00 8.08 3 3
Mean 8.04 8.09 8.19 8.25 7.99 8.08 7.97 8.04 8.06 8.13 - -
C. D. at 5% (n=10) 0.102 0.106 0.059 0.062 0.071 0.072 0.054 0.061 0.060 0.065 - -

A - Ambient (27°±2°C); R - Refrigerated (10°±2°C). Nine-point hedonic scale; 10 semi-trained judges were used for sensory evaluation.
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pulp, 20% ginger extract, 750 g sugar, 50 g skim 
milk powder, 50 g fat and 2 g common salt per 
kg pulp. toffee can be stored in good condition 
longer than 90 days at the ambient temperature 
and under refrigeration.
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AbStrAct

Pecorino romano protected designation of origin (PDO) cheese was subjected to traditional (tS) 
and reduced (rS) dry salting methods. tS cheese was analyzed from 2 to 581 d of ripening and rS 
cheese was analyzed from 2 to 258 d of ripening. rS cheese had a significantly lower salt to mois-
ture (S/M) ratio than tS cheese (4.48 vs 7.20%; 9.04 vs 12.09% in the inner and outer sections, 
respectively). A significant difference in S/M was obtained between the inner and outer sections 
of tS cheese. rS cheese had higher moisture content than tS cheese (41.02 vs 38.91%; 39.80 vs 
37.29% in the inner and outer sections, respectively). rS cheese had higher pH 4.6 soluble N/to-
tal N ratios and total and individual amino acid contents. However, proteolysis was not significant-
ly different between rS and tS. In tS and rS, total amino acid content was significantly higher 
in the inner than in the outer sections. total free fatty acid content was higher in rS than in tS. 
Lipolysis was not significantly different between rS and tS.
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INtrODUctION

there is an increased demand for reduced so-
dium foods, including cheese. Salt, which has a 
preservative effect, affects many characteristics 
of cheese including its composition, microflora, 
enzymatic activity, ripening rate, texture, flavor, 
and quality (GUINEE and FOX, 2004). Altogether, 
these factors make it very difficult to reduce the 
salt content of cheese without adversely affect-
ing its quality. 

Proteolysis is the most complex biochemical 
reaction during cheese ripening or maturation 
(McSWEENEY, 2004). Proteolysis affects cheese 
texture and flavor through the release of ami-
no acids that are precursors of important vola-
tile flavor compounds (McSWEENEY, 2004). Salt 
affects proteolysis by affecting casein hydration 
and aggregation, water and enzymatic activities, 
and starter and non-starter bacterial growth 
(GUINEE and FOX, 2004).

Lipolysis is one of the major biochemical re-
actions during cheese ripening. Free fatty ac-
ids (FFAs) released during lipolysis affect cheese 
flavor (WOO et al., 1984) either directly by con-
tributing to flavors and taste (WOO and LINDSAY, 
1984; ADDIS et al., 2005a; ADDIS et al., 2005b; 
PIrISI et al., 2007) or indirectly by forming me-
thyl ketones, alkanes, lactones, and esters (Ur-
bAcH, 1991). It has been reported that lipolysis 
is negatively affected by salt (tHAKUr et al., 1975; 
LINDSAY et al., 1982; rEDDY and MArtH, 1993).

Pecorino romano is a protected designation of 
origin (PDO) cheese. It is a hard cheese made from 
whole sheep milk in Sardinia, Latium, and tus-
cany. the minimum length of ripening of Pecori-
no romano is 5 months for table cheese and 8 
months for grated cheese. Its weight varies from 20 
to 35 kg. Pecorino romano made with lamb rennet 
paste has a particular flavor (ADDIS et al., 2005a).

According to PDO specifications, salting meth-
ods can be dry (i.e., traditional process), wet (i.e., 
brine), or a combination of wet and dry methods 
(i.e., cheese is immersed in brine and salt is ap-
plied on the surface). Among the Italian cheeses, 
Pecorino romano contains the highest salt con-
tent (>5.0%); however, the salt content of Pecorino 
romano is currently lower than that reported in 
the past (MArcIALIS et al., 1968; SALVADOrI DEL 
PrAtO et al., 1993; NIEDDU et al., 2010). the ob-
jective of this study was to assess proteolysis and 
lipolysis in Pecorino romano PDO cheese subject-
ed to traditional and reduced dry salting methods.

MAtErIALS AND MEtHODS

Sample preparation

Pecorino romano cheese was manufactured 
in a commercial cheese plant according to PDO 
specifications (Gazzetta Ufficiale repubblica Itali-
ana, 2009). During the cheese manufacturing pro-

cess, sheep milk was heat-treated, inoculated with 
starter cultures, and coagulated with lamb ren-
net paste (38°-40°c). the resulting curd was heat-
ed at 45°-48°c and pressed to allow whey drain-
age. Pecorino romano cheese from the same vat 
was marked after molding. Dry salting of cheese 
was performed with sodium chloride crystals of 
approximately 0.3 cm in size. traditionally-salt-
ed cheese (tS) was subjected to four dry salt sur-
face applications during the first two months of 
ripening. reduced-salt cheese (rS) was subject-
ed to two dry salt surface applications during the 
first month of ripening. the interval between the 
different salt applications varied; several salt sur-
face applications were performed at the beginning 
of ripening. Dry salting was performed at 8°-10°c 
and 95% rH. Following the complete absorption 
of salt, tS and rS were packaged under vacuum 
at156 d and 35 d, respectively, and stored at 10°c 
and 95% rH. the used film for vacuum packag-
ing was characterized by controlled permeability 
(oxygen barrier and carbon dioxide permeable). 
tS was sampled after 2, 9, 35, 65, 156, 258, 397, 
and 581 d of ripening; rS was sampled after 2, 9, 
35, 65, 156, and 258 d of ripening.

rS and tS samples had a height of 28 cm (rip-
ened cheese) to 32 cm (fresh cheese) and a di-
ameter of 33 cm (ripened cheese) to 36 cm (fresh 
cheese). the cheese samples, which consisted of 
1/6 of the whole cheese, were obtained from di-
ametrically and diagonally opposite sides. the 
samples were then divided into two sections: an 
inner section (i.e., 9 cm from the inner section 
toward the rind and 7 cm toward the plate of the 
cheese) and an outer section (i.e., the remaining 
portion). the weight of the inner section was ap-
proximately 12.5% of the total weight of the whole 
cheese. Prior to chemical analyses, the cheese 
samples were ground.

Chemical analyses

the inner and outer cheese sections were 
submitted to biochemical analyses. the chem-
ical analyses, which were conducted in dupli-
cate, consisted of measuring pH (IDF, 1989), aw 
(AOAc, 1995), moisture (IDF, 1986), total ni-
trogen (FIL-IDF, 1986), soluble nitrogen (FIL-
IDF, 1991), fat (FIL-IDF, 2001), salt (IDF, 1988), 
ash (AOAc, 2000), free amino acids (FAAs) by 
HPLc (rESMINI et al., 1985), and free fatty acids 
(FFAs) by capillary gas chromatographic meth-
od (DE JONG and bADINGS, 1990). FFAs were 
expressed as mmol/kg to assess each individ-
ual FFA independent of its molecular weight.

Statistical analyses

the GLM procedure (SAS software, SAS Insti-
tute Inc. ,cary, Nc, USA) was used to analyze 
the data. the following model was used,

Yijkl=μ+Ai×bj+ck×bj+Eijkl,
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where Yijkl is the qualitative characteristics of 
the cheese, Ai is the fixed effect of the sampling 
point of the cheese (i=1: inner; i=2: outer), bj is 
the fixed effect of dry salting applications (j=1: 
two salting applications; j=2: four salting appli-
cations), ck is the fixed effect of ripening days 
(k=1 at 65 d; k=2 at 156 d; k=3 at 258 d; k=4 
at 397 d; and k=5 at 581 d), and Eijkl is the re-
sidual error.

rESULtS AND DIScUSSION

the analytical results of the inner and out-
er sections of tS and rS are shown in table 1. 
Salt was expressed as salt content and as salt 
per moisture ratio (S/M). compared to tS, rS 
had lower S/M in the inner and outer sections 
(4.48 vs 7.20% and 9.04 vs 12.09%, respective-
ly). the outer section of tS and rS had higher 
S/M than the inner section. Significant differ-
ences were obtained between the inner and out-
er sections of tS.

the moisture content of tS and rS is shown 
in table 1. compared to tS, rS had higher mois-
ture in the inner and outer sections (41.02 vs 
38.91% and 39.80 vs 37.29%, respectively); sig-
nificant differences were obtained only between 
the outer sections. the inner section of tS and 
rS had higher moisture content than the out-
er section. 

the ash content of tS and rS is shown in ta-
ble 1. compared to rS, tS had higher ash in the 
outer and inner sections (7.16 vs 5.42% and 6.14 
vs 4.42%, respectively). Significant differences 
were obtained between the inner and outer sec-
tions of tS and rS. table 2 shows the salt con-
tent, S/M, and moisture content before the first 
and second salt applications; at the end of salt-
ing, which coincided with the complete salt re-
moval at 35 d of ripening for rS and at 156 d of 
ripening for tS; at 258 d of ripening for rS; and 
at 581 d of ripening for tS. At the end of salt-
ing, the amount of salt in the inner section of rS 

was negligible compared to that present in the 
outer section (0.34 vs 9.38 S/M). In tS, S/M in 
the inner section was more than one third of the 
S/M in the outer section (5.62 vs 14.88 S/M). 
therefore, the amount of salt in the inner sec-
tion was dependent on the salt amount added 
and on salting time. 

the moisture content in the inner section of 
rS decreased from 43.40% at the beginning of 
salting to 42.44% at the end of salting (table 2). 
In the outer section, moisture content decreased 
from 45.74 to 38.60%. In tS, the differences were 
more important; moisture content decreased 
from 43.40 to 38.33% in the inner section and 
from 45.74 to 35.79% in the outer section. the 
trend obtained for moisture content was oppo-
site to that obtained for salt content.

At 258 d of ripening, S/M in the inner section 
of rS was 80% of that present in the outer sec-
tion (6.42 vs 8.06%, respectively). An S/M equi-
librium between the inner and outer sections of 
tS was reached after 581 d of ripening (11.72 
vs 11.89%, respectively). the moisture equilib-
rium between the inner and outer sections was 
reached at 258 d of ripening in rS (39.35 vs 
39.30%, respectively) and at 397 d of ripening 
in tS (36.35 vs 36.22%, respectively).

the S/M results obtained suggest that the 
amount of salt absorbed was highly affected 
by the amount of salt applied. In the wet salt-
ing method, the amount of salt absorbed in-
creases with salting time and brine concentra-
tion (GUINEE and FOX, 2004). Similar salt up-
take mechanisms occur in dry and wet salting 
methods; however, at the beginning of dry salt-
ing, crystal salts need to be fully dissolved on the 
surface before slowly diffusing inside the cheese 
(GUINEE, 2004).

During salting, a reduced salt gradient from 
the surface to the inner section of the cheese 
sample is accompanied by a decreased mois-
ture gradient from the center to the surface of 
the cheese sample, which results in moisture 
loss and salt incorporation. It has been report-

table 1 - composition of the inner and outer sections of cheese subjected to traditional (tS) and reduced (rS) dry salting 
methods.

 RS TS

 Inner section Outer section Inner section Outer section

Salt (%) 1.84 B 3.60 ab 2.80 b 4.48 A
Salt in moisture (%) 4.48 B 9.04 ab 7.20 b 12.09 A
Moisture (%) 41.02 A 39.80 a 38.91 ab 37.29 b
Protein (%) 24.87 24.60 24.64 24.76
pH 4.6 soluble N/tot. N (%) 19.87 15.90 14.77 11.09
Fat (%) 27.88 b 28.78 ab 29.79 a 28.77 ab
Ash (%) 4.42 c 6.14 ab 5.42 bc 7.16 A
Aw 0.93 0.92 0.92 0.90
pH 5.54 b 5.67 a 5.51 B 5.66 A

a,b,c: p<0.05; A,B,C: p<0.01.
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ed there is an inverse relationship between salt 
and moisture in cheese (GUINEE and FOX, 2004).

the diffusion of salt during ripening is a slow 
process. the salt is concentrated in the outer 
section of cheese and migrates toward the in-
ner section. S/M equilibrium is affected by salt 
gradients and ripening conditions. However, few 
studies have focused on these factors (MOrrIS 
et al., 1985; GUINEE and FOX, 2004). 

It is difficult to compare Pecorino romano 
with other hard cheeses due to differences in 
cheese manufacturing conditions, salting meth-
ods, cheese characteristics, and shape. Howev-
er, Parmigiano reggiano cheese (40 kg) had sim-
ilar S/M in the inner and outer sections after 
11 months of ripening (rESMINI et al., 1974). In 
cheddar cheese (9.5 kg), S/M had not reached 
equilibrium after 24-25 weeks (SUtHErLAND, 
1977; MOrrIS et al., 1985). Parmigiano reggiano 
cheese is generally salted by the wet method and 
cheddar is salted by the dry method. 

the effects of dry and wet salt on cheese sur-
face are very similar. In both salting methods, 
there is a rapid loss of moisture near the sur-
face.  However, in Pecorino romano, the im-
pact of dry salt for a long time, several weeks, 
on cheese surface, the loss of moisture caus-
es considerable contraction of cheese structure 
and reduces porosity, which impairs moisture 
movement out of the cheese and salt movement 
into the cheese and decreases the rate of salt 
uptake (GODINHO and FOX, 1981a; GUINEE and 
FOX, 1983; MELILLI et al., 2003). 

the main factors affecting moisture content 
in cheese are salt content and dehydration dur-
ing cheese ripening (HArDY, 1990). However, the 
moisture content of Pecorino romano is depend-
ent on the vacuum packaging. It is possible that 
the moisture content was higher in this study 
than in Pecorino romano cheese that was not 
vacuum packaged. SALArI et al. (2011) reported 
that sheep cheese that was vacuum packaged 
had higher moisture content than non-vacuum 
packaged cheese (SALArI et al., 2011). 

Salt content of foods is of great interest to nu-
tritionists and consumers. the difference in salt 
content between rS and tS at 258 and 581 d of 
ripening, respectively, was 1.2% (3.17 vs 4.34%). 
the lower salt content in rS results in a sodi-
um content of approximately 0.5 g per 100 g of 
cheese. the salt content previously reported in 
Pecorino romano was 6.71% (MArcIALIS et al., 
1968), 5.59-5.79% (SALVADOrI DEL PrAtO et al., 
1993), and 5.67% (NIEDDU et al., 2010). these 
data are indicative of the gradual reduction in 
salt content of Pecorino romano cheese during 
the last years. 

the trend of the ash content was the same 
as that obtained for the salt content that is the 
higher component of ash.

the water activity (aw) values during ripening 
are shown in table 1. In this study, aw was high-
er in the inner than in the outer section of rS 

and tS (0.93 vs 0.92; 0.92 vs 0.90, respective-
ly). Salting was the main factor that contributed 
to low aw values. Furthermore, dehydration and 
low molecular weight compounds reduce aw val-
ues (HArDY, 1990). the aw value obtained in the 
outer section of tS (0.90) is not common; how-
ever, the aw value obtained in the outer section 
of rS cheese (0.92) is comparable with that re-
ported in whole loaf of Parmesan (0.92), Provo-
lone (0.91), and roquefort (0.91) (GUINEE and 
FOX, 2004).

the pH values of tS and rS are shown in ta-
ble 1. the pH values were significantly higher in 
the outer section of tS and rS (5.66 and 5.67, 
respectively) than in the inner section (5.51 and 
5.54, respectively). According to MArcIALIS et 
al. (1968), the pH values of Pecorino romano at 
6-7 month of ripening were 5.3; however, cheese 
manufacturing, salting, and ripening conditions 
are likely changed in the recent years. GUINEE 
and FOX (1984) reported a higher pH in the out-
er section than in the inner section of romano 
type cheese. It is possible that different pH gra-
dients from the inner to the outer section (5.35 
in the inner section and 5.48 in the outer sec-
tion at 2 d of ripening) may be attributed to dif-
ferent temperature gradients. During this time, 
microbial growth increases as a result of slow 
cooling in the inner section and contributes to 
a reduction in pH as a result of lactic acid for-
mation from residual lactose. 

the protein content of tS and rS (table 1) 
were similar (24.64 vs 24.87% and 24.76 vs 
24.60%, in the inner and outer sections, respec-
tively). the protein content of whole cheese of 22 
and 26% was reported by SALVADOrI DEL PrAtO 
et al. (1993) and NIEDDU et al. (2010).

the pH 4.6 soluble N/total N ratios of tS and 
rS are shown in table 1. the pH 4.6 soluble 
N/total N ratios in rS were 19.87% in the inner 
section and 15.90% in the outer section, which 
were higher than the corresponding sections in 
tS (14.77 and 11.09%, respectively). there were 
no significant differences in pH 4.6 soluble N/
total N ratios between rS and tS. the mean val-
ues in the inner section were slightly higher than 
those in the outer section of rS and tS.

An inverse relationship between casein deg-
radation (assessed by pH 4.6 soluble N/total N 
ratio) and salt concentration in cheese was ob-
served in different cheeses (GUINEE and FOX, 
2004). AL-OtAIbI and WILbEY (2005) reported a 
significant effect of S/M on soluble N of white-
salted cheese. In cheddar cheese salted with 
0.9-2.3% white salt, soluble N was negatively 
affected by salt content (MØLLEr et al., 2013). 
GUINEE and FOX (1984) reported a reduction in 
pH 4.6 soluble N in the outer section of roma-
no-type cheese. this reduction was probably 
due to lower moisture and higher salt contents 
in the outer section compared to the inner sec-
tion (GUINEE and FOX, 1983). 

A higher soluble N content has been reported 
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in the inner than in the outer sections of sheep 
and cow cheeses such as Pecorino Umbro (GOb-
EttI et al., 1997) and PDO ragusano (FALLIcO et 
al., 2004; MELILLI et al., 2004). the pH 4.6 solu-
ble N/total N ratio of Pecorino romano reported 
in other studies was 18-28% at 6 months of rip-
ening (PEttINAU and bOttAZZI, 1971) and 29-
33% at 10 months of ripening (SALVADOrI DEL 
PrAtO, 1993). In this study, the soluble N/total 
N ratio in rS cheese after 258 d of ripening was 
18.33 and 20.38% in the outer and inner sec-
tions, respectively. the soluble N/total N ratio in 
tS was 19.92% in the outer section and 26.40% 
in the inner section after 581 d of ripening.

the SN/tN ratio in our study was lower than 
that previously reported for Pecorino romano. 
However, in those studies, the cheese samples 
were not vacuum-packaged and were subject to 
different ripening conditions. GUINEE and FOX 
(1984) reported that in romano-type cheese, 
the proteolytic activity from surface microflo-
ra increased during the second part of the rip-
ening process. In our study, vacuum packag-
ing might not have favored the growth of sur-
face microflora. 

table 3 shows the individual and total free 
amino acid (tFAA) content in tS and rS. rS had 
a higher content of amino acids than tS. Amino 
acids were ordered according to their individual 
amount in the outer section of rS. there were 
no significant differences in tFAAs and individ-
ual amino acids between tS and rS, with the 
exception of ornithine, which was significantly 
different between the outer sections of rS and 
tS (37.8 vs 15.5 mg/100 g, respectively). these 
results were consistent with those obtained for 
the pH 4.6 soluble N/total N ratio. In white-salt-
ed cheese, tFAA content was not significantly af-
fected by salt concentrations (AL-OtAIbI et al., 
2005). On the other hand, cheddar cheese had 
a lower tFAA content with decreasing salt con-
centration (MØLLEr et al., 2013). the salt con-
tent of rS is in any case very high, so it is diffi-
cult to find significant differences from tS. 

the inner sections of tS and rS had signifi-
cantly higher tFAA content than the outer sec-
tion (3229.1 vs 1782.3 mg/100 g and 3712.5 vs 
2347.1 mg/100 g, respectively). the individual 
amino acid content was significantly higher in 
the inner than in the outer sections. contrary to 

table 2 - composition of the inner and outer sections of different samples of cheese subjected to traditional (tS) and reduced 
(rS) dry salting methods.

Sampling phase first salt application second salt application end of salting of RS end salting of TS last sampling of RS last sampling of TS
Days of ripening 2 9 35 156 258 581

 Outer inner outer inner outer inner outer inner outer inner outer inner

Salt (%) 0.00±0.00 0.00±0.00 1.19±0.06 0.14±0.04 3.62±0.01 0.14±0.04 5.32±0.06 2.15±0.01 3.17±0.01 2.53±0.02 4.34±0.02 4.35±0.00
Salt in moisture (%) 0.00±0.00 0.00±0.00 2.77±0.14 0.33±0.09 9.38±0.02 0.34±0.10 14.88±0.18 5.62±0.0 27.80±0.01 6.15±0.04 11.89±0.05 11.72±0.00
Moisture (%) 45.74±0.08 43.40±0.05 42.78±0.04 42.51±0.13 38.60±0.11 42.44±0.03 35.79±0.03 38.33±0.05 39.30±0.04 39.35±0.01 36.50±0.01 37.08±0.01

the findings obtained in Pecorino romano, the 
different layers of PDO ragusano cheese were 
not significantly different in free amino acid con-
tent (FALLIcO et al., 2004).

the reduced dry salting method in this study 
did not affect soluble N or individual amino 
acid contents in Pecorino romano. the differ-
ent contents of tFAA in the inner and outer sec-
tions were probably due to the different effects 
of salt and moisture on proteolysis (FALLIcO et 
al., 2004).

the main FAAs in the inner and outer sec-
tions were Lys, Glu, Leu, Val, and Gln. ragus-
ano cheese contains mostly Lys, Glu, Leu, fol-
lowed by Pro and Val (FALLIcO et al., 2004). Ly-
sine, which was the most abundant FAA (207.1-
411.9 mg/100 g), is not susceptible to degrada-
tion during cheese ripening (PELLEGrINO and 
HOGENbOOM, 2007). Its content in tS after 581 

table 3 - tFAAs content (mg/100 g) in the inner and outer 
sections of cheese subjected to traditional (tS) and reduced 
(rS) dry salting methods.

 RS TS

 Inner Outer Inner Outer

Lys 411.9 a 266.3 ab 376.0 a 207.1 b
Glu 452.3 A 235.2 B 397.2 A 196.9 B
Leu 350.6 A 221.0 bc 307.3 ab 158.9 C
Val 280.8 A 178.2 bc 246.6 ab 129.4 C
Gln 297.0 147.5 248.3 143.2
Ile 238.9 a 144.6 ab 218.6 a 106.7 b
Asn 192.8 A 126.7 bc 165.9 ab 96.0 C
Phe 189.6 A 122.5 ab 168.8 a 91.8 B
Ser 179.6 a 107.9 ab 130.4 a 66.8 b
Gaba 88.0 101.7 64.9 52.0
Ala 117.7 a 80.0 ab 103.9 a 64.0 b
Tyr 108.0 a 76.5 ab 85.7 ab 54.1 b
Asp 108.1 A 67.4 bc 94.1 ab 50.0 C
Met 103.2 a 65.9 ab 93.6 A 51.1 B
Arg 92.2 55.1 101.4 83.9
Thr 85.3 A 52.1 bc 71.3 ab 35.1 C
Orn 44.6 A 37.8 a 30.3 a 15.5 B
Gly 54.3 A 37.2 bc 44.9 ab 27.2 C
His 55.2 ab 31.3 b 64.0 a 36.6 b
TFFAs 3712.5 A 2347.1 bc 3229.1 ab 1782.3 C

TFFAs = Total Free Amino Acids.
a,b,c: p<0.05; A,B,C: p<0.01.



Ital. J. Food Sci., vol. 26 - 2014 139

d of ripening (383.2 mg/100 g in the inner sec-
tion and 326.4 mg/100 g in the outer section) 
was approximately one-third of the amount de-
tected in Parmigiano reggiano (1009.1 mg/100 
g) (UPADHYAY et al., 2004).

Glu ranged from 196.9 to 452.3 mg/100 g. 
these concentrations were approximately one-
third of the Glu content in Parmigiano reg-
giano cheese (1448.9 mg/100 g) (UPADHYAY et 
al., 2004) and slightly lower than the Glu con-
tent in ragusano cheese (300-700 mg/100 g) 
(FALLIcO et al., 2004). because of its flavor-en-
hancing properties (KrAUSE et al., 1997), Glu 
may contribute to the development of flavors in 
Pecorino romano.

the content of GAbA in Pecorino romano 
ranged from 51.9 to 101.7 mg/100 g. Italian 
cheese varieties generally have a GAbA content 
of 0.03-39.1 mg/100 g (SIrAGUSA et al., 2007). 
GAbA, a non-protein amino acid, has several 
roles. besides functioning as a neurotransmitter, 
GAbA has hypotensive, diuretic, and sedative ef-
fects (JAKObS et al., 1993; WONG et al., 2003).

table 1 shows the fat content of tS and rS. 
the inner section of tS had significantly higher 
fat content than the inner section of rS (29.79 
vs 27.88%). the fat content of the outer sections 
of tS (28.77%) and rS (28.78%) was similar. 

In cheddar cheese, high salt content corre-

table 4 - tFFAs content (mmol/kg) in the inner and outer 
sections of cheese subjected to traditional (tS) and reduced 
(rS) dry salting methods.

 RS TS

 Inner Outer Inner Outer

C4:0 7.08 5.88 4.98 4.16
iC5:0 0.06 b 0.16 A 0.04 b 0.08 b
iC6:0 2.08 0.42 0.55 0.96
C6:0 0.73 1.73 1.33 0.81
C8:0 1.17 1.14 0.87 0.90
C10:0 2.51 2.47 1.90 1.98
SCFFAs 13.64 11.79 9.67 8.89
C11:0 0.04 0.03 0.03 0.03
C12:0 1.22 1.16 0.92 0.98
C14:0 1.47 ab 1.67 a 1.24 b 1.47 ab
C15:0 0.14 0.16 0.12 0.14
C16:0 2.42 ab 2.90 a 2.13 b 2.46 ab
C16:1 0.16 ab 0.17 a 0.13 b 0.16 ab
MCFFAs 5.44 ab 6.09 a 4.56 b 5.24 ab
C17:0 0.04 0.04 0.03 0.04
C18:0 0.61 b 0.86 a 0.58 b 0.67 ab
C18:1 2.29 ab 2.90 a 1.93 b 2.44 ab
C18:2 0.26 a 0.23 ab 0.19 b 0.25 a
C18:3 0.23 0.23 0.17 0.21
LCFFAs 3.43 ab 4.26 A 2.90 B 3.61 ab
TFFAs 22.51 22.14 17.13 17.75

SCFFAs = short chain free fatty acids.
MCFFAs = medium chain free fatty acids.
LCFFAs = long chain free fatty acids.
TFFAs = total free fatty acids.
a,b,c: p<0.05; A,B,C: p<0.01.

sponds to high fat content due to the loss of 
moisture during salting (GUINEE and FOX, 2004). 
the inner section of rS had low fat content and 
high moisture content. therefore, the “concen-
tration effect” was more pronounced in the out-
er section of rS and in both sections of tS.

table 4 shows the individual and tFFA con-
tent in tS and rS during ripening. the tFFA 
content was higher in rS than in tS: 22.51 vs 
17.13 mmol/kg and 22.14 vs 17.75 mmol/kg, 
in the inner and outer section, respectively. the 
inner and outer sections of rS and tS had sim-
ilar tFFA content.

the short chain free fatty acids (ScFFAs) were 
the most abundant FFAs in tS and rS. Similar-
ly to tFFAs, higher ScFFA content was obtained 
in cheeses with lower salt content (13.64 vs 9.67 
mmol/kg and 11.79 vs 8.89 mmol/kg, in the in-
ner and outer section, respectively), but the dif-
ference was not significant.

butyric acid was the most abundant ScFFA. 
Higher butyric acid content was present in rS 
than in tS: 7.08 vs 4.98 mmol/kg and 5.88 vs 
4.16 mmol/kg in the inner and outer section, 
respectively. However, the results were not sig-
nificantly different. 

the trend of the medium chain free fatty ac-
ids (McFFAs) (5.44 vs 4.56 mmol/kg and 6.09 
vs 5.24 mmol/kg in the inner and outer section 
of rS and tS, respectively) and long chain free 
fatty acids (LcFFAs) (3.43 vs 2.90 mmol/kg and 
4.26 vs 3.61 mmol/kg in the inner and outer sec-
tion of rS and tS, respectively) was the same as 
that obtained for tFFAs. McFFAs and LcFFAs 
were higher in rS than in tS.

there is little evidence on the effect of salt on 
lipolysis in hard-type cheeses. cheddar cheese 
has higher lipolytic rate in unsalted than in the 
salted types (tHAKUr et al., 1975; LINDSAY et al., 
1982; rEDDY and MArtH, 1993). In blue cheese, 
lipolysis is delayed in the presence of high salt 
concentrations (GODINHO and FOX, 1981b). 

the lower salt content did not significantly af-
fect the FFA profile of Pecorino romano. How-
ever, considering the importance of lipolysis on 
the sensorial characteristics of Pecorino roma-
no, it would be interesting to establish wheth-
er low salt content affects the sensorial charac-
teristics of cheese.

cONcLUSIONS

reduced dry salting resulted in a reduction in 
S/M in the inner and outer sections of cheese. 
the results revealed that the amount of salt ab-
sorbed is affected by the number of times the salt 
is applied. the S/M equilibrium between the in-
ner and outer sections was reached at 581 d of 
ripening in tS. the diffusion of salt during rip-
ening is a slow process. Dry salt results in mois-
ture reduction, contraction of cheese structure, 
and decreased porosity, which reduces moisture 
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movement out of the cheese and salt movement 
into the cheese.  

reduced dry salting increased moisture con-
tent in the inner and outer sections of Pecori-
no romano cheese; there were significant differ-
ences in the moisture content between the outer 
sections of rS and tS. Vacuum packaging could 
have affected moisture content.

rS had higher proteolytic rates than tS. An 
inverse relationship between casein degrada-
tion and salt concentration in cheese has been 
reported, which might explain the results ob-
tained in this study. there was a significant dif-
ference in the tFAA content between the inner 
and outer sections probably due to the different 
effects of salt and moisture on proteolysis (FAL-
LIcO et al., 2004).

Lipolysis was higher in rS than in tS. Sim-
ilar to proteolysis, this behavior was probably 
due to the inhibitory effect of salt on lipolysis.

In conclusion, reduced dry salt applications 
in Pecorino romano did not significantly affect 
salt content, proteolysis, or lipolysis. the sodi-
um content of cheese with reduced salting was 
decreased by 0.5 g per 100 g of cheese.
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AbStrAct

the aim of this study was to evaluate the effect of gums: arabic and ghatti on the stability of 
beverage emulsions. the stability was determined based on the characteristics of particle size of 
dispersed phase and by measuring changes in the intensity of backscattered light. Oil droplet dis-
tributions were measured by laser-light scattering. the highest stability was found in the emul-
sions stabilised by 10% of gum arabic or by 5% of gum ghatti. the addition of the emulsifier may 
be reduced to 3% of emulsion mass, without decreasing emulsion stability, by applying a mixture 
(1:1 v/v) of these gums.
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INtrODUctION

beverage emulsions are oil-in-water emul-
sions that are normally prepared as a concen-
trate and then diluted in a sugar solution in 
order to produce the finished beverage (bUF-
FO et al., 2002). the emulsion in its both con-
centrated and diluted form ought to be char-
acterised by high stability (tAN and WU HOL-
MES, 1988).

Emulsion instability results from physical 
processes, i.e. flocculation, coalescence, Ost-
wald ripening and gravity separation. the rate 
of these changes can be measured by determin-
ing the size and distribution of oil droplets in the 
emulsion (MccLEMENtS and cOUPLAND, 1996; 
MIrHOSSEINI et al., 2008). the Stokes’ law states 
that the velocity at which a droplet moves is pro-
portional to the square of its radius. the stabil-
ity of emulsion to gravity separation can there-
fore be enhanced by reducing the size of the 
droplets (cHANAMAI and MccLEMENtS, 2000; 
HUANG et al., 2001).

In soft drinks the beverage emulsion may 
provide flavour, colour and suitable cloudy ap-
pearance (rEINEccIUS, 1994). A typical compo-
sition includes flavour oils (often essential oils) 
and weighting agents in the oil phase as well as 
water, hydrocolloid, citric acid, preservatives, 
colorants and a sweetener in the water phase 
(bUFFO and rEINEccIUS, 2000; cHANAMAI and 
MccLEMENtS, 2001). In beverage emulsions 
hydrocolloids serve as emulsifiers and stabi-
lizers. they stabilised emulsions through vis-
cosity effects, steric hindrance and electrostat-
ic interactions. the most common hydrocolloid 
stabilizers include xanthan, gum arabic, mod-
ified starches, pectin and carrageenan (bUFFO 
et al., 2001).

Gum arabic, the dried exude from certain 
species of the acacia tree, is one of most wide-
ly used biopolymer on an industrial scale. It 
is deemed exquisite in many of its proper-
ties including the ability to form stable emul-
sions over a wide pH range and in the pres-
ence of electrolytes (DIcKINSON, 2003; JAYME 
et al., 1999; SANcHEZ et al., 2002; tIPVArA-
KArNKOON et al., 2010; DJOrDJEVIc et al., 
2008). Gum arabic consists of at least 3 high 
molecular weight biopolymer fractions. the 
surface-active fraction of branched arabinoga-
lactan blocks attached to a polypeptide back-
bone (rANDELL et al., 1988; cHANAMAI and Mc-
cLEMENtS, 2001; AOKI et al., 2007). the hy-
drophobic polypeptide chain adsorbs on the 
oil/water interface, while the hydrophilic ara-
binogalactan blocks extend into the solution, 
thus assuring stability against droplet aggre-
gation through steric and electrostatic repul-
sion (JAYME et al. 1999; cHANAMAI and MccLE-
MENtS, 2001). Ghatti gum is also a plant ex-
udates, the main species is Anogeissus latifo-
lia (DESHMUKH et al., 2012; MIrHOSSEINI and 

AMID, 2012). Ghatti gum is a non-starch pol-
ysaccharide. the polysaccharide of gum ghat-
ti has an extremely complex structure, its hy-
drolysis results in the production of: Ara, Gal, 
Man, Xyl, and GlcA (ratio: 48:29:10:5:10 M) 
and less than 1% rha. recent investigations 
have revealed its complete molecular struc-
ture, which proved that it has two fractions – 
gelling and soluble (KANG et al., 2011a, KANG et 
al. 2011b, KANG et al. 2011c). As a result of its 
two fractions ghatti gum exhibits gelling sur-
face-active as well as emulsifying properties, 
even better than these of gum Arabic (DESH-
MUKH et al., 2012). Ghatti gum is not digested 
in the stomach and small intestine of humans 
and is fermented in the large intestine by Bac-
teroides longum (MArONPOt, 2013). It is clas-
sified as generally recognized as safe (GrAS) 
(DESHMUKH et al., 2012).

the purpose of this study was to investigate 
the effect of gum arabic, gum ghatti and their 
mixture on the stability of model beverage emul-
sions.

MAtErIALS AND MEtHODS

Materials

Gum arabic samples (Valgum and Valspray A) 
and rosin esters (Valrosin) were provided by the 
Valmar, France. Ghatti gum was obtained from 
Hortimex, Poland. Essential citrus oil was pur-
chased from JAr, Poland. Sodium benzoate and 
citric acid food grade were from Orffa Food East-
ern Europe. Distilled water was used to prepare 
solutions and emulsions.

Emulsion preparation

Emulsion concentrates were prepared ac-
cording to the following formula: essential oil - 
10% (w/w), weighting agent (rosin esters) - 10% 
(w/w), emulsifier (gums) - 10 or 5 or 3 or 1.5% 
(w/w), sodium benzoate - 0.1% (w/w), citric 
acid and distilled water up to 100% (w/w). the 
mixture of Valgum and Valspray was added to 
the emulsions at a ratio of 1:1w/w. the emul-
sifiers were dispersed for half an hour with an 
rW 20 DZW mixer by Janke & Kunkle, Germa-
ny, in water at 40oc, in which the sodium ben-
zoate had been previously dissolved. the wa-
ter phase was stored for 24 hours to hydrate 
the emulsifier. Pre-emulsion was prepared by 
adding together the water and oil phases (i.e., 
the hydrocolloid solution and the essential oil 
with a weighting agent) and stirring with an 
rW 20 DZM mixer for 15 min with the veloci-
ty 1700 rpm. At this point, the pH value of the 
premixes was adjusted to 4 with 2 M citric acid. 
A fine emulsion was achieved by subjecting the 
premixes to a two-stage homogenization with 
an APV-1000 homogenizer by APV, Denmark, 
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at 55 MPa at the first stage and 18 MPa at the 
second stage.

Particle size determination

Mean particle size and particle size distribu-
tion of beverage emulsions were determined in 
the range of 0.05 – 1000 µm by the laser light 
scattering method using a Mastersizer (Malvern 
Instruments Ltd., Malvern, UK), equipped with 
an He-Ne laser (l = 633 nm). the volume size dis-
tribution is calculated from the intensity of light 
diffracted at each angle using the Mie theory. A 
refractive index ratio of 1.529 was used by the 
instrument to calculate the particle size distri-
butions. the samples of emulsion were diluted 
at 1:200 with distilled water in a diffractometer 
cell, under stirring. the emulsion was measured 
the next day after being prepared. Each sample 
was analysed three times and data are present-
ed as average values.

the average droplet size was characterised by 
mean diameters related to the volume D[4,3] de-
fined respectively by:

D[4,3] = Σi nidi
4/ Σi nidi

3,

where ni is the number of droplets with diam-
eter di.

Emulsion stability evaluation 
by turbidity measurement

turbidity measurement was applied to deter-
mine emulsion stability (KAUFMAN and GArtI, 
1984). It consisted in the measurement of ab-
sorbance of emulsion samples diluted at 1 to 
1,000. the absorbance was measured at 400 
and 800 nm, using a Helios β spectrophotome-
ter (Unicam). the size index (r) was determined 
from the ratio of absorbance values at 800 and 
400 nm.

Emulsion stability measurement 
by the backscattering light method

the stability of emulsions was determined us-
ing turbiscan (turbiscan Lab., Formulaction) 
by measuring the backscattering of monochro-
matic light (l = 880 nm) from the emulsion as 
a function of its height. Emulsions were placed 
into flat-bottomed cylindrical glass tubes (40 mm 
height, 16 mm internal diameter) and stored at 
37°±0.5oc for two weeks. the backscattering of 
light from emulsions was then measured as a 
function of height every other day for 2 weeks. 
the results are presented as backscattering ver-
sus height.

Statistical analysis

Data were analyzed using Statgraphics Plus 
5.1. software (StSc Inc., rockville, MD, USA). 

One-way analysis of variance (ANOVA) was per-
formed. Significant differences between features 
were verified on the basis of tukey HSD test at 
a significance level of p≤0.05.

rESULtS

Effect of the type and amount of hydrocolloid 
on the dispersion degree of beverage emulsions

the destabilisation processes in beverage 
emulsions may be slowed down by among oth-
er things, obtaining a proper dispersion degree 
(HOrNE and HErMAr, 1998). Emulsion stabili-
ty is expected to be higher when the droplet size 
is smaller. An emulsion containing weighting 
agents and an acceptable emulsifying constitu-
ent will typically not separate if the average par-
ticle size of the emulsion is below 1 µm (bUFFO 
and rEINEccIUS, 2000).

Fig. 1a presents cumulative distribution of 
particles in the emulsions stabilised by gum ar-
abic. Most of particles (over 93%) with diameters 
below 1 µm were found in the samples of emul-
sion stabilised by 10% addition of gum arabic. 
the lower gum concentration (5% and 3%) re-
sulted in a reduced number of particles with di-
ameters below 1 µm to 84 and 50%, respectively.

reducing the concentration of gum arabic 
caused an increase in the mean size of oil drop-
lets. In the emulsion with 10% addition of gum 
arabic, the value of D[4,3] diameter was 0.57 µm, 
whereas in the emulsion with 3% of gum arabic it 
was almost twofold higher and reached 1.08 µm. 
Emulsifier concentration, which ensures a stable 
emulsion, should provide a complete coverage of 
the oil surface (ONSAArAD et al., 2006). Gum ar-
abic is used typically in high concentrations, i.e. 
15-25% of the emulsion (LErOUX et al., 2003).

the results of particle size index r measure-
ment confirmed the significant effect of gum ar-
abic concentration on the dispersion degree of 
emulsions. the index r was increasing with a 
decreasing content of gum arabic in the bever-
age emulsions (table 1).

Different observations were made in the case 
of oil droplets size distribution in the emulsions 
stabilised by gum ghatti. In the emulsion with 
10% addition of gum ghatti, only 68% of the par-
ticles had diameters under 1 µm. the decrease 
in emulsifier concentration to 5%, and further 
to 1.5%, resulted in 99% of the particles hav-
ing diameters below 1 µm (Fig. 1b). It indicates 
that the lower dose of gum ghatti improves the 
dispersion degree in beverage emulsions. this 
effect was probably related to reduced viscosi-
ty of the water phase. the viscosity of the water 
phase of the emulsion containing 10% of gum 
ghatti was undoubtedly too high and prevent-
ed the formation of a proper dispersion of the 
emulsion at the adopted parameters of homoge-
nisation. this effect was not observed when us-
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table 1 - the particle size of the dispersed phase in beverage emulsions.

Addition of emulsifier (%) Size index (R) Droplet size (µm)

 Immediately  After12 weeks D[4,3] D[V 0.5] D[V 0.9]
 after production

Gum arabic
10 0.40d 0.44c 0.57 0.50 0.96
5 0.50e 0.55d 0.77 0.73 1.15
3 0.58e 0.64c 1.08 1.06 1.50

Gum ghatti
10 0.38cd 0.42c 1.13 0.69 2.12
5 0.21a 0.23a 0.43 0.39 0.67
3 0.26b 0.31b 0.45 0.42 0.67
1.5 0.25b 0.53d 0.44 0.40 0.69

Gum arabic + Gum ghatti
5 (1:1) 0.21a 0.24a 0.43 0.40 0.66
3 (1:1) 0.34c 0.36b 0.48 0.45 0.74
3 (1:2) 0.25b 0.25a 0.46 0.43 0.69

Different letters in the same column indicate significant differences (P<0.05).

Fig. 1a - the cumulative distribution of the dispersed phase 
particles in beverage emulsions with arabic gum in different 
concentration (△ -10%;  □ -5%; • - 3%).

Fig. 1b - the cumulative distribution of the dispersed phase 
particles in beverage emulsions with ghatti gum in different 
concentration (• -1,5%; □ -3%; △ - 5%; ◇ - 10%).

Fig. 1c - the cumulative distribution of the dispersed phase par-
ticles in beverage emulsions with mixture of arabic and ghatti 
gums in different concentration (• -3% (1:2); □ -3%; △ - 5%) 

ing gum arabic because this hydrocolloid forms 
a solution with much lower viscosity than gum 
ghatti does in the same concentration. 

the course run of curves in Fig. 1c was almost 
similar. Irrespective of the dose of a gum mixture 
addition, over 99% of particles of the dispersed 
phase of the examined emulsions had diameters 
lesser than 1 µm. Likewise, the mean size of oil 
droplets, D[4,3], was contained in a very narrow 
interval of 0.43-0.48 µm. A decrease in the dose 
of the arabic and ghatti gums (1:1, w/w) mix-
ture from 5 to 3% resulted in an increased val-
ue of the size index r. However, the value of this 
index in the emulsion with 3% addition of the 
gum mixture (0.34 immediately after obtaining) 
was so small that it did not indicate the possi-
bility of emulsion stability deterioration as a re-
sult of decreasing the amount of the emulsifier.
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Effect of the type and amount of hydrocolloid 
on emulsion stability monitored 
by measuring the backscattering light

the examination of emulsion stability by back-
scattering light method was based on exposing 
the samples of emulsions to the action of infrared 
light with a wavelength of 880 nm. As a result, 
curves were obtained that showed transmission 
and backscattering light level in the function of 
height of the test tube with the emulsion. the 
study was carried out for 2 weeks, during which 
samples of emulsions were stored at 37°±0.5oc, 
in order to accelerate possible processes lead-
ing to emulsion break down. the curves of suc-
cessive measurements showing the percent-
age distribution of transmission and backscat-
tering light for stable products should overlap, 
while the curves of unstable products have a di-
verse course.

Fig. 2a shows the course run of the curves of 
backscattering light level for an emulsion with a 

Fig. 2a - Profile of backscattering of the beverage emulsions 
with 3% addition of gum arabic (the purple line (first from 
the left) is the first measurement, and the red line is the last 
measurement (last from the left).

Fig. 2b - Profile of backscattering of the beverage emulsions 
with 3% addition of gum ghatti (the purple line (first from 
the left) is the first measurement, and the red line is the last 
measurement (last from the left).

Fig. 2c - Profile of backscattering of the beverage emulsions 
with 3% addition of a mixture of arabic and ghatti gum (1:1) 
(the purple line (first from the left) is the first measurement, 
and the red line is the last measurement (last from the left).

Fig. 2d - Profile of backscattering of the beverage emulsions 
with 3% addition of a mixture of arabic and ghatti gum (1:2) 
(the purple line (first from the left) is the first measurement, 
and the red line is the last measurement (last from the left).

3% addition of gum arabic. the analysis of the 
data in Fig. 2a showed that the curves on the 
left side of the graph, between 0 and 10 mm of 
the height of the tube, did not meet. this was 
caused by a decrease in the backscattering level 
at the bottom of the emulsion, resulting from a 
decreased droplet concentration. this was char-
acteristic of the beginning of the creaming pro-
cess. Lesser changes were observed in the emul-
sion with a 5% addition of gum arabic. On the 
other hand, the curves plotted for the emulsion 
with 10% of gum arabic covered each other per-
fectly. Similarly, no changes were noted in the 
course of the curves plotted for the emulsion sta-
bilised by 5% of gum ghatti. For this emulsion 
the backscattering of light was fairly constant. 
For the emulsion containing 3% of gum ghatti 
(Fig. 2b) slight deflections of the curves were ob-
served in the first part of the graph. this could 
indicate that the processes leading to emulsion 
destabilization, i.e. gravity separation and/or 
flocculation, had already begun. 
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For emulsions with the addition of a mixture of 
arabic and ghatti gums (1:1, w/w) no noticeable 
disturbances were noted in the course of curves 
illustrating the stability of the examined sample 
(Fig. 2c). However, analysing the course of the 
curves showing changes of backscattering light 
level (Fig. 2d), a relatively low stability was de-
termined for the emulsion with arabic and ghatti 
gums addition in 1:2 (w/w) proportion. the curves 
showing the percentage distribution of backscat-
tering light clearly differed from each other at the 
top, which was certainly caused by the floccula-
tion and/or sedimentation phenomenon.

Amongst the examined samples of beverage 
emulsions the highest stability was found in 
emulsions stabilised by 10% of gum arabic or 
by 5% of gum ghatti. the addition of the emul-
sifier can be reduced to 3% of emulsion mass, 
without decreasing its stability, by applying a 
mixture of these gums (1:1, w/w).

cONcLUSIONS

both gum arabic as well as gum ghatti form 
stable emulsions. In order to obtain emulsions 
with the same stability it is necessary to use dou-
ble amount of gum arabic in relation to gum ghat-
ti. Emulsions with high stability can be produced 
by applying a mixture of these gums. Emulsions 
with higher stability were formed using a mixture 
of gum arabic and gum ghatti in the ratio of 1:1 
(w/w), as opposed to a mixture prepared in the 
ratio of 1:2 (w/w). the synergetic effect of gum ar-
abic and gum ghatti enables reducing emulsifier 
addition without decreasing emulsion stability.

rEFErENcES

Aoki H., Al-Assaf S., Katayama t. and Phillips G. 2007. char-
acterization and properties of Acacia senegal (L.) Willd. 
var. senegal with enhanced properties (Acacia (sen) SU-
PEr GUM™): Part 2. Mechanism of the maturation pro-
cess. Food Hydrocolloid. 21(3): 329-337.

buffo r. and reineccius G. 2000. beverage emulsions and 
the utilization of gum acacia as emulsifier/stabilizer. Per-
fumer & Flavorist 25: 24-44.

buffo r., reineccius G. and Oehlert G. 2001. Factors af-
fecting the emulsifying and rheological properties of 
gum acacia in beverage emulsions. Food Hydrocolloid. 
15(1): 53-66.

buffo r., reineccius G. and Oehlert G. 2002. Influence of 
time-temperature treatments on the emulsifying proper-
ties of gum acacia in beverage emulsions. J. Food Eng. 
51(4): 341-345.

chanamai r. and Mcclements D.J. 2000. Impact of weight-
ing agents and sucrose on gravitational separation of bev-
erage emulsions. J. Agric. Food chem. 48(11): 5561-5565.

chanamai r. and Mcclements D.J. 2001. Depletion floccu-
lation of beverage emulsions by gum arabic and modified 
starch. J Food Sci. 66(3): 457-463.

Deshmukh Anand S., Setty c. Mallikarjuna, badiger Aravind 
M. and Muralikrishna K.S. 2012. Gum ghatti: A promis-

ing polysaccharide for pharmaceutical applications. car-
bohydrate Polymers 87 (2): 980-986.

Dickinson E. 2003. Hydrocolloids at interfaces and the in-
fluence on the properties of dispersed system. Food Hy-
drocolloid. 17(1): 25-39. 

Djordjevic D., cercaci L., Alamed J., Mcclements D.J. and 
Decker E. A. Stability of citral in protein- and gum ara-
bic-stabilized oil-in-water emulsions. Food chem. 106(2): 
698-705.

Horne D.S. and Hermar Y. 1998. Light scattering and rheo-
logical studies of emulsion system. In: Emulsifiers. Func-
tionality and Applications (Ed. K. berger, r.J. Hamilton). 
ScI, London, pp. 14-18.

Huang X., Kakuda Y. and cui W. 2001. Hydrocolloids in 
emulsions: particle size distribution and interfacial ac-
tivity. Food Hydrocolloid. 15(4-6): 533-542.

Jayme M.L., Dunstan D.E. and Gee M.L. 1999: Zeta poten-
tials of gum arabic stabilised oil in water emulsions. Food 
Hydrocolloid. 13(6): 459-465.

Kang J., cui S.W., chen J., Phillips G.O., Wu Y. and Wang 
Q. 2011a: New studies on gum ghatti (Anogeissus latifolia) 
Part I: Fractionation, chemical and physical characteri-
zation of the gum. Food Hydrocolloid. 25(8): 1984-1990.

Kang J., cui S.W., Phillips G.O., chen J., Guo Q. and Wang 
Q. 2011b: New studies on gum ghatti (Anogeissus latifolia) 
Part II: Structure characterization of an arabinogalactan 
from the gum by 1D, 2D NMr spectroscopy and meth-
ylation analysis. Food Hydrocolloid. 25(8): 1991-1998.

Kang J., cui S.W., Phillips G.O., chen J., Guo Q., and Wang 
Q. 2011c: New studies on gum ghatti (Anogeissus latifolia) 
Part III: Structure characterization of a globular polysac-
charide fraction by 1D, 2D NMr spectroscopy and meth-
ylation analysis. Food Hydrocolloid. 25(8): 1999-2007.

Kaufman V.r. and Garti N. 1984. Effect of cloudy agents 
on the stability and opacity of cloudy emulsions for soft 
drinks. J. Food technol. 19: 255-261. 

Leroux J., Langendorff V., Schick G., Vaishnav V. and Ma-
zoyer J. 2003. Emulsion stabilizing properties of pectin. 
Food Hydrocolloid. 17(4): 455-462.

Maronpot r.r., Davis J., Moser G., Giri D.K and Hayashi S. 
2013. Evaluation of 90-day oral rat toxicity studies on the 
food additive, gum ghatti. Food chem. toxicol. 51: 215-224.

Mcclements D.J. and coupland J.N. 1996. theory of droplet 
size distribution measurements in emulsions using ultra-
sonic spectroscopy. colloid Surface A. 117(1-2): 161-170.

Mirhosseini H. and Amid b. t. 2012. A review study on 
chemical composition and molecular structure of new-
ly plant gum exudates and seed gums. Food res. Int. 46 
(1): 387-398.

Mirhosseini H., tan c.P., Hamid N.S.A. and Yusof S. 2008. 
Optimization of the contents of Arabic gum, xanthan gum 
and orange oil affecting turbidity, average particle size, 
polydispersity index and density in orange beverage emul-
sion. Food Hydrocolloid. 22(7): 1212-1223.

Onsaard E., Vittayanont M., Srigam S. and Mcclements D.J. 
2006. comparison of properties of oil in water emulsions 
stabilized by coconut cream protein with those stabilized 
by whey protein isolate. Food res. Int. 39 (1): 78-86.

randell r.c., Phillips G.O. and Williams P.A. 1988. the role 
of the proteinaceous component on the emulsifying prop-
erties of gum arabic. Food Hydrocolloid. 2 (2): 134-140. 

reineccius G. 1994. Source book of Flavors, chapman & 
Hall, New York, London, 572-577.

Sanchez ch., renard D., robert P., Schmitt ch. and Lefeb-
ver J. 2002. Structure and rheological properties of aca-
cia gum dispersions. Food Hydrocolloid. 16(3): 257-267.

tan c-t. and Wu Holmes J. 1988. Stability of beverage fla-
vor emulsions. Perfumer & Flavorist 13: 23-41.

tipvarakarnkoon t., Einhorn-Stoll U. and Senge b. 2010. 
Effect of modified Acacia gum (SUPEr GUMtM) on sta-
bilization of coconut o/w emulsion. Food Hydrocolloid. 
24(6-7): 595-601.

Paper received June 14, 2013  Accepted October 17, 2013



PaPer

148 Ital. J. Food Sci., vol. 26 - 2014

- Keywords: ozone, Pagellus erithrynus, shelf-life -

EFFECTS OF OZONIZED FLAKE ICE
ON SENSORY AND MICROBIOLOGICAL qUALITY

OF Pagellus erythrinus

N. COSTANZO*1, E. SARNO2 and A.M.L. SANTORO2

1Dipartimento di Scienze della Salute, Università di Catanzaro, 
Viale Europa Germaneto, 88100 Catanzaro, Italy

2Dipartimento di Medicina Veterinaria e Produzioni Animali, Università “Federico II” di Napoli, 
Via F. Delpino 1, 80137 Napoli, Italy

*Corresponding author: Tel. +39 366 6582808, Fax +39 081 19972759
email: costanzo.nic@unicz.it

AbStrAct

to investigate the efficacy of ozone combined with both water and ice on the quality loss of Pa-
gellus erithrynus during a 16-day chilling period, a total of 72 samples were collected and ana-
lysed. Sensory and microbiological analyses (skin and muscle) were carried out after 0, 3, 5, 7, 
10, 12, 14 and 16 days. collected samples were stored under flake ice (control batch), pre-treat-
ed with ozonized water (water ozone batch) and stored under ozonized flake ice (ozone batch). the 
highest freshness category up to 5 days and the best antimicrobial success (lower than 5 Log cFU 
per cm2/g up to 16 days) were found in the ozone batch. the use of ozonized flake ice might rep-
resent a useful tool to enhance the shelf-life of fresh Pagellus erithrynus.
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INtrODUctION

Microorganisms have a critical rule in marine 
fish spoilage limiting the shelf-life of fresh fish. 
As well known, bacterial activity has a deep im-
pact on sensory features (KObAtAKE et al., 1992; 
ASAKAWA et al., 1998; GENNArI et al., 1999) and 
leads to a degradation of extractive nitrogen, 
amino acids, fats and sugars, and to a develop 
of ammonia-like off-flavors (GrAM et al., 2002) 
due to the presence of chemical molecules, such 
as trimethylamine (tMA), ammonia and hydro-
gen sulphide. the nitrogen substances are then 
decomposed by proteolytic bacteria (Achromo-
bacter, Pseudomonas, Micrococcus, Bacillus, Alter-
omonas putrefaciens) until the liberation of ami-
no acids (LIStON, 1980). the subsequent demoli-
tion of the substrate amino acid leads to the ap-
pearance of foul smelling volatile compounds, in-
cluding amines, ammonia, short chain fatty ac-
ids, mercaptans and hydrogen sulfide (MAKArI-
OS-LAHAM and LEE, 1993). Spoilage is also linked 
to several factors like handling technique (unhy-
gienic handling), fish species (moisture and fat 
content), storage condition (OLAFSDöttIr et al., 
1997) and starts immediately after the caught of 
fish (AbAbOUcH et al., 1991). thus, reducing the 
growth of many spoilage microorganisms would 
enhance the quality of fishery products and sub-
sequently increase their shelf-life. Several au-
thors have published their findings on refriger-
ation systems based on the use of ozone to in-
hibit spoilage and preserve freshness. Different 
fish species have been examined after pre-treat-
ment with ozonized water (KOttErS et al., 1997) 
and ozonized slurry ice (cAMPOS et al., 2005; AU-
bOUrG et al., 2009; ALVArEZ et al., 2009). Ozone 
(O3) has a strong oxidizing effect (lower only to flu-
orine) on a broad antimicrobial, antiviral and an-
tifungal spectrum (GUZEL-SEYDIMA et al., 2004). 
O3 has already been recognized as a valid meth-
od GrAS (Generally recognized As Safe) and it 
can be used as antimicrobial agent in both aque-
ous and gaseous phase in the treatment, storage 
and processing of food including beef and poul-
try (USDA, 2002). 

the aim of the present study was to investi-
gate the efficacy of ozone combined with both 
water and flake ice on the quality loss of Pagel-
lus erythrinus (or common pandora fish) during 
chilled storage; this fish is a commercially appre-
ciated species of Sparidae family from the Med-
iterranean and the black Sea, and the eastern 
coast of the Atlantic Ocean (Angola to Norway) 
(FIScHEr et al., 1987). Sensory and microbio-
logical analyses were carried out to evaluate the 
quality changes during a 16-day shelf life period. 

MAtErIALS AND MEtHODS

A total of 72 samples (Pagellus erithrynus) 
were collected at the local fishery market three 

hours after the caught neither headed nor gut-
ted. collected samples were divided in three 
batches, one of which used as control (cb, con-
trol batch). In the cb, chilling was guaranteed 
by covering fishery products with a thin plastic 
film with flake ice on the top. the second batch 
(WOb, water ozone batch) was firstly washed 
with ozonized water (3 mg/L) for 3 min and then 
chilled by keeping samples under a thin plastic 
film with flake ice on the top. In the last batch 
(Ob, ozone batch) chilling was done by covering 
samples with ozonized ice (3mg/L). treated wa-
ter and ice were obtained by injection of ozone 
using a prototype (OXItEcH S.r.l., Italy). In both 
cases (ozonized ice and flake ice), the fish/ice ra-
tio was 1:1. During the experimental time the ice 
was renewed repeatly. On fixed days (0, 3, 5, 7, 
10, 12, 14 and 16), three samples per each batch 
were taken and transported cooled to the labora-
tory where sensory and bacteriological analyses 
were carried out within 3 hours. Sensory analy-
ses were done by a panel of five untrained pan-
elists up to sixteen days. A quality index clas-
sifying samples in freshness categories, highest 
quality (E) to unacceptable (c), was attributed to 
each sample in accordance with parameters list-
ed in table 1 (council regulation 2406/96/ Ec). 
to evaluate the ozone efficiency on the microbio-
logical contamination of fishery products two ali-
quots were collected from each sample (skin sur-
face and muscle). the skin surface was processed 
by using the double wet/dry swabbing technique 
over a 5 cm2 area delimited by a sterile template. 
briefly, the wet swab was rubbed vertically, hor-
izontally, then diagonally across the template 
surface (20 sec). Swabbing was then repeated 
with a dry swab. Swabs were placed into a ster-
ile stomacher bag and homogenized in 10 mL of 
0.1% peptone water (Oxoid Ltd., Hampshire, UK) 
for 60 sec. the second aliquot (5 g of muscles) 
was aseptically cut off using a sterile blade and 
then placed in a sterile stomacher bag. Muscles 
were homogenized in 45 mL of 0.1% peptone wa-
ter (Oxoid Ltd.) for 60 sec. Microbiological anal-
yses were done by culture after a dilution step. 
For enumeration of total bacterial count a sub-
set (0.1 mL) from each dilution was inoculated 
onto Plate count Agar (Oxoid Ltd.) and incubated 
at 30°c for 3 days (tbc 30°c) and at 5°c for 10 
days (tbc 5°c). Enumeration of proteolytic bac-
teria was estimated by plating 0.1 mL from each 
dilution onto casein-agar medium (PHAFF et al., 
1994), as described by bEN-GIGIrEY et al. (2000). 
Microbiological counts were expressed as Log 
cFU per cm2/g of the average values of three in-
dependent determinations. One-way ANOVA with 
tukey post tests was performed using GraphPad 
Prism version 5.00 for Windows, GraphPad Soft-
ware, San Diego california USA. A confidence in-
terval at the 95% level (P < 0.05) was considered 
to explore significance of differences among mi-
crobiological parameters throughout storage for 
each refrigeration system.
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table 1 - Freshness categories according to council regulation 2406/96/ Ec.

Attribute Highest quality (E) Good quality (A) Fair quality (B) Unacceptable (C)

Skin Bright pigmentation, Loss of lustre and shine; Dull, lustreless, Very dull 
 Bright, shining, duller colours; less insipid colours; pigmentation;
 Iridescent difference between dorsal Skin creased Skin coming away
  and ventral surfaces when fish curved from flesh

Skin mucus Aqueous, Slightly cloudy Milky Yellowish grey,
 Transparent   Opaque mucus

Consistency Very firm, rigid Fairly rigid, firm Slightly soft Soft (flaccid)
of flesh 

Gill covers Silvery Silvery, slightly Brownish and Yellowish
  Red or brown extensive
   Seepage of blood
   from vessels

Eye Convex, bulging; Convex and slightly Flat; blurred pupil; Concave in the centre;
 Blueblack bright sunken; dark pupil; blood seepage grey pupil; milky corne
 pupil, transparent Slightly opalescent Around the eye
  ‘eyelid’ Cornea

Gills Uniformly dark Less bright colour, Becoming thick Yellowish;
 Red to purple. No paler at edges. Discoloured, milky mucus
 Mucus Transparent opaque
  Mucus Mucus

Smell of gills Fresh, seaweed; No smell or seaweed. Slightly sulphureous Rotten sour
 Pungent; iodine Neutral smell fatty
   Smell, rancid bacon
   Cuttings or rotten fruit

table 2 - comparative sensory evaluation of Pagellus erithrynus samples under conventional chilling (cb, control batch), 
chilling after pre-treatment with ozonized water (WOb, Water Ozone batch), flake ozone ice chilling (Ob, ozone batch) dur-
ing a 16-day storing time.

 CB WOB OB CB WOB OB CB WOB OB CB WOB OB CB WOB OB CB WOB OB CB WOB OB CB WOB OB

DAYS 0 3 5 7 10 12 14 16 
 
SKIN E E E A E E A A E A A A A A A B A A B B B C B B
SKIN MUCUS E E E A E E B A E B B A C B A C B B C C B C C C
CONSISTENCY OF FLESH E E E A E E B A A B A A B A A B B B C B B C C B
GILL COVERS E E E A E E A A A B A A B A A B A A C B B C C B
EYE E E E A E E B A A B A A B B B B B B C C B C C C
GILLS E E E A A A A A A A A A B A A B B B C B B C B C
SMELL OF GILLS E E E A E E B A A B A A B B B B B B C B B C B C

rESULtS AND DIScUSSION

results of sensory analyses are reported in 
table 2. A score decrease was observed gradu-
ally. the appearances of skin mucus and eyes 
limited firstly the fish acceptability in all batch-
es. cb showed good quality until day 3 (E and 
A categories) and acceptable until day 10. WOb 
retained a good quality until day 5 and accept-
able until day 14. the best results were found 
in Ob, that showed good quality until day 7 
and acceptable until day 16 highlighting the ef-
fectiveness of ozonized flake ice to keep fresh-

ness. Sensory results in this study are in agree-
ment with previous studies on the application 
of ozone to extend the shelf life of different fish 
species as rockfish (KOEttErS et al., 1997), cat-
fish fillets (KIM et al., 2000) and Pagellus bogar-
aveo where the highest sensory quality was as-
sessed up to 9 days after treatment with flow 
ozonized ice (ALVArEZ et al., 2009). Microbio-
logical results regarding skin aliquots are re-
ported in table 3. regarding tbc 30°c, statis-
tically significant differences (P < 0.05) were ev-
idenced on day 5 until day 16 between Ob and 
cb. On the contrary, differences were not evi-
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denced between WOb and cb. the average dif-
ference determined for cb and Ob up day 16 
was 0,56 Log units. In Ob the microbial count 
was below 2 Log cFU/cm2 up to 10 day and did 
not reach concentrations of 4 Log cFU/cm2 af-
ter 16 days of storage. the microbial load in all 
the batches was below 6 Log cFU/cm2 up to 
16 days, value considered necessary to induce 
fish spoilage (GrAM and HUSS, 1996). With re-
gard to tbc 5°c, statistically significant differ-
ences (P < 0.05) were evinced between Ob and 
cb starting from day 3 up to 16 (day 12 except-
ed). Significant differences were not proved be-
tween WOb and cb. In both batches microbi-
al load was 2 Log cFU/cm2 at day 3 with a sig-
nificant increase at day 10. the average differ-
ence between Ob and cb was 0,59 Log units. 
regarding proteolytic bacteria statistically sig-
nificant differences (P < 0.05) were evinced be-
tween Ob and cb at days 5,7,14,16. Differenc-
es between WOb and cb were not observed. the 
average difference between Ob and cb was 0,55 
Log units. With regard to muscle aliquots, com-

parative results are reported in table 4. In tbc 
30°c significant differences were found between 
cb and Ob from day 7 to the end, but no differ-
ences were found between WOb and cb sam-
ples; the average difference between Ob and cb 
was 0,41 Log units. In tbc 5°c significant dif-
ferences (P < 0.05) were observed between cb 
and Ob from day 3 to day 16 (day 5 excepted) 
and between WOb and cb at days 3,7 and 12. 
the average difference between cb and Ob was 
1,03 Log units and between WOb and cb was 
0.23 Log units. concerning proteolytic bacte-
ria significant differences (P < 0.05) were evi-
denced between cb and Ob at days 3, 5 , 7 and 
14, but not evidenced between cb and WOb: 
the average difference between cb and Ob was 
0,40 Log units. 

to the best of our knowledge, this is the first 
study providing evidence of the antimicrobial 
efficacy of ozonized flake ice. the batch treated 
with ozonized flake ice (Ob) showed the highest 
freshness category (up to 5 days) and the best 
antimicrobial success. In agreement with recent 

table 4 - comparative microbial evaluation of muscle Pagellus erithrynus samples under conventional chilling (cb, control 
batch), chilling after pre-treatment with ozonized water (WOb, Water Ozone batch), flake ozone ice chilling (Ob, ozone batch) 
during a 16-day storing time.

 Total bacterial count 30°C Total bacterial count 5°C Proteolytic bacteria

Day CB WOB OB CB WOB OB CB WOB OB

0 0,93(0,51)a 0,90(0,35)a 1,09(0,23)a 2,00(0,18)a 2,50(0,21)a 2,20(0,24)a 1,00(0,32)a 1,00(0,33)a 0,90(0,23)a

3 2,27(0,43)a 1,90(0,39)a 1,82(0,43)a 3,50(0,19)a 2,70(0,27)b 2,10(0,35)b 1,73(0,23)a 1,80(0,25)a 1,31(0,19)b

5 2,51(0,43)a 2,70(0,41)a 2,19(0,38)a 3,11(0,27)a 2,92(0,29)a 2,80(0,24)a 2,85(0,19)a 3,10(0,25)a 2,10(0,11)b

7 3,81(0,37)a 3,30(0,45)a 2,77(0,28)b 4,03(0,24)a 3,21(0,33)b 3,00(0,27)b 2,86(0,18)a 2,81(0,28)a 2,33(0,19)b

10 3,88(0,25)a 3,30(0,35)ab 2,96(0,56)b 4,18(0,34)a 3,79(0,32)ab 3,40(0,43)b 3,26(0,27)a 3,20(0,33)a 2,90(0,27)a

12 4,17(0,34)a 3,77(0,23)ab 3,59(0,36)b 5,08(0,31)a 4,48(0,65)b 4,00(0,37)b 4,20(0,33)a 4,04(0,41)a 3,80(0,26)a

14 4,59(0,28)a 4,28(0,23)ab 3,9(0,34)b 5,70(0,56)a 6,29(0,56)a 4,43(0,36)b 4,62(0,32)a 4,04(0,22)ab 3,90(0,21)b

16 4,46(0,19)a 4,98(0,32)a 4,18(0,19)b 6,52(0,67)a 6,32(0,76)a 4,91(0,28)b 4,99(0,21)a 5,02(0,23)a 5,00(0,22)a

Microbiological counts were expressed as Log CFU per cm2/g-1 of the average values of three independent determinations. Values within a row without a com-
mon superscript are significantly different at P<0.05.

table 3 - comparative microbial evaluation of skin Pagellus erithrynus samples under conventional chilling (cb, control 
batch), chilling after pre-treatment with ozonized water (WOb, Water Ozone batch), flake ozone ice chilling (Ob, ozone batch) 
during a 16-day storing time.

 Total bacterial count 30°C Total bacterial count 5°C Proteolytic bacteria

Day CB WOB OB CB WOB OB CB WOB OB

0 1,50(0,23)a 1,11(0,21)a 1,20(0,29)a 1,16(0,22)a  1,18(0,32 a 1,20(0,33)a 1,10(0,11)a 1,20(0,12)a 1,00(0,23)a

3 1,73(0,29)a 1,43(0,12)a 1,31(0,27)a 2,00(0,23)a 2,10(0,24)a 1,50(0,27)b 1,84(0,13)a 2,00(0,22)a 1,63(0,29)a

5 2,02(0,34)a 2,20(0,23)a 1,51(0,33)b 2,86(0,34)a 2,49(0,22)a 1,71(0,34)b 2,24(0,23)a 2,50(0,21)a 1,75(0,35)b

7 2,51(0,26)a 2,82(0,43)a 1,81(0,51)b 2,97(0,13)a 2,64(0,23)a 2,45(0,44)b 2,89(0,33)a 2,31(0,33)a 1,90(0,23)b

10 2,93(0,25)a 2,35(0,25)a 1,99(0,78)b 4,56(0,13)a 4,35(0,19)a 3,78(0,29)b 3,30(0,23)a 3,05(0,35)a 2,92(0.38)a

12 3,19(0,24)a 3,28(0,45)a 2,52(0,45)b 4,02(0,22)a 4,19(0,34)a 3,93(0,65)a 3,50(0,32)a 3,80(0,32)a 3,20(0,41)a

14 4,20(0,33)a 4,11(0,31)a 3,12(0,45)b 4,60(0,24)a 4,54(0,33)a 4,01(0,54)b 4,48(0,34)a 4,08(0,44)a 3,51(0,28)b

16 4,37(0,11)a 4,06(0,19)a 3,48(0,43)b 5,67(0,12)a 5,60(0,38)a 4,53(0,33)b 4,97(0,28)a 4,93(0,51)a 3,98(0,32)b

Microbiological counts were expressed as Log CFU per cm2/g-1 of the average values of three independent determinations. Values within a row without a com-
mon superscript are significantly different at P<0.05.
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studies (AUbOUrG et al., 2006; AUbOUrG et al., 
2009; cAMPOS et al., 2005; LU et al., 2012) the 
ozone activity was confirmed by reducing fish 
spoilage bacteria both in muscle and skin ali-
quots during storing time. ALVArEZ et al. (2009) 
by using a combination of flow ice and ozone 
found an average reduction of 0.56, 0.46 and 
0.46 Log units respectively for total aerobes and 
psychrotrophes and proteolytic bacteria in Pa-
gellus bogavero muscle. On the other hand, in 
our study a lower reduction (0.41 and 0.4 Log 
units) for tbc 30 and 5°c and a grater reduc-
tion (1.03 Log units) for proteolytic was demon-
strated. based on our data, an ozone concen-
tration of 3 mg/L might positively affect senso-
ry quality and be effective in slowing down mi-
crobial activity when used in combination with 
flake ice. Differently, the use of the same con-
centration in water pre-treatment slightly influ-
enced sensory features and did not significant-
ly affect microbial contamination. 
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AbStrAct

Pecorino cheese, a traditional local product of Farindola, is a unique cheese made using pig 
rennet in Italy. In this study the evolution of bacterial flora and volatile substances at different 
ripening times of pig rennet and calf rennet cheese were investigated, taking into consideration 
the “Production regulation”. the results showed interesting differences between the two types of 
cheese as a function of volatile substance and microorganism evolution. Gas-chromatographic 
analysis showed the particular volatile substances profile of cheeses made with pig rennet. Line-
ar Discriminant Analysis (LDA) was applied to classify the cheese samples according to different 
rennets and treatments.
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INtrODUctION

the functionality and the origin of rennet are 
considered important factors in the making of 
cheese (bALcONES et al., 1996) and in the pro-
duction of cheese flavors (UrbAcH, 1997).

Farindola ewe cheese is a traditional product 
made using pig rennet and its production takes 
place in Farindola (Abruzzo) and in some areas of 
the country in the provinces of Pescara and tera-
mo. this product comes from an old tradition dat-
ing from the roman period which is called “Vesti-
ni cheese”. In the scientific literature it seems to 
be the only known cheese product that is made 
using pig rennet. the use of pig rennet became 
obsolete in industrial cheese production because 
it is not very stable and operates at a pH range 
that is narrower than that of calf rennet; a stan-
dardization to obtain constant enzyme activity in 
pig rennet is more difficult than in calf rennet. 

Farindola ewe cheese is a niche product, the 
preparation of which is regulated by a “Produc-
tion regulation”, as has been described in pre-
vious studies (DI GIAcOMO et al., 2009; DI GIA-
cOMO et al., 2014). In these works a compara-
tive study between cheeses made with pig ren-
net and calf rennet as a function of maturation, 
amino acids, fatty acids, vitamins, cholesterol 
evolution and the qualitative determination of 
some volatile substances was carried out. In ad-
dition, a sensory panel of expert tasters showed 
differences between the two types of cheese: the 
ewe cheese made with calf rennet is consistent-
ly more spicy (“hot” flavor) and more bitter than 
the ewe cheese made with pig rennet, whereas 
this latter is always sweeter and never bitter.

One of the most important parameters that 
effects the judgment of tasters is the flavor of 
cheese, which depends on the different cheese 
varieties and on the correct balance and con-
centration of a wide range of taste and aromat-
ic compounds. Furthermore, the use of raw and 
unpasteurized milk, increases the flavour notes 
(GrAPPIN and bEUVIEr, 1997) greatly thanks to 
the different microorganisms naturally present 
(MArILLEY and cASEY, 2004; GArDE et al., 2002).

this study represents an advanced research of 
Farindola ewe cheese with the aim of observing 

the evolution of volatile compounds and the re-
lationships with the microbial flora. In fact, only 
lower molecular weight compounds contribute 
significantly to cheese flavor. An important group 
of low weight molecular compounds are the vola-
tile compounds (SAbLE´ and cOttENcEAU, 1999). 
the biochemical pathway for the production of 
flavour compounds in cheese during their ripen-
ing is reviewed by McSWEENEt and SOUSA (2000).

MAtErIALS AND MEtHODS

Cheese making

Fresh ewe milk, coming from ewes that pro-
duce less than 1 litre/day in about 100 milking 
days, was kept cool (10°-12°c). A small quanti-
ty of milk was curdled at 31°-33°c with pig ren-
net and another quantity was processed under 
the same conditions with calf rennet. the setting 
time varied from 40 to 60 minutes; after the cur-
dle was broken into granules of 0.5 to 2 cm, it was 
placed into straw forms to harden; it was then dry 
salted with coarse salt on both sides – one side 
of the cheese was salted one day, and the other 
side the next day. then the salt was washed off. 
the period of ripening varied from a minimum of 
three months to a maximum of nine months and 
each cheese form weighed between 1 and 2 kg.

Samples and Parameters

1) 2 kg forms were made. they are generally 
commercialized after 3-6 months, but even up 
to 1 year; they are ripened at a temperature be-
tween 10° and 14°c; 2) time: the samples were 
analyzed at 3, 6 and 9 months; 3) the surface of 
some cheese forms were treated with extra virgin 
olive oil and vinegar (this treatment is includ-
ed in the “Production regulation”), some other 
were left untreated1.

Microorganism analysis

the growing substrate, the growing tempera-
ture and the aerobic/anaerobic conditions are 
reported in the following scheme.

Microorganism substrate Growing Growing temperature Oxygen condition Method references

Cocci M17 37°C anaerobic conditions ISO 7889/2003
Lactobacillus spp. MRS 37°C anaerobic conditions ISO 7889/2003
Ethero-fermentative  FH 30 °C anaerobic conditions Isolini et al., 1990
mesophilic lactobacilli
Citrate fermenting MRS-C 30°C anaerobic conditions Bottazzi et al., 1971
bacteria
Leuconostoc spp. MSE 21°C aerobic conditions Mayeux et al., 1962
Yeasts YGC 25°C aerobic conditions ISO 6611/1981
Moulds YGC 25°C aerobic conditions ISO 6611/1981
Enterococcus spp. KAA 42°C aerobic conditions Mossel et al., 1978
Propionicbacterium spp. PAL 30°C anaerobic conditions Thierry and Madec 1995
Lipolytic bacterium TBA 30°C aerobic conditions Fryer et al., 1967
Proteolytic bacteria AL 30°C aerobic conditions Internal method of CRA-FLC2

1 From this point on, for the sake of brevity, the words “treated” or “untreated” will be used.
2 the Fodder and Dairy Productions research centre (crA-FLc) of Lodi.



Ital. J. Food Sci., vol. 26 - 2014 155

Volatile compounds analysis

the time evolution of 31 volatile compounds 
was determined using gas chromatography – 
mass spectrometry; the extraction methodolo-
gy of volatile compounds was discussed exten-
sively in an earlier study regarding ewe dairy 
products (POVOLO et al., 2007). this study can 
be summarized as follows: a divinylbenzene/
carboxen/polydimethylsiloxane, 50/30 µm, 
2-cm-long fiber was used to collect volatile frac-
tions by SPME. 6 g of grated cheese, roughly 
cut into small pieces shortly before the anal-
ysis, was weighed in a crimp-top vial. cheese 
samples were allowed to equilibrate to 45°c in 
a thermostatic bath for 5 min. the extraction 
of volatile compounds from pasture was per-
formed in duplicate, maintaining the sample 
at room temperature, and exposing the fiber to 
the headspace for 15 min. the gas chromato-
graphic analysis of the volatile compounds ad-
sorbed on the SPME fiber was carried out with 
a cP-WAX 52cb capillary column. A mass spec-
trometer was used.

Statistical analysis

Linear Discriminant Analysis (LDA) was ap-
plied to separate the analyzed cheese samples 
according to the type of rennet and treatment 
in order to evaluate the sample differentiation 
and classification of the data expressed as dis-
criminant scores. All data obtained were ana-
lyzed statistically using the multivariate statisti-
cal approach through the use of SPSS 8.0 statis-
tical software. this methodology was applied to 
separate the cheese samples based on the pres-
ence of volatile compounds and microorganisms.

LDA has been extensively discussed by several 
authors (ANDErSON 1984; LEbArt et al., 1984; 
MArDIA et al., 1993).

rESULtS AND DIScUSSION

Microorganism evolution

the microorganism evolution, during the rip-
ening is reported in table 1. the values are ex-
pressed in cFU/g of cheese. Most of the micro-
organisms show a typical decreasing trend as 
a function of the ripening. As an example, the 
trend of lactobacilli, Enterococcus spp., yeasts 
and moulds is shown in Figs. 1-4.

At starting time, the most important micro-
biological difference between the cheese made 
with pig rennet and the cheese made with calf 
rennet is the content of mesophilic lactobacilli 
(1.4×107cFU/gin cheese made using pig rennet 
compared; 9.6×106 cFU/g in cheese made using 
calf rennet), the yeast content (2.7×105cFU/g in 
cheese made using pig rennet; 2.9×106 cFU/g 
in cheese made using calf rennet), the mould t
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content (2.0×103cFU/g in cheese made using 
pig rennet; 8.5×104 cFU/g in cheese made us-
ing calf rennet) and propionic bacteria content 
(4.0×102cFU/g in cheese made using pig ren-
net; 1.6×103 cFU/g in cheese made using calf 
rennet).

In the third month of ripening, the cheese 
made using treated pig rennet has a lactobacil-
li content of 4.0×107 cFU/g, while the cheese 
made using untreated pig rennet has a content 
of 2.7×107 cFU/g; in the cheeses made using 
calf rennet the content of lactobacilli is lower: 
1.6×107 cFU/g in treated cheese and 2.0×107 
cFU/g in the untreated cheese respectively. It’s 
interesting to observe that, at this time of ripen-
ing, the content of mould in cheese made using 
untreated pig rennet (3.5×104 cFU/g) is greater 
than in other samples (2.5×102 cFU/g in cheese 
made using treated pig rennet; 5.0×101cFU/g in 
cheese made using treated calf rennet; 1.0×103 
cFU/g in cheese made using untreated calf ren-
net).

At six months, the trend of lactobacilli changes 
completely with regards to the type of rennet. At 
this time, the lactobacilli content in cheese made 
with pig rennet decreased: 1.91×106 cFU/g in 
the treated cheese and 1.3×106 cFU/g in the un-
treated cheese; on the contrary, cheese made us-
ing calf rennet at this point in the ripening shows 
an increase in the lactobacilli content (4.4×106 
cFU/g in the treated cheese; 3.6×106 cFU/g in 
the untreated cheese).

At the same time, the yeast content is greater 
in the cheeses made using pig rennet (1.9×105 
in the treated cheese and 2.3×105 cFU/g in the 
untreated cheese) than in cheeses made us-
ing calf rennet (2.7×103 cFU/g in the treated 
cheese and 5.9×103 cFU/g of cheese in the un-
treated cheese).

As regards the evolution of mold, all four types 
of cheese show the same mold content after six 
months of ripening.

the citrate fermenting bacteria show the 
major differences between the samples at six 
months: a content of 7×106cFU/g in cheese 
made using treated pig rennet, 3.4×106cFU/g 
in cheese made using untreated pig rennet while 
the sample made using untreated calf rennet 
contains only 5.5×101cFU/g.

the cheese made using untreated pig rennet 
has a higher content (2.7×104 cFU/g) of beta 
lipolityc bacteria at six months, compared with 
the other cheese sample (5×103).

However, these differences observed are not 
statistically significant at p value less than 0.05.

Quantification and evolution 
of volatile substances

the volatile compound evolution during the 
ripening is reported in table 2. the evolution of 
volatiles showed a similar trend both in chees-
es made with calf rennet and in cheese made Fig. 4 - Moulds evolution at different times of ripening.

Fig. 1 - Lactobacilli evolution at different times of ripening.

Fig. 2 - Enterococci evolution at different times of ripening.

Fig. 3 - Yeasts evolution at different times of ripening.
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with pig rennet. the total volatile compound 
concentration increases up to six months and 
then slightly decreases in the next months. the 
cheeses made with pig rennet are richer in vol-
atile substances, with the exception of some 
compounds.

At three months of ripening, in the cheese 
made using treated pig rennet, the volatile sub-
stance with the greatest concentration is 2 – bu-
tanol  (1,463.1 µg/g); it is also present at high 
levels in cheese made using untreated pig ren-
net (1,297.4 µg/g) whereas it is present in low-
er levels in the cheese made using calf rennet 
(541.2 and 672.1 µg/g for treated and untreat-
ed cheese, respectively). the volatile substance, 
which is most abundant in cheeses, is methyl 
ethyl ketone (2,636.9 µg/g in untreated pig ren-
net cheese; 1,618.7 µg/g in treated calf rennet 
cheese; 1,764.2 µg/g in untreated calf rennet 
cheese), while the cheese made using treated 
pig rennet is poorer in this substances (972.9 
µg/g of cheese).

the level of acetic acid in cheeses made us-
ing pig rennet (575.0 µg/g in treated and 439.1 

µg/g in untreated) is higher than cheeses made 
using calf rennet (300.5 µg/g in treated and 
310.6 µg/g in untreated). the content of bu-
tyric acid is more than 300 µg/g in all types of 
cheeses.

After six months of ripening, the volatile com-
pounds profile changes. In the cheese made us-
ing pig rennet, butyric acid is the volatile sub-
stance present in the highest quantity (3,628.4 
µg/g in treated and 2,606.3 µg/g in untreated), 
a higher level than that found in cheeses made 
using calf rennet (2,059.4 µg/g in treated and 
2,182.2 µg/g in untreated cheese). 2 – heptanone 
is present at high levels both in cheese made 
using calf rennet (2,736.9 µg/g in treated and 
2,550.6 µg/g in untreated cheese) and in cheese 
made using pig rennet (2,747.5 µg/g in treated 
and 2,337.3 µg/g in untreated cheese). Anoth-
er important substance is hexanoic acid, which 
is present in higher levels in cheeses made us-
ing pig rennet (more than 2,000 µg/g) in com-
parison with cheeses made using calf rennet. 
Other volatile substances present in quantities 
of more than 1,000 µg/g in cheeses made with 

table 2 - Evolution of volatile compounds (µg/g of cheese dry matter) during the ripening (tPr = treated pig rennet, UPr= 
untreated pig rennet, tcr = treated calf rennet, Ucr = untreated calf rennet).
the results were obtained from 3 observations, for each compound; the standard deviation ranged from 0.1 to 305.31 of no-
nanone.

 Three months Six months Nine months

Substances TPR UPR TCR UCR TPR UPR TCR UCR TPR TCR UCR

3-octene 22.1 18.4 24.3 22.5 22.7 33.5 53.4 50.0 29.6 33.9 31.2
toluene 17.0 11.3 11.7 8.9 43.9 31.2 58.4 50.9 40.1 52.6 38.3
hexane 0.6 0.5 0.7 0.8 0.8 0.8 0.8 0.6 0.1 0.1 0.1
heptane 1.1 0.9 1.3 1.3 0.5 0.1 1.2 1.1 0.1 0.1 0.1
acetic acid 575.0 439.1 300.5 310.6 1295.7 1289.6 838.3 717.8 827.1 409.7 422.4
propionic acid 12.3 9.0 8.1 7.7 45.2 34.0 31.5 24.5 119.6 12.4 13.4
butyric acid 507.8 425.2 384.9 385.5 3628.4 2606.3 2059.4 2182.2 2756.8 1296.1 1564.0
isobutyric acid 33.2 49.7 38.6 51.3 85.2 73.2 63.1 99.1 57.7 36.1 31.1
pentanoic acid 6.7 4.0 4.4 4.4 54.8 38.4 34.4 26.8 43.7 17.5 17.0
isopentanoic acid 58.5 70.3 57.9 112.4 258.7 207.8 156.5 188.2 152.4 64.4 89.4
hexanoic acid 209.6 162.2 198.9 184.2 2949.8 2226.3 1705.8 1667.1 2322.8 1040.0 1300.6
3-metil 1 - butanol 330.4 299.9 354.5 340.3 227.0 345.8 492.5 481.9 179.0 305.1 268.7
ethanol 187.4 93.4 179.8 147.7 168.1 112.8 277.6 288.1 91.1 196.9 179.4
2-propanol 13.5 0.1 8.1 5.0 55.9 16.9 32.2 22.9 37.7 28.4 14.9
1 - butanol 12.7 5.2 11.4 10.7 14.4 12.0 33.6 13.6 14.3 26.6 13.7
2-butanol 1463.1 1297.4 541.2 672.1 1646.2 1391.0 577.0 423.2 1075.2 554.0 789.5
1-pentanol 0.1 0.1 0.1 0.1 7.7 9.9 10.7 12.7 7.1 9.5 7.0
2-pentanol 158.0 65.3 77.1 64.9 843.4 500.6 277.7 182.0 386.0 241.6 219.1
acetoin 14.9 33.3 24.0 25.5 16.2 33.0 60.3 57.0 18.0 80.3 70.2
2-propanone 43.1 19.9 111.7 65.4 64.1 65.5 317.3 339.4 49.8 169.3 60.9
methyl ethyl ketone 972.9 2636.9 1618.7 1764.2 1143.6 2044.0 1796.1 1648.4 1080.8 1136.7 1406.0
methyl propyl ketone 204.8 258.4 410.6 419.9 874.1 960.4 1477.2 1466.6 541.5 1037.0 830.5
2-heptanone 149.8 156.9 242.0 202.5 2747.5 2337.3 2736.9 2550.6 1832.8 1877.1 1513.9
2-nonanone 32.2 22.8 61.9 35.6 2014.2 1443.6 1470.8 2276.5 1229.8 794.9 928.2
diacetyl 16.7 12.4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
benzaldehyde 1.1 1.7 1.4 1.3 4.8 8.9 11.4 4.0 9.2 21.5 10.2
ethyl butyrate 115.8 73.1 84.3 69.3 329.1 239.7 418.8 425.5 393.4 523.5 498.0
acetic acid ethyl ester 148.5 98.6 27.8 32.9 134.3 40.7 50.7 48.8 71.9 83.9 51.8
dimethyl-sulfide 3.0 3.2 2.7 2.4 1.7 2.0 2.2 2.5 1.0 0.9 0.8
dimethyl-sulphone 2.9 3.0 2.6 2.8 10.5 13.6 10.4 7.6 8.8 4.6 4.8
limonene 0.6 0.7 0.7 0.6 0.1 0.1 0.1 0.1 1.8 0.1 0.1
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treated pig rennet are 2 – butanol, methyl ethyl 
ketone and 2 – nonanone.

the profile of volatile substances differs de-
pending on the type of rennet, time of aging and 
treatment. the best quality of Farindola cheese 
is that made using pig rennet and this is con-
firmed by the different chemical profiles of vol-
atile substances.

Correlations between volatile compounds 
and microorganisms

tables 3 and 4 show the most significant 
correlations (Pearson) between some volatile 
substances and microorganisms, at 3 and 6 
months of ripening (p < 0.01) for pig rennet 
and calf rennet cheeses respectively. As can 
be observed from the correlation (tables 3 and 
4), the evolution of microorganisms and vola-
tile substances is clearly different in the chees-
es made with the two types of rennet. In par-
ticular, some bacteria are correlated different-
ly with volatile substances as in the following 
examples that are reported: 

a) the mesophilic bacteria are negatively cor-
related with some substances in cheeses made 
with calf rennet while they are not correlated in 
those made with pig rennet; b) Enterococcus spp. 

are correlated with some substances of chees-
es made with pig rennet, while they are not cor-
related in the cheeses made with calf rennet; c) 
coccus show a positive correlation with limo-
nene in cheeses made with calf rennet and they 
show a strong  positive correlation with diacetyl 
in cheeses made with pig rennet; d) the lacto-
bacilli showed a strong positive correlation with 
diacetyl in cheeses made with pig rennet, while 
there is a strong negative correlation with etha-
nol in cheeses made with calf rennet.

Statistical analysis

A significant Wilks Lvalue was obtained when 
the cheese samples were classified as a function 
of the rennets, using the microorganism evolu-
tion data set. In this case, one discriminant func-
tion was estimated, since the number of groups 
in this sample was 2, and 2-1 is the maximum 
allowable number of eigenvalues for the matrix 
W

-1
b. the first discriminant eigenvalue (9.430) 

had a Wilks L value close to zero (0.096). the 
distribution of data expressed as discriminant 
scores along the first eigenvector is presented in 
Fig. 5. the two sample classes, corresponding to 
cheese samples with pig rennet and calf rennet, 
respectively, were clearly distinct. In this case, 

table 3 - Pearson correlation between volatile substances and micro-organism at 3 and 6 months of ripening of pig rennet 
cheese (p-level < 0.01).

Substances Cocci Lactobacilli Leuconostoc Yeast Enterococci Beta lipolytic bacteria

acetic acid     −0.993
1-pentanol −0.99   0.994 −0.994
2-propanone      −0.999
methyl propyl ketone −0.998 −0.995 0.997 −0.995
2-heptanone   −0.989 
diacetyl 0.992 0.997
dimethyl - sulphone    0.99
limonene     0.993

table 4 - Pearson correlation between volatile substances and micro-organism at 3 and 6 months of ripening of calf rennet 
cheese (p-level < 0.01).

Substances Cocci Lactobacilli Mesophilic lactobacilli Yeast Beta lipolytic

3-octene −0.997
toluene −0.997
acetic acid −0.997 
butyric acid   −0.991
isobutyric acid    0.992
pentanoic acid −0.994
hexanoic acid −0.996 −0.99
3-metil 1 - butanol −0.994
ethanol  −1   −0.998
acetoin −1
2-propanone   −1
methyl propyl ketone −0.996
ethyl butyrate −0.992
limonene 0.991
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all cheese samples were correctly assigned to the 
group they belong to. Furthermore the overall 
classification success was 100.0%.

According to Wilks L value another distribu-
tion was quite significant. In fact, if the data set 
regarding the volatile substance content is ana-
lysed, the results obtained are the following. In 
this case, one discriminant function was esti-
mated, since the number of groups in this sam-
ple was 2, and 2-1 is the maximum allowable 
number of eigenvalues for the matrix W

-1
b. the 

first discriminant eigenvalue (108.743) had a 
Wilks L value close to zero (0.009). the distri-
bution of data regarding the volatile substanc-
es expressed as discriminant scores along the 
first eigenvector is presented in Fig. 6. In this 
representation of all volatile substances, the two 
sample classes, corresponding to cheese sam-
ples as function of the two rennets, respectively, 
were distinct and the overall classification suc-
cess was 100.0%.

A significant Wilks Lvalue was obtained when 
the data set regarding the volatile substances 
was classified as a function of treatments. In 
this case, one discriminant function was esti-
mated; the first discriminant eigenvalue (20.227) 
had a Wilks L value close to zero (0.047). the 
distribution of data regarding the volatile sub-
stances as a function of treatment expressed as 
discriminant scores along the first eigenvector 
is presented in Fig. 7. In this representation of 
data regarding the volatile compounds, the two 
sample classes, corresponding to cheese sam-
ples as function of the treatments, respectively, 
were clearly distinct. In fact the overall classifi-
cation success was 100.0%.

A significant Wilks Lvalue was obtained when 
the cheese samples were classified as a function 

Fig. 7 - the distribution of data regarding the volatile sub-
stances content, related to cheese samples as function of 
the treatments, expressed as discriminant scores along the 
first eigenvector. 100.0% of original grouped cases correct-
ly classified.

Fig. 5 - the distribution of data regarding the micro-organ-
ism evolution, related to cheese samples as function of the 
two rennets, expressed as discriminant scores along the 
first eigenvector. 100.0% of original grouped cases correct-
ly classified.

Fig. 6 - the distribution of data regarding the volatile sub-
stances, related to cheese samples as function of the two ren-
nets, expressed as discriminant scores along the first eigen-
vector. 100.0% of original grouped cases correctly classified.

of the rennets and of the treatment, using a vol-
atile substance data set. In this case, 3 discrimi-
nant functions were estimated, since the num-
ber of groups in this sample was 4, and 4-1 is 
the maximum allowable number of eigenvalues 
for the matrix W

-1
b. the first discriminant ei-

genvalue (27.979) had a Wilks L value close to 
zero (0.005). the distribution of data expressed 
as discriminant scores along the first two eigen-
vectors is presented in Fig. 8. In this represen-
tation of all data, the four sample classes, cor-
responding to cheese samples with treated pig 
rennet (1), untreated pig rennet (2), treated calf 
rennet (3) and untreated calf rennet (4), respec-
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tively, were clearly distinct. It may also be not-
ed that the centroids of each group fall into dif-
ferent quadrants.

In this case, all cheese samples were correct-
ly assigned to the group they belong to. Fur-
thermore the overall classification success was 
100.0%.

Panel test

Fig. 9 shows sensorial differences analyzed 
by expert tasters between cheese made with 

calf rennet and pig rennet (sweeter, less bitter 
and less spicy) in the same production condi-
tion (DI GIAcOMO et al., 2009, DI GIAcOMO et 
al., 2013).

cONcLUSIONS

It can be observed that there is a different 
microorganism evolution depending on the 
type of rennet, especially as regards lactobacil-
li, Enterococcus spp. and yeast. It follows that 
the volatile compounds profile is different be-
tween the cheese made with calf rennet and 
the cheese made with pig rennet. Pearson cor-
relations between micro – organisms and vola-
tile compounds show differences as a function 
of type of rennet. 

 these differences influence the aromatic pro-
file, as confirmed in a study carried out by a 
panel of experts who judged the Farindola ewe 
cheese sweeter, less bitter and less spicy than 
ewe cheese made with calf rennet in the same 
production conditions. Probably consumers 
prefer Farindola ewe cheese for these reasons.
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AbStrAct

the shelf life of fish ball marinated after frying process was investigated in the present study. 
the fish ball was stored at ±4ºc. total Volatile basic Nitrogen (tVb-N), thiobarbituric Acid reac-
tive Substances (tbAr), trimethyl-Amine Nitrogen (tMA-N) and pH values of fish balls were 13.66 
mg/100 g, 5.68 mg MA/kg, 5.63 mg/100 g and 3.42 at the end of the storage period (on day 150), 
respectively. the microbiological analysis results did not exceed the limit values. According to sen-
sory evaluation results, the shelf life of balls was determined to be 135 days at ±4ºc.
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INtrODUctION

Seafood may spoil sooner in contrast to other 
meat products due to higher water amount and 
lower connective tissue. (VArLIK et al., 2004). 
Under normal refrigerated storage conditions, 
the shelf life of these products is limited by en-
zymatic and microbiological spoilage (ASHIE et 
al., 1996). Microorganisms are the major cause 
of spoilage of most seafood products. However, 
only a few members of the microbial community 
like the specific spoilage organisms, give rise to 
the offensive off-flavours associated with seafood 
spoilage (GrAM and DALGAArD, 2002).

A great number of seafood processing tech-
niques have been applied to slow down that 
spoilage. these processing technologies have 
been increased through developing knowledge. 
On the other hand, while that increase is being 
achieved, traditional methods have not been giv-
en up completely; in fact, these methods are still 
being used and developed (VArLIK et al., 2004).

Marination is one of the oldest processing 
methods that is used for preservation of fish and 
other seafood (GIUFFrIDA et al., 2007). General-
ly, marinated fish is ready to eat food that is not 
heat- processed (GrAM and HUSS, 1996). Mari-
nation is the process of ripening fish and mak-
ing it edible by treating with vinegar or organ-
ic acids and salt without using the heating pro-
cess. Products after ripening process are pack-
aged with brine, sauce, cream, mayonaisse or 
oil and served for consumption. the fresh, fro-
zen and salted fish or fish parts may be used 
in marination technology. Fishes mainly used 
in marination are herring, anchovy, sardine, 
snakefish, trout, mackerel and silverside. Also, 
shellfish like mussel and shrimp may be pro-
cessed as marinade. the best marinade prod-
uct is made as a result of using fatty fish species 
like anchovy and herring. the marinated prod-
ucts can be split into 3 groups as cold, cooked 
and fried (GOKOGLU, 2002; bAYGAr et al., 2000).

1. cold: the fresh material is being ripened in 
solution containing acetic acid and salt. there 
is no heat treatment.

2. cooked: the fish are immersed into so-
lution containing acetic acid and salt at 85ºc. 
thus, most of the bacterias are killed and en-
zymes are inactivated.

3. Fried: In material that is fried in acetic acid 
and salt solution before packaging, most of the 
bacteria are killed and enzymes are denaturat-
ed (cLUcAS and WArD, 1991; KILINc and cAK-
LI, 2004).

Fried marinade are products that are ob-
tained by utilization of fried fish or fish prod-
ucts as marinade. For making fried marinade, 
fish is fried in vegetable oil previously and then 
immersed into solution (ErSAN, 1961; VArLIK 
et al., 1993). Fresh and frozen fish or fish parts 
are also fried and coated with brine or sauc-
es. Herring, snakefish, river snakefish, whiting, 

codfish species, mediterranean sand smelt and 
some types of flatfishes are used to make fried 
marinade. the temperatures of frying in oil must 
be between 160° and 180°c. the frying time de-
pends on temperature of oil, thickness and wa-
ter content of the flesh of fish. the time of frying 
process is between 5-12 min. rising of fried fish 
onto oil surface during frying process in fry-pan 
occurs as a result of their losing water and ab-
sorption of oil due to their specific weight. the 
fried fish must be packaged after it was cooled. 
the rate of fish:coating solution is approximate-
ly 2:1. this rate depends on absorption of so-
lution by fried fish. the fish lose approximately 
20% of their water during frying process. this 
loss is compensated from coating solution. the 
contents of acetic acid and salt of solution are 
2-3.5% and 3-5%, respectively. but these rates 
can be changed depending on water content of 
product and seasonal changes (MEYEr, 1965).

In this study, the fish ball produced with an-
chovy (Engraulis encrasicolus) was fried in oil 
and then marinated. It was aimed to determine 
shelf life of the fish ball marinated after frying.

MAtErIALS AND MEtHODS

Materials

Anchovies (Engraulis encrasicolus, L.1758) 
were purchased from a fisherman in Sinop. In 
total, 10 kg of fresh anchovy with an average 
lenght of 9±1 cm were used. Fish were headed, 
gutted and washed.

Preparation of fish meat balls

the anchovies were boiled for 5 min and then 
minced with a blender after the bones were re-
moved. the mixture was kneaded after addition 
of 0.58% semolina, 0.60% crumb, 0.83% egg, 
1% parsley, 1% onion, 0.10% garlic, 0.08% salt, 
0.03% black pepper, 0.03% cummin, 0.03% red 
pepper, 0.03% thyme and 0.03% ginger. Small 
pieces were taken apart from fish ball mix and 
given ball shape by hand. then, they were fried 
in sunflower seed oil.

Marination process

the fried meat balls were put into the solution 
containing 7% salt and 1.5% vinegar after they 
were cooled. besides, parsley, mustard seed, gar-
lic and white pepper were added into the solu-
tion and jar caps were closed. then, they were 
stored at 4°c for 150 days.

Chemical analysis

pH analysis was carried out with the instru-
ment Werkstatten 82362 Weilheim, Germany, 
according to cUrrAN et al. (1980). total vola-

http://tureng.com/search/mediterranean sand smelt


164 Ital. J. Food Sci., vol. 26 - 2014

tile basic nitrogen (tVb-N) was determined ac-
cording to method of Lucke and Geidel mod-
ified by ANtONAcOPOULOS (1989). thiobarbi-
turic Acid reactive Substances (tbAr) was de-
termined according to tArLADGIS et al. (1960). 
tMA (mg tMA-N/100 g) analysis was carried out 
according to the method proposed by bOLAND 
and PAIGE (1971).

Microbiological analysis

Microbiological analyses were made according 
to baumgart (19). 10 g of fish sample was taken, 
transferred into 90 mL sterile Physiological Sa-
line Solution (0.85%) and then homogenized in a 
homogenizer (IKA Yellow Line DI 25 basic). From 
the 10-1 dilution, other decimal dilutions were pre-
pared and inoculated. Plate count Agar was used 
as medium for total mesophilic aerobic bacteria 
and psychrophilic bacteria counts, petri dishes 
were incubated at 28°c for 3 days and 4°±1°c for 
10 days, respectively. For total yeast-mold count, 
Potato Dextrose Agar was used as medium and 
petri dishes were incubated at 28°c for 3 days. 
to count coliform bacteria, Violet red bile Agar 
was used as medium and petri dishes were incu-
bated at 35°c for 24 h. results were given as log 
cfu/g. (rOGEr et al., 1987; GOKtAN, 1990; VAr-
LIK et al., 1993; GOKALP et al., 1999).

Sensory analysis

Sensory analyses were made according to 
NEUMAN et al. (1983). 10 g of fish sample was 
served to each panelist to evaluate the sensory 
attributes (appearance, odor, texture, flavor) of 
the sample. the samples were presented in sep-
arate plates to every panelist. According to the 
scoring test, a total score of sensory attributes 
of 20 was indicating excellent quality. Scores 
between 18.2 and 19.9 indicated “very good” 
quality, scores between 15.2 and 18.1 indicat-
ed “good” quality and scores between 11.2 and 
15.1 indicated “middle” quality; scores between 
7.2 and 11.1 indicated the limit of acceptabil-
ity, and scores between 4.0 and 7.1 indicated 
spoiled samples.

Statistical analysis

the Minitab 15 (Minitab Inc. USA) program 
was used to search for significant differences 
among mean values of different results. Differ-
ences between means were analyzed by one - way 
analysis of variance (ANOVA). the results are 
presented as mean ± SE. the P value (P < 0.05) 
was used to determine significant differences.

rESULtS AND DIScUSSION

tVb-N values of the fish ball marinated after 
frying are shown in Fig. 1. the tVb-N content 

of fresh material was determined as 7.6 mg/100 
g. the initial tVb-N content of fish ball mari-
nated after frying was 5.6±0.00 mg/100 g. this 
value increased to 13.66±0.08 mg/100 g at the 
end of the storage period of 150 days. It was ob-
served that tVb-N values increased significantly 
(P<0.05) during storage of the fish ball.

there have been limited number of studies 
related with the fish ball marinated after fry-
ing. However, there have been great number 
of studies about the marinades without frying 
(AKSU et al., 1997; DOKUZLU, 2000; GOKOG-
LU et al., 2004; OZDEN and bAYGAr, 2003; DU-
YAr and EKE, 2009; OZOGUL et al. 2009; GUN-
SEN et al., 2011).

GOKOGLU et al. (2004) reported that tVb-N 
values of sardine marinade samples contain-
ing 2 and 4% acetic acid were 28.9 and 23.32 
mg/100 g at the end of the storage period of 
150 days, respectively. In another report tVb-
N value in anchovy marinated with acetic acid 
of 4% and stored at 4ºc increased from 9.8 to 
14 mg/100 g during the storage of 8 months 
(DOKUZLU, 2000). DUYAr and EKE (2009) stated 
that tVb-N values of anchovy and bonito mar-
inades were 17.63 and 18.67 mg/100 g at the 
end of the storage period of 170 days, respec-
tively. these values were higher than our tVb-
N finding (13.66 mg/100 g). Using different fish 
types and different rates of salt and acetic acid, 
application of heating process (frying) that has 
lethal effects in bacteria can be considered as 
the possible reasons of this situation. In addi-
tion, probability of solubilization in the mari-
nation solution of volatile amines might be ef-
fective to diminish tVb-N value. VArLIK et al. 
(2000) marinated fried anchovy meat ball simi-
larly to our study and stored at 4ºc. tVb-N val-

Fig. 1 - tVb-N values of raw material and the fishball mar-
inated after frying stored at 4°c.
Markers are shown as mean ± standard error of triplicates.
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ue of the product was reported as 10.45 mg/100 
g at the end of the storage period of 150 days. 
this value was similar to the our finding (13.66 
mg/100 g). Accordingly, it could be said that 
the frying process that was applied before mar-
ination was effective to diminish tVb-N value of 
marinated products.

One of the most important chemicals in fish 
muscle is trimethylamine N-oxide. trimethyl-
amine N-oxide is found in seafish mostly. tMA 
is produced by the decomposition of trimethyl-
amine N-oxide caused by bacterial spoilage and 
enzymatic activity (ScHOrMULLEr, 1968; KIEtZ-
MANN, 1969). It was stated by FAO (1986) that, 
the tMA-N value is approximately 1 mg/100 g 

for fresh seafood and it is over 8 mg/100 g for 
spoiled samples. besides, according to the tMA-
N values, the seafood is classified as ‘good’ up 
to 4 mg/100 g; ‘marketable’ up to 10 mg/100 
g; ‘spoiled’ if bigger than 12 mg/100 g (KUNDAK-
cI, 1989).

tMA values of the fish ball marinated after fry-
ing are shown in Fig. 3. the tMA content of the 
fresh material was 2.88 mg/100 g. In the pre-
sent study, initial tMA-N value of the fish ball 
was found as 2.62 mg/100 g. At the end of the 
storage period of 150 days, it increased to 5.63 
mg/100 g. In the study investigating the tMA-
N content of the anchovy ball marinated after 
frying, it was stated that the initial tMA-N val-
ue increased from 1.85 to 2.85 mg/100 g at the 
end of the storage period of 150 days (VArLIK et 
al., 2000). In our study, the tMA-N value was 
2.88 mg/100 g initially and it was observed as 
5.63 mg/100 g at the end of the storage. It was 
reported that the tMA content changes depend-
ing on season, catching area, species, type mus-
cle and processing techniques (HErbArD et al., 
1982). It was thought that this difference was 
resulted from high initial tMA content and pro-

cessing techniques such as immersing into dif-
ferent marination solution. 

When compared with only marinated (with-
out frying) samples, it was seen that our tMA 
values were higher than other studies. GOKOG-
LU et al. (2004) reported that tMA values of the 
sardine marinade samples containing 2 and 4% 
acetic acid were 1.67 and 0.86 mg/100 g at the 
end of the storage period of 150 days, respec-
tively (DUYAr and EKE, 2009).

tMA values of the anchovy and sardine mar-
inades were reported as 0.50 and 0.80 mg/100 
g at the end of the storage period of 170 days 
by DUYAr and EKE (2009), respectively. these 
values are quite lower than our findings. It was 
thought that this situation was resulted from 
high tMA contents of the anchovies which were 
our raw material.

tbAr values of the fish ball marinated after 
frying are shown in Fig. 2. tbAr value of the 
fresh material was determined as 1.98 mg MA/
kg. the initial tbAr value of the fish ball in-
creased from 1.71 to 5.68 MA/kg at the end of 
the storage period of 150 days.  It was report-
ed that, tbAr value that is used to determine 
rancidity in lipid is less than 3 mg MA/kg in 
a very good material and it must not be bigger 
than 5 mg MA/kg in a good material. rancidi-
ty began if it exceeded 4 mg MA/kg and accept-
ability limit value is 7-8 mg MA/kG (cUrrAN, 
1980; VArLIK et al., 1993). therefore it may be 
said that, the rancidity in the fish ball began 
on day 135. Similar to our study, DUYAr and 
EKE (2009) stated that the anchovy marinade 
which has 10.93 MA/kg of tbAr value at day 
100 exceeded the acceptability limit values at 
day 130. there haven’t been any studies inves-
tigating tbAr value of the fish ball marinated 
after frying. but there are studies related with 
marinades without frying (cADUN et al., 2005; 

Fig. 2 - tbA values of raw material and the fishball mari-
nated after frying stored at 4°c.
Markers are shown as mean ± standard error of triplicates.

Fig. 3 - tMA values of raw material and the fishball mari-
nated after frying stored at 4°c.
Markers are shown as mean ± standard error of triplicates.
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Fig. 7 - t.c.b (total coliform bacteria) values of raw 
material and the fishball marinated after frying stored 
at 4°c.

DUYAr and EKE, 2009; bI
.
LGI

.
N et al., 2011; GUN-

SEN et al., 2011; SIMAt et al., 2011). 
pH values of the fish ball marinated after fry-

ing are shown in Fig. 4.the pH value of the fresh 
material was determined as 6.1. the initial pH 
value of the fish ball that was 4.53 decreased to 
3.42 at the end of the storage period of 150 days. 

Microbiological quality of the fresh material 
and the fish ball marinated after frying is shown 
in Fig. 5, 6 and 7. the total mesophilic aerobic 
bacteria count of the fresh material that was 
4.48 log cfu/g increased to 5.41 log cfu/g for 
the fish ball marinated after frying at the end 
of the storage period of 150 days. total yeast-
mold count decreased along with the marination 
of the fresh anchovy; however it increased pro-
gressively throughout the storage.

Generally, Pseudomonas, Achromobacter and 
Flavobacterias are existing in newly caught fish-
es. Most of them have proteolitic properties. 
these microorganisms are sensitive to acid, so 
they are not existing in the marinades. because 
development of these microorganisms is inhib-
ited at about pH of 4.5. Betabacterium buchneri 
group of microorganisms are existing dominant-
ly in the spoiled marinades. beta-bacterias are 
isolated not only from cold marinades, but also 
from fried marinades and some special products 
with the cold marinade. 

because free aminoacids are in small amount, 
this situation does not occur too often in the fried 
marinades. the beta-bacterias and gamma-am-
inobutyric acid that is one of the reduced prod-
ucts in decarboxylation of aminoacids bind ace-
tic acid and increase the pH value. the molds 
play important role only in the marinades kept 
in open cases (MEYEr, 1965; KILINc and cAKLI, 
2004).  the total mesophilic bacteria of the fresh 
anchovy was determined as 4.8 log cfu/g by 
GUNSEN et al. (2011). there are not any studies 

Fig. 4 - pHvalues of raw material and the fishball marinat-
ed after frying stored at 4°c.
Markers are shown as mean ± standard error of triplicates.

Fig. 5 - t. M. A. b (total Mesophilic Aerobic bacteria) val-
ues of raw material and the fishball marinated after frying 
stored at 4°c.
Markers are shown as mean ± standard error of triplicates.

Fig. 6 - t.Y.M (total Yeast Mold) values of raw material and 
the fishball marinated after frying stored at 4°c.
Markers are shown as mean ± standard error of triplicates.
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investigating the microbiological quality of the 
fish ball marinated after frying. However several 
studies of the marinades without frying are exist-
ing (OLGUNOGLU, 2007; KUrt KAYA, 2009; OZO-
GUL et al., 2009; PELIN cAN and ArSLAN, 2011).  

changes in the sensory quality and overall ac-
ceptability of the fish ball marinated after frying 
are shown in table 1. considering overall ac-
ceptability results of sensory analysis of the fish 
ball, it was seen that the fish ball having score 
of 9.6 indicated acceptable quality on day 135 of 
the storage period.  And then the fish ball hav-
ing score of 4.6 was evaluated as spoiled. Even 
though chemical and microbiological quality cri-
teria did not exceed the acceptability limit values 
at the end of the storage periods of 150 days, the 
product spoiled in terms of sensory properties. 
Flavor and aroma development in the marinade 
is resulted from the degradation of protein and 
lipid with mutual effects of the acetic acid and 
salt with enzymes. (McLAY, 2001). 

the shelf life of anchovy ball marinated in so-
lution containing 6% salt and 1% vinegar after 
frying was determined as 120 days by VArLIK et 
al. (2000). this result was similar to our study. 
In addition, there are several studies investigat-
ing the shelf life of the marinades without frying 
(AKSU et al. 1997; DOKUZLU, 1997; OZDEN and 
bAYGAr, 2003; DUYAr and EKE, 2009).

cONcLUSIONS

the shelf life of the fish ball marinated after 
frying was determined as 135 days. Even though 
the acceptability limit values were not exceeded 
according to chemical and microbiological anal-
ysis results, the product spoiled in terms of sen-
sory properties. As a consequence, it might be 
suggested that the fish ball must not be con-
sumed if it is stored over 4 months. 

rEFErENcES

 1. Aksu H., Erkan N., colak H., Varlik c., Gokoglu N. and 
Ugur M. 1997. Some changes during production of an-
chovy marinade in different acid salt concentrations and 
determination of shelf life. J. Fac. Vet. Med. Univ. of 
Yuzuncu Yıl. 8 (1-2): 86-89.

 2. Antonacopoulos N. and Vyncke W. 1989. Determina-
tion of volatile basic nitrogen in fish: A third collabora-
tive study by Western European Fish technologists’ As-
sociation (WEFtA). Eur. Food res. technol. 189: 309-
316.

 3. Ashie I.N.A., Smith J.P., Simpson b.K. and Haard N.F. 
1996. Spoilage and shelf-life extension of fresh fish and 
shellfish. critical reviews in Food Science and Nutrition. 
36, 1-2, 87-121.

 4. baygar t., Ozden O. and Saglam E. 2000. Marination 
technology of seafood. J. Seafood. 7: 95-96.

 5. bilgin S., cetinkaya S. and bolat Y. 2011. changes on 
the nutritional compositions of the sand smelt (Atheri-
na Boyeri risso, 1810) marinade during storage. Afric. 
J. biotechnol. 10(15): 2944-2950.

 6. boland F.E. and Paige D.D. 1971. collaborative study 
of a method for the determination of trimethylamine 
nitrogen in fish. J. Assoc. Offic. Analyt. chem. 54 (3): 
725-727.

 7. cadun A., cakli S. and Kisla D. 2005. A study of mari-
nation of deepwater pink shrimp (Parapenaeus longiro-
stris) and its shelf life. Food chem. 90: 53-59.

 8. can P. and Arslan A. 2011. Determination of shelf life 
of marinated carp fıllets. biotechnol. Anim. Husban. 27 
(1): 101-114.

 9. clucas I.J. and Ward A.r. 1991. Marinades. Post-Har-
vest Fisheries Development: A Guide to Hand. Preserv. 
Process. Qual. 273-277.

10. curran c.A., Nicoladies L., Poulter r.G. and Pors J. 
1980. Spoilage of fish from Hong Kong at different stor-
age temperatures. trop. Sci. 22: 367- 382.

11. Dokuzlu c. 1997. Effects of using acid-salt rates dur-
ing production of marinated anchovy on microbiological 
and organoleptic quality of the product and determina-
tion of shelf life. J Pendik Vet. Microbiol. 28(1): 81-90.

12. Dokuzlu c. 2000. Shelf life of marinated habitant an-
chovy. Uludag Univ. J. Vet. Fac. 19(3): 45-49.

13. Duyar H. and Eke E. 2009. Production and quality de-
termination of marinade from different fish species. J. 
Anim. Vet. Advan. 8 (2): 270-275.

14. Ersan F. 1961. Fried Marinades. Fish and Fisheries. 
9(1).

15. FAO. 1986. Food and Nutrition Paper Manuals of Food 
Quality control Food Analysis: Quality, Adulteration, 
and tests of Identity, Food and Agriculture Organiza-
tion of the United Nations, rome.

16. Giuffrida A., Ziino G., Orlando G. and Panebianco A. 
2007. Hygienic evaluation of marinated sea bass and 
challenge test for Listeria monocytogenes. Vet. res. com-
mun. 31 (1): 369-371.

17. Gokalp H.Y., Kaya M., Zorba O. and tulek Y. 1999. 
“Quality control in meat and meat products and labo-
ratory practising guide”. Ataturk Univ. Agri. Fac. Pub. 
318, Erzurum.

18. Gokoglu N. 2002. Processing technology of Seafood, Su 
Vakfi, Istanbul.

19. Gokoglu N., cengiz E. and Yerlikaya P. 2004. Determi-
nation of the shelf life of marinated sardina (Sardina pil-
chardus) stored at 4°c. Food control. 15: 1-4.

table 1 - Sensory analysis results of the fishball marinated after frying stored at 4°c.

Fishball marinated Storage (days)
after frying
 0 15 30 45 60 75 90 105 120 135 150

Appearance 5±0.00a 5±0.00a 4.8±0.20ab 4.4±0.24bc 4.2±0.20c 4.6±0.24abc 4±0.00cd 3.6±0.24d 3±0.32e 2.8±0.20e 1±0.00f

Odor 5±0.00a 4.6±0.24abde 4.2±0.20bcde 4±0.32cde 4.2±0.20de 4.2±0.20de 4±0.00e 3.4±0.24f 2.8±0.20g 2.6±0.24g 1.4±0.24h

Flavor 5±0.00a 5±0.00a 4.8±0.20a 4.4±0.24ab 4±0.32bc 4±0.00bc 3.6±0.24cd 3.4±0.24de 3±0.00e 2.4±0.24f 1.2±0.20g

Texture 5±0.00a 4.6±0.26b 4.2±0.22bc 3.8±0.22cd 3.6±0.22de 3.2±0.22ef 3±0.00fg 2.6±0.22g 2.2±0.22hı 1.8±0.22ı 1±0.00j

Overall acceptability 20±0.00a 19.2±0.50ab 18±0.82bc 16.6±1.02cd 16±0.94d 16±0.66d 14.6±0.24de 13±0.94e 11±0.74f 9.6±0.90f 4.6±0.44g

Quality Very Good Very Good Good Good Good Good Middle Middle Middle Acceptable Spoiled



168 Ital. J. Food Sci., vol. 26 - 2014

Paper received June 17, 2013  Accepted November 4, 2013

20. Goktan D. 1990. “Microbial Ecology of Food”. Ege Univ. 
Engineer. Fac. Pub. 21, Izmir, p. 292.

21. Gram L. and Huss H.H. 1996. Microbiological spoil-
age of fish and fish products. Int. J. Food Microbiol. 
33: 121-37.

22. Gram L., Dalgaard P. 2002. Fish spoilage bacteria. Prob-
lems and solutions. current Opinion in biotechnolo-
gy. 13:262-266.

23. Gunsen U., Ozcan A. and Aydın A. 2011.  Determination 
of some quality criteria of cold storaged  marinated an-
chovy under vacuum and modified atmosphere condi-
tions. turk. J. Fisher. Aquat. Sci. 11: 233-242.

24. Hall G.M. 1992. Fish Processing technology. blackie Ac-
ademic Professional, New York, p. 309.

25. Herbard c.E., Flick G.J. and Martin r.E. 1982. Occur-
rence and significance of trimethylamine oxide and its 
derivatives in fish and shellfish. Introduc. Fish tech-
nol: 149-182.

26. Kietzzman V., PrÝebe K., rakov D. and rehstein K. 1969. 
Seefisch als Lebensmittel. Paul Parey Verlag. Hamburg 
berlin, p. 368.

27. Kilinc b. and cakli S. 2004. Marination technology. J. 
Ege Univ. Seafood. 21 (1-2): 153-156.

28. Kundakcı A. 1989. Effects on quality of pre-waiting con-
ditions of grey mullet and bluefish. J. Ege Univ. Fac. 
Fisher. 6: 23-24.

29. Kurt Kaya G. 2009. Sensory, chemical and microbiolog-
ical changes during storage in marinated sea bass (Di-
centrarchus labrax (l., 1758)), sea bream (Sparus aura-
ta (L., 1758)) and tench ( cclarias gariepinus (burchell, 
1822)). PhD thesis, Graduate School of Natural and Ap-
plied Sciences, Mersin.

30. McLay b.r. 2001. Marinades Ministry of Agriculture 
Fisheries and Food. torry Advisory Note No: 56.

31. Meyer V. 1965. Marinades. In: “Fish as Food”. G borg-
strom (Ed.), p. 165-193. Academic Press, NewYork. 

32. Neuman r., Molnar P. and Arnold S. 1983. Sensorische-

Lebensmitteluntersuchung, VEb Fachbuchverlag, Leip-
zig, Germany.

33. Olgunoglu I.A. 2007. Sensory, chemical and microbio-
logical changes in marinated anchovy (Engraulis Encra-
sicolus). PhD thesis, Graduate School of Natural and 
Applied Sciences, Adana.

34. Ozden O. and baygar t. 2003. Effects of some quality cri-
terias on marinated fishes of different packaging meth-
ods. turk. J. Vet. Anim. Sci. 27: 899-906.

35. Ozogul Y., Kuley E. and Ozogul F. 2009. Quality chang-
es of marinated tench (Tinca tinca) during refrigerated 
storage. Int. Food Sci. Technol. 15: 513-521.

36. roger S., John I., Mark W. and Page P. 1987. Gener-
al Microbiology. Fifth Edition, published by Macmillan 
Education Ltd, Houndmills, basingstoke, Hampshire 
rG212XS and London, p. 689.

37. Schormuller J. 1968. Handbuch der lebensmittel chem-
ic. band IV. Fette und Lipoide (lipids) Springer-Verlag. 
berlin, Hidelberg, Newyork, 872-878 p.

38. Simat V., bogdanovic t. and bulic M. 2011. the ef-
fect of different marinating baths on sensory proper-
ties and shelf life parameters of cold marinated ancho-
vies (Engraulis encrasicolus, L.), Ozujak – travanj, broj 
2, Vol. XIII, p. 9.

39. tarladgis b.G., Watts b.M., Younathan M.t. and Dugan 
L. 1960. A distillation method for the quantitative de-
termination of malonaldehyde in rancid foods. J. Amer. 
Oil chem. Soci. 37: 44-48.

40. Varlik c., Ugur M., Gokoglu N. and Gun H. 1993. Qual-
ity control principles and methods. Inst. Food technol. 
No: 17, Ankara, p. 174.

41. Varlik c., Erkan N., Metin S., baygar t. and Ozden O. 
2000. Determination of shelf life of marinated fish meat 
ball. turk. J. Vet. Anim. Sci. 24: 593-597.

42. Varlik c., Erkan A., Ozden O., Mol S. and baygar t. 2004. 
“Processing technology of Seafood”. Istanbul Univ. Sea-
food Fac. Pub: 4465, Istanbul, p. 491.



PaPer

Ital. J. Food Sci., vol. 26 - 2014 169

- Keywords: reducing sugars, HPLC, bioaccessibility, in vitro digestion -

ASSESSMENT OF DIETARY EXPOSURE 
TO 5-HYDROXYMETHYLFURFURAL FROM 

TRADITIONAL IRANIAN FLAT BREADS

SEVDA SALEH GHADIMI, MOHAMMAD ALIZADEH*, ALI TARIGHAT ESFANJANI, 
SEYED JAMAL GHAEMMAGHAMI HEZAVEH and HAMED JAFARI VAYGHAN

Department of Nutrition, Faculty of Nutrition, tabriz University of Medical Sciences, 
Attar Nishabouri St., P.O. box 14711, tabriz 5166614711, Iran

*corresponding author: mdalizadeh@tbzmed.ac.ir

AbStrAct

the aim of this study was to determine the contents and bioaccessibility of hydroxymethylfur-
fural (HMF) in traditional Iranian flat breads. Four abundant flat breads were analyzed for HMF 
content and physicochemical parameters. bioaccessibility levels were determined using an in vit-
ro digestive model. the mean HMF values were 48.5±8.09 and 40.4±6.89 in pre- and post-diges-
tive samples, respectively, implying 83.0% bioaccessibility. Daily intake of HMF from these food 
items was 11.7 mg. A correlation was found between HMF and carbohydrate content of bread (r=-
0.5, p<0.05). It is concluded that HMF levels remain high even after in vitro digestion.
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INtrODUctION

the process of preparing bakery products 
such as bread, cookies, and biscuits consists of 
baking dough at a temperature of 200ºc or high-
er which induces several chemical reactions (HI-
DALGO and brANDOLINI, 2011b). One of the most 
common reactions which occurs during the man-
ufacturing of bakery products is the Maillard re-
action whose substrates include free amino ac-
ids and reducing carbohydrates in addition to 
having intermediate moisture and pH 4-7 (VAN 
bOEKEL, 2006). caramelization is another reac-
tion which is promoted through the direct degra-
dation of carbohydrates and requires other con-
ditions such as a temperature above 120ºc and 
pH<3 or pH>9 (rAMírEZ-JIMéNEZ et al., 2001).

5-hydroxymethylfurfural (HMF) is formed dur-
ing the caramelization process and is also an 
intermediate product of the Maillard reaction 
(rAMírEZ-JIMéNEZ et al., 2000). It has been de-
tected in honey (WHItE Jr, 1980), dried fruits 
and coffee (MUrKOVIc and PIcHLEr, 2006), milk 
(MOrALES et al., 1997), breakfast cereals (GAr-
cIA-VILLANOVA et al., 1993), pasta (rESMINI et 
al., 1993), breads (FErNáNDEZ-ArtIGAS et al., 
1999), and other bakery products (HIDALGO 
and brANDOLINI, 2011b). It is a browning indi-
cator of bread (rAMIrEZ-JIMENEZ et al., 2000) 
and has a positive correlation with length and 
cooking temperature during the baking process 
(PUrLIS, 2010). 

HMF is a bioactive compound known to in-
duce preneoplastic cell injuries in rat entrocytes 
(ZHANG et al., 1993), hepatocellular adenoma in 
female mice (tOXIcOLOGY, 2008), and skin pap-
illomas in mice (SUrH et al., 1994). this chem-
ical is a substrate for sulfotransferase and can 
be converted to sulfoxymethylfurfural, which is 
an active metabolite of HMF. the latter has the 
capacity to bind DNA and may exert mutagen-
ic effects (DUrLING et al., 2009); however, in vit-
ro studies on the genotoxicity and mutagenici-
ty of HMF have given controversial results, and 
there is not enough evidence to prove its toxicity 
(DUrLING et al., 2009; JANZOWSKI et al., 2000; 
SEVErIN et al., 2010). therefore, it is necessary 
to estimate the amount of dietary exposure to 
HMF from different kinds of diets and make 
some modifications in the processing and stor-
age conditions of food items if their intake sur-
passes the threshold of concern.

As for many other food ingredients, there is 
limited data regarding the bioaccessibility of 
HMF from different kinds of bakery products. 
Previous studies have shown that the in vitro di-
gestion of breakfast cereals causes a decline in 
the soluble fraction of HMF levels (DELGADO-AN-
DrADE et al., 2008; rUFIáN-HENArES and DEL-
GADO-ANDrADE, 2009).

As in many developing countries, recent na-
tional data on Iranian household food con-
sumption patterns shows that grains, includ-

ing bread, rice, pasta, and other cereals, supply 
52% of the energy requirements of the country 
(SHOcKrAVI et al., 2012). traditional flat breads 
named lavash, taftoon, sangak, and barbari are 
the main sources of cereals consumed in Iran. 
these breads are generally produced from soft 
white wheat flour with a higher extraction rate 
(GOcMEN et al., 2009). In Iran, their prepara-
tion (FArIDI et al., 1983) is associated with long 
and direct heating in conventional clay ovens. 
therefore, it seems reasonable that this process 
may augment the amount of HMF produced. the 
aim of this research was to determine HMF con-
tents, as one heat-damage index, in the most-
consumed Iranian breads and its bioaccessibil-
ity and to look for any correlation between HMF 
content and physicochemical parameters. 

MAtErIALS AND MEtHODS

Materials

traditional breads, including lavash, taftoon, 
sangak and barbari which are consumed most-
ly in Iran, were obtained from randomly select-
ed local bakery shops in tabriz, East Azerbayjan 
Province, Iran. 5-HMF, pepsin, and pancreatin 
were purchased from Sigma-Aldrich (St. Louis, 
Missouri, USA).

Sampling

Five loaves of each type of bread (lavash, 
taftoon, sangak, and barbari) were random-
ly selected among 100 breads baked from the 
same batch to diminish the effect of confound-
ers such as distance from heat source and tim-
ing of baking. the breads were made from wheat 
flour. the characteristics of the flours used for 
the different types of bread are shown in table 
1. the breads were cooled and frozen to main-
tain their physicochemical properties in a sta-
ble condition until further analysis. they were 
thawed, ground, powdered, and then homoge-
nized 4-5 hours before analysis.

Measurement of physicochemical properties

the physicochemical properties of the select-
ed breads, including moisture, ash, pH, pro-
teins, total carbohydrates, and fiber, were meas-
ured following standard AOAc methods (AOAc, 
1998). Moisture percentage was calculated af-
ter an air-oven drying at 130°±3ºc for 1 h after 
the temperature reached the adjusted amount 
(AOAc, Method 925.10). the ash content was de-
termined by incinerating the breads in a furnace 
at 550ºc until gray ash resulted (AOAc, Meth-
od 923.03). the pH of the samples was meas-
ured after mixing 10 g of each sample with 100 
mL deionized water (AOAc, Method 943.02) in 
a MP 225 pH meter with glass electrode (Met-
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tler-toledo GmbH, Schwerzenbach, Switzer-
land). the Micro-Kjeldahl method was applied 
to determine the percentage of nitrogen, which 
was then multiplied by factor 5.7 to obtain the 
percentage of proteins (AOAc, Method 950.36). 
the fiber content of the breads was determined 
by digesting the samples with H2SO4 and NaOH 
solutions (AOAc, Method 962.09). the total car-
bohydrate content of the breads was measured 
by difference.

HMF analyses

the HMF content of the samples was meas-
ured before and after digestion as described by 
DELGADO-ANDrADE et al. (2008). briefly, 1 g of 
powdered sample was transferred into a 10 mL 
centrifuge tube and suspended in 10 mL of 
deionized water. After shaking for 1 minute, the 
solution was clarified with 0.5 mL each of 15% 
potassium ferrocyanide (w/v) and 30% zinc ace-
tate (w/v). the mixture was centrifuged at 3500 
g for 10 minutes at 4ºc. the supernatants were 
then collected, and the same procedure was re-
peated twice more with distilled water to en-
hance the extractions. 

the determination of HMF was carried out by 
HPLc on filtered (0.45 µm) solution. the HPLc 
system used in this study consisted of a cE-
1100 pump, a cE-1100 ultraviolet- visible de-
tector (cecil instruments, cambridge, England, 
United Kingdom) with a 20 µL injection loop 
chromatograph, and a Spherisorb S5 ODS1 
(250 mm × 4.6 mm id) column (SUGELAbOr, 
Madrid, Spain). the mobile phase was a mix-
ture of acetonitrile and methanol in water (4% 
v/v and 6% v/v, respectively). the flow rate was 
adjusted on 0.8 mL/min, and the UV detector 
was set at 284 nm. HMF in different concentra-
tions, within the range of 5-100 mg/liter, was 
used for calibration.

In vitro digestion of breads

In order to determine the bioaccessibility of 
HMF from bread after digestion, the gastrointes-
tinal digestion process was performed using the 
method suggested by Delgado-Andrade (DELGA-
DO-ANDrADE et al., 2008). the model consisted 
of two serial stages: a peptic digestion, and a sub-
sequent intestinal digestion. briefly, one gram of 

each sample was diluted in 10 mL double dis-
tilled water. the pH of the mixture was adjust-
ed to 2 with HcL 6mol/liter. then, a pepsin so-
lution made with Hcl 0.1 mol/liter at a propor-
tion of 0.05 g of pepsin per gram of samples was 
added and incubated at 37ºc on a rocking plat-
form shaker for 2 h. the pH was then raised to 
6 using NaHcO3 1 mol/liter and 2.5 mL of pan-
creatic solution containing 50 mL of 0.1 mol/lit-
er NaHcO3. the final pH of the mixture was ad-
justed to 7.5 with NaHcO3 1 mol/liter. the solu-
tions were incubated for 2 h at 37ºc on a rock-
ing platform shaker. After in vitro digestion, the 
flasks were incubated in a polyethylenglycol bath 
at 100ºc for 4 minutes to inactivate the enzymes. 
they were then immediately cooled using an ice 
bath. Finally, the solutions were centrifuged at 
3,200 g for 60 minutes and were used to meas-
ure the bioaccessible HMF contents of the bread.

Statistical analysis

the statistical significance of data was tested. 
Means of physicochemical parameters and HMF 
levels of the four types of traditional breads were 
compared by one-way analysis of variance (ANO-
VA), followed by the tueky’s test. Pairwise com-
parisons were conducted before and after diges-
tion for each of the traditional breads using paired 
sample t-tests. the Pearson correlation analysis 
was applied to determine any correlation between 
physicochemical parameters and HMF content. A 
P-value of less than 0.05 was considered signifi-
cant. All data was checked for distribution. Anal-
yses were performed using SPSS software, ver-
sion 16 (SPSS, chicago, Illinois, USA).

rESULtS

the results of physicochemical analyses 
(moisture, ash, pH, carbohydrate, protein, and 
fiber) of breads including lavash, taftoon, san-
gak and barbari are shown in table 2. results 
indicated that the moisture content of breads 
ranged from (17.0 ± 3.30)% for lavash to (29.0 ± 
3.60)% for barbari. the ash content of the breads 
measured between (0.4 ± 0.03)% for barbari and 
(1.5± 0.20)% for sangak. the highest level of pH 
was 6.7± 0.05, and the lowest was 5.8 ± 0.20 be-
longing to taftoon and barbari, respectively. the 

table 1 - characteristics of flours used for different type of breads.

Variable Lavash Taftoon Sangak Barbari

Crude protein (%) 11.8 12 12 11.6
Gluten (%) 28.5 26 26.5 28.7
Ash (%) 0.8-1.1 0.8-1.1 1.1-1.5 0.7-0.8
Dough development time of dough (min) 5 4 6 3
Extensibility of dough (mm) 140 152 149 160
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table 2 - chemical properties of the selected breads.

Variable Barbari Sangak Taftoon Lavash Test results

Moisture [%] 29.0±3.60bc 28.8±2.60b 22.0±2.80a 17.0±3.30a P < 0.01
Ash [%] 0.4±0.03b  1.5±0.20c  0.6±0.20b 1.0±0.10a P < 0.01
pH [%] 5.8±0.20c 6.0±0.03b 6.7±0.05a 6.6±0.04a P < 0.01
Carbohydrate [%] 22.0±1.32c 23.3±1.00c 31.2±3.10b 37.6±5.24a P < 0.01
Protein [%] 8.2±0.50 b 8.2±0.50b 9.1±0.50a  8.4±0.20ab P < 0.05
Fiber [%] 0.3± 0.03b 0.1±0.02a 0.1±0.01a 0.1±0.01a P < 0.01

Values are expressed as mean ± SD. In each raw, mean value with different superscript letters are significantly different (P < 0.05) using ANOVA.

Fig. 2 - Hydroxymethylfurfural (HMF) contents of tested 
bread samples. black and white bars represent mean (SEM) 
of HMF before and after in vitro digestion, respectively. Dif-
ferent letters represent statistical significance using ANO-
VA, followed by the tueky’s test. A single asterisk indicates 
p less than 0.05 by paired t-test.

Fig. 1 - HPLc chromatograms of Hydroxymethylfurfural (HMF) in different bread samples before and after digestion. A-1; 
Lavash before digestive process, A-2; Lavash after digestive process.b-1; taftoon before digestive process. b-2; taftoon af-
ter digestive process. c-1; barbari before digestive process.c-2; barbari after digestive process. D-1; Sangak before digestive 
process. D-2; Sangak after digestive process.

highest and lowest amounts of total carbohy-
drates were (37.6± 5.24)% in lavash and (22.0 ± 
1.32)% in barbari. It should be mentioned that 
lavash contained more carbohydrates, but less 
moisture. barbari was significantly (p<0.05) 
higher in fiber and lower in ash, pH, and carbo-
hydrates. there were no significant differences 
in moisture or fiber content between lavash and 
taftoon. there was no statistically significant dif-
ference in the carbohydrate contents of sangak 
and barbari. Protein content was significantly 
different only between taftoon and sangak as 
well as taftoon and barbari (p<0.05).

Fig. 1 shows the HPLc chromatograms for 
the HMF before and after in vitro digestion. the 
same method and chromatographic conditions 
were applied to all the different samples. the re-
tention time was 7 minutes for the appearance 
of the peak of HMF. 

Pre- and post-digestive contents of HMF are 
represented in Fig. 2. the HMF content of san-
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gak was significantly higher than that of lavash, 
taftoon, and barbari before digestion; however, 
there was no statistically significant difference 
between the groups after digestion. A decrease 
in HMF content after the digestive process was 
observed for taftoon, sangak, and barbari (26.1, 
40.8, and 22.3%, respectively), which was sta-
tistically significant different only for sangak (p< 
0.05). the HMF content in lavash increased 1.6-
fold after digestion.

Estimated mean HMF intake from this food 
item based on the consumption of Iranian flat 
breads was 11.7 mg per person per day. Expo-
sure to this compound from lavash is the high-
est. barbari, taftoon and sangak account for the 
rest of the HMF intake (table 3).

correlation analyses between the chemical 
properties of breads and HMF content before 
the digestive process indicated that there was 
a moderate reverse relationship between the 
HMF and carbohydrate contents of the breads 
(r= -0.5, p<0.05); there was no statistically sig-
nificant correlation between the HMF content of 
the breads and protein.

DIScUSSION

this cross-sectional study was performed to 
evaluate the HMF content of Iranian flat breads, 
the bioaccessibility of HMF from breads, and to 
estimate HMF intake based on consumption of 
the breads. An in vitro gastrointestinal (GI) di-
gestive model was applied to examine the effect 
of GI tract enzymes on HMF degradation or ab-
sorption.

In the samples analyzed, the mean content of 
HMF was 48.5 mg/kg, and the range was 2.2 - 
136.2 mg/kg. this broad range of HMF content 
(2.2-87.7 mg/kg) has been observed in some food 
items such as coffee, bakery products, and bread 
(ArrIbAS-LOrENZO and MOrALES, 2010; PUrL-
IS, 2010; rAMírEZ-JIMéNEZ et al., 2000). Simi-
larly, the HMF contents found by others in ce-
real products including breakfast cereals (ru-
fián-Henares et al., 2006), pasta (resmini et al., 
1993), and cookies (AMEUr et al., 2006) were 
highly variable. It seems that elements of pro-
cessing such as temperature, duration, water ac-
tivity, and/or composition of the cereals might 
be responsible for these variations. 

the breads used in the present study were 
ones most abundantly consumed all over Iran. 
there was a significant difference in HMF con-
tent between different breads made from wheat 
flour; sangak was observed to have the high-
est HMF content, followed by barbari, lavash, 
and taftoon, respectively, before in vitro diges-
tion. this variation in HMF contents disagrees 
with some other reports. rUFIáN-HENArES et 
al. (2006) reported no differences between the 
HMF contents of breakfast cereals prepared from 
maize, wheat, and rice. these findings must be 

table 3 - Estimation of dietary exposure to HMF based on 
consumption of Iranian flat breads.

Estimated mean HMF intake  Bread intake Type of bread
 [mg/d] [g/d] 

 4.8 135.0 Lavash
 2.1 79.0 Taftoon
 2.0 21.8 Sangak
 2.8 70.9 Barbari
 11.7 306.7 Total

Intakes are expressed per person and day.

attributed to a difference in flour type or in the 
heating process used to prepare the cereals.

there was no statistically significant correla-
tion between the protein content of bread and 
HMF production in our study. this is in agree-
ment with the findings of Hidalgo et al. (HIDALGO 
and brANDOLINI, 2011a), who reported that the 
einkorn, which had a higher content of protein 
than either durum or wheat breads, had lower 
heat damage. Furthermore, rufián-Henares (rU-
FIáN-HENArES et al., 2009) found no statistical-
ly significant differences in the HMF contents of 
different toasted flours with various protein lev-
els. Our data suggests that carbohydrates might 
be more important than proteins for heat dam-
age development. It is well known that HMF, as 
a common Maillard reaction product, is formed 
through reactions between reducing sugars and 
amino acids during the heating of food. It can 
also be produced through the acid-catalysed de-
hydration of carbohydrates in which protein and 
amino acids have no role (HUSØY et al., 2008).

In the present study, we found a negative cor-
relation between the carbohydrate content of the 
breads and HMF production. rUFIáN-HENArES et 
al. found that, despite a relatively lower content 
of total reducing sugars, wheat flour had a high-
er HMF content compared to corn flour (rUFIáN-
HENArES et al., 2009). It has been reported that 
the amount of HMF of any particular food item 
appears to be related to its chemical character-
istics (rOcHA et al., 2004). Earlier studies have 
shown that yeast and enzymatic activity during 
mixing and dough leavening induce starch hy-
drolyzation and, subsequently, the formation 
of reducing carbohydrates which participate in 
the start of the Maillard reaction (AHMED OMEr, 
2012; rufián-Henares et al., 2008). therefore, 
we speculate that a variation in the degree of fer-
mentation determines substrate content for the 
Maillard reaction and caramelization and con-
tributes to HMF production along with the pro-
teic activity and physicochemical characteristics 
of the examined breads.  

In the case of HMF, a mean content of 40.4 
mg/kg was found for all the in vitro digested 
breads in soluble fraction. As expected, there 
was a reduction in the HMF content of digest-
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ed breads, and the mean of 17.0% decline was 
observed. Similarly, in recent studies, the HMF 
content showed a marked decrease in soluble 
fraction after the digestion of breakfast cere-
als (DELGADO-ANDrADE et al., 2008; rUFIáN-
HENArES and DELGADO-ANDrADE, 2009). It 
should be mentioned that this did not hold true 
for lavash. the slight but unremarkable increase 
in HMF content of the lavash samples warrants 
further study.

bread is one of the most important cereal 
products in Iranian dietary patterns, and it pro-
vides the majority of the energy requirements in 
this area. Among the various kinds of breads, 
traditional ones account for 96.1% of the coun-
try’s bread consumption (Ministry of Industry, 
Mine and trade, 2013). the estimated intake 
of HMF based on consumption of flat bread is 
a mean of 11.7 mg per person per day, which 
exceeds the threshold of concern (1600 µg per 
person per day) established by a scientific pan-
el for food additives, flavoring, processing aids, 
and material contact with food. Similarly, in a re-
cent study done in Spain, dietary intake of HMF 
from coffee was above the threshold of concern 
(8.6 mg/d). these authors investigated the di-
etary exposure to HMF from coffee, because of 
its high consumption rate compared with other 
food items in addition to the high level of HMF 
found in coffee (ArrIbAS-LOrENZO and MO-
rALES, 2010). In another study, the dietary in-
take of HMF from Norwegian foods was estimated 
on the basis of 24 h dietary recall. A maximum 
intake of 37 mg a day was observed; however, 
for most of the participants, the estimated HMF 
intake was lower than the measured total excre-
tion of 5-hydroxymethyl-2-furoic acid, a metabo-
lite of HMF, in urine. In this study, instant coffee 
had the highest HMF levels (3060 mg/kg). Oth-
er food items that contained high levels of HMF 
were prunes (237 mg/kg), dark beer (13.3 mg/
kg), canned peaches (5.8 mg/kg), and raisins (5 
mg/kg) (HUSØY et al., 2008). It should be noted 
that dried fruits, one of the main sources of HMF, 
are consumed in large amounts by the Iranian 
population. It seems reasonable that the over-
all HMF intake among Iranians would be higher 
considering all dietary items consumed in Iran. 

cONcLUSION

In conclusion, the estimated mean HMF intake 
from breads was above the threshold of concern. 
Although the in vitro digestion process caused 
a significant decline in the HMF content of the 
breads, its bioaccessibility remained higher than 
the recommended upper limit. Further studies 
are needed to reveal other sources for HMF ex-
posure with consideration given to the insoluble 
portion of the compound. Furthermore, our re-
sults warrant future studies to estimate the in 
vivo bioaccessibility and toxicodynamics of HMF.
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AbStrAct

the influence of the storage time on the levels of thermo-oxidation compounds of extra virgin 
olive oil (EVOO) during frying was evaluated. to this aim, two extra virgin olive oils (cv bosana, 
EVOO1 and cv Semidana, EVOO2) fresh and after storage, were used, for deep-frying of potatoes. 
EVOO stored for a longer time led to a significant increase of the tAGP and ox-tAG content in 
both the residual fried oils and the oil extracted from potato chips, with respect to the levels ob-
served when frying was performed with oils stored for a shorter time.
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INtrODUctION

Deep fat frying is a widely used cooking meth-
od in commercial food processing (bASEM et al., 
2010). In spite of the positive modifications oc-
curring in fried products in terms of sensory 
characteristics (golden brown color, desirable fla-
vor and texture), several physical and chemical 
changes affect the oxidative and hydrolytic deg-
radation of oils and fats when brought to high 
temperatures in the presence of air and mois-
ture (DObArGANES and MArQUEZ rUIZ, 2006; 
SEbEDIO and JUANEDA, 2006). During frying, 
the modifications that occur in oils and fats de-
pend on several factors, such as the length and 
temperature of the process, the number of cy-
cles (PEDrEScHI et al., 2008; ALADEDUNYE and 
PrZYbYLSKI, 2009; rOMANI et al., 2008, rOMA-
NI et al., 2009; SáNcHEZ-GIMENO et al., 2006), 
the product to oil ratio and the consequent de-
crease of the initial oil temperature after foods 
were immersed (FISELIEr et al., 2006; rOMANI 
et al., 2009; GÄKMEN et al., 2006) and the type 
of oil used. 

regarding the type of oil used during the fry-
ing process, numerous studies highlighted the 
convenience of extra virgin olive oil to cook and 
fry foods. In particular, PErSSON et al. (2003) 
verified frying beefburgers with extra virgin ol-
ive oil reduced the formation of heterocyclic 
amines when compared to refined olive and 
seed oils. the high resistance of extra virgin ol-
ive oil against the thermo-oxidative phenome-
na with respect to other types of oils, has also 
been highlighted elsewhere (SáNcHEZ-GIMENO 
et al., 2008; KAtrAGADDA et al., 2010). Further-
more, the type of oil used influenced the senso-
rial characteristics of the fried food. In particu-
lar, some researches highlighted the benefits of 
using oils rich in mono-unsaturated fatty ac-
ids during the frying process because oils with 
high levels of linolenic acid rapidly deteriorate 
during the process and develop rancid and fishy 
flavors (DObArGANES et al., 1993; WArNEr AND 
KNOWLtIN, 1997). 

Extra virgin olive oil, obtained from the fruit 
of the olive tree solely by mechanical or other 
physical means and that is not subjected to any 
chemical change, is not a standard quality food-
stuff, since great differences can be observed in 
the chemical parameters of different extra vir-
gin olive oils. Moreover, the oil storage time and 
conditions also significantly affect the chemical 
composition of extra virgin olive oil, with particu-
lar regards to minor components and the evolu-
tion of oxidative degradation (PSOMIADOU and 
tSIMIDOU, 2002; MOrELLÒ et al., 2004; cAPONIO 
et al., 2005; DEL cArO et al., 2006). 

the studies already carried out suggest us-
ing extra virgin olive oil for deep-frying, but no 
information is yet available, to the best of our 
knowledge, on the behavior of extra virgin olive 
oil during the frying process with regards to the 

storage time. the purpose of this investigation 
was to assess the influence of the storage time 
of extra virgin olive oils obtained from different 
cultivars on the levels of thermo-oxidation com-
pounds during the frying process.

MAtErIALS AND MEtHODS

2.1. Sampling

the experimental investigation was carried 
out on two extra virgin olive oils obtained from 
two Sardinian cultivars from the Oristano area 
(cv bosana, EVOO1 and cv Semidana, EVOO2), 
which were mechanically harvested at an opti-
mal ripeness degree and extracted with a “con-
tinuous method” that included: discrushing pro-
cedure at 1450 rpm, malaxation  at 28°c for 20 
min, oil separation through a 3-phase variable 
dynamic pressure (VDP) decanter (Alfa Laval, 
Monza, Italy), and filtration.

Immediately after extraction, the oils were 
transferred into green 250 mL glass bottles and 
hermetically sealed. twenty-four bottles of oil 
were taken from each batch, and subdivided 
into 4 lots. One lot was immediately analyzed 
and submitted to frying as described below (t0). 
the oils of the other three lots were analyzed and 
subjected to frying after 6 (t6), 12 (t12) and 18 
(t18) months of storage in the dark and at room 
temperature. two bottles were used, from each 
group, to conduct the analytical characterization 
of the oils before the frying process and four bot-
tles (1L) were used for the frying process.

2.2. Oil frying operations

A 0.5 L domestic fryer was used for frying. 
two independent frying processes, each em-
ploying 500 mL of oil, were consecutively car-
ried out on each oil. the oil was placed in the 
fryer and heated at 180°±5°c. Fresh potatoes 
cut into sticks were introduced into hot oil and 
fried for 4.5 min. A 1:4 (w/v) food-oil ratio was 
used. For each frying process, three aliquots of 
potatoes were consecutively fried, each time let-
ting the fryer reach a temperature of 180°±5°c 
before the subsequent frying procedure (about 2 
minutes). Preliminary trials showed the absence 
of significant differences in the level of the ox-
idative and hydrolytic degradation, among the 
three aliquots. So, at the end of the frying pro-
cess, the three aliquots of fried potatoes were 
grouped and immediately subjected to oil ex-
traction (yielding fried potato oil, FPo) while the 
residual frying oil (Fo) was filtered onto anhy-
drous sodium sulphate.

2.3. Oil extraction from fried potatoes

the extraction of the FPo was performed ac-
cording to the method described by tAbEE et 
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al. (2009) with slight modifications. In particu-
lar, the fried potatoes were placed in a beaker 
and a mixture of petroleum ether and diethyl 
ether (90:10, v/v) was added with a ratio sam-
ple-solvent mixture of 1:3.5 (w/v). the fried po-
tatoes were homogenized with an Ultra-turrax 
Omni Mixer 17106 (DuPont Instruments, New-
town, ct) at 24,000 rpm for 1.5 min. the ho-
mogenate was washed with 30 mL of a mixture 
of petroleum ether:diethyl ether (90:10, v/v). Af-
ter 30 min of maceration, the solvent was sep-
arated by filtration through anhydrous sodium 
sulphate and evaporated under vacuum in a ro-
tary evaporator at 40°c. 

2.4. Analytical determinations

the determinations of free fatty acids (FFA), 
peroxide values (PV), UV spectrophotomet-
ric constants and fatty acids composition were 
carried out according to the Ec regulation no. 
2568/91 (Official Journal of the European com-
munities, 1991) and subsequent amendments 
and integrations. 

the phenolic compounds were extracted, pu-
rified, and determined according to the meth-
od described in a previous paper (bAIANO et 
al., 2009), using the Folin-ciocalteau reagent 
and measuring the absorption at 750 nm. the 
results obtained were expressed as mg of gallic 
acid per kg of oil.

the concentration of total carotenoids was 
calculated by measuring absorption at 449 nm 
of 0.25 g of oil dissolved in 5 mL n-hexane; us-
ing a calibration curve (y = 0.0532x; r2 0.9986) 
previously obtained by measuring the absorp-
tion of solutions of b-carotene having a known 
concentration. For all the spectrophotometric de-
terminations a beckman UV-VIS model DU Se-
ries 60 (beckman Instruments, Inc. Fullerton, 
cA, USA) was used.

the polar compounds (Pc) were separated 
from the oils by silica gel column chromatogra-
phy according to the AOAc method no. 982.27 
(2003). After elution of the non-polar compo-
nents with 150 mL of petroleum ether-diethyl 
ether (87:13, v/v), the polar compounds were re-
covered with 150 mL of diethyl ether. the effica-
cy of separation was checked by thin layer chro-
matography as recommended by the same meth-
od. the polar compounds recovered in tetrahy-
drofuran (tHF) were then analyzed by means of 
high-performance size exclusion chromatogra-
phy (HPSEc) using tHF as eluent at a flow rate 
of 1 mL/min. the HPSEc system consisted of 
a series 200 pump (Perkin-Elmer, Norwalk, ct, 
USA) with a rheodyne injector, a 50 µL loop, a 
PL-gel guard column (Perkin-Elmer, beacons-
field, UK) of 5 cm length × 7.5 mm i.d., and a 
series of two PL-gel column (Perkin-Elmer, bea-
consfield, UK) of 30 cm length × 7.5 mm i.d. each. 
the columns were packed with highly cross-
linked styrene-divinylbenzene copolymer with 

particles of 5 µm and a pore diameter of 500 Å. 
the detector was a series 200A refractive index 
(Perkin-Elmer, Norwalk, ct, USA). Peaks on the 
chromatograms were identified and quantified 
as reported in previous papers (GOMES and cA-
PONIO, 1999; cAPONIO et al., 2003). 

2.5. Statistical analyses

All the determinations were carried out in trip-
licate. Analysis of variance (ANOVA) followed by 
a tukey HSD test for multiple comparisons were 
carried out on the experimental data with the 
XLStat Software (Addinsoft, New York, NY, USA).

rESULtS AND DIScUSSION

table 1 reports the mean values, the standard 
deviations and the results of the statistical anal-
yses of the analytical parameters determined for 
a preliminary characterization of the two extra 
virgin olive oils immediately after being extracted 
from olives (t0, fresh oils). the FFA, PV and the 
UV spectrophotometric indices of the oils were 
below the limits of the EVOO reported by the cur-
rent regulations (Official Journal of the Europe-
an Union, 2011). However, the extra virgin olive 
oil from bosana cv (EVOO1) showed higher val-
ues for all these parameters with respect to those 
observed in the oil the Semidana cv (EVOO2), 
showing significant differences with regards to 

table 1 - Mean values, standard deviations and results of 
the statistical analysis of the analytical parameters deter-
mined on the oils immediately after their extraction.

Parameters EVOO1 EVOO2 p-values

 Meanvalue SD Meanvalue SD

FFA (%) 0.57 0.06 0.48 0.06 0.064
PV (meqO2/kg) 13.7 3.2 10.9 2.9 0.254
K232 1.84 0.09 1.59 0.03 0.002
K270 0.14 0.00 0.12 0.01 0.036
∆k 0.01 0.00 0.00 0.00 < 0.001
Total carotenoids 
(mg/kg) 6.76 0.65 14.09 1.05 0.012
Total phenols 
(mg/kg) 239 10 236 6 0.972

FATTY ACID COMPOSITION (%)
C16:0 17.3 0.46 16.8 0.43 0.371
C16:1 1.1 0.02 0.9 0.16 0.287
C17:0 0.1 0.00 0.2 0.01 0.005
C17:1 0.2 0.03 0.5 0.11 0.046
C18:0 1.7 0.11 1.8 0.20 0.648
C18:1 61.3 0.68 63.0 0.45 0.097
C18:2 16.8 0.42 15.2 0.15 0.037
C18:3 0.8 0.04 0.9 0.04 0.185
C20:0 0.4 0.01 0.3 0.03 0.326
C20:1 0.4 0.03 0.4 0.05 0.247

FFA, free fatty acids; PV, peroxide value; EVOO1, extra virgin olive oil from 
Bosana cv; EVOO2, extra virgin olive oil from Semidana cv.
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the K232, K270 and ∆K. Differences between the 
extra virgin olive oils were also observed for the 
carotenoid content, with significantly higher val-
ues in EVOO2 than in EVOO1. the higher con-
tent of carotenoids in the Semidana cv than in 
the bosana cv was already found by FADDA et 
al. (2012), but with much lower values. the ca-
rotenoid content of the oil extracted from the 
bosana cv was similar to those reported in DEL 
cArO et al. (2006) for extra virgin olive oils from 
whole and de-stoned fruit. the two extra virgin 
olive oils under investigation showed similar fat-
ty acids composition and polyphenol contents. 
Moreover, as reported in table 2, EVOO1 showed 
higher values of Pc, triacylglycerol oligopoly-
mers (tAGP, products of secondary oxidation), 
oxidized triacylglycerols (ox-tAG, including hy-
droperoxides and triacylglycerols having great-
er polarity than that of unaltered ones) and di-
acylglycerols (DAG, deriving from the hydrolytic 
degradation of triacylglycerols) than EVOO2. the 
differences observed in the chemical character-
istics of the two types of extra virgin olive oils, 
were also considered as an independent varia-
ble in the statistical elaboration (type of Oil “O” 
variable). table 2 reports the mean values and 
the standard deviations of the total Pc and of 
the single Pc classes in non-fried oils (NFo), Fo 
and FPo for EVOO1 and EVOO2 at different stor-
age times. the results of the statistical analysis 
(three-way ANOVA with first order interaction) 
are reported in table 3. the frying process (F) 
and the storage time of fresh oils (T) considering 
both the oils, and the Types of oil were consid-
ered as independent variables.

the data of NFo at different storage times, 
reported in table 2, are indicative of the evolu-
tion of the oxidative and hydrolytic degradation 

table 2 - Mean percent values and the standard deviations of the total polar compounds and of the single classes constitut-
ing them of the non-fried oils (NFo), of the residual fried oils (Fo) and of the oils extracted from fried potatoes (FPo) for two 
examined extra virgin olive oils at different storage times.

Parameters Storage time

 T0 T6 T12 T18

 NFo Fo FPo NFo Fo FPo NFo Fo FPo NFo Fo FPo

TAGP EVOO1 0.03±0.01 0.40±0.07 0.27±0.02 0.03±0.00 0.42±0.06 0.28±0.06 0.06±0.01 0.42±0.05 0.30±0.05 0.06±0.01 0.56±0.05 0.43±0.07
 EVOO2 0.00±0.00 0.24±0.04 0.17±0.02 0.01±0.00 0.31±0.04 0.23±0.05 0.03±0.01 0.29±0.05 0.22±0.03 0.04±0.00 0.32±0.04 0.23±0.03
ox-TAG EVOO1 0.83±0.07 0.95±0.10 0.93±0.10 0.93±0.05 1.00±0.03 0.88±0.07 0.85±0.06 0.96±0.07 0.87±0.07 1.11±0.04 1.10±0.05 1.02±0.04
 EVOO2 0.53±0.08 0.65±0.09 0.63±0.13 0.73±0.10 1.01±0.05 0.85±0.15 0.73±0.03 0.72±0.06 0.73±0.03 0.86±0.14 0.88±0.11 0.84±0.10
DAG EVOO1 2.86±0.11 2.71±0.12 2.50±0.06 2.92±0.07 2.77±0.17 2.65±0.20 2.80±0.03 2.90±0.05 2.74±0.13 2.96±0.12 3.18±0.20 3.07±0.17
 EVOO2 2.18±0.16 1.98±0.17 2.04±0.12 2.20±0.15 2.41±0.12 2.25±0.15 2.23±0.13 2.32±0.12 2.25±0.08 2.63±0.10 2.47±0.26 2.43±0.09
FFA EVOO1 0.57±0.06 0.56±0.05 0.68±0.13 0.56±0.03 0.77±0.03 0.73±0.09 0.58±0.03 0.59±0.11 0.53±0.13 0.56±0.01 0.56±0.05 0.61±0.08
 EVOO2 0.48±0.06 0.52±0.03 0.65±0.19 0.51±0.00 0.60±0.07 0.55±0.06 0.49±0.04 0.51±0.14 0.55±0.17 0.48±0.01 0.56±0.09 0.53±0.07
PC EVOO1 4.84±0.25 5.14±0.32 4.88±0.11 4.97±0.10 5.48±0.24 4.99±0.41 4.70±0.06 5.36±0.11 4.89±0.25 5.19±0.21 5.96±0.26 5.68±0.39
 EVOO2 3.59±0.38 3.76±0.38 3.85±0.49 3.84±0.11 4.73±0.20 4.24±0.33 3.85±0.31 4.20±0.45 4.11±0.27 4.43±0.29 4.44±0.61 4.43±0.19

TAGP, triacylglycerol oligopolymers; ox-TAG, oxidized triacylglycerol; DAG, diacylglycerols; FFA, free fatty acids; PC, total polar compounds; T0, fresh extra virgin 
olive oil; T6, extra virgin olive oils stored for 6 months; T12, extra virgin olive oils stored for 12 months; T18, extra virgin olive oils stored for 18 months; EVOO1, 
extra virgin olive oil of cv Bosana; EVOO2, extra virgin olive oil of cv Semidana.

of fresh oils during storage. In particular, an in-
crease of the tAGP and ox-tAG was found dur-
ing storage with respect to fresh oil, in accord-
ance with the results of a previous research car-
ried out by bILANcIA et al. (2007). With regards 
to the hydrolytic degradation indices, the DAG 
content increased with respect to t0, whereas 
the FFA content was unchanged. During storage, 
moreover, a significant decrease in polyphenols 
and carotenoids content was observed (data not 
shown), confirming the existing literature about 
the evolution of the antioxidant compounds dur-
ing storage (cAPONIO et al., 2005; DEL cArO et 
al., 2006; bILANcIA et al., 2007; EStI et al., 2009). 

As shown in table 3, all the analytical param-
eters examined were significantly influenced by 
the frying process variable. When compared to 
the NFo, the frying process showed a signifi-
cant increase of the tAGP content in FPo and Fo 
and of the ox-tAG content, in significant extent 
only in Fo. Moreover, significantly lower values 
of tAGP and ox-tAG were found in FPo than in 
Fo, probably due to the decrease of the oil tem-
perature when the oil and potatoes come in con-
tact. the protective effect of the water addition 
during frying process on the oil quality was al-
ready reported in a previous study carried out 
by DANA et al. (2003). Moreover, DELcUrAtO-
LO et al. (2008) – when assessing the chang-
es in the oxidative state of the extra virgin olive 
oil used to bake Italian focaccias depending of 
different toppings – highlighted lower oxidative 
levels in the oil extracted from focaccias topped 
with potatoes than in those extracted from fo-
caccias topped with other ingredients character-
ized by minor water contents. Such difference 
is due to the evaporation of the water contained 
in potatoes, which had the effect of stemming a 
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table 3 - results of the statistical analysis (three-way ANOVA with first order interactions) of the total polar compounds and 
of the single classes constituting them considering the frying process (F, NFovsrFovsFPo), types of oil (O, EVOO1 vs EVOO2) 
and the storage time (T, t0 vs t6 vs t12 vs t18) as independent variables.

Parameters Variables

 p-values Frying process (F) Storage time (T) Type of oil (O)

 Model F T O F*T F*O NFo FPo Fo T0 T6 T12 T18 EVOO1 EVOO2

TAGP < 0.001 < 0.001 < 0.001 < 0.001 0.050 < 0.001 C B A C BC B A A B
ox-TAG < 0.001 < 0.001 < 0.001 < 0.001 0.043 0.391 B B A C B C A A B
DAG < 0.001 0.008 < 0.001 < 0.001 0.183 0.375 A A B C B B A A B
FFA 0.001 0.004 0.010 < 0.001 0.052 0.982 B A B AB A B B A B
PC < 0.001 < 0.001 < 0.001 < 0.001 0.454 0.242 C B A C B BC A A B

TAGP, triacylglycerol oligopolymers; ox-TAG, oxidized triacylglycerol; DAG, diacylglycerols; FFA, free fatty acids; PC, total polar compounds; F, frying process variable; T, storage time var-
iable; O, types of oil variable; NFo, non-fried oils; Fo, residual fried oils; FPo, oils extracted from fried potatoes; T0, fresh extra virgin olive oil; T6, extra virgin olive oils stored for 6 months; 
T12, extra virgin olive oils stored for 12 months; T18, extra virgin olive oils stored for 18 months; EVOO1, extra virgin olive oil from Bosanacv.; EVOO2, extra virgin olive oil from Semidana cv.

rise in the temperature of the focaccia. With re-
gards to the hydrolytic degradation, an increase 
of the FFA content with respect to the NFo was 
observed during the frying process both in FPo 
and in Fo (significantly only for the first), as al-
ready verified by other authors (tAbEE et al., 
2009; cASAL et al., 2010). the DAG content, in-
stead, decreased during the frying process, sig-
nificantly only for Fo, probably due to the ther-
mo-oxidation of DAG (ALADEDUNYE and PrZYb-
YLSKI, 2009). As a consequence of the evolution 
during frying of the single classes of compounds, 
also the Pc content significantly increased dur-
ing the process, both in FPo and Fo (table 3). 
the highest observed level of Pc, found in the 
fried oil obtained from EVOO1 and stored for 18 
months (5.96%), was much lower than the lim-
it of 25% established for frying fats and oils for 
human consumption by most current regula-
tions (FIrEStON, 2007). this confirms what was 
already reported by other authors (SáNcHEZ-

GIMENO et al., 2008; KAtrAGADDA et al., 2010) 
about the opportunity to use extra virgin olive 
oils in frying process of foods.

the storage time of the extra virgin olive oil sig-
nificantly affected the evolution of the oxidative 
degradation both in Fo and FPo. In fact, the use 
of long-term stored extra virgin olive oils in the 
frying operations determined marked increases 
of the tAGP content (significantly at t12) and 
of the ox-tAG content (significantly at t6 and 
t18) in fried oils. Moreover, for the tAGP con-
tent a significant first order interaction F*T was 
observed both for FPo and Fo (Fig. 1A and 1b). 
this indicates a different triacylglycerol polym-
erization rate during the frying process depend-
ing on the storage time of the oils used. In par-
ticular, when extra virgin olive oils stored for 18 
months were used for frying, the triacylglycer-
ol polymerization occurred with greater intensi-
ty. this is due to a higher content of tAGP and 
ox-tAG in extra virgin olive oils that are stored 

Fig. 1 - Evolution of the triacylglycerol oligopolymers (tAGP) content of two different extra virgin olive oils during the 
frying process: oils extracted from fried potatoes (A) and residual fried oils (b). (NFo, not fried oils; Fo, residual fried 
oils; FPo, oils extracted from fried potatoes; EVOO1, extra virgin olive oil from bosana cv.; EVOO2, extra virgin olive oil 
from Semidana cv.
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for 18 months with respect to those stored for 
a shorter time period (table 2) but also a low-
er carotenoid and polyphenol content (data not 
shown). Indeed, previous studies highlighted the 
pro-oxidant effect of the polar compounds and 
of the single classes of substances constituting 
them (GOMES et al., 2011), particularly when fry-
ing (SáNcHEZ-GIMENO et al., 2008; tAbEE et al., 
2009; cASAL et al., 2010) and the effectiveness 
of antioxidants such as polyphenol in reducing 
the oxidation rate in the oil (NAZ et al., 2004). 
the use of stored extra virgin olive oils when fry-
ing also led to significant increases in the DAG 
content, while the FFA content significantly de-
creased. For these parameters, the results ob-
tained for the fried oils reflected the trend ob-
served in the non-fried oils during storage. In-
deed, no significant first order interaction be-
tween the variables was observed.

considering the influence of the type of oil, 
the frying conditions here applied did not lev-
el the initial quality characteristics of the oil 
used, as the different quality of the fresh extra 
virgin olive oils was still evident after the fry-
ing process in both the residual fried oils and 
the oils extracted from the potato chips. More-
over, a significant first order interaction F*O 
was observed for the tAGP content. As shown 
in Fig. 2A and 2b, the evolution of the tria-
cylglycerol polymerization process during fry-
ing, was more evident in the oils of lower qual-
ity due to the aforesaid pro-oxidant activity of 
tAGP and ox-tAG.

cONcLUSIONS

the age of the extra virgin olive oils used for 
frying operations significantly influenced the 
formation of thermo-oxidation compounds. In 
particular, the use in the frying operations of 

Fig. 2 - Evolution of the triacylglycerol oligopolymers (tAGP) content during the frying process in oils extracted from fried po-
tatoes (A) and residual fried oils (b) with different time of storage times. (NFo, not fried oils; Fo, residual fried oils; FPo, oils
extracted from fried potatoes; t0, fresh extra virgin olive oil; t6, extra virgin olive oils stored for 6 months; t12, extra virgin 
olive oils stored for 12 months; t18, extra virgin olive oils stored for 18 months).

extra virgin olive oils stored for a longer period 
of time led to a significant increase of the tAGP 
and ox-tAG content both in the residual fried 
oils and in the ones extracted from potato chips 
with respect to the levels observed when frying 
with oils that were stored for a shorter amount 
of time. the frying conditions applied in this ex-
periment, similar to domestic frying, did not lead 
therefore to a leveling of the quality character-
istics of the used oil, since the different quali-
ty of the fresh extra virgin olive oils utilized was 
still evident after the frying process in both the 
residual fried oils and in the oils extracted from 
the potato chips. 

rEFErENcES

Aladedunye F.A. and Przybylski r. 2009. Degradation and 
nutritional quality changes of oil during frying. J. Am. 
Oil chem. Soc. 86: 149.

AOAc, 2003. In: Horwitz W. (Ed). Official methods of analy-
sis of Association of Official Analytical chemists Interna-
tional. 17th Ed. AOAc Press, Arlington, Method 982.27. 

baiano A., Gambacorta G., terracone c., Previtali M.A., La-
macchia c. and La Notte E. 2009. changes in phenolic 
content and antioxidant activity of Italian extra-virgin ol-
ive oils during storage. J. Food Sci. 74; 177.

basem M. Al-Abdullah, Malak M. Angor, Khalid M. Al-Ismail 
and radwan Y. Ajo. 2011. reducing fat uptake during 
deep-frying of minced chicken meat-balls by coating them 
with different materials, either alone or in combination. 
Ital. J. Food Sci. 23: 331. 

bilancia M.t., caponio F., Sikorska E., Pasqualone A. and 
Summo c. 2007. correlation of triacylglycerol oligopoly-
mers and oxidized triacylglycerols to quality parameters in 
extra virgin olive oil during storage. Food res. Int. 40: 855.

caponio F., bilancia M.t., Pasqualone A., Sikorska E. and 
Gomes t. 2005. Influence of the exposure to light on ex-
tra virgin olive oil quality during storage. Eur. Food res. 
technol. 221: 92.

caponio F., Gomes t. and Summo c. 2003. Assessment 
of the oxidative and hydrolytic degradation of oils used 
as liquid medium of in-oil preserved vegetables. J. Food 
Sci. 68: 147.

casal S., Malheiro r., Sendas A., Oliveira b.P.P. and Perei-



182 Ital. J. Food Sci., vol. 26 - 2014

ra J.A. 2010. Olive oil stability under deep-frying condi-
tions. Food chem. toxicol. 48: 2972.

Dana D., blumenthal M.M. and Saguy S.I. 2003. the protec-
tive role of water injection on oil quality in deep fat frying 
conditions. Eur. Food res. technol. 217: 104.

Del caro A., Vacca V., Poiana M., Fenu P. and Piga A. 2006. 
Influence of technology, storage and exposure on com-
ponents of extra virgin olive oil (Bosana cv) from whole 
and de-stoned fruits. Food chem. 98: 311.

Delcuratolo D., Gomes t., Paradiso V.M. and Nasti r. 2008. 
changes in the oxidative state of extra virgin olive oil used 
in baked Italian focaccia topped with different ingredi-
ents. Food chem. 106: 222.

Dobarganes M.c, Marques-ruiz G. and Perez-camino M.c. 
1993. thermal stability and frying performance of geneti-
cally modified sunflower seed (Helianthus annuus L.) oils. 
J. Agric. Food chem. 41: 678.

Dobarganes M.c. and Marquez-ruiz G. 2006. Formation 
and analysis of oxidized monomeric, dimeric and higher 
oligomeric triglycerides. In: “Deep Frying; chemistry: nu-
trition and practical application”. M.D. Erickson (Ed.), p. 
87. AOcS, Urbana. 

 Esti M., contini M., Moneta E. and Sinesio F. 2009. Phe-
nolics compounds and temporal perception of bitterness 
and pungency in extra-virgin olive oils: changes occur-
ring throughout storage. Food chem. 113: 1095.

Fadda c., Del caro A., Sanguinetti A.M., Urgeghe P.P., Vac-
ca V., Arca P.P. and Piga A. 2012. changes during stor-
age of quality parameters and in vitro antioxidant activi-
ty of extra virgin monovarietal oils obtained with two ex-
traction technologies. Food chem. 134: 1542.

Firestone D. 2006. regulation of frying fat and oil. In: “Deep 
Frying; chemistry: nutrition and practical application”. 
M.D. Erickson (Ed.), p. 373. AOcS, Urbana.

Fiselier K., bazzocco D., Gama-baumagartner F. and Grob 
K. 2006. Influence of the frying temperature on acryla-
mide formation in French fries. Eur. Food res. tech-
nol. 222: 414.
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AbStrAct

the aim of this research was to evaluate the development of Maillard reaction in pasta dried by 
microwaves and hot air at different processing conditions.

the Maillard reaction was more developed in samples dried by microwaves than in those treat-
ed by hot air as resulted from decrease of pH values (5.77 vs. 6.07) and increase of absorption at 
294 nm (1.67 vs. 1.57) and 420 nm (0.77 vs. 0.11). Even if no remarkable colour change in sam-
ples differently dried was observed, the highest absorbance values indicate a greater potential 
degradation of product treated by microwaves during storage. 
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INtrODUctION

Drying is one of the oldest known methods for 
food preservation with minimal damaging effect 
on quality (PHOtON et al., 2001).

Microwave technology is a relatively new 
and exciting field and the literature concern-
ing this technology is rapidly growing. It is an 
efficient way to supply energy; heat is gener-
ated directly inside the product by the friction 
of the solvent molecules upon themselves, so 
there is no external heat transfer resistance. 
this is distinctive from conventional conduc-
tive drying methods in which energy is sup-
plied, at the surface of the product, and then 
penetrates inside by thermal diffusion (LOM-
brAÑA et al., 2001).

the first researches carried out in the 70s 
have highlighted the shortness of microwaves 
drying system. In fact, MAUrEr et al. (1971) ob-
tained pasta-drying speeds 20 times greater us-
ing microwaves when compared to conventional 
drying. ALtAN and MASKAN (2005) studied the 
effect of conventional and microwave drying on 
the quality parameters of cooked and uncooked 
macaroni. Macaroni samples were dried by con-
ventional hot air or microwave alone and hot air 
followed by microwave drying methods. Micro-
wave drying (70 and 210 W) or hot air combined 
with microwave drying (70 and 210 W) result-
ed in substantial shortening of the treatment 
time, but starch was not completely gelatinized. 
GOKSU et al. (2005) studied microwave assisted 
fluidized bed drying of macaroni beads using 
a household microwave oven. they found that 
the increase in microwave power and air tem-
perature significantly reduced (at 50%) the dry-
ing time of the macaroni beads when compared 
with fluidized bed only. bErtELI and MArSAIO-
LI (2005) evaluated the efficiency of air drying 
of Penne type short cut pasta with the assis-
tance of microwave energy and observed that 
the average drying time was reduced by more 
than ten times when compared to convention-
al air drying, without negatively affecting the 
appearance of the final product. the greatest 
benefits of drying pasta products using micro-
waves are the reduction of drying time and the 
maintenance of product quality.

It is known that among the numerous reac-
tions, that take place during drying of pasta, 
Maillard reaction has a determining role for the 
quality and safety of this kind of product. In fact, 
an uncontrolled Maillard reaction reduces the 
nutritional value of wheat protein by lowering the 
level of nutritionally available lysine and caus-
ing excessive browning and off flavours. Litera-
ture relating to development of Maillard reaction 
and its effect on nutritional value and organolep-
tic quality of dried pasta through hot air at dif-
ferent moisture and temperature conditions is 
wide (FEILLEt et al., 2000). Nevertheless, studies 
about this reaction in pasta dried through mi-

crowaves are scanty. recent studies on micro-
waves dehydration on this field focused on lipid 
oxidation of filled pasta and cooking quality of 
spaghetti dried by microwaves (DE PILLI et al., 
2008, 2009). In particular, DE PILLI et al. (2008) 
found that the development of Maillard reaction 
in pasta sheets at drastic conditions protected 
lipid fraction by oxidation. A deeply investiga-
tion should be advisable on this subject since 
the highest temperature reached during micro-
waves drying treatment.

For this purpose, the aim of this research was 
to evaluate and to compare the development of 
Maillard reaction in pasta made up of durum 
wheat semolina and water, dried at different pro-
cess conditions through microwaves and hot air.

MAtErIALS AND MEtHODS

Raw material

Pasta samples were made up of durum wheat 
semolina (Divella S.p.A., rutigliano, bari, Italy) 
purchased on local market and running water. 
the chemical characteristics of semolina are the 
following: moisture % (13.60 ± 0.10), ash % (0.78 
± 0.10), protein % (12.00 ± 0.10). tap water was 
characterized by pH of 7.69 ± 0.10, hardness 
(°F) 25.10 ± 1.50, total dissolved solids dried at 
180°c 645.00 ± 38.50 mg/L and chloride con-
tent 54.60 ± 0.40 mg/L.

Moisture content, ash and protein of sem-
olina were determined according to the AAcc 
methods (2003).

Preparation of samples

Dough was manually prepared with semolina 
and water (2:1 w/w) (DE PILLI et al. 2008). the 
sheets with a thickness of 1 mm of dough were 
made using a pasta machine Imperia mod. SP 
150 (IPS, torino, Italy) with a manual thickness-
selector at six positions. Square shape (1 cm x 
1 cm) of sheet of dough was obtained using an 
inox aluminum mould (raviolamp 36 Imperia 
trading S.r.L., torino, Italy). Almost three rep-
etitions of dough were carried out for each dry-
ing processing condition.

Samples were dried using a climatic room 
binder mod. KbF 240 (tuttlingen, Germany) ac-
cording to the following processing parameters: 

- temperature range 55-91°c ± 1.0;
- dryer air flow 100 m3/h;
- drying time range 5400-78600 s.
For each drying cycle the temperature and rel-

ative humidity (80% rH) were kept constant until 
cooling started; then they were lowered to 30°c 
and 60% rH, respectively (ZWEIFEL et al., 2000).

A Sfornatutto DeLonghi mod. combi&Functions 
convenction oven (DeLonghi Italia, s.p.a., tre-
viso, Italy) with a maximum power of 850 Watt 
was used to dry samples by microwave. 
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to detect the maximum temperature 
reached in pasta dried by microwaves, gradu-
ated stripes of paper (Fig. 1) (VWr Internation-
al mod. MELb1762/MELb1763, Milan, Italy) 
sensitive to heat were put into two squares of 
pasta that were placed in different positions 
of rotating plate of microwave oven to evalu-
ate the heterogeneity of electromagnetic field 
distribution. ten repetitions of temperature 
measurement for each power percentages were 
carried out.

Moisture %

Moisture content was determined according 
to the AAcc methods (2003) placing samples in 
an oven IScO Model NSV 9090 (Italy) at 105°c 
until constant weight. this analysis was repli-
cated at least three times.

Experimental design

In this research, pasta was dried at four different 
temperatures or power percentages. the values of 
drying temperature and power percentages were 
chosen to simulate a drying treatment at low, me-
dium, high and very high temperature. the treat-
ment times were chosen so that pasta samples 
reached a moisture of 14%. the values of mois-
ture were determined through drying curves ob-
tained taking a sample at regular periods of time. 

table 1 reported experimental plan of pasta 
dried at different temperature by hot air with 
moisture content of 14% (dry basis). table 2 
showed the maximum temperature reached into 
samples during drying, the treatment times and 
the microwave power percentages expressed as 
amount of irradiation absorbed by pasta per time 
unit i.e. Watt*irradiation times (seconds)/sam-
ple amount (g).

Analyses

Pasta samples were finely grinded by a mill 
(Waring commercial mod. 38bL40, torrington, 
connecticut, USA).

the analytical indexes considered to check the 
development of Maillard reaction were: L*, a* and 
b* values; pH; absorption at the wavelengths of 
294 and 420 nm. At least three measurements 
for each sample were carried out.

Colour measurement

the colour of pasta was evaluated by a tris-
timulus colorimeter (chromameter-2 reflec-
tance, Minolta, Osaka, Japan) equipped with a 
cr 300 measuring head.

colour was expressed as L*, a* and b* calibrat-
ed to a standard white tile (L*=91.7, a*=-1.16, 
b*=1.06). L* corresponds to lightness, a* repre-

Fig. 1 - Graduated stripes of paper sensitive to heat, before 
and after thermal treatment, used to detect the maximum 
temperature reached in pasta dried by microwaves.

table 1 - Experimental plan of pasta dried at different tem-
perature by hot air with moisture content of 7% (dry basis).

Sample Drying Temperature  Treatment Time
 (°C) (s)

Low temperature (LT) 55 3600
Medium temperature (MT) 70 3300
High temperature (HT) 85 1260
Very high temperature (VHT) 91 480

table 2 - Experimental plan of pasta dried at different power percentage by microwaves with moisture content of 7% (dry basis).

Sample Power (%) Pasta Temperature (°C) Absorbed Irradiation Treatment Time (s)
   (Watt*s/g)1

Low power (LP) 45 [390 W] 110 1529 98
Medium power (MP) 50 [425 W] 127 1615 95
High power (HP) 60 [510 W] 138 1224 60
Very high power (VHP) 70 [595 W] 149 1309 55

1Watt*irradiation times (s)/sample amount (g).



186 Ital. J. Food Sci., vol. 26 - 2014

sents red (+) - green (-) and b* refers to yellow 
(+) - blue (-). ten measurements were conduct-
ed for each treatment using 5 square sheets of 
pasta per one measurement. chroma and Hue 
angle were suggested to be more practical meas-
ures of colour (McGUIrE, 1992).

Hue angle (h) was calculated as arctan b*/a* 
and chroma was determined as [(a*)2 + (b*)2]0.5.

Absorbance at 294 and 420 nm

the spectrophotometric analyses were per-
formed on 10 g of powdered pasta previous-
ly mixed with distilled water (50 mL) through a 
laboratory blender for 15 min (Warning com-
mercial, torrington, ct, USA). the homogen-
ate was centrifuged (ALc mod. 423r, Milan, It-
aly) for 10 min at 5,000 rpm and 24°c and the 
liquid phase was filtered through Whatman # 1 
paper. the absorbance values at 294 and 420 
nm were measured using a UV/Vis spectropho-
tometer (beckman DU 640, Fullerton, cA, USA).

Statistical analysis

the variance analysis (ANOVA) was carried 
out on results obtained from Maillard indexes. 
they were elaborated by software StatSoft ver. 
6.0 (Statsoft, tulsa, USA). the means of these 
results were compared by the Fisher’s test. 

Standard deviation and kinetic constants were 
calculated by Excel OFFIcE XP Microsoft cor-
poration software (USA). the kinetic constants 
were estimated taking in account the linear re-
gression of early stage of drying curves.

rESULtS

Fig. 2a shows the drying curves of samples 
dried nearly 7 % by hot air at different temper-
atures. As expected, the increase of treatment 
temperatures determined a decrease of drying 
times, which were included between 5,400 and 
78,600 s, because of increase of drying speed. 
In fact, kinetic constant values increased with 
increasing of drying temperature (table 3). Nev-
ertheless, pasta dried to 85° and 91°c did not 
involve a remarkable difference of kinetic con-
stant values (table 3).

Drying curves of samples dried by microwaves 
nearly 7% at different power percentages were 
reported in Fig. 2b. the range of treatment time 
was included between 90 and 130 s. Also in this 
case, the increase of power percentage involved 
a decrease of treatment times even if more mod-
erate than process carried out by hot air (table 
4), as evidenced by kinetic constant values that 
doubled increase during microwaves treatments 
while raised nearly six times during hot air dry-
ing (tables 3 and 4).

From the comparison of processing times re-
quired to dry samples by hot air and microwaves, 
at the highest temperature or power percentag-
es, a huge difference emerged. In fact, the time 
necessary to dry samples by hot air was 5,400 
s versus 90 s required by microwave treatment.

Fig. 2 - Drying curve of pasta dried by hot air (a) and mi-
crowaves system (b). 

table 3 - Kinetic constant values and correlation coefficients 
relating to drying curve of pasta dried at different temper-
atures by hot hair.

 Drying temperature (°C) k r

 55 -0.35 -0.94*
 70 -0.64 -1.00*
 85 -0.98 -0.94*
 91 -2.09 -1.00*

*Significant level (p-level) < 0.05.

table 4 - Kinetic constant values and correlation coefficients 
relating to drying curve of pasta dried at different power per-
centages by microwaves.

 Power (%) k r

 45 [390 W] -0.20 -0.98*
 50 [425 W] -0.17 -0.98*
 60 [510 W] -0.32 -0.98*
 70 [595 W] -0.35 -0.99*

*Significant level (p-level) < 0.05
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Fig. 3 - colour attributes of pasta dried at different intensity of thermal treatments by hot air (a) and microwaves (b).

table 5 - Variance analysis of Maillard reaction index results obtained for samples dried by hot air (ha) and microwave (m).

Maillard reaction Effect Sum square Degree of freedom Mean square F P
indexes

L* Intercept 173930.8 1 173930.8 36154.35 0.01*
 Intensity of drying treatment 24.3 3 8.1 1.68 0.21a

 Type of drying system 18.0 5 3.6 0.75 0.60a

 Error 72.2 15 4.8

Hue angle Intercept 233570.8 1 233570.8 145147.6 0.01*
 Intensity of drying treatment 6.7 3 2.2 1.4 0.28a

 Type of drying system 35.0 5 7.0 4.4 0.01*
 Error 24.1 15 1.6  

Chrome Intercept 10788.75 1 10788.75 22783.96 0.01*
 Intensity of drying treatment 3.28 3 1.09 2.31 0.12a

 Type of drying system 18.91 5 3.78 7.99 0.01*
 Error 7.10 15 0.47  

pH Intercept 842.78 1 842.78 103110.0 0.01*
 Intensity of drying treatment 0.02 3 0.01 0.9 0.48a

 Type of drying system 0.64 5 0.13 15.7 0.01*
 Error 0.12 15 0.01  

Absorbance Intercept 60.95 1 60.95 14907.47 0.01*
294 nm Intensity of drying treatment 0.02 3 0.01 1.34 0.30a

 Type of drying system 0.10 5 0.02 4.94 0.01*
 Error 0.06 15 0.00  

Absorbance Intercept 4.69 1 4.69 44.15 0.01*
420 nm Intensity of drying treatment 1.37 3 0.46 4.28 0.02*
 Type of drying system 2.59 5 0.52 4.88 0.01*
 Error 1.59 15 0.11  

aNot significant differences level < 95%;
*Significant differences at 95% level.

Pasta colour is an essential factor in assess-
ing pasta quality, in particular, during drying 
processing. Figs. 3a and 3b show the colour pa-
rameters of pasta samples dried by hot and mi-
crowaves as a function of drying temperature or 
power percentages. the ANOVA’s results showed 
that values of L* did not change significantly as 
a function of type and intensity of drying treat-

ments (table 5). Yet, hue angle and chroma val-
ues resulted significantly different as a func-
tion of drying system type (table 5). In particu-
lar, samples dried by microwaves showed val-
ues of hue angle higher than pasta dried by hot 
air while chroma results showed an opposite be-
haviour (Figs. 3a and 3b). 

It is important to remember that hue angle 
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represents the full spectrum of colour and exists 
from 0° to 360°. If a* is negative and b* is posi-
tive, the colour is a combination of green and yel-
low, the hue angle value will be between 90° and 
180° (YANcEY and KrOPF, 2008). Moreover, high 
values of hue angle involved a decrease of yel-
low as regards to green component. Also, chro-
ma is an index of purity of colour, then low val-
ues of this index means a loss of pure red col-
our and, consequently, a degradation of carote-
noid pigments (WIrIYA et al., 2009). It is possible 
to assume a degradation of carotenoid in pas-
ta dried by microwaves. FrAtIANNI et al. (2010) 
monitored the degradation of carotenoids in 
orange juice during microwave heating at dif-
ferent time/temperature conditions. they ob-
served that compounds with provitamin A activ-
ity (β-carotene, α-carotene and β-cryptoxanthin) 
and lutein were unstable at higher temperatures 
(>75°c). In our research, pasta dried by micro-
waves reached temperature ≥ 110°c (table 2) 
while samples dried by hot air reached a maxi-
mum temperature of 91°c. the highest temper-
atures reached in pasta dried by microwaves, for 

Fig. 4 - pH values of samples dried at different intensity of 
thermal treatments by hot air and microwaves (a), absorb-
ance values at 294 nm (b) and at 420 nm (c) of samples 
dried at different intensity of thermal treatments by hot air 
and microwaves.

each considered power percentage, probably fa-
voured a degradation of carotenoids (high values 
of hue angle and low values of chroma) causing 
a loss of quality and nutritional characteristics 
of dried pasta by microwaves compared to sam-
ples dried by hot air (Fig. 3b).

results of colour parameters seem to indi-
cate that Maillard reaction did not occur during 
drying processing for both types of treatments. 
In fact, samples did not showed a decrease of 
L* and hue angle values and an increasing of 
chroma, as expected when the Maillard reaction 
takes place (cAPUANO et al., 2009).

According to colour results, pH values did not 
show a significant difference between samples 
dried at different temperatures or power percent-
ages (Fig. 4a and table 5), while a significant dif-
ference was observed between samples dried by 
hot air and microwaves (table 5). In particular, 
pasta dried by microwaves involved values of pH 
lower than samples dried by hot air for all con-
sidered processing conditions (Fig. 4a). the pH 
value is a good index of Maillard reaction. MO-
rALES and JIMENEZ-PErEZ (2001), brANDS and 
VAN bOEKEL (2002) and bENJAKUL et al. (2005) 
found that, during the Maillard reaction, the 
pH frequently decreases as the heating time in-
creases because of the formation of organic ac-
ids, such as formic and acetic acid. OGUrA et al. 
(2000) reported that formation of the acid form 
of glycine, or glycyl-glycine, was due to the low-
ering of pH, which occurred, because oxygen 
evolution occurs in further positive polarisation. 
HUbEr and WÄcHtErSHÄUSEr (1998) reported 
that the lowering of pH can be explained by the 
formation of acids from cO during the heating 
process of peptides. In addition, some authors 
have reported that, during the reaction of pep-
tides with carbonyl compounds, peptide bond 
breaking occurs through an anionic reaction 
(cHUYEN et al., 1973). However, the concentra-
tion of the anionic form is not a limiting factor 
(rEYNOLS, 1969) for pH values above the isoe-
lectric point of the amino compound (5.57 for 
glycine, 5.59 for diglycine and 5.58 for trigly-
cine). besides, it is expected that the molecule 
size could play a role in the smaller reactivity of 
peptides as compared to glycine (bUErA et al., 
1987). For this reason, the pH values of pasta 
samples dried through both systems showed a 
slight change in pH values (5.72-6.09).

Absorbance results at 294 nm did not show a 
significant difference between samples dried at 
different processing conditions for both drying 
system, while a significant difference between 
pasta dried by hot air and microwaves was ob-
served (Fig. 4b and table 5). In particular, pasta 
dried by microwaves showed values of absorb-
ance at 294 nm greater than sample dried by hot 
air (Fig. 4b). these results suggested the forma-
tion of uncoloured compounds, which could be 
the precursors of the Maillard reaction (AJAN-
DOUZ et al., 2001).
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Higher values of absorbance at 420 nm for 
samples dried by microwaves compared to sam-
ples treated by hot air were observed (Fig. 4c). 
Moreover, an increase of absorbance with in-
creasing of treatment intensity was observed for 
samples dried by microwaves (Fig. 4c). In fact, 
ANOVA of absorbance at 420 nm results showed 
a significant effect of type and intensity of used 
drying system (table 5). Nevertheless, the short 
treatment times of microwaves drying did not in-
volve a remarkable development of Maillard re-
action as deeply to modify the colour character-
istics of pasta measured by colorimeter. 

cONcLUSION

In the considered processing conditions, de-
spite short treatment time, Maillard reaction de-
veloped in samples dried by microwaves more 
then pasta dried by hot air. Nevertheless, the 
intensity of Maillard reaction did not involve a 
change in colour characteristics of pasta even 
if a loss of colour saturation was observed. this 
could be due to degradation of carotenoids, 
which could involve a loss of nutritional values. 
Moreover, the highest absorbance values indi-
cate a greater potential degradation of product 
treated by microwaves during storage. For this 
reason, it is very important monitoring temper-
ature inside product during drying processing 
when a microwaves system was used. A possible 
prosecution of this research could be related to 
the study of the development of Maillard reaction 
during shelf-life of pasta dried by microwaves.
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AbStrAct

to satisfy consumer demand for riper fruits, a system for field packing stone fruits was set up 
based on an experimental electrical traction platform. tree-ripened peaches and nectarines were 
sorted and field packed in plastic clamshell containers and delivered directly to retail outlets. 
Productivity and fruit characteristics such as size, flesh firmness and soluble solids concentra-
tion were evaluated. While the observed working capacity was comparable to that of convention-
al harvesting  systems, the fruit characteristics (size and flesh firmness) did not always meet the 
required consumer-oriented higher quality standards.
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INtrODUctION

In a standard supply chain, after harvesting, 
fresh fruits are transported to packing houses 
where they are sorted, packed and sometimes 
refrigerated before marketing (SHEWFELt and 
PrUSSIA, 2009). the sorting and packing pro-
cesses are usually performed automatically by 
machines which play a major role in the occur-
rence of skin damage and product down-grad-
ing (rAGNI and bErArDINELLI, 2001). Accord-
ing to the European commission regulation 
(Ec, 1221/2008) on marketing standards, there 
should be no mechanical injuries with the possi-
ble consequent degenerative processes on fresh 
fruits belonging to the “extra” categories (toler-
ance of 10%). 

these quality standards are met by harvest-
ing at an early stage of maturity as higher values 
of flesh firmness reduce the probability of dam-
age (bErArDINELLI et al., 2006), but this prac-
tice precludes the achievement of ideal ripeness 
(rObErtSON et al., 1992).

 the determination of stone fruit maturity de-
pends on the combination of parameters such 
as ground color, firmness and size (crISOStO, 
1994). Fruit flesh firmness and soluble solids 
concentration (SSc) are the main indices relat-
ed to quality as perceived by the consumer. the 
SSc at the same acidity level, is related to the 
perception of fruit sweetness intensity; values 
higher than 9.5% identify peaches with an ac-
ceptable taste for quality fruit production (ALA-
VOINE et al., 1988). Flesh firmness is one of the 
best indicators of ripeness and a predictor of 
shelf life (crISOStO, 1994). Even if it is not possi-
ble to define universally accepted values of flesh 
firmness which identify the fruit maturity level, 
crISOStO (2002) reported that fruit are consid-
ered “ready to buy” at 26.5-35.3 N and “ready 
to eat” at 8.8-13.2 N and DI MIcELI et al. (2010) 
indicated that values higher than 53.9 N always 
resulted in unacceptable fruit. However, when 
the product has little handling or is sorted and 
packed directly in the field the reference range 
that provides improved organoleptic characteris-
tics can reach lower values of firmness (crISOS-
tO and VALErO, 2008).

Several researches have shown that the inten-
sity and gradation of skin color, fruit size, togeth-
er with eating quality (flavor, taste and texture), 
influence consumer acceptance and therefore 
sales (brUHN, 1991a, b; HArKEr, 2001; GArIt-
tA et al., 2008) and that very often flavor compo-
nents never reach levels that can provide an ac-
ceptable or good flavor (bASSI and SELLI, 1990; 
crISOStO et al., 2001). More generally consum-
er dissatisfaction is mainly related to the lack of 
ripeness (HErrErO-LANGrEO et al., 2012) and 
especially to flesh hardness and lack of flavor 
(crISOStO et al., 2006; IGLESIAS and EcHEVEr-
ríA, 2009). this dissatisfaction is reflected di-
rectly on consumption. For example, cLArEtON 

(2000) reports that as many as 80% of consum-
ers in France are dissatisfied with peach qual-
ity. the reduction in peach consumption ob-
served in Italy in recent years was also mostly 
attributed to the low product quality which was 
not appreciated by consumers because harvest-
ed when unripe or characterized by a heteroge-
neous maturity level (DELLA cArA, 2005). the 
quality of peaches can be improved if the fruits 
are harvested at a later stage of physiological 
maturity. In fact, early harvesting compromis-
es quality and disappoints consumer expecta-
tions since peach flavors are only produced on 
the plant at the advanced maturity stage (rOb-
ErtSON et al., 1992). consumer demand for a 
ripe product contrasts with the current meth-
ods of harvesting in big containers such as field 
bins or crates, which are not suitable for tree-
ripened fruits that are to be delivered directly 
to retail outlets.

to improve the organoleptic quality of fresh 
fruits and consumer satisfaction some post-
harvest processes such as sorting and packing 
could be done directly in the field during the 
harvest, which would allow more mature fruit to 
be picked. It is evident that this “freshly picked 
fruit” product has a limited shelf life, requires 
specific packaging and should be delivered di-
rectly to retail outlets through a suitable sup-
ply chain. Field packing systems for vegetables 
and fruits are gaining importance mainly due to 
the lower cost compared to packinghouse facil-
ities and fewer injuries to the product because 
of reduced handling (KADEr, 2002; crISOS-
tO and VALErO, 2008). Few studies have con-
sidered the efficiency of field packing systems 
of fruits in terms of consumer-oriented qual-
ity improvement. A type of fruit called “tree 
ripe” was evaluated on the U.S. market that 
are usually harvested when more mature and 
packed on small, labor intensive hand packing 
lines, because they cannot withstand the rig-
ors of typical commercial packing lines (MItcH-
ELL et al., 1989). 

SHEWFELt et al. (1989) verified that harvest-
ing of more mature peaches with packing in the 
orchard results in a quality superior to pack-
inghouse peaches even if losses for field packed 
peaches were higher than packinghouse fruits, 
probably due to a lack of careful grading by the 
pickers in the orchard. However, the authors 
do not describe the field packing method con-
sidered. 

In many typical areas for the production of 
stone fruits in Italy, it has become customary to 
set up the harvester for the housing of single-lay-
er wooden boxes to field pack fruits and obtain 
more mature produce that is easy to sell. Pre-
liminary economic analysis were carried out to 
evaluate the efficiency of these harvesting sys-
tems (VANNINI, 1999). Studies have also shown 
that high-quality stone fruits may obtain higher 
prices than lower quality fruits harvested beyond 
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the minimum maturity stage (brUHN, 1991a; 
JOrDAN et al., 1990; PArKEr et al., 1990).

based on the concept of providing the con-
sumer with optimum quality, the Growers co-
operative terremerse (ravenna, Italy) and a 
large-scale retail trade company coop Italia 
(bologna, Italy), as part of the project  “Appe-
na colta” (freshly picked), involved some lo-
cal farms in marketing fruits with a high lev-
el of ripeness. Firmness values in the range 
14.7-34.3 N were considered suitable for stone 
fruits for immediate consumption without fur-
ther handling (MAZZINI et al., 2007). In collab-
oration with the cooperative terremerse, this 
paper assesses a system for harvesting stone 
fruits with a high level of ripeness using an 
experimental electrical traction platform set 
up for field harvesting, sorting and packing 
peaches and nectarines.

MAtErIALS AND MEtHODS

the harvesting, sorting and packing opera-
tions were carried out by a self propelled exper-
imental field packing system. the vehicle was a 
platform with electrical traction constituted by 
two components (Fig. 1). the first was a self-
propelled working platform manually operat-
ed by a shaft. Manual sorting and packing were 
done on this component. these operations were 
performed by two pickers, one on either side of 
the platform, who separately picked, sorted and 
packed according to three size classes: AAA (80 
and over but under 90 mm), AA (73 and over but 
under 80 mm) and A (67 and over but under 73 
mm) (Ec, 1221/2008). the second component 
was a farm cart used to transport the empty 
packaging and the packaged product.

the field testing was conducted on a farm in 
the province of ravenna, northeast Italy, consid-
ering two cultivars of Prunus persica (L.), batsch 

rome Star (peach) and Sweet red (nectarine), 
and two growers highly experienced in the selec-
tion of freshly picked fruits. both orchards were 
4 years old, trained to delayed vase, and planted 
with a distance of 5.5 m between rows and 3.5 
m between trees on a row. the agronomic man-
agement of the orchards was aimed at obtain-
ing fruits with a high level of flavor. In particu-
lar, the nitrogen fertilization and pruning were 
done before the fruit stone hardening and when 
fruits were 8-10 mm in diameter, respectively. 
these were followed by green pruning.

the picking, sorting and packing processes 
were conducted with the vehicle in stationary 
mode by two pickers who assessed the matu-
rity level on the basis of their experience. the 
pickers worked in the inter-row area on ei-
ther side of the platform. After picking, they 
placed the fruits on a side support attached to 
the packaging area by a revolving arm. After 
reaching a weight of 2-3 kg (about 25 peach-
es), the fruits were sorted using a fixed me-
tallic sizer and packed in different clamshell 
plastic containers (jardipack®, Groupe Guil-
lin, Ornans, France) according to size class 
(Fig. 2). the boxes, containing 4 fruits each, 
were then placed in collapsible crates (0.60 x 
0.37 m, cPr System, bologna, Italy) (6 boxes 
per crate). the tasks that completed the field 
operations involved placing the empty pack-
aging and the packaged product on the sec-
ond component of the vehicle, then transfer-
ring the crates onto an open lorry.

to assess the productivity of the field harvest-
ing, handling and packing processes, the follow-
ing working parameters were measured: 
time(s) required for vehicle relocation;
time(s) required for fruit picking and basket fill-
ing;
time(s) required for fruit sorting;
time(s) required for fruit packaging;
time(s) required for transferring crates from the 
second component onto the open lorry;
global working time(s), including the time required 

Fig. 1 - Platform for sorting, harvesting and packing fruits. 
1, self-moving working platform; 2, farm cart for transport.

Fig. 2 - Sorting and packaging operations.
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for placing the empty packaging on the platform;
mass (g) of the total harvested product.

Work quality assessment was conducted con-
sidering both cultivars, two pickers and three 
size classes (A, AA, AAA), the mass (g) and di-
ameter (mm) were measured on samples of 12 
randomly selected fruits. the flesh firmness (N) 
was determined using a fruit texture analyzer 
(Guss Manufacturing Ltd., Strand, South Africa) 
and soluble solids concentration SSc (%) was as-
sessed using a digital refractometer (Atago, Mod-
el Pr 101). the mean value of two measurements 
conducted on two different peeled sides of the 
same fruit was considered. Data were statisti-
cally analyzed using SPSS software (SPSS 13.0 
for Windows, IbM SPSS Statistics). Statistical 
differences between means were tested by Anal-
ysis of Variance (ANOVA) according to tukey’s 
HSD (P<0.05). Levene’s test (P<0.05) was used 
to test the homogeneity of variances. 

rESULtS AND DIScUSSION

Working capacity

Sorting and packing phases required more 
time (52.2%) than that necessary for fruit pick-
ing and basket filling (35.8%). On the whole, the 
main operations (fruit picking, basket filling, 
sorting and packaging) required 88% of the total 
working time. the remaining 12% was equally 
distributed between the complementary process-
es: vehicle relocation (3.3%), packaging transfer 
(4.2%), other times (4.4%).

A mean working capacity of 87.8 kg×h-1 (396.5 

fruits×h-1) and 82.1 kg×h-1 (393.2 fruits×h-1) was 
observed for rome Star and Sweet red cultivars, 
respectively.

Quality parameters

Average values, standard deviations, min and 
max values calculated for the mass (g) and di-
ameter (mm) of the sampled fruits together with 
the percentage of fruits belonging to each class 
are summarized in table 1. Most packed fruits 
were in size class AA (54% for “rome Star” and 
47% for “Sweet red”), while classes A (17%) and 
AAA (9%) were the least represented for rome 
Star and Sweet red cultivars respectively. the 
correspondence between the effective diameter 
of packed fruit and that indicated on the pack-
aging is shown in table 2. For the size classes 
A and AA, about 10% of fruits differed in size 
from that indicated on the packaging, apart 
from “rome Star” class A (19%). For size class 
AAA, the correspondence between the declared 
and effective classification was very low: 52% of 
“rome Star” and 56% of “Sweet red” fruits were 
erroneously packed. the pickers were inclined 
to overestimate the fruit size and wrongly pack 
more than 50% of fruits in class AAA when in 
fact they corresponded to class AA. In size class 
AAA about 52% of fruits of both cultivars had a 
smaller diameter (3 mm less) than that indicat-
ed. However, according to the European regu-
lation (1221/2008/Ec), a maximum of 10% of 
fruits with a diameter less than that declared 
meets the criteria of tolerance. Analyzing the 
fruit size distribution within the same cultivar, 
picker and size class (table 3), no significant dif-

table 1 - Peach cultivar size attributes (mass and diameter) and percentage of fruits in each box size class.

Cultivar Size class Mass (g) Diameter (mm) N° of fruits  
    (%)
  X SD Min Max X SD Min Max

Rome Star A 180 16 154 240 71 2 66 79 17
 AA 217 15 190 254 76 2 68 80 54
 AAA 261 17 232 312 80 2 77 86 29
Sweet Red A 182 13 154 206 69 2 66 72 47
 AA 225 13 196 250 75 2 72 78 44
 AAA 276 20 240 330 80 2 75 87 9 

table 2 - Percentage of fruits corresponding to the size class declared on the packaging.

Declared size Cultivar A AA AAA

  Picker 1 Picker 2 Total Picker 1 Picker 2 Total Picker 1 Picker 2 Total

Corresponding Rome Star 75 88 81 100 83 92 50 46 48
 Sweet Red 88 92 90 96 83 90 33 54 44
Overestimated Rome Star 8 4 6 0 17 8 50 54 52
 Sweet Red 13 8 10 4 17 10 67 46 56
Underestimated Rome Star 17 8 13 0 0 0 0 0 0
 Sweet Red 0 0 0 0 0 0 0 0 0
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ferences were observed apart from “rome Star” 
class A. In this case, picker no.1 selected fruits 
with a significantly larger diameter. 

Average values of fruit flesh firmness and solu-
ble solids concentration are given in tables 4 and 
5. In general, “rome Star” packed fruits showed 
significantly higher mean values in terms of 
flesh firmness (N) than the Sweet red cultivar 
apart from class A. On the contrary, in terms 
of SSc (%), highest mean values were observed 
for “Sweet red” packed fruits. For flesh firmness 
the range of variation appeared especially wide 
for class A (7.6-78.7 N for “rome Star” and 8.3-
71.8 N for “Sweet red”). A lower range of vari-

ation was measured for class AAA (15.5 - 65.8 
N for “rome Star” and 6.4 - 40.6 N for “Sweet 
red”). A wide range of variation was also meas-
ured for the soluble solids concentration, espe-
cially for “rome Star” class A (9.1-14.7).

the percentages of fruits within flesh firm-
ness and soluble solids concentration classes 
are shown in tables 6 and 7 respectively. For the 
flesh firmness 13% of “rome Star” and 25% of 
“Sweet red” fruits showed values corresponding 
to the recommended range (14.7-34.3 N). Most 
“rome Star” packed fruits showed flesh firm-
ness in the 34.3-53.9 N and 53.9-73.6 N class-
es and 7% of the packed product was overripe. 

table 3 - Fruit diameter (mm) by picker within different size classes.

Cultivar Picker A AA AAA

  X SD Min Max X SD Min Max X SD Min Max

Rome Star 1 71.4 a 2.6 66.8 78.8 76.0 a 1.5 73.5 78.7 80.4 a 2.0 77.7 85.7
 2 69.9 b 1.9 66.1 74.3 75.5 a 2.7 68.3 80.0 80.2 a 2.0 77.0 83.5
Sweet Red 1 69.2 a 1.5 66.0 71.5 74.3 a 1.3 72.5 77.0 79.6 a 2.2 74.5 84.0
 2 69.2 a 1.8 65.5 72.0 74.9 a 1.9 71.5 78.0 80.0 a 2.7 75.5 87.0

Different letters indicate significant differences within the same cultivar and size class according to Tukey’s HSD, P<0.05.

table 4 - Flesh firmness (N) within different size classes.

Cultivar  A AA AAA

  X SD Min Max X SD Min Max X SD Min Max

Rome Star  48.5 a 18.3 6.0 78.7 51.1 a 19.0 8.5 80.8 44.8 a 16.5 11.3 65.8
Sweet Red  43.7 a 18.3 8.3 71.8 34.0 b 14.2 4.8 51.3 18.1 b 11.0 4.5 40.6

Different letters indicate significant differences between cultivars according to Tukey’s HSD, P<0.05.

table 5 - Soluble solids concentration (%) within different size classes.

Cultivar  A AA AAA

  X SD Min Max X SD Min Max X SD Min Max

Rome Star  11.6 a 1.4 9.1 14.7 11.4 a 1.1 9.1 13.4 12.4 a 1.1 9.6 14.2
Sweet Red  13.3 b 1.0 11.4 14.9 13.6 b 0.8 12.1 15.2 14.0 b 0.8 12.4 15.5

Different letters indicate significant differences between cultivars according to Tukey’s HSD, P<0.05.

table 6 - Percentage of fruits within flesh firmness classes.

Cultivar Size class Flesh firmness classes (N)

  0-14.7 14.7-34.3 34.3-53.9 53.9-73.6 >73.6

Rome Star A 8 8 46 33 4
 AA 8 8 29 46 8
 AAA 4 21 38 38 0
 Total 7 13 38 39 4
Sweet Red A 13 13 42 33 0
 AA 17 25 58 0 0
 AAA 50 38 13 0 0
 Total 26 25 38 11 0
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For “Sweet red” fruits, the 34.3-53.9 N class was 
over represented (38%) while 26% of the prod-
uct was overripe.  

For the soluble solids concentration, about 68% 
of the “rome Star” cultivar fruits showed values 
higher than 11% and overall, the data showed a 
higher level of SSc related to the fruits of larger di-
ameter.  In fact, about 87.5% of the fruits in class 
AAA had an SSc higher than 11%. the percentage 
of fruits (7%) with values of SSc lower than 10% 
is in any case not negligible. For Sweet red culti-
var, no fruits had an SSc lower than 11% (class A) 
and 12% (classes AA and AAA) while 80% of fruit 
in classes AA and AAA had an SSc>13%. 

Significant differences emerged between mean 
values calculated for the two pickers in terms 
of flesh firmness and SSc, apart from the flesh 
firmness for Sweet red cultivar (table 8).

cONcLUSIONS

the retail trade is paying increased attention 
to providing fruits of high quality to satisfy the 
consumer demand, especially in terms of a high-
er level of ripeness that is the primary criteri-
on for the selection of fresh fruits by consum-
ers (NIcHOLS, 1993). the proposed system of 
field packing allows fruit handling and the time 
between harvesting and consumption to be re-
duced and is thus suitable for highly perisha-
ble tree-ripened fruits. 

the average harvesting rates of 76.2 and 88.6 

table 7 - Percentage of fruits within soluble solids concen-
tration classes.

Cultivar Size class Soluble solids 
  concentration classes (%)

  <10 10-11 11-12 12-13 >13

Rome Star A 13 25 29 17 17
 AA 5 40 35 10 10
 AAA 4 8 25 38 25
 Total 7 24 30 21 17
Sweet Red A 0 0 17 25 58
 AA 0 0 0 17 83
 AAA 0 0 0 8 92
 Total 0 0 6 17 78

kg×h-1 per picker are comparable to those report-
ed in literature for fruit harvest-aid (rEID, 1976; 
VANNINI, 1999).

With regard to the ability of the pickers to cor-
rectly identify the fruit size and place them in 
clamshell boxes with the right diameter class, the 
results are not satisfactory and the correspond-
ence between the declared and effective classifica-
tion decreased passing from the first two classes 
(A and AA) to the third (AAA). In fact the pickers, 
even if skilled, were inclined to overestimate the 
fruit size, assigning a high percentage (> 50%) to 
the larger size class AAA, even if the mistake in-
volved mainly fruits (52%) that were only 1 mm 
smaller than the minimum diameter of the class.

In terms of flesh firmness, harvested fruits did 
not show the required maturity characteristics. In 
fact, only 12% of “rome Star” and 25% of “Sweet 
red” packed fruits can be considered suitable for 
distribution as “freshly picked fruit”. this is relat-
ed to the fact that the maturity stage was assessed 
by a visual observation of the fruit color. these op-
erations are undoubtedly subjective and depend 
on the experience and sensitivity of the picker 
(SLAUGHtEr et al., 2006). Furthermore, during 
the sorting process, the pickers also have to check 
for a wide range of potential defects making this 
a challenging inspection task (StUDMAN, 1998). 

Since the evaluation of fruit ripeness based 
on skin background color has proved to be in-
adequate the field packing system should in-
clude rapid and non-destructive methods on 
the harvesting platform for an objective assess-
ment of size and quality parameters (VALErO et 
al., 2007). Examples of well-known techniques 
are those based on computer vision for the fruit 
size (LI et al., 2011; MOrEDA et al., 2009) and 
VIS-NIr (visible-near infrared) spectroscopy for 
the internal quality parameters (bErArDINELLI 
et al., 2010; SLAUGHtEr, 1995; ZErbINI et al., 
2006; ZIOSI et al., 2008). 

Given that the manual sorting required a lot of 
time (23% of the total), the application on the har-
vesting  platform of these evaluation systems of 
fruit size and ripeness could reduce sorting times 
and, at the same time, improve the quality of the 
packed product. In any case the field packing sys-
tem has been shown to be lacking an expert crew 
leader to continuously monitor the orchard, de-

table 8 - Average values of fruit flesh firmness and soluble solids concentration for the two pickers.

Cultivar Picker Flesh firmness (N) Soluble solids concentration (%)

  X SD Min Max X SD Min Max

Rome Star 1 42.6 a 16.3 7.8 69.6 11.5 a 1.1 9.1 14.2
 2 53.7 b 18.2 5.9 80.4 12.1 b 1.4 9.1 14.7
Sweet Red 1 30.0 a 16.0 6.5 54.5 14.0 a 0.78 12.1 15.5
 2 33.8 a 20.0 4.5 71.8 13.3 b 0.98 11.4 15.2

Different letters indicate significant differences between pickers and within the same cultivar and parameter according to Tukey’s HSD, P<0.05. 
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termine the optimum harvest maturity stage and 
oversee the sorting and packing by the field work-
ers. the expert should be considered essential and 
integral to the field packing process (crISOStO 
and VALErO, 2008) and should be a skilled tech-
nician with a decision-making role who could be 
provided by the growers cooperative that acquires 
the fruits. So, with the integration of the proposed 
automated measurement systems, the supervision 
of an expert and eventually a penalty on the price 
paid to the producers who do not meet the qual-
ity standards, the system could be a good solu-
tion for field packing freshly picked peach fruits. 
Finally, given that the system could convey part of 
the valued added directly to the growers, the high-
er costs incurred for the improved sorting process 
may be balanced by increased revenue compared 
to that from traditional fruits.
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AbStrAct

the volatile organic compounds (VOcs) in bitto cheese were identified using dynamic head-
space extraction and Gc-MS techniques to ascertain the variability of VOc patterns in cheeses 
manufactured during transhumance in 2010 and 2011 (n=10 per year). thirty-eight of the fifty-
four VOcs identified in bitto cheeses that had been ripened for 70 days were considered, and the 
most abundant identified compounds were 2-butanol, ethanol, 2-butanone, and butanoic acid. 
According to ANOVA, only ten compounds differentiated the cheeses according to their produc-
tion year, thus accounting for a slight variability in the profile of the VOcs in bitto cheeses pro-
duced under the same animal-milk-cheese chain.
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INtrODUctION

bitto cheese is one of the most well-known 
Italian mountain cheeses, which has Protect-
ed Designation of Origin (PDO) status under 
the EU commission (cOMMISSION rEGULAtION, 
1996). bitto cheese is manufactured in the Al-
pine area of Valtellina using raw whole milk from 
cows who graze pastures during summer tran-
shumance, namely from June 1st until Septem-
ber 30th. After milk coagulation with calf rennet, 
the curd is cut to the size of rice grains, heat-
ed up to 48°-52°c and transferred from the vat 
into moulds that give the cheese its characteris-
tic concave shape. After salting, the cheese un-
dergoes a ripening period, which begins in ru-
ral small huts near the pasture and is complet-
ed in cellars in the valley for at least 70 days. 
As of 2012, approximately 70 factories manufac-
tured bitto cheese, resulting in an average pro-
duction of 20000 wheels per year (cLAL ItALIAN 
DAIrY EcONOMIc cONSULtING, 2012).

Some mountain cheeses are not easily iden-
tifiable by their chemical characteristics. In-
deed, the cumulated effects of herd manage-
ment, cheese making practices and environmen-
tal conditions contribute to the variability of the 
characteristics of mountain cheeses produced 
from raw milk. this variability is somehow per-
ceived as an added value for mountain cheeses. 
Nonetheless, the lack of reference composition-
al data concerning specific minor components, 
which can be peculiar to these cheeses, makes 
these products more difficult to be analytically 
differentiated from non-mountain cheeses. Vol-
atile organic compounds (VOcs) in cheese are 
affected by both the cow’s feeding and meta-
bolic reactions promoted by microbiota present 
in the milk and in the environment where the 
cheese making and ripening took place (cOLLINS 
et al., 2003; SINGH et al., 2003). For this rea-
son, VOc patterns have been studied in moun-
tain cheeses, most often with the aim to identi-
fy compounds that can be used for tracing the 
production area and manufacturing process, in 
addition to describing the cheese aroma (bErArD 
et al., 2007; FAVArO et al., 2005; INNOcENtE et 
al., 2013). For these purposes, gas chromatog-
raphy-mass spectrometry (Gc-MS) is the meth-
od of choice for the analysing VOcs, in combina-
tion with different extraction techniques, such as 
simultaneous distillation extraction (SDE), stat-
ic headspace (SHS), dynamic headspace (DHS) 
and purge and trap (P&t), and solid-phase mi-
cro-extraction (SPME) (MUSSINAN and MOrEL-
LO, 1998).

Little is known regarding the factors that in-
fluence the pattern of VOcs in bitto PDO cheese. 
PANSErI et al. (2008) studied the profile of VOcs 
in commercial bitto cheeses produced by differ-
ent manufacturers, but no relationship was es-
tablished with regards to transhumance. In a 
subsequent work, PANSErI et al. (2009) proposed 

only two VOcs in bitto cheese, namely α-pinene 
and γ-terpinene, as tracers of the plant-animal-
milk-cheese chain. POVOLO et al. (2011) ana-
lysed the volatile fractions of 39 samples of bit-
to cheese (ripened for 70-85 d), but only with 
regards to comparing the patterns obtained by 
SPME-Gc-MS and an Evolved Gas Analysis Ft-
Ir. to our knowledge, no data are available con-
cerning the variability of the profiles of VOcs in 
bitto cheese produced from milk collected from 
the same herd during transhumance, least of all 
during successive years. In a previous work (DE 
NONI and bAttELLI, 2008), we studied the evo-
lution of both fatty acid and terpenoid profiles 
in milk collected during summer transhumance 
of a herd, but only three samples of bitto chees-
es were analysed. In the present work, DHS-
Gc-MS was employed for studying the profile of 
VOcs in bitto cheeses obtained from the same 
herd-milk-cheese chain during the entire sum-
mer transhumance periods of 2010 and 2011.

MAtErIALS AND MEtHODS

Transhumance scheme

thirty-two multiparous cows yielding 11-14 
kg d-1 milk were part of the transhumance car-
ried out from June 1st to September 30th, both 
in 2010 and 2011. During this period, tran-
shumance developed in three different moun-
tain locations, namely L1, L2 and L3, situated 
in the bitto production area at 1400, 2100, and 
2200 m altitude, respectively. In both years, the 
cows were allowed to feed in a natural pasture 
at each location for approximately 15-30 d and 
were moved to their subsequent locations for 
five consecutive periods (P1-P5) as detailed in 
table 1. the grazing periods considered in the 
two years were not exactly the same because 
the cows were moved to different pastures ac-
cording to the phenological development of the 
herbs.

Cheese manufacture

After a 10-day adaptation period, the milk was 
transformed by the same cheesemaker follow-
ing the same procedure and according to speci-
fications provided for bitto cheese manufactur-
ing, as briefly described by DE NONI and bAttEL-
LI (2008). two cheeses per period/location were 
produced on the same day and were then rip-
ened in the same cellar (10°-15°c, 75-85% rel-
ative humidity) for 70 days. Overall, 20 cheeses 
were sampled for this study.

Cheese sampling, fat extraction 
and analysis of VOCs

For each period/location trial, two represent-
ative wedges (approximately 700 g) from oppo-
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site sides of the two bitto wheel were taken. Af-
ter rind removal (10 mm), the wedges were com-
bined and ground. Forty grams of the grated 
cheese was transferred into a 50 mL polycarbon-
ate tube, and the fat was extracted as previously 
described by DE NONI and bAttELLI (2008). the 
VOcs were extracted from the fat by DHS extrac-
tion and then separated and identified by Gc-
MS according to DE NONI and bAttELLI (2008). 
the VOcs were identified by comparing reten-
tion times and spectra with those of pure stand-
ards (Sigma Aldrich, Milan, Italy) submitted to 
the same analytical conditions. Semi-quantita-
tive evaluation of VOcs was performed by inte-
grating the peak area of the characteristic ion 
(Qion) using the MS-chemstation software (Agi-
lent technologies) and by expressing data in ar-
bitrary units.

Data analysis

the dependent variables (abundances of the 
individual VOcs) were processed by analysis of 
variance (two-way ANOVA) using Minitab® soft-
ware (release 14, 2004; State college, PA, USA) 
and considering the year as the source of vari-
ation. the same package was used to perform 
the statistical analysis using Principal compo-
nent Analysis (PcA).

rESULtS AND cONcLUSIONS

the goal of this study was to ascertain the 
overall effect of a real transhumance scheme on 
bitto VOcs while minimising variation by con-
sidering bitto cheeses obtained from raw milk 
of the same herd, manufactured by the same 
cheesemaker, and ripened in the same cellar. 
Indeed, the work was not addressed to discrim-
inate or to hierarchically order factors affect-
ing profile of the VOcs of this mountain cheese 
made from raw milk. 

Fifty-four VOcs were desorbed and identi-
fied by DHS-Gc-MS, but only 38 compounds 
were considered in this study, including 2 alde-
hydes, 6 ketones, 9 alcohols, 8 acids, 4 esters, 
and 9 terpenes, with the other compounds pre-
sent only at trace levels. the aromatic hydrocar-
bons mono- and dimethyl benzene were ignored 

because they are possible cheese contaminants 
(bOSSEt et al., 2000).

All the samples of bitto were rich in alcohols, 
acids, and ketones (table 2). this feature is com-
mon to other raw milk cheese varieties (bErArD 
et al., 2007; INNOcENtE et al., 2013) manufac-
tured without the usage of starter cultures (bU-
cHIN et al., 1998; OrtIGOSA et al., 2001). Four 
major compounds, namely 2-butanol, ethanol, 
2-butanone, and butanoic acid, dominated the 
overall pattern of VOcs in bitto cheese. the VOc 
2-butanone derives from the metabolism of citrate 
via 2,3-butanedione and 3-hydroxy-2-butanone 
(McSWEENEY and SOUSA, 2000). As the cheese 
ripens, 2-butanone is continuously formed and 
reduced to 2-butanol. the progress of this path-
way during maturation depends on the evolution 
of the microbial populations and the cheese en-
vironment, both of which can vary significant-
ly from one cheese type to another. the inter-
mediate ketone, 2,3-butanedione, was found to 
accumulate in Montasio cheese throughout rip-
ening (INNOcENtE et al., 2013), whereas 2-bu-
tanone accounted for approximately 30% of the 
total VOcs in the headspace of cantal (ripened 
for 120 d), which is a French PDO cheese made 
from raw milk in the mountainous Auvergne re-
gion (DE FrEItAS et al., 2007).

Ethanol was also a dominating VOc in the 
profile of all bitto samples considered in our 
work. this alcohol typically derives from the lac-
tate metabolism pathway operated by non-start-
er lactic acid bacteria (NSLAb) (cOLOMbO et al., 
2009; MOrANDI et al., 2011). Ethanol gives rise 
to the formation of several ethyl esters as a re-
sult of its esterification with short- and medi-
um-chain fatty acids as promoted by microbial 
esterase (bUcHIN et al., 1998; OrtIGOSA et al., 
2001). these ethyl esters in turn contribute to 
the flavour of cheese (McSWEENEY, 2004). In-
deed, esters of ethanoic, hexanoic, and octa-
noic acids were present in the volatile fraction 
of bitto cheese, with ethyl hexanoate being the 
most abundant.

butanoic acid was another compound prevail-
ing in the headspace of these samples. In our 
study, its presence can be assumed as originat-
ing mainly from lipolysis because its ratio to the 
level of hexanoic acid is close to that in samples 
of raw milk fat (2:1).

table 1 - timetable of transhumances.

 Period Pasture Location (altitude, m a.s.l.)

 2010 2011

P1 June 13-July 9 June 18-July 14 L1 (1400)
P2 July 10-August 11 July 15-August 15 L2 (2100)
P3 August 12-27 August 16-September 4 L3 (2200)
P4 August 28-September 27 September 5-26 L2 (2100)
P5 September 28-October 29 September 27-October 29 L1 (1400)
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Despite the different technique used by POVO-
LO et al. (2011) for extracting VOcs from cheese, 
they found the same four compounds (2-butanol, 
ethanol, 2-butanone, and butanoic acid) domi-
nated the profile of VOcs in bitto cheese. Over-
all, the relevance of the different classes of com-
pounds was rather close to what was found in 
this study, and the differences may be attribut-
ed mainly to differences in the analytical tech-
niques utilised. PANSErI et al. (2008) detected 
up to 84 VOcs in ripened bitto cheeses (n=14). 
the main VOcs were 2-heptanone, 2-nona-
none, ethyl acetate, ethyl butanoate, butanoic 
acid, and 2-butanol and, in some cases, large 
differences were found among cheeses obtained 
from different farms. However, the same au-
thors recently reported a less complex pattern, 
i.e., among fifty-one VOcs, only 3 alcohols were 
identified, and 2-butanol was not detected (PAN-
SErI et al., 2009).

ANOVA was applied to all individual VOcs and 
showed differences (P<0.05) among the cheeses 
produced in different locations/periods only with 
respect to acetone, 2-methyl-1-propanol, 2-hep-
tanol, butanoic acid, and δ-3-carene (table 2). 

On the contrary, the largest differences were 
found between cheeses produced in the two dif-
ferent years. In fact, n-pentanal (P<0.001), pro-
panoic acid (P<0.001), and 2-methyl-1-propanol 
(P<0.01), significantly differentiated the chees-
es produced in the two different years (table 2). 
Seven other compounds, including ketones, alco-
hols, acids, and esters were also distinctive, but 
at a lower significance level (P<0.05). the alde-
hydes, namely n-pentanal (P<0.001) and n-hexa-
nal (P<0.05), showed higher levels in cheeses pro-
duced in the first year than the second year (ta-
ble 2). Straight chain aldehydes resulting from the 
reduction of unsaturated fatty acids (SINGH et al., 
2003) are unstable and their amount in cheese 
depends on how rapidly they are either reduced 
to alcohols or oxidised to acids (DE FrEItAS et al., 
2007). those compounds were also found in bitto 
cheese by PANSErI et al. (2008) but not by POVO-
LO et al. (2011). As already stated, these differenc-
es can be partially explained by the difference in 
the analytical techniques used by these authors.

Among the ketones, only the level of 3-hy-
droxy-2-butanone differed significantly (P<0.05) 
between cheeses produced in the two consecu-
tive years (table 2). Indeed, higher levels of this 
ketone were recorded in the cheeses produced 
in 2011 compared to 2010. PANSErI et al. (2008) 
found only one out of 14 bitto samples contain 
3-hydroxy-2-butanone, whereas this compound 
was not detected in the nine samples considered 
in their subsequent work (PANSErI et al., 2009). 
the content of 2-butanol was significantly higher 
(P<0.05) in cheeses produced in the second year 
(table 2). Similarly, the level of the secondary alco-
hol 2-heptanol significantly (P<0.05) differentiat-
ed the cheeses according to their production year. 

As shown in table 2, VOcs in bitto cheese also 

included short chain fatty acids, such as buta-
noic, ethanoic, propanoic, and hexanoic acids, 
the level of which correlated with the activity of 
NSLAb in artisanal cheeses made from raw milk 
(McSWEENEY, 2004). 

Alpha-pinene, b-pinene, and Δ-3-carene were 
the most abundant terpenes found in bitto (ta-
ble 2), confirming the findings of our previous 
study (DE NONI and bAttELLI, 2008). High levels 
of α-pinene proved to be a characteristic feature 
of other mountain cheeses made with raw milk, 
including “Fontina Valle d’Aosta” (bErArD et al., 
2007), cantal (DE FrEItAS et al., 2007), and Os-
solano (ZEPPA et al., 2002). based on the ANO-
VA, we found that none of the detected terpenes 
differentiated the cheese samples, neither with 
respect to the production year nor with respect 
to the various period/locations. the level of Δ-3-
carene however was higher (P>0.05) in cheese 
produced with milk from cows grazing the high-
est elevation pastures (P3L3), without regard to 
the production year. this terpene represents one 
of the most abundant terpenes in Alpine Lovage 
(Ligusticum mutellina), which is a plant that grows 
in alpine pastures above 2000 m altitude (WIL-
LEMS et al., 2013; DE NONI and bAttELLI, 2008).

Overall, the differences discussed likely re-
flect perturbation in the microbial metabolism 
dependent on year-to-year variations in envi-
ronmental conditions, including pasture vege-
tation, which are always higher in mountain lo-
cations with respect to those in lowlands. this 
source of variation is often disregarded in stud-
ies aimed at characterising the composition of 
VOcs in mountain cheeses and hence the sam-
ples usually considered are those produced in 
the same year in different farms. Nevertheless, 
this effect did not strongly affect the overall pro-
file of the VOcs for the cheeses studied herein.

Further explanation of the data set for the 
VOcs was obtained using PcA, which combines 
all of the VOcs identified in the cheese from dif-
ferent periods and locations. the high variabili-
ty of the data set accounts for a low percentage 
(20%) of the total variance explained by the first 
two components. Nevertheless, the cheese sam-
ples were located on the opposite sides of the 
plot with respect to the first component, name-
ly the year of manufacturing (Fig. 1). the coef-
ficients of the individual VOcs showed that, in 
addition to the molecules evidenced by the ANO-
VA, other alcohols (1-butanol, 1-pentanol, 3-me-
thyl-1-butanol, and 3-methyl-2-buten-1-ol), ke-
tones (2-butanone, 2-heptanone, and 2-nona-
none) and ethyl lactate contributed, either pos-
itively or negatively, to the different positioning 
of the samples. these results strengthened the 
importance of considering the year-to-year var-
iability, especially for studies regarding moun-
tain cheeses produced during transhumance.

Additional differences were observed among the 
cheeses produced in 2010, particularly between 
samples from P3L3-10 and P2L2-10, both pro-
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table 2 - Effect of transhumance on VOcs composition of bitto cheese samples. Data expressed as arbitrary units (means 
of triplicate experiments) of the peak area of Qion (in brackets).

Locationa L1 L2 L3 L2 L1

Periodb P1-10 P1-11 P2-10 P2-11 P3-10 P3-11 P4-10 P4-11 P5-10 P5-11 Year-to-year differencec

aldehydes
n-pentanal (44) 35 7 28 8 21 6 32 9 30 6 ***
n-hexanal (56) 3 1 3 2 2 1 3 2 5 2 *

ketones
acetone (58) 180A 169A 171A 185A 140AB 163AB 112B 107B 131B 119B ns
2-butanone (72) 1105 802 803 831 961 678 824 729 1081 654 ns
2-pentanone (86) 23 16 28 43 42 27 24 21 39 29 ns
3-hydroxy-2-butanone (45) 25 45 31 43 35 37 33 49 46 57 *
2-heptanone (43) 77 112 62 142 86 115 70 146 92 87 ns
2-nonanone (58) 13 35 15 48 28 32 22 42 32 25 ns

alcohols
ethanol (46) 2123 703 1870 682 1300 755 1580 788 991 801 *
2-methyl-1-propanol (43) 51AB 35AB 42AB 38AB 40AB 21A 55AB 29AB 63B 44AB **
2-butanol (45) 5499 8994 6700 8524 5466 6951 5442 9647 8605 9256 *
1-butanol(56) 15 26 19 33 29 25 8 35 27 31 ns
3-methyl-2-butanol (45) 76 68 91 125 130 79 72 93 100 137 ns
3-methyl-1-butanol (55) 201 198 174 235 165 218 169 257 198 205 ns
3-methyl-2-buten-1-ol (71) 5 2 4 2 3 3 3 3 4 2 ns
1-pentanol (42) 7 24 4 19 5 8 6 7 2 5 ns
2-heptanol (45) 30A 19A 53A 18A 71B 63B 37A 20A 36A 19A *

acids
ethanoic acid (43) 430 261 345 248 312 354 415 257 452 362 ns
propanoic acid (74) 281 54 342 45 300 40 212 77 296 62 ***
2-methyl propanoic acid (43) 29 55 39 37 35 32 48 44 31 33 ns
butanoic acid (60) 900B 786AB 798AB 835AB 654A 645A 893B 884B 702AB 805AB ns
3-methyl butanoic acid (60) 117 159 172 137 157 129 128 173 106 149 ns
pentanoic acid (60) 11 7 9 8 8 8 6 8 8 11 ns
hexanoic acid (60) 319 245 241 316 268 282 246 246 262 289 ns
octanoic acid (60) 32 26 35 22 37 31 33 18 38 12 *

esters
ethyl ethanoate (61) 50 22 37 33 11 41 41 49 38 39 ns
ethyl hexanoate (88) 91 85 69 71 72 128 115 106 126 118 ns
ethyl octanoate (88) 18 10 17 15 22 8 25 20 36 20 *
ethyl lactate (45) 19 2 17 5 8 8 17 5 6 6 ns

terpenes
β-pinene (93) 22 109 339 14 331 168 150 143 22 94 ns
camphene (93) 1 1 18 1 12 11 11 12 2 2 ns
β-pinene (93) 14 17 241 19 79 63 75 69 2 43 ns
Δ3-carene (93) 1A 4A 30AB 45AB 100B 215B 39AB 27AB 6A 1A ns
β-myrcene (93) 3 2 10 9 38 12 1 3 1 4 ns
limonene (93) 3 9 20 3 65 21 4 9 1 11 ns
1,8 cineol (93) 15 16 19 22 68 22 25 4 8 4 ns
p-cimene (119) 3 2 44 2 13 5 2 3 3 7 ns
allo-ocimene (121) 14 4 19 8 16 8 5 5 1 4 ns

The following abbreviations are used: a.s.l., above sea level.
aL1: 1400 m a.s.l.; L2: 2100 m a.s.l.; L3: 2200 m a.s.l.
bP1-10: June 13-July 9 2010; P1-11: June 18-July 14, 2011; P2-10: July 10-August 11, 2010; P2-11: July 15-August 15, 2011; P3-10: August 12-
27, 2010; P3-11: August 16-September 4, 2011; P4-10: August 28-September 27, 2010; P4-11: September 5-26, 2011; P5-10: September 28-Oc-
tober 29, 2010; P5-11: September 27-October 29, 2011.
cLevel of significance: ***, P< 0.001; **, P< 0.01; *P<0.05; ns = not significant.
A-BValues in the same row with different superscripts differ (P<0.05).

duced from milk obtained at the highest altitudes 
in the mid-summer, and cheeses produced either 
at the beginning (P1L1-10) or at the end (P4L2-10 
and P5L1-10) of the transhumance period. these 
differences are mainly due with respect to the lev-
el of terpenes, proving this to be the VOc that cor-
related most with the altitude of the pasture from 
which the sample originated from (tOrNAMbé et 
al., 2006). In contrast, all cheeses produced in 

2011 fell very close to each other, with the excep-
tion of P3L3-11, which was separated from the 
other cheeses by its terpenes content, confirming 
those compounds as markers for the altitude as-
sociated with the sample. the overall picture out-
lined by PcA led to the hypothesis that the differ-
ent quality of the pastures of the two years could 
have mainly affected the pattern of the VOcs in 
the corresponding bitto cheeses.
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Fig. 1 - biplot of the PcA of bit-
to cheese samples for each var-
iable (individual VOc) and the 
principal component scores for 
each sample (in bold). Letters re-
fer to period/location and year of 
transhumance, respectively. L1: 
1400 m a.s.l.; L2: 2100 m a.s.l.; 
L3: 2200 m a.s.l.. P1-10: June 
13-July 9, 2010; P1-11: June 
18-July 14, 2011; P2-10: July 
10-August 11, 2010; P2-11: July 
15-August 15, 2011; P3-10: Au-
gust 12-27, 2010; P3-11: August 
16-September 4, 2011; P4-10: 
August 28-September 27, 2010; 
P4-11: September 5-26, 2011; 
P5-10: September 28-October 29, 
2010; P5-11: September 27-Oc-
tober 29, 2011.

For the first time, the variability in the profile 
of VOcs in bitto cheese was assessed on samples 
produced during the entire transhumance. Data 
showed that few VOcs change in the cheese ac-
cording to the period/location and the produc-
tion year of transhumance. these changes are in-
nate in artisanal mountain cheeses, but appear 
negligible if compared to variations in the profile 
of the VOcs previously reported for bitto cheese 
not produced under the same animal-milk-cheese 
chain. It was revealed that the profile of VOcs in 
bitto cheese is determined by specific traits re-
lating to the mountain terroir, thus bringing ad-
ditional insight into chemical characterisation of 
this Italian mountain cheese.
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AbStrAct

the aim of this study was to determine the chemical composition and protein quality in hulled 
oats (6 dwarf lines with the Dw6 dwarf gene), and their hypocholesterolemic effects compared to 
the traditional hulled tall cultivar. the average levels of crude protein, crude fat and minerals were 
significantly greater and crude fiber level was lower in dwarf lines than in the traditional Krezus 
cultivar. the fatty acid profile, protein nutritive value and the effect on the level of lipids in the se-
rum of rats of the grains were similar for dwarf and standard oats. the results of this study show 
that the grain of hulled dwarf oat may be a valuable component to the human diet.
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INtrODUctION

Oat (Avena sativa L.) has long been recognized 
as a natural ingredient of functional foods be-
cause they provide dietary fiber, protein, unsat-
urated lipids, vitamins, mineral components and 
antioxidants required for human health. Food 
can be regarded as functional if it has benefi-
cial effects on target functions in the body, as a 
source of physical and mental well-being, con-
tributing to the prevention and reduction of risk 
factors for several diseases, or enhancing certain 
physiological functions beyond adequate nutri-
tional effects (JONES, 2002).

Hulled oat grains contain approximately 12% 
crude protein (MUStAFA et al., 1998). the ami-
no acid composition of oat is superior to that of 
other cereals because its major storage protein 
is a globulin (KLOSE and ArENDt, 2012). Glob-
ulins have a higher concentration of lysine and 
other essential amino acids than do typical ce-
reals storage proteins, prolamins.

Interest in increasing oat utilization for hu-
man consumption has been stimulated by the 
need for high soluble fiber in diet. the b-glucans 
are the primary components of oat soluble fib-
er responsible for its noted physiological effects. 
Some authors report that b-glucans viscosity in 
the GI tract is the most probable mechanism in 
which it decreases serum cholesterol levels, as 
well as improving postprandial glucose metab-
olism (WELcH, 1995; WOOD, 2007). Hulled oat 
grain contains 3-5% dry matter b-glucans (ZUtE 
et al., 2011) and more lipids than other cereals.

Hulled oat grain contains more lipids than 
other cereals, ranging from 4.4-9.6% (PEtErSON, 
1998). Most oat fatty acids are unsaturated. the 
five fatty acids determined in various studies 
in oat grains [palmitic, c16:0 (range 13-26%), 
stearic, c18:0 (1-3%), oleic, c18:1 (22-47%), li-
noleic, c18:2 (25-52%), and linolenic, c18:3 (1-
3%)], and together account for more than 95% 
of total fatty acids (ZHOU et al., 1999).

Oat is a good source of antioxidants, phytic 
acid and various phenolic compounds (cHAtUr-
VEDI et al., 2011). the polyphenols of oat exhib-
it anti-inflammatory, antiproliferative, and an-
ti-itching activity, which may provide addition-
al protection against coronary heart disease, co-
lon cancer and skin irritation (MOHSEN, 2009). 

the introduction of dwarf oat cultivars (Ave-
na sativa L.) makes it possible to obtain high-
er yields of this cereal. Dwarf oat cultivars are 
less vulnerable to lodging, leading to increased 
grain quality (MÄKELÄ et al., 2004; tANHUANPÄÄ 
et al., 2006). the primary effects of the dwarf-
ing genes on growth and yielding are particular-
ly well demonstrated for wheat, while few publi-
cations concern the effect of the dwarfing gene 
Dw6 on yield and quality of oat grain (MÄKELÄ 
et al., 1996). 

the objectives of this study were therefore to 
evaluate the chemical composition and nutri-

tive value of proteins in hulled dwarf oat lines 
and the effect on serum lipid level in rats. Eval-
uation of these lines was made against a tradi-
tional hulled tall cultivar (standard). 

MAtErIALS AND MEtHODS

Oat samples were derived from the plot tri-
als carried out in 2008-2010 on sandy clay soil 
type at the Lipnik Experimental Station (53º12’N; 
14º27’E), Poland. the experiment was carried 
out on a light soil of the IVb botanical class, us-
ing 550 grains per m2 and 90 kg N·ha-1. Dwarf 
hulled oat 6 lines - StH 114, StH 132, StH 
5244, StH 6025, StH 6106, StH 6108 (with 
the Dw6 dwarf gene introduced from the naked 
oat badicoot cv.) were compared with the tradi-
tional tall oat cultivar Krezus. the grains were 
cleaned and rendered 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 (2006) proce-
dures: the dry matter result was found, by dry-
ing samples in an oven at 105°c until a constant 
weight was obtained; ether extract, by Soxhlet 
extraction with diethyl ether; crude ash, by in-
cineration 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 
Hennenberg-Stohmann method. total carbohy-
drate was obtained by difference 100 – sum of 
moisture, crude protein, fat, ash and crude fi-
bre. A flame photometer (Flapho-4) was used to 
determine calcium, potassium and sodium. Af-
ter oven-drying of the samples, phosphorus con-
tent was determined by the vanadium-molybde-
num colorimetric method (cAVELL, 1955). 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. Determining of the neutral detergent fibre 
(NDF) was carried out on an ash-free basis, in-
cluding alpha-amylase and dodecylsulfat natri-
um salt (Merc 8.22050). Determining of acid de-
tergent fibre (ADF) included hexadecyl-trimeth-
yl-ammonium bromide (Merc 102342), while 
acid detergent lignin (ADL) was determined by 
hydrolysis of ADF sample in 72% sulphuric acid. 
Hemicellulose (HcEL) was calculated as a dif-
ference between NDF and ADF, while cellulose 
(cEL) – as a difference between ADF and ADL 
value. the content of b-glucans was determined 
enzymatically according to Icc (1998) using a 
Megazyme kit K-bGLU (Megazyme Internation-
al Ireland Ltd., bray, Ireland, 1998). All deter-
minations were expressed on a dry matter basis.

the free fatty acid analysis was performed by 
gas chromatography using a VArIAN cP3800 
camera. Separation was performed in a capil-
lary column – cPWAX 52 cb (60 m×0.25 mm). 
the temperature of the injector and FID detec-
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tor were 260°c. Helium was used as a carrier 
gas at a flow rate of 1.4 cm3·min-1. 

Amino acids were determined using an AAA 
400 automatic amino acid analyzer (INGOS, 
czech republic). Samples were subjected to acid 
hydrolysis in the presence of 6 M Hcl at 105°c 
for 24 hours. Sulfur-containing amino acids 
were determined separately in 6 M Hcl after ox-
idative hydrolysis (formic acid + hydrogen per-
oxide, 9:1 v/v, 20 h at 4°c). tryptophan was de-
termined according to the method described in 
AOAc (2006). the amino acid composition was 
expressed in g per16 g N.

the amino acids score (AAS) was calculated 
using the WHO/FAO/UNU (2007) reference pat-
tern. the protein digestibility-corrected amino 
acid scores (PDcAAS) of the samples were cal-
culated by multiplying the most limiting essen-
tial amino acid score by the true protein digest-
ibility (tD). the PDcAAS scores were expressed 
in percentage terms.

In nitrogen balance studies were determined 
biological value (bV) and true digestibility (tD) 
of protein. the experiment was carried out, us-
ing 21 day-old Wistar male rats specific patho-
gen-free (SPF) in accordance with procedures de-
scribed by EGGUM (1973), after the experimen-
tal protocol was approved, by the institutional 
animal ethics committee. the animals were ran-
domly divided into four groups of ten animals, 
so that the difference between mean weights 
did not exceed 2.2 g. the rats were kept in indi-
vidual stainless steel cages and maintained at 
22°±3°c with a 12 h light/dark cycle. During ex-
periment, the animals were fed with diets con-
taining 10% protein prepared according to the 
method by EGGUM (1973) in dry matter: pro-
tein - 10% (I group: from Krezus cv., II group: 
from StH 5244 line, III group: from casein, IV – 
non-protein); sucrose – 10%; mineral-vitamins 
premix – 5.2 %; oil – 5%; cellulose - to about 
4% including fiber of feed; starch – up to 100%.

N-balance studies were conducted for 10 days 
(3 days initial period and 7 days experimental 
period). rats were assigned a restricted diet (10 
g dry matter and 150 mg N/animal/day). Excre-
ta (feces and urine) were collected quantitative-
ly and pooled for each rat. Fecal samples were 
frozen and freeze-dried. Urine samples were ad-
justed to constant volume with 5% sulfuric acid.

After the experiment (14 hours after the last 
feeding) animals were anesthetized and blood 
samples were taken by cardiac puncture. the 
serum was obtained out by centrifuging the clot-
ted blood at 1,400 × g for 10 minutes. the se-
rum was stored in screw capped vials and kept 
in freezer at −20°c until further analysis.

In serum were determined: triacylglyceroles 
(tGc), with the enzymatic colorimetric technique 
of StEIN (1987); high density lipoprotein choles-
terol (HDLc), by elimination, a technique involving 
a HDL-dissolving detergent which blocks enzy-
matic activity of esterase and cholesterol oxidase t
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table 2 - components of dietary fibre of hulled oats grain (g·kg-1 DM).

Item NDF ADF ADL HCEL CEL ß-glucans

Krezus – traditional 326.4 160.6 26.91 133.7 165.8 27.62
tall hulled cv.
STH 114 295.0 147.1 26.04 121.1 147.9 28.10
STH 132 273.6 144.0 26.62 117.4 129.6 27.90
STH 5244 261.8 139.1 24.70 114.4 122.7 30.15
STH 6025 269.9 138.1 24.98 113.1 131.8 28.00
STH 6106 297.8 136.2 24.31 111.9 161.6 30.26
STH 6108 275.5 138.5 23.15 115.4 137.0 31.03
SEM 8.4 3.2 0.5 2.8 6.3 0.5
The statistical results:
Tall cultivar 326.4** 160.6** 26.91* 133.7* 165.8* 27.62
x  dwarf lines 278.9 140.5 24.97 115.5 138.4 29.24

x  means of lines with the Dw6 dwarfing gene. SEM, standard error of the mean. NDF neutral detergent fibre, ADF acid detergent fibre, ADL acid detergent 
lignin, HCEL hemicellulose, CEL cellulose. * p ≤ 0.05;**p ≤ 0.01. 

towards very low-density lipoprotein cholesterol 
(VLDL)- and low-density lipoprotein cholester-
ol (LDLc) (MOrrISON, 1997). the analysis of se-
rum was carried using cObAS Integra biochem-
ical analyzer, roche in a closed system. the ana-
lyser automatically calculated the LDLc content.

All the measurements were made in tripli-
cate. results were expressed as mean values. 
the data was subjected to a one-way analysis 
of variance (ANOVA). the significance of differ-
ence between means was determined by Dun-
can’s Multiple range test using Statistical com-
putational software (Statistica PL, version 8.0).

rESULtS AND DIScUSSION

the composition of Krezus oat cultivar grains 
(tables 1 and 2) in this study was comparable to 
the composition of hulled oat reported by GIV-
ENS et al. (2004). Hulled dwarf oat lines, com-
pared to the traditional tall Krezus cultivar, con-
tained more crude protein (p ≤ 0.01), ash and 
crude fat (p ≤ 0.05), while less (p ≤ 0.01) crude 
fiber (table 1). tObIASZ-SALAcH et al. (2011) 
found a significantly higher content of crude pro-
tein and crude fat in some analyzed hulled dwarf 
oat lines than the traditional Krezus cultivar. 

the average content of potassium in the dwarf 
lines was about 24% lower (p ≤ 0.01) than in the 
Krezus cultivar. the content of other analyzed 
minerals were similar in all the investigated sam-
ples. calcium (ca) and phosphorus (P) are es-
sential minerals for bones, but a proper propor-
tion between them is also very important due to 
the close connection between their metabolisms. 
In this study, oat contained small amounts of 
ca (1.24 and 1.27 g·kg-1 DM), and the content of 
P was 2.5-times higher than ca. the resultant 
ca:P ratio in evaluated oat grains (1:2.4-2.6) de-
viates from the recommended optimum ratio of 
ca:P in the diet, at 1.3:1 (DrI, 1997).

composition of dietary fiber is given in ta-

ble 2. Dwarf lines contained less neutral-deter-
gent fiber (NDF) and acid-detergent fiber (ADF) 
(by 14.5 and 12.5% respectively, p ≤ 0.01), cel-
lulose (cEL), hemicellulose (HcEL) and acid de-
tergent lignin (ADL) (respectively by: 16.5, 13.5 
and 7.0%, p ≤ 0.05) than the Krezus cultivar. 
the average content of b-glucans in the dwarf 
oat lines (29.24 g·kg-1 DM) was 6% higher (not 
significant) than the traditional tall Krezus cul-
tivar. the main components of dietary fiber are 
non-starch polysaccharides, including cellulose, 
hemicellulose, b-glucans and pectins.

the oat grains may differ greatly in chemical 
composition due to genetic and environmental 
factors. the differences in chemical composition 
of oat grains of the present study may be attrib-
uted primarily to genetic background, since all 
tested sample oats were grown under the same 
environmental conditions.

KOEHLEr and WIESEr (2013) report that 
oat, as well as barley, has a high concentra-
tion of b-glucans (3.5-5% and 3-7%, respective-
ly), whereas other cereals contain less than 2% 
b-glucans. Plant breeders are developing oat 
lines with high b-glucan concentrations that 
are particularly useful for food. For animal feed, 
however, low b-glucan concentration is desira-
ble, particularly for young poultry. 

Particular interest in oat fiber results from its 
capacity for rapid and significant reduction in 
total and LDL cholesterol levels (INGLEtt and 
NEWMAN, 1994; trUSWELL, 2002). these valua-
ble properties are exhibited by b-glucans. In ad-
dition, short chain fatty acids (acetic acid, pro-
pionic acid and butyric acid) produced by fer-
mentation of fiber in the colon may influence the 
production of glucose and its utilization by pe-
ripheral tissues (JENKINS et al., 1995), and also 
may limit cholesterol synthesis (brIDGES et al., 
1992). Dietary fiber also has a protective effect 
against a range of diseases including colorectal 
cancer and coronary heart disease (tHEUWIS-
SEN and MENSINK, 2008). 
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compared to the traditional Krezus cultivar, 
dwarf oat fat contained less SFAs (saturated fatty 
acids) (p ≤ 0.05), including c16:0 (p ≤ 0.01) and 
c18:0 (p ≤ 0.05), but more c18:3 (p ≤ 0.01) and 
slightly more other unsaturated fatty acids (ta-
ble 3). Lipids in the tested oat dwarf lines con-
tained 75.5% unsaturated fatty acids (UFAs), 
compared to 73.3% in the Krezus tall cultivar. 
One of the main UFAs was oleic acid (37.2 and 
36.1%), highly positively correlated with the to-
tal fat content (ZHOU et al., 1998). Palmitic acid 
was the major SFA in the oat fat. A similar com-
position of the hulled oat fat was noted by GIV-
ENS et al. (2004). 

Oats are rich in polyunsaturated fatty acids 
(PUFA), including essential fatty acids in mam-
malian nutrition, such as linoleic acid (c18: 2, 
n-6) and linolenic acid (c18: 3, n-3). the fat in 
the analyzed hulled oat contained 36.93% PU-
FAs in the dwarf lines and 35.86% in the Kre-
zus cultivar, including approximately 35% li-
noleic acid (c18: 2, n-6). the high content of 

these acids makes oat an attractive product for 
health-related purposes (ArO et al., 2007). For 
example, linoleic acid decreases total cholester-
ol and LDL-cholesterol in humans (LUNN and 
tHEObALD, 2006). 

Unsaturated fatty acids of oat are regarded as 
nutritionally important due to the high content 
of essential fatty acids and a high level of anti-
oxidants (YOUNGS, 1986). In addition, the anti-
oxidant properties of these compounds contrib-
ute to the increased stability and improved sen-
sory properties of food (PEtErSON, 2001). 

Protein in dwarf lines contained significant-
ly more (p ≤ 0.05) methionine and threonine (by 
7.8 and 7%, respectively), and the total con-
tent of other essential amino acids (EAAs) was 
slightly higher than in the traditional tall culti-
var (table 4). the content of sulfur-containing 
amino acids in the protein of the analyzed oat 
lines was high, in the range of 3.32-3.73 g per 
16 g N, which makes oat a good complementary 
protein source to legumes (PED’O et al., 1999). 

table 3 - Fatty acid composition of hulled oats grain (% of total fatty acids).

Item C14:0 C16:0 C18:0 C20:0 C16:1 C18:1 C20:1 C22:1 C18:2 C18:3 SFA UFA MUFA PUFA

Krezus – traditional 0.32 23.88 1.68 0.18 0.22 36.13 0.70 0.41 34.89 0.97 26.06 73.32 37.46 35.86
tall hulled cv.
STH 114 0.39 22.75 1.12 0.19 0.28 37.01 0.73 0.56 35.53 1.25 24.45 75.36 38.58 36.78
STH 132 0.29 23.23 1.29 0.18 0.31 36.30 0.74 0.42 35.79 1.27 24.99 74.83 37.77 37.06
STH 5244 0.35 22.39 1.68 0.25 0.20 37.26 0.68 0.25 34.86 1.39 24.67 74.64 38.39 36.25
STH 6025 0.32 21.22 1.49 0.19 0.27 38.02 0.71 0.42 35.69 1.33 23.22 76.44 39.42 37.02
STH 6106 0.31 22.07 1.39 0.21 0.19 37.35 0.70 0.42 36.00 1.19 23.98 75.85 38.66 37.19
STH 6108 0.32 21.25 1.49 0.18 0.20 37.44 0.69 0.48 36.16 1.14 23.24 76.11 38.81 37.30
SEM 0.01 0.37 0.08 0.01 0.02 0.25 0.01 0.04 0.19 0.05 0.38 0.40 0.25 0.20
The statistical results:
Tall cultivar 0.32 23.88* 1.68** 0.18 0.22 36.13 0.70 0.41 34.89 0.97 26.06* 73.32 37.46 35.86
x  dwarf lines 0.33 22.15 1.41 0.20* 0.24 37.23 0.71 0.43 35.67 1.26** 24.09 75.54 38.61 36.93

x  means of lines with the Dw6 dwarfing gene. SEM standard error of the mean. SFA saturated, UFA unsaturated, MUFA monounsaturated, PUFA polyunsat-
urated fatty acids. * p ≤ 0.05;**p ≤ 0.01.

table 4 - Essential amino acid composition (g per 16 g N) and amino acid scoring (%) of protein of hulled oats grain.

Item Lys Met Met+Cys Thr Ile Trp Val Leu His Phe Phe+Tyr EAA AASLys

Krezus – traditional 3.31 1.29 3.39 3.09 2.77 1.12 4.40 6.78 2.22 4.63 7.02 31,88 57.1
tall hulled cv.

STH 114 3.54 1.37 3.32 3.21 2.99 1.21 4.45 6.90 2.47 4.94 7.17 32.79 61.9
STH 132 3.44 1.31 3.45 3.39 2.86 1.19 4.66 6.95 2.19 4.79 7.23 33.17 59.3
STH 5244 3.45 1.57 3.73 3.27 3.03 1.08 4.61 7.18 2.52 4.99 6.99 33.34 59.5
STH 6025 3.58 1.40 3.38 3.41 2.82 1.30 4.72 6.98 2.31 4.82 7.09 33.28 63.4
STH 6106 3.42 1.31 3.52 3.39 2.88 1.22 4.79 7.02 2.53 4.68 6.99 33.23 59.0
STH 6108 3.37 1.34 3.62 3.29 3.02 1.07 4.98 7.21 2.51 4.51 7.01 33.27 58.1
SEM 0.05 0.03 0.05 0.04 0.03 0.03 0.07 0.05 0.05 0.06 0.04 0.45 0.52
The statistical results:
Tall cultivar 3.31 1.29 3.39 3.09 2.77 1.12 4.40 6.78 2.22 4.63 7.02 31.88 57.1
x  dwarf lines 3.44 1.39* 3.49 3.31* 2.94 1.18 4.72 7.06 2.40 4.80 7.10 33.24 60.2

x  means of lines with the Dw6 dwarfing gene. SEM standard error of the mean. EAA essential amino acids. AASLys  was calculated based of the FAO/WHO/
UNU reference pattern for requirements of the preschool-age children. * Significant at p ≤ 0.05. Cys, Tyr are conditionally essential amino acids.
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the content of amino acids in the oat protein 
was comparable to the value given by cArPEN-
tEr et al. (1989). 

comparisons with the WHO/FAO/UNU (2007) 
reference pattern for requirements of preschool-
age children revealed that lysine was the most 
limited amino acid in oat grains, in the range 
from 57.1% (tall cultivar) to 60.2% (dwarf lines). 
Other authors also observed that lysine is the 
most limited amino acid in oat grains (ZArKA-
DAS et al., 1995; PED’O et al., 1999). 

Oat protein had a high and similar nutrition-
al value (table 5). the levels of biological value 
(bV), true digestibility (tD) and the protein di-
gestibility-corrected amino acid scores (PDcAAS) 
of dwarf oat (StH 5244) were slightly higher than 
the traditional Krezus cultivar. the results for 
bV of protein were very similar  to values (74.5-
79.6%) reported by EGGUM and GULLOrD (1983). 
PDcAAS values (49.9 and 46.6%) differ signifi-
cantly from the tD of protein. PED’O et al. (1999) 
reports protein digestibility for brazilian culti-
vars of oat at an average of 84.9%, while the av-
erage PDcAAS for the same cultivars was re-
ported at 49%. 

In the serum of rats receiving StH 5244 oat 
(dwarf line) and Krezus oat (traditional tall cul-
tivar), levels of tcH, HDLc, LDLc and tGc were 
very similar (table 6). comparing the results ob-
tained with the control group showed the bene-
ficial effect of oat on the serum lipid profile. An-
imals in experimental groups receiving oat in 
their diet had lower concentrations of tcH and 
LDLc (p ≤ 0.05) and tGc (by about 8.5%) com-
pared with animals of the control group (casein). 
Hypocholesterolemic properties of oat have also 
been found in other studies in rats (MAKI et al., 
2003; PENG et al., 2013), and were attributed 

mainly b-glucans. the hypocholesterolemic ac-
tion of b-glucans was confirmed by KALrA and 
JOOD (2000).

cONcLUSIONS

the results show that the lines of hulled oat 
with introduced dwarfism gene Dw6 do not dif-
fer in nutritional components, nutritional prop-
erties of protein, or hypocholesterolemic prop-
erties compared to the traditional tall cultivar, 
and even have slightly better properties. Due to 
the content of protein of high nutritional value, 
a high concentration of unsaturated fatty ac-
ids and dietary fiber, including b-glucans and a 
positive effect on serum lipid profile, dwarf oat 
grain and its products can be a valuable com-
ponent of the human diet.
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AbStrAct

the work includes the analysis of the velocity distribution of fluid flow in the plate heat exchang-
er. the research was conducted on the basis of Finite Volume Method (FVM) of numerical compu-
tation using ANSYS cFX program. this method enabled making the description of the flow veloci-
ty distribution between plates of heat exchangers and drawing curves illustrating the flow veloci-
ty in each areas on plate. the space between a plates of heat exchanger of straight flow type con-
stituted a computational model. Mathematical description of the researched process was made. 
the results of the research defined the influence of plate heat exchanger configurations on type 
of flow. It also pointed out the places on the plate in which insufficient flow can cause difficulties 
with cleaning. Numerical research was experimentally verified by determining the cleanliness of 
the plate’s surface in certain areas after the process of cleaning. Obtained results of the research 
indicated that the areas hardest to clean in the plates are those opposite to the power supply. 
Such situation is caused due to slow fluid flow in the aforementioned areas.
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INtrODUctION

cIP (cleaning in place) method of cleaning is 
frequently used in many branches of food in-
dustry to sanitize devices and transmission 
installations. cleaning takes place interiorly 
without disassembly. Due to the possibility of 
reusing detergents, cIP method is economical 
and eco-friendly, as it limits the sewage dispos-
al (GILLHAM et al., 2000; DrEScH et al., 2001; 
StrUK-SOKOŁOWSKA, 2011.). the effectiveness 
of cIP depends on four major factors, namely: 
the duration of the process, the temperature 
in which it is conducted, the cleaning products 
used and mechanical interactions understood 
as the shearing stress. Many researchers shown 
that mechanical interactions are the crucial 
factor determining the final effect of cleaning 
(bLEL et al., 2007; GrASSHOFF 1992; LELIEVrE 
et al., 2002a; LELIEVrE et al., 2003; JENSEN et 
al., 2005). the degree to which a given device 
is cleaned depends on how easily its surface 
can be accessed; this is closely related to its 
construction. Many researchers prove that be-
cause of this fact, cIP process does not always 
bring satisfactory results (AUStIN and bErGEr-
ON, 1995; LELIEVrE et al., 2002b). the danger 
of insufficient cleaning is especially visible in 
the machines in which food contact surface is 
of complex geometry. the example of such ap-
paratus is a plate heat exchanger which is wide-
ly used in food industry installations, particu-
larly in milk processing industry. 

In international literature one can find re-
searches concerning milk sediment in pasteur-
ized milk (tODOYA et al., 1994; bANSAL and 
cHEN, 2005; AUGUStIN et al., 2007). Such stud-
ies focus on the descriptions of mechanisms gov-
erning the formation of milk sediment and its 
layering during the exploitation of the exchanger 
but they also indicate in which areas it is most 
visible. Depending on the type of exchanger, one 
can identify the areas in which fat and protein 
sediments are formed and in which they linger. 
It is closely related to the thermal conditions in 
a given device. the amount of fouling forming in 
plates of heat exchangers increases with mov-
ing away from the inlet to the heat exchangers. 
What is more, on some areas of plates the level 
of fouling is greater. GEOrGIADIS et al., (1998) 
and JUN and PUrI (2006) indicate that high tem-
perature is the answer to the whole process. 
Furthermore, in some of the areas the flow of 
milk is slow what prolongs the time which milk 
spends in high temperature. It results in an in-
creased number of sediments which often scorch 
on the surface.

the cleanliness plates of heat exchanger de-
cides not only about the safety of food produc-
tion but also about the conditions in which they 
are exploited. Aggregated sediments negatively 
influence on heat exchange between flow fac-
tors, increase flow resistance and cause corro-

sion in the plates (GILLHAM et al., 2000; MEr-
HEb et al., 2007; DIAKUN, 2013). Sediments 
are also undesirable accumulation of microor-
ganisms and they are a source of microbiolog-
ic contamination.  there is not much research 
concerning the conditions and effects of clean-
ing in plate heat exchangers. Much of the re-
search work on this topic present very gener-
al problems of cleaning (cHrIStIAN and FrY-
Er 2003; WILSON 2005). bEUF et al. (2003) fo-
cus on elaborating new construction mate-
rials. A MErcADé-PrIEtO et al. (2005; 2007) 
deal with the influence of new chemical ma-
terials which are becoming more efficient 
when it comes to milk sediment. cHANGA-
NI et al., (1997) researched the influence  
of the alkali solutions, while FILLErY and Mc-
QUILAN (2006) focused more on the acidic ones. 
bOYcE et al., (2010) tested enzymatic substanc-
es being the mixture of enzymes, the surface-
active substances, complexing and buffering 
compounds stabilizing pH of the solution. Such 
a great interest in the chemical aspect of the 
cleaning process leads to a lack of interest in 
other cleaning factors and the mechanisms of 
their mutual influence.

Plate heat exchangers are the object of re-
search for many researchers. the studies focus 
mainly on the development of their optimal de-
sign to increase the thermal effectiveness. Fol-
lowing variables are being analyzed: the type 
and number of flow channels in the exchang-
er, the number of passes for both streams, the 
diameter and the location of inlet well against 
the surface of the plate and the order of giving 
the thermal factors. the authors investigate 
different plate profiles, their relationships po-
sitional in order to match optimal conditions of 
heat exchange and to minimize the cost of their 
exploitation (VLASOGIANNIS et al., 2002; DAG-
DAS, 2007; ArSENYEVA et al., 2011; PIEPIÓr-
KA-StEPUK and JAKUbOWSKI, 2013). they also 
define the pressure drop, kinetics of the pro-
cess (DUrMUS et al., 2009), as well as the lo-
cal coefficient of heat transfer (cIOFALO 2007). 
the research covers experiments, mathemati-
cal and physical modeling and numerical mod-
eling. However, no research was conducted on 
the type of flow in plates channel of heat ex-
changer’s in references to the clean conditions 
in cIP method cleaning. Flowing solution agents 
moistens and dissolves sediments on the plates’ 
surfaces, leading to their separation and drain-
ing sediment from the exchanger. It depends 
on the conditions of the fluid flow between the 
plates and the accessibility of the cleaned sur-
faces. thus, it is crucial to explore this subject. 
Experimental research of flow in the plate heat 
exchanger are difficult to implement therefore 
commonly used for this purpose are numeri-
cal research. they allow fast and cheap to an-
alyze engineering problems.

Numerical simulations are based on the fi-
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nite element method (FEM) or the finite vol-
ume method (FVM). these methods have 
numerical codes of a differential equation  
as a mathematical recording of basic laws of 
fluid dynamics and thermodynamics (ASEND-
rYcH et al., 2013; SKOčILAS et al., 2013). In 
plate heat exchanger modeling, the difficul-
ty of using such methods lays in mapping of 
real algebraic geometry of the space between 
plates and in discretization of the model. Many 
studies include analysis of the limited frag-
ment of the space between the plates. they 
mainly concern the type of flow (StASIEK et al., 
2004; LUAN et al., 2008), friction factors (FEr-
NANDES et al., 2008) and heat transfer (StA-
SIEK et al., 2000). GrIJSPEErDt et al., (2003) 
conducted a two-dimensional analysis of the 
fluid flow in the space between the plates, il-
lustrating the influence of plate corrugation on 
the type of flow and heat exchange. In 2009, 
de bONIS and rUOccO correlated temperature 
distribution with the places in which a milk 
fouling are created. the analysis concern-
ing the flow of agents between the plates of a 
heat exchanger requires taking into account 
orientation of the corrugation. corrugations 
are made in order to equally distribute liquid 
on the whole surface between the plates. No 
research was made on plate profiling. PÄÄK-
KöNEN et al. (2007), as well as FrEUND and 
KAbELAc (2010) in their research present the 
results concerning minor fragments of spaces 
between the plates in the context of local con-
ditions of heat exchange. JIN et al. (2008) and 
LIU and tSAI (2010) made an attempt of nu-
merical research of entire plates of exchang-
ers, while GALEAZZO et al. (2006) and SAMME-
tA et al. (2011) even concentrated on the whole 
packets. the analysis by the abovementioned 
researchers was conducted on geometrically 
simplified models with flat plates.

tHE AIM OF tHE rESEArcH

the aim of the research was to determine 
the conditions of the 3D flow between heat ex-
changer plates of different geometry by us-
ing the method of numerical analysis. On the 
basis of numerical analysis, the distribution 
of velocity field and streamlines in spaces be-
tween plates, formed by the plates of heat ex-
changer, was made. characteristics of veloci-
ty were shown in three sections of a plate. the 
results of the research determined the influ-
ence of plate heat exchanger configurations on 
the type of flow and indicated the places on the 
plate in which insufficient flow can cause diffi-
culties with cleaning. the results of numerical 
analysis referred to the experimental research 
and assessed cleanliness of particular areas  
of plate heat exchangers cleaned with cIP meth-
od.

MAtErIAL AND MEtHODS

Numerical simulations

computations were performed with the finite 
volume method (FVM) on which cFX program, 
being one of the modules for numerical compu-
tation, ANSYS, is based. cFX constitutes a set 
of tools and elements for computation, as well 
as analysis of fluid flow and accompanying phe-
nomena. the program has a wide range of pos-
sibilities of declaring boundary conditions and 
material properties (KMIOtEK, 2008; ANSYS, 
2009). the results of computations are showed 
graphically as a velocity maps and streamlines 
on the plate’s surface and in three of its sections.

computations were conducted on the basis of 
a single space between a plate heat exchanger of 
three surface configurations (Fig. 1):

Simplified model projecting flat plates (Fig. 
1a);

chevron plates (60° angle to the axis of sym-
metry), arranged symmetrically to each other 
(Fig. 1b);

chevron plates inverted with respect to each 
other by180° (Fig. 1c).

Size and shape of model c plates were con-
sistent with their position in a heat exchanger 
which, in the second stage of research, under-
went the process of cleaning in flow. character-
istic size of the exchanger is shown in table 1. A 
scheme of cIP station and circulation cleaning 
of a plate heat exchanger is presented by Fig. 2.

In each of the analyzed models the greatest 
distance between the plates was b = 0.008 m. A 
regular grid with the size of the element of 0.001 
m was used for discretization of model A and b. 
Model c, due to complex geometry, was divid-
ed by the irregular grid with the size of the ele-
ment up to 0.0001 m. As a result, a model with 
flat plates had 40 196 elements; model b - 61 
254 elements and model c – 1 829 250 elements.

In order to perform numerical calculations, 
isothermal flow conditions were assumed. Water 
constituted the fluid of the viscosity and densi-

Fig. 1 - Models of plates used for numerical computation: 
a – Flat plates; b – Symmetrically arranged plates; c – Plates 
inverted with respect to each other.
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Fig. 2 - A scheme of laboratory cIP station: 1 – a plate heat exchanger, 2 – an insulat-
ed tank equipped with a heater, 3 – an auxiliary tank, 4 – a centrifugal pump, 5 – a 
computer, Mc – a measurement card, K – a conductivity meter, pH – meter pH, M – a 
turbidity meter, P – pressure measurement, ∆P – a sensor measuring the differential 
pressure in the heat exchanger, W – flow meter, F – inverter, E1 – energy meter for heat-
ing the cleaning liquid, E2 – electricity meter to feed the pump, t – temperature meter.

table 1 - Main geometrical characteristics of the plate heat exchanger used to the research.

Geometrical characteristics Symbol Unit  Value

Effective length of the plate Lw m 0,381
Effective width of the plate Ls m 0,11
Area of one plate A= Lw× Ls m2 0,042
Area of heat transfer Ac m2 0,46
The largest distance between plates b m 0,008
Mean distance between the plate c = (b/2) m 0,004
The surface area of the transverse flow Pstr = cLs m2 0,0005
Wetted Obc = 2c + 2Ls m 0,23
Total number of plates in heat exchanger Np items 11
Number of channel in plate heat exchanger Nc = (Np – 1)/2 items 5
Hydraulic diameter of the channel dch m 0,009
Corrugation angle β ° 60
Type of plates  Straight - flow

ty, corresponding with water of the temperature 
T = 45°c. the flow conditions were established 
as time-invariant and the flow was described as 
stable. It was also assumed that the fluid flow 
is turbulent and the turbulence models include 
the standard definition of the description of the 
boundary layer. thus, the κ - ε model was used 
for calculations. the boundary conditions in the 
form of zero velocity value on the walls and the 
edges of the plates were assumed for the cal-
culations. the zero value of the kinetic energy 
and dissipation of turbulence in the first itera-
tion were also used (Fig. 3). the surface rough-
ness assumed at the level R

a
 = 0,4 μm.

the boundary conditions were assumed at 
the inlet and outlet of the plate in the form  
of mass flow rate of mv 

= 0,272 kg×s-1. Out 
of assumed values an analytical flow veloci-
ty between the plates, as well as the reynolds 

number, in accordance with the method given  
by FErNANDES et al. (2008), were calculated. the 
calculated mean flow rate was uch = 0,55 m×s-1 
and the reynolds number accounts for Re ≈ 
8200, which in the case of such a narrow slot 
indicates the turbulent nature of the flow. Flow 
characteristics were analyzed in three sections: 
the top, the middle and the bottom. the sec-
tions were designated as: section 1, section 2, 
section 3 (Fig. 3). On the basis of the numerical 
results areas where small velocity occurs were 
designated in plates.

Laboratory experimental

In experimental research plates of heat ex-
changer were fouled with milk by spraying it. 
Plates fouled with milk were heated for 2 min-
utes at 85°c. this operation was repeated three 
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times, obtaining a difficult to remove fat-protein 
sediment. then the plates were installed in the 
heat exchanger and subjected to a cleaning pro-
cess in the flow. cleaning was carried out at uch 
= 0,55 m×s-1; t = 65 min; T = 45°c with pure wa-
ter used as a cleaning agent. cleanliness assess-
ment was carried out for the first pair of plates 
in the exchanger. Sampling areas are described 
as: O1; O2; O3; O4; O5 and shown in Fig. 9. clean-
ing was determined on a scale of 0 – 10 with 
Pro-Clean swab test (PIEPIÓrKA 2012). A value 
of 0 signifies a dirty surface and 10 a complete-
ly clean one. the study was performed in eight-
een repetitions.

cALcULAtION

the models are described in a rectangular co-
ordinate system x, y, z (in cartesian coordinate 
system). Apart from the components of the grav-
ity force and assuming, according to reynold’s 
hypothesis, that the instantaneous values of all 
the physical quantities characterizing the flow 
can be considered as the sum of the time aver-
aged values, an average flow can be described by 
using equations of conservation of mass and mo-
mentum. the equation of conservation of energy 
was omitted, because isothermality of the pro-
cess was assumed (JUN et al., 2003; KAZIMIEr-
SKI 2004; JUN and PUrI, 2006; ZHANG, 2006; 
LUAN et al., 2008).

Bernoulli’s equation in divergence form

  (1)

Fig. 3 - boundary conditions for the analyzed models.

Under the assumption that the flowing agent 
is water of a constant temperature (incompress-
ible fluid), a constant density ρ = const. was as-
sumed in the model.

As a result, therefore:

  (2)

by developing a devise, we get:

  (3)

Momentum balance equation (Navier - Stokes) 
as a vector for an incompressible fluid has the 
following form:

  (4)

When broken down by the above equa-
tion for rectangular components, the equation  
is presented as a system of equations:

 
 
 (5)

 

 
the above arrangement assumes that there 

are no mass forces F
m
=0, and the flow is estab-

lished . Given the above assumptions, the 
following equations were obtained:

  (6)

The turbulence equation

classical turbulence modeling is based on the 
reynold’s concept, according to which each quan-
tity describing turbulent flow is considered to be 
the sum of the volume averaged over time and 
fluctuating component. this value is a random 
function of time and space. Application of the 
above concept in the analysis of turbulent flows 
doubles the unknowns in the equations, trans-
forming them into unequivocal solutions. Alter-
native solution in numerical analysis of turbulent 
flows is the use of turbulence models, including 
κ - ε model, adapted for a high level of flow tur-
bulence in the channels with a large surface area 
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relative to their volume. thus, the turbulent ki-
netic energy is cascade-transferred from the large 
scale vortices to small scale vortices, where dissi-
pation occurs. In the concept of this model, sys-
tem of equations is closed (6) with two additional 
differential equations: the kinetic energy trans-
port “κ” (8) and the dissipation rate of turbulent 
kinetic energy “ε” (9) (bOGUSŁAWSKI et al., 2008).

the equation for kinetic energy x

  (7)

the equation for the dissipation rate ε

 (8)

In the above equations there are: energy dis-
sipation for averaged motion,

  (9)

  (10)

effective viscosity, as a sum of a dynamic viscosity 
and turbulent viscosity determined by the equation,

  (11)

and constant turbulence model Cμ = 0.09 and 
values of the coefficients σκ = 1.0; σκ = 1.3; 
C1 = 1.44;  C2 = 1.92.

Mass conservation equations (3), the equa-
tion of conservation of momentum (6) and equa-
tion turbulence model adopted κ - ε (8, 9), are 
the mathematical models of the motion of flu-
id in the channel between the plates of the heat 
exchanger. these models are partial differen-
tial equations, in which the independent var-
iables are the coordinates of the point consid-

ered in the x
i
. On this basis it is possible to de-

termine the distribution of the dependent varia-
bles such as the components of the velocity vec-
tor u, the pressure p, turbulent kinetic energy κ, 
and dissipation of turbulence ε (JUN and PUrI, 
2006; ZHANG et al., 2006; PINSON et al.,  2007; 
LUAN et al., 2008).

rESULtS AND DIScUSSION

The results of numerical simulations

the results of numerical calculations con-
cerning the nature of the flow in the form  
of the distribution of velocity fields for each an-
alyzed model of the space between the plates is 
shown in Figs. 4, 5, 6 and 7. It indicates that the 
greatest velocity occurs near the inlet and out-
let holes. the maximum velocity of flow in these 
areas is substantially higher than the calculat-

Fig. 4 - Model 1 – channel between flat plates: a – velocity 
field; b – streamlines.

Fig. 5 - Model 2 – channel between symmetrical corrugated 
plates: a – velocity field; b – streamlines.

Fig. 6 - Model 3 - channel between corrugated plates inverted 
with respect to each other: a – velocity field; b – streamlines.
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Fig. 7 - Distribution of velocity fields in different sections of the space between plates for the analyzed geometric models.

ed average. However, in the central part of the 
channel between the plates along its length, the 
flow velocity distribution is shaped differently 
depending on the configuration of the surface 
of evaluated plates.

Flow rates for plates with flat geometry (Fig. 
4a) decrease with the distance to the axis of 
symmetry of the plate, where it reaches values 
close to zero. this indicates the importance of 
the use of corrugations which are a character-
istic of plates in heat exchanger. the depth and 

the angle of corrugations are designed to homog-
enize the flow in the channel between the plates 
and whole volume of the heat exchanger. the 
lowest concentration of the streamlines oc-
curs in central parts of the first channels. 
It results in low-velocity fluid flow in these 
regions (Fig. 4b). It can therefore be expected 
that the heat exchanger with plates of this type, 
in addition to low thermal efficiency, will have a 
lot of hard-to-remove milk fouling in the central 
zones of plate’s surface.
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In the 3D model with corrugations arranged 
symmetrically to each other, the smallest value 
of the flow rate are below the inlet hole in the 
axis of the plate and in its lower corners Fig. 5a. 
the greatest condensation of streamlines is ob-
served in the upper part of the plate, followed 
by dissolving and distancing from the axis of 
symmetry (Fig. 5b). One can see the places in 
which the fluid flows on the edges of the corru-
gations and is then drained outside the chan-
nel between the plates.

In the case of a 3D model with corrugations 
plates with inverted with respect to each other 
by 180°, velocity field distribution is similar to 
the symmetrical model, however, the flow veloci-
ty value is about 10% higher. Areas with the low-
est flow values are the ones located below the in-
flow areas and in the lower corners of plates. the 
area in which flow conditions are most aligned 
is central and lower part of the plate – here the 
cleaning process should be most effective (Fig. 
6a). the analysis of the streamline in the ana-
lyzed model indicates that the lines are scat-
tered and not parallel as in the previous mod-
els. the flow is present in the whole capacity of 
the space between the plates, which is a crucial 
precondition in the process of cleaning.

Fig. 7 shows the velocity of water in three sec-
tions of the plates.

the resulting characteristics indicate a wide 
variation of flow conditions in the analyzed sec-
tions of the plates. In the case of flat plates, low 
flow velocity almost on the entire width of the 
plate along the analyzed section are clearly vis-
ible. In the rest of the models low flow velocity 
is present locally. In all the analyzed models, at 
the top of the plate are there are both top veloci-
ty (near the edges) and the lowest velocity (in the 

axis of symmetry of the plate). In the central and 
lower part of the plates the velocity reach approx-
imate values. As far as flat plates are concerned, 
the flow velocity reach values close to uch = 0,2 
m×s-1, while in other models it was uch = 0,6 m×s-1.

The results of laboratory experimental

On the basis of numerical research, areas in 
plates enabling to assess the cleanliness were 
chosen (Fig. 8a). the results as the arithmetic 
average and standard deviation are shown in 
Fig. 8b and table 2.

It has been observed that the upper part of 
the plate (O2) is harder to wash than the mid-
dle part and the lower areas (O3; O4; O5), which 
were cleaned to similar extent. Areas of O1 and 
O2, are places located at the inflow - right and 
left upper corner of the plate in which, accord-
ing to the results of the numerical research, val-
ues of the flow rate are the lowest. the area of 
O2 received the worst marks in the assessment 
of cleanliness and thus, it is the area most diffi-
cult to clean. Given that in this place where foul-
ing is also most accumulated (JUN and PUrI, 
2006), then the place in the plate heat exchang-

Fig. 8 - Assessment of selected areas on a plate:  a – areas undergoing cleaning assessment; b - the degree of cleanliness of 
selected areas.

table 2 - results of statistical calculations for cleanliness 
each area on the plate.

 O1 O2 O3 O4 O5

Arithmetic mean 4,55 3,89 4,89 4,39 4,33
Mean ± Standard Error 0,22 0,18 0,21 0,18 0,22
Mean ± 2*Standard deviation 1,84 1,52 1,80 1,53 1,81
Outliers 2(6) 4(5); 6(3) 5(6);4(4) - 4(3)
Extreme 3 - 3 3 6
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ers can be regarded as the most troublesome 
and dangerous for hygiene. to a smaller extent, 
but still better eluted, was the central area of 
the plate (O3).

What is more, it was noted that the re-
maining milk fouling usually build up in the 
troughs of the plates (Fig. 9). this is due to 
the nature of the flow in this particular place, 
since the cross-section of the channel be-
tween the plates of the heat exchanger should  
be considered as a channel in which there are 
rapid dilations and contractions. the study 
shows that in places where there are dilations, 
there are areas with reduced flow rate. these 
places are impossible to clean. therefore, it can 
be concluded that there are some unfavorable 
conditions for the cleaning process.

cONcLUSIONS

cFD calculations are an innovative tool used 
to solve engineering problems. In the conduct-
ed research, they allowed for information on flu-
id flow velocity distributions in the channel be-
tween the plates of heat exchanger with different 
surface shapes. the results indicate a wide vari-
ety of flow velocity. the velocity field and stream-
lines support the use of panels with corrugated 
surface. the design of the plate surface is the 
key issue in the product development of heat ex-
changers. thus, the channels between the plates 
uniform distribution of the liquid.

the results of numerical research made it pos-
sible to locate the areas on the plates, which are 
of a reduced flow rate. these areas can be diffi-
cult to clean during the standard procedure of 
cIP cleaning, what has been proven in exper-
imental research. Maximum flow velocity rate 
was obtained near the edges of the plates and in 
their lower areas, while the smallest rate could 
be observed in the part below the inlet. Velocity 
distribution in the channel between the plates 
of the heat exchanger are one of the crucial pa-

rameters of cleaning efficiency. therefore, this 
numerical research indicates that different flow 
conditions in the channel can cause non-uni-
form conditions of cIP cleaning system.

It is important to continue the research in 
this field in order to simulate the flow condi-
tions in combination with heat exchange. Such 
analysis would enable correct inference about 
any risks concerning the hygiene in such de-
vices, both in terms of fouling formation,  
as well as with their removal during the clean-
ing process in the successive sections of the ex-
changer. Examining the nature of the flow in 
real conditions by using experimental methods 
is of equal importance. However, it is difficult to 
perform due to the specific design of plate heat 
exchangers, a narrow slot flow and the closed 
nature of their work. the method introduced in 
this paper gives a good basis for the further de-
velopment of the fast and efficient modeling of 
heat exchangers.

Research financed by the Polish Ministry of Sci-
ence and Higher Education Research

under project No. N N313 136838.

Nomenclature

Cμ; C1; C2; – model constants; 
F 

m
 – mass forces vector (N);

G – generation of the turbulence kinetic energy;
Lw – effective length of the plate (m);
Ls – effective width of the plate (m);
Re – reynolds number = ;
T – temperature of fluid (°c);
b – the largest distance between plates (m); 
dch – equivalent hydraulic diameter of the channel (m);
mv – mean volumetric flow rate per channel (m3×s-1); 
t – time (s);
ux; uy; uz – flow velocity by spatial coordinates x, y, z; 

u
ch

 – mean flow velocity per channel (m×s-1); 
Greek symbols
β – corrugation angle (°);

Fig. 9 - residual fouling after the cleaning process in the flow, in sampling areas on a plate of a heat exchanger.
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e - energy dissipation rate (m2×s-3);
r – fluid density (kg×m-3);
µ – coefficients of dynamic viscosity (kg×m-1×s-1);
µ

e
 – effective viscosity (kg×m-1×s-1);

µ
t
 – turbulent viscosity (kg×m-1×s-1);

ν – kinematic viscosity of the fluid (m2×s-1);
κ – kinetic energy (m2×s-2);
σκ; σe – coefficients of κ - e model;
∇ 2 – Laplacian operator;
Subscripts
ch – channel.
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AbStrAct

Nutritional composition of two fish species dried with solar driers were compared with other 
common methods of drying. For fish dried with solar driers, moisture content was 10.77-11.20 
for C. gariepinus and 3.60-3.99 for O. niloticus; protein was 64.88-66.48 for C. gariepinus and 
58.75-63.28 for O. niloticus; crude fibre was low in the two species <1.00%; fat was 8.19-8.96 for 
C. gariepinus and 6.80-7.82 for O. niloticus; carbohydrate was 4.68-5.68 for C. gariepinus and 
11.03-17.00 for O. niloticus. the nutrient compositions of the species dried with the solar driers 
were high and compared well with other methods of open drying.
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INtrODUctION

Drying of fish is an age long practice for pre-
serving fish for a fairly long time to prevent dete-
rioration and spoilage in the quality of the prod-
uct. It is also to reduce post harvest losses and 
make available the product in times of shortage, 
thereby ensuring cheap protein availability to 
people. Drying increases the shelf life, enhance 
the quality, provide ease of handling, further pro-
cessing and sanitation (MUJUMDAr, 2007). Dry-
ing involves the application of heat to vaporize 
moisture or remove water vapour from a prod-
uct (VISAVALE, 2012). the removal of water will 
stop or slow down the growth of microbes, oxi-
dation of fat and autolytic activities in the fish 
with resultant reduction in weight and volume.

Various drying methods have evolved and in 
use over the years in sub-Saharan Africa. these 
include direct open sun drying, solar drying, 
smoking and smoke drying with the use of ov-
ens. the use of one particular method depends 
on the product, availability of energy sources, 
cost, skill, and storage facilities. the advantag-
es and disadvantages of each method have been 
summarized by bErKEL et al. (2004). However, 
a good drying method must be the one in which 
the nutritional quality of the fish is enhanced 
or minimally affected. OPArAKU and MGbEN-
KA (2012) and HUDA et al. (2010) observed that 
different drying methods have different effects 
on the nutritional compositions of fish. tUrKAN 
(2008) and WHIttLE (1997) also linked the avail-
ability of vital nutrients in fish to the methods of 
preservation and shelf life of the fish.

the use of solar driers most especially low-
cost ones against the traditional open drying, 
smoking kiln and ovens is on the rise and be-
coming widely accepted in sub-Saharan Africa. 
It is therefore necessary to test for the nutrition-
al qualities of the final dry products produced 
by these low cost solar driers. Proximate com-

position is an indicator of the nutritional value 
of food material and in fish species could vary 
depending on environment, age, sex, food and 
feeding habits, migration, methods of preserva-
tion, morphology, structure of the species, sea-
sonality in abundance and catch. According to 
rODINGO (1998), the principal nutritional com-
ponents of fish include water, protein, ash, li-
pids, fats and fibre. SESUGH et al. (2012) OG-
bONAYA (2009), OJIKUtU et al. (2009), EFFIONG 
and FAKUNLE (2012), OPArAKWU and MGbENKA 
(2012), rAHMAN et al. (2012), AKINWUMI et al. 
(2011) AHMED et al. (2011) tAO and LINcHUN 
(2008), OGbONAYA and IbrAHIM (2009), ADE-
bOWALE et al. (2008) have all analysed the nu-
tritional and proximate compositions of various 
species of fish dried under different methods.

this study was carried out to evaluate the 
nutritional composition of two highly important 
commercial tropical African fish species Clarias 
gariepinus (African sharp tooth catfish) and Ore-
ochromis niloticus (Nile tilapia) dried using low 
cost solar drier and comparing it with the com-
mon methods of open sun drying, smoking kiln 
and electric oven.

MAtErIALS AND MEtHODS

Five different solar driers constructed from in-
expensive and readily available materials were 
used for drying of the two fish species. the dri-
ers used were:
1. Plastic drier: this was constructed using a ther-

mopile plastic material. It has a square size of 
0.61 x 0.61 m. Inside the drier was placed a 
wooden stand having a dimension of 0.46 x 
0.46 x 0.15 m (length, width and height). A 0.52 
x 0.52 m wire mesh in which the fish species 
were placed was put on top of the stand (Fig. 1).

2. Aluminum drier: this was constructed from 
aluminum sheet. It has the same size, shape 

Fig. 1 - Plastic drier with samples of the two fish species during drying.



Ital. J. Food Sci., vol. 26 - 2014 223

Fig. 2 - From right to left, black stone inserted glass drier, aluminum drier and glass drier.

Fig. 3 - Mosquito net drier with samples of the two fish spe-
cies during drying.

Fig. 4 - Open sun drying with samples of the two fish spe-
cies during drying.

and dimensions with the plastic drier. Inside 
it was also placed a wooden stand and wire 
mesh of the same dimensions with that of the 
plastic. the drier was however coated both 
inside and outside with black paint (Fig. 2).

3. Glass drier: this was made of transparent 
glass. It has the same size, shape and dimen-
sions with aluminum dryer. the drier also 
had a wooden stand wire mesh of the same 
dimensions with aluminum drier to hold the 
fish species during drying (Fig. 2).

4. Glass drier containing black stones: this is 
similar to the glass drier in every respect but 
with a black (igneous rock) stone placed in it 
(Fig. 2).

5. Mosquito net dryer: this was constructed 
by using plywood for the frame (edges). the 
drier was subsequently covered with mos-
quito net all around the wooden frame. the 
size, shape and dimensions of the drier were 
the same with the others. Inside it was also 
placed a wooden stand having a wire mesh 
on top. the dimensions of the wooden stand 
and the wire mesh were the same with the 
other driers (Fig. 3).

An unenclosed 0.61 x 0.61 m steel plate was 
used for open drying by exposure directly to the 

sun (Fig. 4). A smoking kiln constructed from 
steel drum with firewood as the source of ener-
gy and an electric oven were used in drying the 
fish samples (Fig. 5). temperature of the electric 
oven was set at 120°c, dried for 30 min (OGbO-
NAYA and IbrAHIM, 2009) in order to completely 
remove the water content from the fish species in 

Fig. 5 - Smoking kiln.
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no time. All the solar driers and the unenclosed 
drier were placed on top of a story building at 
the Physics laboratory of the University of Ilorin, 
Ilorin, Nigeria with no obstruction to sun rays 
and facing the direction of the prevailing mind.

Fresh samples Clarias gariepinus and Ore-
ochromis niloticus used for this work were ob-
tained from Kwara State Ministry of Agricul-
ture, Ilorin, Nigeria. the fish samples were 
weighed and the total length measured. they 
were descaled (O. niloticus only) gutted and mob 
dried. the fish samples were then reweighed and 
measured before placing them in each drier and 
the control. Drying in the smoking kiln was done 
outdoor, while drying in the oven was done in-
door in the laboratory.

Proximate analysis

Proximate analysis to determine the nutri-
ent composition of the two fish species after 
drying in the different driers and the open sun 
drying was done according to AOAc (2005) and 
PEArSON (1981). the moisture, ash, crude fi-
bre, crude protein, fat and carbohydrate con-
tents of the dried fish samples were determined.

Measurement of temperature in the driers
temperature measurement in all the driers 

was measured by using a laser sensor thermom-
eter, while that of the electric oven was set at a 
value of 120°c in the oven. 

Statistical analysis
SPSS (15) was used for the statistical analy-

sis. the data were subjected to Analysis of Var-

iance (ANOVA) with the Duncan New Multiple 
range test (DNMrt) used to examine the dif-
ferences in the mean values and the significance 
put at P<0.05.

rESULtS

the results of the proximate analysis of the 
dried fish samples from the five different so-
lar driers, open sun drying, smoking kiln and 
electric oven are presented in table 1. Signif-
icant differences (P<0.05) were observed in 
the proximate composition between the two 
species and among the nutrients composition 
in the two species. the percentage moisture 
content in the solar driers and open sun-dry-
ing ranged from 10.26 to 11.42% for C. garie-
pinus and 3.68 to 4.00% in O. niloticus. the 
highest percentage protein was 66.48% in C. 
gariepinus and 63.28% in O. niloticus. crude 
fibre content in the two species was low rang-
ing from 0.50 to 0.81% in C. gariepinus and 
0.89 to 1.00% in O. niloticus. Fat content of the 
two species was highest in black stone insert-
ed glass drier with a percentage of 8.96% for 
C. gariepinus and 7.82% for O. niloticus. the 
percentage of carbohydrate was highest in O. 
niloticus than in C. gariepinus with the high-
est of 17.00% recorded from the glass drier, 
while the lowest of 4.68% was observed for C. 
gariepinus also from the glass drier. the high-
est percentage of ash was found in C. garie-
pinus recorded from the smoking kiln, while 

table 1 - Proximate composition of C. gariepinus and O. niloticus dried under low cost solar driers, open sun drying, smok-
ing kiln and electric oven.

Driers Fish samples Moisture % Ash % Crude fibre % Protein % Fat % Carbohydrates %

Plastic C. gariepinus 11.20 9.67 0.53 64.88 8.19 5.53
 O. niloticus 3.99 12.84 0.98 58.92 6.89 16.38

Mosquito net C. gariepinus 11.02 9.61 0.51 64.96 8.21 5.69
 O. niloticus 3.68 12.69 0.89 59.81 6.93 16.00

Glass  C. gariepinus 10.82 8.92 0.54 66.20 8.84 4.68
 O. niloticus 3.95 12.58 0.92 58.75 6.80 17.00

Aluminum C. gariepinus 10.95 8.46 0.52 65.95 8.64 5.48
 O. niloticus 3.79 13.23 0.91 60.24 7.20 14.63

Glass with black  C. gariepinus 10.77 8.28 0.55 66.48 8.96 4.96
stone O. niloticus 3.60 13.40 0.87 63.28 7.82 11.03

Open sun drying C. gariepinus 10.84 8.92 0.54 65.88 8.52 5.30
 O. niloticus 3.75 12.58 0.96 60.15 7.15 15.41

Smoking kiln C. gariepinus 11.42 9.69 0.50 64.41 8.20 5.78
 O. niloticus 4.00 13.03 0.95 59.26 7.10 15.66

Electric oven C. gariepinus 10.26 8.96 0.81 64.62 8.10 7.25
 O. niloticus 3.82 13.42 1.00 60.15 7.01 14.60
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electric oven recorded the highest percentage 
in O. niloticus.

the mean maximum and minimum temper-
atures in the low cost solar driers, open sun-
drying, smoking kiln and electric oven showed 
that electric oven had the mean maximum and 
minimum temperatures at 120 °c, followed 
by smoking kiln with rage of 70° to 90°c. the 
temperatures in the black stone inserted glass 
drier ranged between 24.50° to 60.50°c while 
open sun drying had the least temperature 
range of 20.00° to 38.00°c among all the dri-
ers (table 2). Significant differences (P<0.05) 
in the maximum and minimum temperatures 
was observed in all the solar driers and in the 
open sun drying, smoking kiln and the elec-
tric oven.

DIScUSSION

the ranges of the nutrient composition of the 
two species dried under the five low cost solar 
driers were in agreement with other workers 
such as ADAM-SULIEMAN and SIDAHMED (2012). 
the nutrient composition of the two fish sam-
ples, C. gariepinus and O. niloticus dried under 
the different low-cost solar driers were high and 
compared favourably well with traditional open 
sun drying, smoking kiln and electric oven. the 
low moisture contents recorded in the two spe-
cies showed the effectiveness of the driers in 
evaporating water from the fish samples. Al-
though electric oven evaporated more water from 
the fish in less time than the other driers but 
the cost of the oven and electricity used for op-
eration beyond the reach of most people in sub-
Saharan Africa. AKINWUMI et al. (2011) has also 
reported that electric oven produced the lowest 
moisture content in dried fish samples.

consequently, the low moisture content in-
creased the protein content in the fish species 
by coagulating the crude protein. According 
to StEFFENS (2006), protein forms the largest 
quantity of dry matter in fish. cLUcAS (1982) 
reported that a fish with moisture content re-
duced to 25% is well dried and if further reduced 
to 15% growth of mould will cease and shelf life 
increased. the higher moisture content in the 
C. gariepinus was as a result of the fish having 
higher water content that O. niloticus. this ob-
servation has also been reported by GALLAGHEr 
et al. (1991). the same scenario was also found 
in the fat contents of the fish species. SESUGH 
et al. (2012) recorded a higher fat content in 
smoked C. gariepinus than in smoked O. niloti-
cus. Higher ash content, crude fibre and carbo-
hydrates were however recorded in O. niloticus. 
Substantial loss of moisture was responsible 
for the higher ash content in the fish species, 
most especially from smoking kiln and electric 
oven which produced the highest ash contents 
on the account of a higher heat source used in 

table 2 - Mean maximum and minimum temperatures in the 
solar driers, open sun drying, smoking kiln and electric oven.

Driers Maximum  Minimum
 temperature  temperature
 (°C)  (°C)

Plastic  50.0 22.0
Mosquito net 46.0 21.0
Glass  60.5 24.5
Aluminum 59.0 24.0
Glass with black stone 56.5 20.5
Open sun drying  38.0 20.0
Smoking kiln 90.0 70.0
Electric oven 120.0 120.0

the two drying methods. the ash content in O. 
niloticus was similar to the values recorded by 
IPINMOrOtI (2012) on Tilapia zilli.

A low fibre contents was recorded in all the 
solar driers which was not significantly differ-
ent from what was obtain in the smoking kiln 
and electric oven. AKINNEYE et al. (2007), AKIN-
WUMI et al. (2011) and OGbONNAYA (2009) have 
all recorded low fibre content in Clarias garie-
pinus and O. niloticus dried with electric oven, 
open sun drying and smoking kiln.

Clarias gariepinus could be described as a 
fatty fish even after drying because of its high-
er fat contents which was higher than that of O. 
niloticus. Low fat content in O. niloticus has been 
reported by OMOtOSHO and OLU (1995). Low-
er fat content which was observed in smoking 
kiln and electric oven was due to the high heat 
treatment of the two driers which tend to exude 
the fats from the species. OGbONNAYA (2009) 
had noticed low fat contents in fish dried with 
smoking kiln. the higher percentage of carbo-
hydrates, low fat and low protein in O. niloticus 
than C. gariepinus could be explained in terms 
of the feeding habits of the species being a her-
bivorous one which forages on phytoplankton, 
while C. gariepinus is mainly a carnivorous spe-
cies feeding on proteineous prey. the high fibre 
content in O. niloticus could also be related to 
the high carbohydrates in fish. O. niloticus is a 
lean fish with low fat content as compared to C. 
gariepinus even after drying.

Drying in these solar driers have shown to sig-
nificantly reduce the moisture content, improve 
protein quality and increasing the shelve life of 
the two species. Glass drier with black stone 
was the most efficient of the solar driers due to 
its ability to evaporate large amount of water 
and high protein content. the drier was able to 
achieve this feat because of the black stone in it 
which absorb, retain and radiate heat to the fish 
samples. Although complete drying in these so-
lar driers takes on the average a total of 10 days 
with relative effect of rainfall. bErKEL (2004) 
had reported that naturally fish needs about 
3-10 days to dry. these solar driers were found 
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to be faster and efficient and effective in drying 
the two species than the open sun drying. this 
is in agreement with cHAVAN et al. (2011) obser-
vation that solar drier are faster in drying than 
open sun-drying, while bErKEL (2004) showed 
that the quality of products dried with solar dri-
ers are higher than smoking.

cONcLUSION

the proximate analysis of the solar dried fish 
species showed that the nutrient composition 
especially the moisture contents of the species 
which was reduced significantly and the protein 
contents which was significantly higher to be 
good enough for consumption after drying. the 
nutritional qualities of the fish samples dried 
by these solar driers were high, hygienic, bet-
ter, more preserved and acceptable.
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