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Abstract

There are several separation techniques -including conventional distillation- for extracting 
heat sensitive compounds from food products. However, some compounds may have high boiling 
points at which other compounds might be adversely affected. Vacuum application is also need-
ed for such kinds of foods. Molecular distillation is an advanced vacuum distillation method per-
formed by short-path evaporators. Distance between evaporator and condenser is extremely re-
duced which results in minimized pressure drop. Heat sensitive material meets heat for a short 
time under high vacuum, thus low or no decomposition occurs.  This review aims to discuss the 
basics and uses of molecular distillation in foods.
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Introduction

Distillation is a simple physical separation 
process of liquid mixtures based on differenc-
es in boiling points of components in the mix-
ture. Very first usage of distillation dates back 
to 1st century (Forbes, 1970). Further experi-
ments leaded to new knowledge that is known 
as fundamentals of distillation now. In 1830, 
Aeneas Coffey - an Irish inventor - patented his 
distillation column (Gaiser et al., 2002). Cof-
fey’s column (a.k.a “continuous still”, “patent 
still” or “Coffey still”) achieved to reach higher 
concentrations of alcohol. In 20th century, some 
special distillation equipments and techniques 
were produced in correlation with increasing in-
novations in petrochemical industry. Especial-
ly in chemical and food research, demand for 
extracting compounds with high purity leaded 
to development of computer aided systems. To-
day, several distillation techniques are present 
for various purposes. Appropriate distillation 
method should be chosen depending on prop-
erties of liquid mixture and distillation equip-
ment. Some of the specific distillation methods 
could be listed as:
•	R epeated evaporation-condensation cycles, 

known as fractional distillation.
•	 Steam distillation of heat sensitive materials 

(Harwood and Moody, 1989)
•	 Vacuum distillation of heat sensitive materi-

als under reduced pressure.
•	R eactive distillation
•	 Azeotropic distillation
•	E xtractive distillation
•	C atalytic distillation
•	 Molecular distillation, an advanced vacuum 

distillation method.

General information 
on molecular distillation

Pure substances have certain vapor pres-
sure values related to vaporization temperature. 
These vapor pressure-temperature data are plot-
ted to a P-T diagram, which is called “phase di-
agram”. Fig. 1 demonstrates a sample phase di-
agram of any pure substance. 

As seen in Fig. 1, vaporization temperature (or 
boiling point) decreases when the ambient pres-
sure is reduced along the vaporization curve. 
This principle is the basis of vacuum distilla-
tion. Distillation of compounds, which may be 
decomposed at high boiling points and/or may 
be air-sensitive can be possible with vacuum dis-
tillation. Typically, there are two types of vacu-
um distillation:
•	 Simple vacuum distillation: applied when 

higher vacuum levels are not needed. Ex: ro-
tary evaporators, Perkin triangle. 

•	 High vacuum distillation: applied when higher 
vacuum levels are needed for separation. Pu-
rity of distillate is higher than those of other 

distillation techniques. Ex: thin film evapora-
tors (TFE) and short-path distillation equip-
ment (SPD).
According to Shi et al. (2007), distillation 

method can be called as molecular distillation if 
the distance between evaporator and condenser 
reaches to mean free path of a vapor molecule. 
Lei et al. (2005) described the mean free path, < 
λ >, with the following equation:

 

where d (m) is the diameter of molecule, N
A
 is 

Avogadro constant (6.023x1023 mol-1), P (Pa) is 
pressure, R is universal gas constant and T (K) 
is temperature. Lutišan and Cvengroš (1995) 
defined molecular distillation as “the safest 

Fig. 1 - Sample phase diagram of any pure substance.

method to separate and purify thermally unsta-
ble compounds”. Shi et al. (2007) pointed out 
that risk of thermal decomposition could be re-
duced with low temperature; as well oxidation 
could be prevented with air removal by vacu-
um. In addition, De Moraes et al. (2006) drew 
one’s attention to advantages of molecular dis-
tillation (e.g. avoiding toxicity, protect environ-
ment) that other chemical agent-based tech-
niques do not have. Lutišan and Cvengroš 
(1995) defined the main features of molecular 
distillation as; short time of exposure to heat, 
low evaporating temperature and a character-
istic mass transfer. According to Martinello 
et al. (2007), “small distance between evapo-
rator and condenser” can also be defined as a 
feature of molecular distillation. 
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High vacuum and molecular 
distillation equipment

There are typically two types of evaporators 
used in high vacuum distillation, i.e. thin film 
evaporators (TFE) and short-path evaporators 
(SPE). These equipments have similar designs 
with few differences. In both evaporators, feed is 
agitated with a rotor-wiper system and high vac-
uum is produced by vacuum pumps. In TFE, op-
erating pressure can be reduced to 1-100 mbar 
(UIC GmbH, 2014) and there is no other unit be-
tween vacuum and condenser (Pilodist, 2014). 
Fig. 2 shows an illustration of a TFE. 

In SPE, condenser is placed in the centre of 
evaporator unit, so distance between boiling 
and condensation surface is extremely reduced 
and pressure drop is minimized. The operating 
pressure can be reduced up to 0.001 mbar. Dis-
tillation performed by a short-path evaporator 
is also called as “molecular distillation” (Buss-
SMS-Canzler GmbH, 2014a; Buss-SMS-Canzler 
GmbH, 2014b; Pilodist, 2014; Technoforce, 
2014). Fig. 3 shows an illustration of a SPE. 

There are many parameters that can affect 
distillation yield and molecular evaporation 
rate. Molecular evaporation rate, k

i
, can be cal-

culated by Langmuir-Knudsen equation (Ros-
si et al., 2011):

where TS is evaporation temperature, R is uni-
versal gas constant, M

i
 is molecular weight of 

evaporating component and Pvi is vapor pres-
sure of component. Xu et al. (2002) describes the 
most important parameters of molecular distil-
lation as evaporator temperature, flow rate, vac-
uum and wiper speed. Flow rate has an impor-
tant effect on the contact time of the molecules 
with hot surface during evaporation. Higher flow 
rates reduce the residence times of molecules 
being vaporized. Wiper speed affects film thick-
ness and viscosity. Feed becomes highly tur-
bulent with intensive agitation, which leads to 
high heat transfer coefficients (Buss-SMS-Can-
zler GmbH, 2014c).

Molecular distillation 
in food processing: Some examples 

of recent studies

Molecular distillation has many application 
areas in food industry. Some of these applica-
tions can be summarized as but not limited to: 
concentration of ω-3 fatty acids, distillation of 
monoglycerides from di- and triglycerides, con-
centration of tocopherols and tocotrienols (Buss-
SMS-Canzler GmbH, 2014d), fractionation of 
squalene (Sun et al., 1997), recovery of carot-

enoids (Batistella and Wolf-Maciel, 1998). 
As distillation is a separation process, studies 
about molecular distillation generally focus on 
either removal of undesired compounds or con-
centration of valuable compounds.

Removal of undesired compounds

In a study about removal of cholesterol from 
butter and lard by using molecular distillation 
(Lanzani et al., 1994), researchers reported that 
cholesterol content of lard was reduced from 988 
ppm to 105 ppm in the residue after 2 hours of 
distillation under 10-4 torr pressure and 250oC 
evaporator temperature. 

Molecular distillation can also be used for 
physical deacidification. Martins et al. (2006) 
separated free fatty acids (FFA) from vegetable 
oil deodorizer distillate. They achieved to reduce 

Fig. 2 - Illustration of a TFE unit.

Fig. 3 - Illustration of a SPD unit.
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FFA content to 6.4% from initial FFA content of 
raw material with 57.8% at 160oC evaporator 
temperature, under 10-6 bar pressure and 10.4 
g min-1 feed flow rate. They also noted that con-
centration of tocopherol in residue stream was 
found 18.3%, while initial tocopherol concen-
tration was 8.97%. FFA elimination was 96.16% 
and tocopherol recovery was found 81.23%.

Wang et al. (2010) aimed to separate FFAs and 
diacylglycerols (DAG) from enzimatically hydro-
lyzed soybean oil. They achieved to increase the 
removal of FFAs from 88.8% to 99.44% by in-
creasing evaporator temperature from 125oC to 
160oC, under 0.5-1.0 Pa process pressure, 200 
mL h-1 feed rate and 300 rpm wiper speed. 

Olli et al. (2013) studied removal of organic pol-
lutants in fish oils. Their SPD system, which has 
an evaporator temperature of approx. 220oC and 
operating pressure below 0.03 mbar, achieved 
to remove total amount of chlorinated pesticides 
(some of them are DDT and HCH) from 215.07 ng 
g-1 to 21.95 ng g-1, corresponding to 89% reduction. 

According to Meyer et al. (2011), total pesti-
cide traces in rapeseed deodorizer distillate were 
dropped below 0.05 mg kg-1 from an initial content 
of 0.968 mg kg-1 by achieving more than 94.8% 
reduction. SPD evaporator temperature was set 
to 110oC, feed flow rate was 200 mL h-1 and pres-
sures were between 0.006 and 0.01 mbar. Re-
searchers stated that it would be a mistake to 
affirm that all types of pesticides were removed 
by using SPD according to this reduction data, 
because many different types of pesticides might 
be present before distillation and analysis of ef-
fects on specific compounds has to be performed.

Concentration and/or fractionation 
of compounds

Batistella and Wolf-Maciel (1998) studied 
the recovery of carotenoids from palm oil by us-
ing a molecular distillator and after a set of dis-
tillation trials, they achieved to increase caro-
tene concentration to 19500 ppm from an ini-
tial feed concentration of 600 ppm under 9x10-5 

torr pressure and 170oC evaporator temperature.
Sun et al. (1997) fractionated squalene from 

alkali-refined amaranth seed oil and their high-
est recovery of squalene was 67.8% with SPD 
conditions of 100 mtorr pressure and 180oC dis-
tillation temperature.

Campos et al. (2003) fractionated milk fat 
by SPD and recorded distillate yields (w/w) as 
a function of temperature. They observed that 
distillate yield was 0.3% at 125oC process tem-
perature; however a 42.7% recovery was ob-
served when process temperature was increased 
to 250oC, which meant a significant and posi-
tive effect of temperature on process efficiency.

SPD was performed on lemongrass essential 
oil by Tovar et al. (2011) and researchers report-
ed that they were able to increase citral concen-
tration in distillate stream from 17.658 mg mL-1 

to 33.576 mg mL-1 when evaporator temperature 
was increased from 60oC to 120oC with a feed 
flow rate of 1.5 mL min-1 and pressure of 5 Pa. 

Mono and diglyceride (MDG) concentration 
and production are also possible with molecular 
distillation. Fregolente et al. (2010) produced 
partial glycerides from soybean oil by using mo-
lecular distillation. Concentration of monoglyc-
eride (MG) in distillate stream increased with el-
evated evaporator temperature. At 250oC with 
10 mL min-1 feed flow rate, MG concentration 
was increased from initial feed value of 12.75% 
to 80.00% in distillate stream under 24 Pa op-
erating pressure. They also pointed that lower 
flow rate increased recovery of MG, because mol-
ecules contacted with hot evaporator surface for 
a longer period of time. Recovery for any compo-
nent is defined with following equation:

 

Zhang et al. (2013) studied effects of evapo-
ration temperature, feeding rate, feeding tem-
perature and wiper speed on concentration of 
ω-3 fatty acids by molecular distillation and 
optimized these parameters with response sur-
face methodology (RSM). Researchers reported 
the optimum conditions as 110.4oC evaporator 
temperature, 78.7 mL h-1 feeding rate, 350 rpm 
wiper speed, 10 Pa operating pressure and 80oC 
feed temperature. 

Conclusions

Separation techniques such as extraction, evap-
oration, distillation etc. are accepted as unit op-
erations in food industry. Vacuum distillation is 
frequently used both in chemical and food indus-
tries; however simple vacuum distillation might 
not be capable of separation of heat-sensitive ma-
terials from food products. In that case, molecu-
lar distillation (short-path distillation) should be 
used for separation of these materials. Molecular 
distillation has been used more in pharmaceu-
tical, chemical and petrochemical applications, 
but nowadays importance of molecular distilla-
tion has increasingly been understood in food in-
dustry. Separation, concentration and purifica-
tion of commercially valuable food constituents 
can be easily performed by molecular distillation; 
furthermore, healthier food products can be pro-
duced by removal of some health damaging com-
pounds such as excess cholesterol, organic pol-
lutants. Authors expect an increasing trend in us-
age of molecular distillation in food industry when 
taking all these applications into consideration.
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Abstract

Susceptibility of 29 Lactobacilli to 13 antibiotics was assayed by paper disc diffusion method. 
Plasmids and gastrointestinal tolerance were detected. The relationship between plasmids and 
antibiotic resistance was discussed. The results showed that all of the strains were resistant to 
bacitracin, polymyxin B, kanamycin, and nalidixic acid. Many strains were relatively sensitive to 
chloramphenicol and tetracycline. Six strains contained plasmids and showed good gastrointesti-
nal tolerance. β-lactam resistance gene blr was found in the plasmid of L. plantarum CICC 23180 
by PCR. The study will be helpful to promote the safety evaluation and development of potential-
ly probiotic lactic acid bacteria.
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1. Introduction

Due to the claimed benefits, Lactobacillus 
bacteria are widely used in food, feed, medical 
and health related fields. Many lactic acid bac-
teria (LAB), such as Streptococcus thermophi-
lus and Lactobacillus delbruekii subsp. bulga-
ricus, have been used safely for a long history. 
They are agreed to be secure and do not have 
the possibility of pathogenic. Currently, new 
beneficial bacteria are being developed contin-
uously and will enter the market. However, the 
security of these new strains has caused great 
concern. Evaluation of antibiotic sensitivity is 
an important part of safety assessment.

Now, overuse of antibiotics has become a 
serious social problem. This led to the emer-
gence of a large number of antibiotic-resistant 
strains. Once the resistance-related factors are 
tranferred to other microorganisms, especial-
ly pathogens via food carrier, it will cause tre-
mendous problems. The evolution of antibiotic-
resistant foodborne pathogens has been widely 
reported (Threlfall et al., 2000; Walsh et al., 
2008; White et al., 2002). Moreover, the resist-
ance and resistance-related genes of Bifidobac-
terium, Lactobacillus and Pediococcus strains to 
different antibiotics were studied systematical-
ly (Hummel et al., 2007; Huys et al., 2004; Ma-
ria et al., 2007). The tetM gene transfer of tet-
racycline resistance in Lactobacillus plantar-
um among strains was reported by Niamh et 
al. (2010).

In this study, 29 Lactobacillus strains isolat-
ed from the food environment with potentially 
probiotic effects (Jin et al., 2009; Li et al., 2009; 
Liu et al., 2011; Sun et al., 2009; Zhao et al., 
2013) were used. These strains were assayed for 
susceptibility to 13 antibiotics by agar disc dif-
fusion method. Furthermore, some strains with 
higher resistance were analysed for the presence 
of plasmids. Then, the tolerance of the plasmid-
containing strains under simulated gastroin-

testinal conditions was investigated. By plas-
mid elimination and PCR, the relationship be-
tween the plasmid profiles and resistance pat-
terns of the strains was explored. This will pro-
vide a reference for the safety evaluation meth-
od and also will be helpful to improve the eval-
uation system of probiotics.

2. Materials and methods

2.1 Bacterial strains and cultivation

29  Lactobacillus strains  used in the study 
were listed in Table  1. Lactobacillus strains 
were cultured in MRS (De Man, Rogosa, and 
Sharpe) medium at 37°C for 18h under anaer-
obic condition.

Quality control strain recommended by Clin-
ical and Laboratory Standards Institute (CLSI) 
in the antibiotic  sensitivity test was  E. coli 
ATCC25922 purchased from the Institute of Mi-
crobiology, Chinese Academy of Sciences. The 
E. coli ATCC25922 was activated and cultivat-
ed in LB medium (yeast extract 5 g/L, tryptone 
10 g/L, NaCl 10 g/L) at 37°C.

2.2 Testing of antibiotic susceptibility

13 kinds of antibiotics paper discs were pur-
chased from the National Institute for the Con-
trol of Pharmaceutical and Biological Products 
(Table 2), each piece with a diameter of 6.5 mm. 
The quality was fully complied with  the WHO 
criteria. 

Antibiotic susceptibility was semi-quantita-
tively determined with K-B method by antibiot-
ic paper disc diffusion referring to the CLSI as 
described by Charteris et al. (1998a).

Briefly, 1.0 mL Lactobacillus suspension (ap-
proximately 1.5×108 CFU/mL) was added to 
sterile petri dish with diameter of 90 mm, and 
then mixed with a 15 mL MH (Muller Hinton, 
MH) agar (beef extract powder 6g/L, casein ac-

Table 1 - Source of the tested strains for antibiotic susceptibility test.

Species	 Source (original number)

Lactobacillus plantarum	 CICCa 23124 (L11), CICC 23131 (B31), CICC 23135 (B37), CICC 22195 (C35),
	 CICC 23166 (ZJ1), CICC 23138 (C8-1), CICC 23180 (CH8)
Lactobacillus rhamnosus	 CICC 23119 (1132), CICC 22175 (LL), ATCCb 7469, CICC 22151 (LK-Mt), CICC 22173 (R11)
Lactobacillus salivarius	 CICC 23182 (CH-10)
Lactobacillus acidophilus	 CICC 22162 (CH-2)
Lactobacillus casei	 CICC 23184 (Y5-2b)
Lactobacillus helveticus	 CICC 22154 (LLB)
Lactobacillus pentosus	 CICC 23116 (SN23), CICC 22161 (Lp-4), CICC 22160 (Lp-5), CICC 22159 (Lp-B),
	 CICC 22156 (Ind-3), CICC 22157 (Lp-A)
Lactobacillus paralimentarius	 CICC 22148 (412), CICC 22149 (413)
Lactobacillus delbrueckii	 CICC 22153 (LB), CICC 22163 (LC)
Lactobacillus paracasei	 CICC 22165 (5M1), CICC 22167 (5M7), CICC 23183 (D-400)

aCICC, China center of industrial culture collection. bATCC, American type culture collection.
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ids hydrolysate 17.5 g/L,  soluble starch, 1.5 
g/L, agar 17 g/L, pH 7.3±0.1) until the medi-
um solidified. The antibiotic paper discs were 
pasted closely onto the solidified medium with 
sterile tweezers after 5min at room temper-
ature. Three discs were pasted in each dish. 
The distance was more than 24 mm of each 
disc center and more than 15 mm from disc 
edge to the inner edge of dish. Next, the dishes 
were placed at room temperature for 1.5 h and 
then incubated at 37°C. After 24 h, the inhibi-
tion zone diameter was measured around the 
antibiotic disc with vernier caliper and record-
ed. For one tested strain, each antibiotic disc 
was done 3 times. The inhibition zone diame-
ter was averaged

Standard sensitive strain of E. coli ATCC25922 
was used as the control. The operation was the 
same as the above.

The antibiotic susceptibility of the tested 
strains was evaluated according to the CLSI cri-
teria (Table 2).

2.3 Plasmid DNA extraction

10 mL of Lactobacillus suspension cultured 
overnight was centrifugated at 10000 rpm for 
5 min. Then the precipitation was suspended 
with 500 μL of lysozyme solution (10 mg/mL). 
The mixture was placed in a water bath for 45 
min at 37°C. Then plasmid DNA of Lactobacilli 
strains was extracted and purified with DNA ex-
traction and purification kit of Tiangen Biotech 
(Beijing) Co., LTD. Plasmid DNA was observed 
by agarose gel electrophoresis.

Antibiotic susceptibility and plasmid stabil-
ity were tested after cultivated 30 generations 
at 37°C in MRS medium according to the above 
methods.

Table 2 - The content of antibiotic paper discs and criteri-
on for judgement.

Antibiotics	 Content/disc	 inhibition zone diameter (mm)

		  Rc	 I	 S

Vancomycin	 30 μg	 ≤9	 10-11	 ≥12
penicillin G	 10 U	 ≤14	 15-17	 ≥18
ampicillin	 10 μg	 ≤21	 22-28	 ≥29
Bacitracin	 0.04 U	 ≤10	 10-12	 ≥12
cephalothin	 30 μg	 ≤14	 15-17	 ≥18
streptomycin	 10 μg	 ≤11	 12-14	 ≥15
kanamycin	 30 μg	 ≤13	 14-17	 ≥18
tetracycline	 30 μg	 ≤11	 12-14	 ≥15
chloramphenicol	 30 μg	 ≤12	 13-17	 ≥18
gentamicin	 10 μg	 ≤12	 13-14	 ≥15
nalidixic acid	 30 μg	 ≤13	 14-18	 ≥19
multi-polymyxin B	 300 μg	 ≤11	 12-14	 ≥15
rifampicin	 5 μg	 ≤16	 17-19	 ≥20

cNote: R-Resistant; S-Susceptible; I-Intermediate.

2.4 Gastrointestinal tolerability test 

In order to explore the application safety 
in  human, the gastrointestinal  tolerability of 
those lactic acid bacteria containing the plas-
mids were tested.

For acid tolerance test, Lactobacillus cells 
were harvested by centrifugation at 6000 rpm 
for 15 min, washed twice with 0.01 mol/L PBS, 
pH 7.2 after cultured for 18 h at 37°C in MRS 
broth, and then suspended in 20 mL sterile sa-
line (0.85%, w/v) adjusted to pH 2.5 with ster-
ile hydrochloric acid. 

For bile tolerance test, the modified method 
of Lee et al. (1999) was referred to test bile tol-
erance. The Lactobacillus cells were centrifuged 
(6000 rpm, 15 min) after cultivated for 18 h at 
37°C in MRS broth and suspended in 20 mL ster-
ile saline (0.85 %, w/v) supplemented with 0.3% 
(w/v) bile salts (taurocholate, Sigma) at pH 6.8. 

For pepsin and trypsin tolerance test, Lactoba-
cillus cells were centrifuged (6000 rpm, 15 min) 
after cultivated for 18 h at 37°C in MRS broth, 
then suspended in 20 mL sterile simulated gas-
tric and pancretic juices. Fresh simulated gas-
tric and pancreatic juices were prepared daily 
according to Charteris et al (1998b). Pepsin (Sig-
ma) was added into the simulated gastric juice 
with a final concentration of 5 mg/mL. Then the 
pH was adjusted to 2.5 with sterile hydrochloric 
acid. Trypsin (Sigma) was added into the sim-
ulated pancreatic juices with a final concentra-
tion of 10 mg/mL. Then pH was adjusted to 8.0 
with 0.1 M NaOH.

All of the tolerability detection, the initial bac-
terial counts were adjusted to about 108 CFU/
mL and were checked by viable count determi-
nation on MRS agar. For the tolerance assay, 
the bacterial suspensions were incubated and 
counted at 37°C for 0,1,2,3,4,5,6 h, respectively.

All tests were repeated three times to estimate 
the standard error.

2.5 Detection of antibiotic resistance genes

Part of the antibiotic-resistant genes of those 
lactic acid bacteria containing both plasmids and 
high tolerance were investigated. The β-lactam 
resistance-related gene sequence of blr, ECP-
1569, nps-1 and the chloromycetin resistance-
related gene sequence of cmlA, cat, cmlA1 in 
plasmids were found in National Center for Bi-
otechnology Information (NCBI). The primers 
were designed and synthesized by Beijing Sun-
biotech Co., LTD (Table 3). 

The PCR programmes were performed with the 
plasmid template of the tested strains accord-
ing to the following procedures: initial heating 
at 94°C for 4 min was followed by 34 cycles of 
the following sequence: 94°C for 30 s, 72°C for 
1 min, and 72°C for 1 min. Final extension took 
place at 72°C for 7 min.

The amplification products were separated 
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by conventional 1.0% (w/v) agarose gel electro-
phoresis  (100V, 4°C) in TAE (tris-acetate-ED-
TA) buffer and visualised by ethidium bromide 
staining. The target fragment was recovered 
and sequenced by TaKaRa Biotechnology (Dali-
an, China) Co., Ltd. The resistance-related gene 
of plasmid was determined by comparison with 
the known fragment.

3. Results and discussion

3.1 Antibiotic susceptibility

Antibiotic susceptibility of the tested strains 
was evaluated according to the anti-microbi-
al  drug sensitivity standard of CLSI criteria. 
The sensitivity of the tested Lactobacillus to 13 
kinds of antibiotics was shown in Table 4. The 
tested 29 strains were generally resisitant to 
multi-polymyxin B, bacitracin, kanamycin, na-
lidixic acid, and were mostly sensitive to chlo-
ramphenicol and tetracycline. The same species 
of Lactobacillus generally had similar resistance 
patterns. But there was species specificity such 
as the different antibiotic sensitivity in L. plan-
tarum, L. rhamnosus, and L. pentosus. Moreover, 
the antibiotic-resistant level of different strains 
is also different.

Antibiotic resistance of the foodborne lactic 
acid bacteria had heen reported in the 1980s. 
The researchers generally believed that the re-
sistance was a result of the long evolution and 
it was generally endogenous resistance and ob-
tained resistance (Zeng et al., 2004). So, the re-
sistant lactic acid bacteria of natural or isolat-
ed from human intestinal can indirectly reflect 
the habitat of used antibiotic.

It can be seen  from Table 5, the 29 strains 
showed  d i f f e rent  pat te rns  o f  res is t -

Table 3 - The primers of the resistance genes in the experiment.

Gene	 Sequence of the primer	 Annealing temperature	 Fragment size

blr--up	 5’-CGTCTTATTGAATTAACAGGTTGG -3’	 53°C	 125 bp
blr--down	 5’-CACGAAGCCATGTTGTGTTC -3’		

ECP-1569--up	 5’-CAATCAACAGAGATGTGGGCTG-3’	 57°C	 155 bp
ECP-1569--down	 5’-GTACCGTAGTACTCTGTTCAGGTGG-3’		

nps-1--up	 5’-TCATTCTTCTGGCCTGTAGC-3’	 54°C	 782 bp
nps-1--down	 5’-GGCGATACCGCTCAGTTAC-3’		

cmlA--up	 5’-CAAGGAGATGGTTTCGTGCG-3’	 56°C	 551 bp
cmlA--down	 5’-CATGCCCAAACCTAGAAACGC-3’		

cat--up	 5’-GGCATTTCAGTCAGTTGCTC-3’	 55°C	 530 bp
cat--down	 5’-TGGAAGCCATCACAAACG-3’		

cmlA1--up	 5’-GCTGAAGCCAAGCTGAGAC-3’	 56°C	 492 bp
cmlA1--down	 5’-CTACGTTGTGGCGTCAATG-3’		

ance  to  13  kinds of antibiotics. To bacitra-
cin, polymyxin B, kanamycin and nalidixic acid, 
the resistance rate of the 29 tested strains was 
100%. To β-lactam and aminoglycosides, the 
resistance  percentage  was 20.7%-37.9% and 
86.2%-100%, respectively. All of the 29 strains 
were mostly sensitive to chloramphenicol and 
tetracycline.

Among of the tested antibiotics, the nali-
dixic acid and polymyxin B can inhibite DNA 
synthesis and interfer cell membrane forma-
tion, respectively. The resistance of lactobacil-
lus to these kinds of antibiotics may be due to 
the thicker cell wall of Gram-positive bacteria. 
While the tested strains showed different sen-
sitivity to the antibiotics, such as streptomy-
cin, kanamycin, tetracycline, chloramphenicol, 
gentamicin with protein synthesis inhibitition 
effect. Most lactobacillus strains showed re-
sistance to those antibiotics against gram-neg-
ative bacteria, for example, streptomycin, gen-
tamicin, kanamycin. This was consistent with 
report of Zhang et al (2007).

3.2 Plasmid DNA extraction 
of antibiotics-resistant lactobacillus strains

16 CICC strains with relatively strong antibi-
otic resistance were screened for plasmid extrac-
tion. As can be seen from Fig. 1, among these 
strains, only CICC 23180, 22161, 22175, 22157, 
23124, and 22154 contained plasmids.

L. plantarum CICC 23180 showed 6 plasmid 
DNA bands and there is one band greater than 
23 kb. L. pentosus CICC 22157 showed two plas-
mid DNA bands of 10 kb and 5 kb, respective-
ly. L. rhamnosus CICC 22175 and L. plantarum 
CICC 23124 contained respectively 2 and 4 of 
plasmid DNA bands and both of the two strains 
contained a 10 kb plasmid. L. helveticus CICC 
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Table 5 - The percentage of the antibiotic resistance of 29 
Lactobacillus strains.

Antibiotics	 Quantity 	 Percentage
	 of resistant strains	 of resistance (%)

vancomycin	 26	 89.7
penicillin G	 11	 37.9
cephalothin	 6	 20.7
bacitracin	 29	 100
ampicillin	 10	 34.5
multi-polymyxin B	 29	 100
streptomycin	 27	 93.1
kanamycin	 29	 100
tetracycline	 3	 10.3
chloramphenicol	 3	 10.3
gentamicin	 25	 86.2
nalidixic acid	 29	 100
rifampicin	 10	 34.5

Fig. 1 - The plasmids in Lactobacillus (1.CICC 23180, 2.CICC 
22161, 3.CICC 22175, 4.CICC 22157, 5.CICC 23124, 6.CICC 
22154. M. λHindIII marker).

22154 showed only one plasmid DNA band of 
about 10 kb.

Lactic acid bacteria generally contain plas-
mids. The plasmid size was usually 1.9 kb-84.8 
kb. Most of the plasmid was less than 20 kb 
(Wang and Lee, 1997). In the culture process 
from generation to generation, many plasmids 
might disappear from the bacterial cell, but most 
of the plasmids were stable. In the study, the 
plasmids of the above six strains and the anti-
biotic susceptivity showed no changes after cul-
tivated 30 generations.

3.3 Gastrointestinal tolerability 

Resistance to gastrointestinal stress is very 
important for one strain to play the potential 
probiotic function (Guglielmotti et al., 2007). 
If the strains have a high tolerance to gastroin-
testinal stress, it will have the chance to sur-
vive and play the probiotic effects in the gastro-
intestinal environment. 

The tolerance of the selected six strains to low 
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pH, bile salt, pepsin and trypsin is presented in 
Fig. 2. As shown in Fig. 2A, the viable counts of 
L. pentosus CICC 22161 strain reduced to be-
low 106 CFU/mL after 4 h and 1.32 × 104 CFU/
mL after 6 h. However, the viable numbers of 
L. helveticus CICC 22154,  L. pentosus CICC 
22157, L. plantarum CICC 23124, 23180 and 
L. rhamnosus CICC 22175 were still more than 
106 CFU/mL after 6 h in the gastric acid of pH 
2.5. Thus, these five strains showed higher tol-
erance in acid environment. 

For bile tolerance, except the L. pentosus CICC 
22161, the viable counts of the other five strains 
were still more than 106 CFU/mL after 6 h in the 
medium containing bile salt (Fig. 2B). However, 
the viable cells of L. pentosus CICC 22161 had 
decreased to 2.0×106 CFU/mL within 3 h. And 
it declined to only 1.8 × 104 after 6 h.

For pepsin tolerance, among of six strains, 
the viable cells of L. pentosus CICC 22161 and 
L. helveticus CICC 22154 decreased significant-
ly in 6 h and it is less than 104 CFU/mL and 106 

CFU/mL after 6 h exposure to 5 mg/mL pepsin 
solution (pH 2.5), respectively (Fig. 2C). 

For trypsin tolerance, as can be seen in Fig. 2D, 

the viable counts of the tested six strains still re-
mained at 106 CFU/mL or more after 6 h exposure 
to 10 mg/mL trypsin solution (pH 8.0).

3.4 Detection of Resistance genes

According to the above results, except strain 
L. pentosus CICC 22161 and L. helveticus CICC 
22154, the tested strains may be able to sur-
vive in the simulated gastrointestinal environ-
ment. However, if the above strains contain an-
tibiotics-resistant plasmids, there is the possi-
bility of resistance transfer to other bacteria, es-
pecially pathogenic bacteria. It will be a poten-
tial hazard to human health and be a serious so-
cial problem. So, the plasmid-determined resist-
ant gene should be checked firstly before sub-
sequent utilization.

After 0.02% SDS combined with heat treat-
ment of the four strains (CICC 22175, 22157, 
23124, 23180), only the plasmids of L. plantar-
um CICC 23180 were removed and the resist-
ance to cephalothin and chloromycetin disap-
peared simultaneously (unpublished results). 
So, the primers of β-lactam resistance-relat-

Fig. 2 - The viable counts of strains CCICC 22154, 22175, 22161, 22157, 23180 and 23124 in the gastrointestinal environ-
ment after 6 hs at 37°C.
A: pH 2.5; B: 3 mg/mL bile; C: 5mg/mL pepsin; D: 10 mg/mL trypsin.
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ed genes including blr, ECP-1569 and nps-1 as 
well as chloromycetin resistance-related genes 
including cmlA, cat and cmlA1 were designed. 
The plasmid-determined resistant genes of L. 
plantarum CICC 23180 were detected by PCR. 
As shown in Fig. 3, the plasmid of L. plantar-
um CICC 23180 contained β - lactam resist-
ance gene blr, excluding other resistant genes. 
blr gene encodes beta-lactamase, which can 
hydrolyze β-lactam ring and then make the 
β-lactam antibiotic inactivation. This is proba-
bly the main reason of the bacteria resistant to 
β-lactam antibiotics. In the present study, the 
successful amplification of blr gene in L. plan-
tarum CICC 23180 indicated that its cefalotin 

Fig. 3 - The PCR result in the genome and plasmid of CICC 
23180.
M. Marker; 1. blr; 2. ECP-1569; 3. nps; 4. cmlA; 5. cat; 6. 
cmlA1; 7.control.

uct types. And studies have shown that more 
genes associated with antibiotic resistance are 
located in plasmids and transposons (Doucet 
et al., 1992; Mayya et al., 2011). But unlike the 
chromosome DNA, both plasmids and transpo-
sons can provide the possibility of transferabili-
ty for resistance genes between bacteria. Pier et 
al. (2003) proved the high transferability of plas-
mid pCF10 that encodes tetracycline resistance 
from Enterococcus faecalis OG1rf to Enterococ-
cus faecalis BF3098c during cheese and sausage 
fermentation. Joanna et al. (2008) reported the 
transferability of erythromycin resistant plasmid 
(pAMβ1) from Lactococcus lactis SH4174 to Lac-
tococcus lactis Bu2-60. A similar study also indi-
cated that the transferability of tetracycline re-
sistance in E. italicus LMG 22195 from ferment-
ed milk (Miriam et al., 2010). 

So, the assessment of antibiotic resistant of 
potentially probiotic lactic acid bacteria used in 
food industry, especially the resistance-relat-
ed genes and the transferability are very neces-
sary. We can also say that, exploring the pro-
biotic property and safety of lactic acid bacte-
ria are equally important.

4. Conclusions

The tested 29 strains of potential probiotic lac-
tobacillus showed different resistance to antibi-
otics.  Those  resistant strains containing both 
plasmids and high tolerance to gastrointesti-
nal condition may cause food safety problems. 
So these strains need to be re-assessed carefully. 
The study found that the plasmid of L. plantar-
um CICC 23180 exactly carried the cephaloth-
in-related gene blr. However, the transferibility 
of the resistance-related gene remains to be fur-
ther studied. This study provides a reference in 
investigating the relationships between antibi-
otic resistance spectrum and the plasmids and 
evaluating the safety of probiotics.
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Abstract

Study evaluated the effects of vacuum ageing (2, 4, 6, 8, 10, 12, 16 days) on veal loin (longissi-
mus dorsi; LD) and silverside (biceps femoris; BF) physical and sensory characteristics. Ageing did 
not affect cooking loss, increased LD pH and L*, a* and b* in both muscles. Shear force (SF) de-
creased until day 6 in LD and day 10 in BF. Aroma, flavor and taste were not affected, while tex-
ture traits were improved. SF was negative correlated with tenderness and juiciness and positive 
correlated with BF fibrousness and stringy sensation. Ageing improved texture properties with-
out altering other sensory traits.

mailto:gianluca.baldi%40unimi.it?subject=


Ital. J. Food Sci., vol. 27 - 2015  291

Introduction

Tenderness is one of the main factors affecting 
consumer’s preference (Reicks et al., 2011). Since 
in EU veal calves are slaughtered at no more than 
8 months of age (EU Regulation 1234/2007) con-
sumers expect a tender meat from them. There-
fore, ensuring a tender product is a critical as-
pect for veal producers and retailers, because 
tenderness is closely related to consumer’s sat-
isfaction and they are also willing to pay more 
for tender meat (Dransfield et al., 1998; Feuz et 
al., 2004; Alfnes et al., 2005). Post mortem age-
ing improves meat tenderness due to the prote-
olysis of myofibrillar, structural and connective 
proteins starting from the onset of post-mortem 
phase (Kemp et al., 2010; Nishimura, 2010; Ouali 
et al., 2013). Nowadays meat cuts are extensive-
ly stored vacuum packaged, a practice that does 
not significantly affect veal aroma, color, appear-
ance, flavor and texture traits when compared to 
traditional bone-in carcass ageing (Ngapo and 
Gariépy, 2006). In light of the different degrees of 
tenderness and tenderization rates among mus-
cles (Rhee et al., 2004), this technique can allow 
to maximize tenderization through the different 
duration of postmortem ageing, based on spe-
cific muscle or commercial cut characteristics. 
Since veal is not commonly aged in commercial 
practice, it is necessary to evaluate the effects of 
long term chilling storage not only on meat ten-
derness, but also on physical and sensory prop-
erties that can affect it. For example, color is an 
important aspect for veal quality, so preserving 
veal appearance is essential. However, in some 
studies prolonged ageing has led to development 
of off-flavor in beef (Spanier, 1997). The aim of 
this study was to evaluate the effect of postmor-
tem ageing time in vacuum  package at refriger-
ation temperature on physical and sensory pa-
rameters of veal loin, (m. longissimus dorsi; LD) and 
silverside (m. biceps femoris; BF), frozen after ageing 
and then thawed before quality evaluation, in or-
der to simulate a typical consumer habit (Jere-
miah, 1996). The first cut was selected due to its 
economic significance, while the second one be-
cause its recognition as a less tender hindquar-
ter beef cut when cooked with dry-heat cook-
ing methods (Sullivan and Calkins, 2011), fail-
ing thus consumers’ expectation for tenderness.

Material and methods

Two (2) days post mortem, 8 right loin (LD 
muscle from 6th rib to the 6th lumbar vertebrae) 
and silverside (BF muscle) whole primal cuts 
were collected from the carcasses of 8 male milk-
fed Holstein veal calves. Calves were similar in 
age (231±16 d) and sourced from the same farm, 
being fed the same diet and slaughtered on the 
same day. Cold carcass weight (163.50±15 kg), 
conformation (SEUROP conformation score: R), 

fatness score (European fatness score 1-5: 2) and 
serum lactate (54.52±1.32 mg/dL) were similar. 
The serum lactate was determined using blood 
samples collected during exsanguination by the 
Central Laboratory of the Veterinary Hospital of 
the University of Milan using a commercial kit 
(Sentinel Diagnostics, Milan, Italy). This evalua-
tion was aimed to assess differences in individ-
ual animal stress level, which can impair meat 
tenderness (Gruber et al., 2010). After collec-
tion, each muscle was divided in 8 subsamples 
and each of them was then vacuum packaged. 
Subsamples were assigned to one of the seven 
different postmortem ageing treatments: 2, 4, 
6, 8, 10, 12 and 16 days randomized, while the 
remaining one was used to determine chemi-
cal composition. Subsamples distribution be-
tween treatments was done ensuring that each 
portion of the muscle was equally represented 
in every ageing time, as reported by Mandell et 
al. (2001). All subamples were kept at 0°C un-
til the end of the established ageing period be-
fore being frozen at -20°C, as done by Campo 
et al. (2000) and Mandell et al. (2001). Prior to 
measurement, subsamples were thawed for 24 
hours at 4°C and from each subsample a 1.50 
cm steak was removed for sensory evaluation, 
while the remaining part was used for physical 
and chemical analysis.

Physical and chemical analysis

Chemical composition (dry matter, ether ex-
tract, crude proteins and ash) was determined, 
according to AOAC (2000), on designated sam-
ples trimmed from the external fat and connec-
tive tissue, and homogenized for 30 seconds. On 
each subsample subjected to different aging time, 
a fresh cut surface was created removing a slice 
perpendicular to the fiber axis and, after bloom-
ing for 60 minutes in a dark room at 4°C, its color 
was assessed  by a CR-300 Chroma Meter device 
(Minolta Camera, Co., Osaka, Japan) calibrated 
on the CIE L*a*b* (CIE, 1976) color space (Cali-
bration Plate 21533131 Y 93.4 x 0.3456 y 0.3321, 
Minolta Cameras). The Chroma Meter had an 
8-mm measuring area, was set in D-65 lighting, 
and an average of 10 repetitions was recorded 
as the value for each sample. pH was measured 
with a portable pH-meter (HI 98150, HANNA In-
struments Inc., Woonsocket, RI, USA) on a ho-
mogenate prepared by grinding the slice removed 
to create a fresh cut surface and mixing it with 
deionized water. Cooking loss was determined, as 
described by Honikel (1988), as the weight lost 
after cooking in water bath, until core tempera-
ture attained 75°C (monitored with a tempera-
ture meter Hanna Instruments HI98840) and 24 
hours of storage at 4°C. Before being weighed af-
ter cooking, samples were blotted dried. The dif-
ference between pre- and post-cooking weights 
was used to calculate the percentage lost during 
cooking (cooking loss). After cooking loss deter-
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mination, from 2.5 cm thick cooked samples six 
cylindrical cores (1.27 cm in diameter), parallel 
to fiber orientation, were obtained and used for 
shear force (SF) evaluation with a Warner-Bratzler 
shear force texture analyzer (model 4466; Instron 
Corp., Canton, MA). Peak force (kg/cm2) was re-
corded for each core and the average of six values 
per sample was used for the statistical analysis.

Sensory analysis

Steaks of BF and LD samples were cut to 1.5 
cm thick and cooked for 60 seconds at the great-
est power (200°C) on double-plated grills, before 
being cut into 1.5 cm cubes. Core temperature 
was monitored with a thermocouple (Pentronic 
AB,198 Gunnebobruk, Sweden) and it was not 
allowed to exceed 68°C. Sensory evaluation was 
performed by 10 expert and trained judges (UNI 
EN ISO 13299:2010), confident with meat sen-
sory evaluation, on each sample aged for 2, 4, 8, 
10 and 16 days. Three cubes per samples were 
presented on white plastic plates to each pan-
elist, which during training and sampling, had 
access to unlimited water and unsalted crack-
ers and each sample was identified by 3-digit 
codes. Judges were trained in two tasting ses-
sion with the aim to allow them to find and famil-
iarized with sensory descriptors relative to veal 
aroma, taste, flavor and texture. At each judge 
was asked to evaluate the intensity of each at-
tribute by assigning a score between 1 (absence 
of the sensation) and 9 (extremely intense sen-
sation). Descriptors (Table 1) includes the main 
beef sensory parameters and some of the defects 
that could affect vacuum packaged aged meat.

Statistical analysis

Statistical analysis was performed using SAS® 
9.3 (SAS Institute Inc., 2012 Cary NC) software. 
Data from the physical analysis was analyzed by 

one-way ANOVA, considering post mortem age-
ing time as the main effect. Data from sensory 
profile were analyzed by three-way ANOVA con-
sidering the effects of judge, replications and 
ageing time and their interactions. Least square 
means were compared according to F test, with 
the level of significance set at P≤0.05. Pearson 
correlation analysis was also performed to eval-
uate the relationship between SF and sensory 
texture characteristics.

Results and Conclusions

Physical and chemical characteristics

The average chemical composition of LD and 
BF muscles is summarized in Table 2. Results 
are consistent with data reported for lean veal 
meat in some national food composition data-
bases (Denmark: National Food Institute, 2009; 
USA: United States Department of Agriculture, 
2011). Although a significant effect (P=0.05) of 
ageing time on LD pH was found (Table 3), it in-
crease only from 2 to 8 days of ageing, while no 
significant differences were evident since the day 
4 of ageing. Regarding BF, its pH was not affect-
ed by ageing time. This last data is consistent 
with other studies that found no differences in 
veal pH during 7 (Revilla et al., 2006) or 14 days 
of ageing (Oliete et al., 2006), and the review by 

Table 1 - Descriptors, definitions and standards for sensory analysis.

	 Attribute	 Definition

Aroma	 Veal	 Aroma associated with cooked veal loin
	 Metallic	 Aroma associated with blood or rare meat
	 Off flavor	 Aroma associated with meat at the end of shelf life

Taste	 Salty	 Salty taste
	 Sweet	 Sweet taste

Flavor	 Veal	 Flavor associated with cooked veal loin
	 Metallic	 Flavor associated with blood or rare meat
	 Off flavor	 Flavor associated with meat at the end of shelf life

Texture	 Tender	 The force needed to masticate the meat ready for swallowing (chewing 5 times)
	 Fibrous	 Presence of fibers during swallowing
	 Juicy	 The degree of juice released while chewing the meat
	 Stingy	 Production of a large quantity of saliva for swallowing

Table 2 - Average chemical composition of the muscles sam-
pled for the trial (least square means±SD).

	 Trait	 Longissimus dorsi	 Biceps femoris

Moisture, g kg-1	 751.72±5.12	 754.91±3.32
Ash, g kg-1	 12.34±1.04	 11.72±0.65
Crude Protein, g kg-1	 211.50±3.22	 212.24±3.96
Ether extract, g kg-1	 24.52±3.24	 21.20±2.47
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Table 3 - Effect of ageing time on veal LD and BF physical traits (least square means±SEM).

	 Ageing time						    
	
	 2 d	 4 d	 6 d	 8 d	 10 d	 12 d	 16 d	 p
	
	 pH

LD	 5.54±0.04 a	 5.62±0.04 ab	 5.63±0.04 ab	 5.70±0.04 b	 5.68±0.04 b	 5.71±0.04 b	 5.70±0.04 b	 0.05
BF	 5.60±0.04	 5.59±0.04	 5.63±0.04	 5.63±0.04	 5.68±0.04	 5.68±0.04	 5.67±0.04	 NS

	 cooking loss, %

LD	 25.41±0.53	 26.16±0.53	 25.72±0.53	 25.96±0.53	 25.98±0.53	 25.79±0.53	 25.66±0.53	 NS
BF	 28.81±0.11	 28.55±0.11	 29.87±0.11	 28.81±0.11	 29.85±0.11	 27.62±0.11	 28.77±0.11	 NS
	
	 L*

LD	 48.20±0.68 a	 50.32±0.47 b	 51.00±0.54 bc	 52.91±0.93 cd	 52.80±0.90 cd	 52.49±0.86 cd	 53.08±0.90 d	 ≤0.01
BF	 48.51±0.53 a	 50.46±0.43 b	 50.71±0.52 b	 52.74±0.75 c	 53.04±0.55 c	 53.12±0.56 c	 53.88±0.55 c	 ≤0.01
	
	 a*

LD	 9.71±0.47a	 10.27±0.34 a	 12.82±0.40b	 12.49±0.68 b	 12.52±0.66 b	 12.57±0.63 b	 12.53±0.66 b	 ≤0.01
BF	 10.85±0.25 a	 11.27±0.20 a	 13.70±0.25b	 14.86±0.34 b	 14.87±0.27 b	 14.11±0.25 b	 14.03±0.26 b	 ≤0.01
	
	 b*

LD	 9.86±0.25 a	 10.52±0.17 b	 11.97±0.20c	 12.22±0.34 c	 12.41±0.33 c	 12.73±0.31 c	 12.87±0.33 c	 ≤0.01
BF	 10.58±0.25 a	 11.23±0.20 b	 12.46±0.25c	 13.62±0.34 d	 13.65±0.27 d	 13.39±0.25 d	 13.22±0.26 d	 ≤0.01
	
	 SF, kg	

LD	 2.89±0.15 a	 2.59±0.11 ab	 2.42±0.16 bc	 2.21±0.15 c	 2.12±0.18 c	 2.09±0.21 c	 2.05±0.17 c	 ≤0.01
BF	 2.89±0.13 a	 2.73±0.09 ab	 2.65±0.13 ab	 2.45±0.13 bc	 2.22±0.11 cd	 2.19±0.11 cd	 1.96±0.11 d	 ≤0.01

a,b,c,d in the same row indicates significant differences between the different ageing times.

Ngapo and Garyépi (2006), that suggests post-
mortem ageing did not increase veal pH. Howev-
er, although the reported slight differences in LD 
pH values across post mortem times, it fell within 
the normal range (5.40-5.70) for both muscles. 
Cooking loss (Table 3) was not affected by ageing 
time in either muscle. Findings are in agreement 
with other works (Klont et al. 2000; Mandell et 
al. 2001), even if is difficult to make a compari-
son with the previous study due to the different 
cooking methods and endpoint temperatures to 
between studies. However, for both muscles, re-
sults of the present study are intermediate be-
tween the cooking loss values reported by the 
previous authors (19.1-38.2%). Regarding color 
parameters (Table 3), ageing increased lightness 
(L*), redness (a*) and yellowness (b*) in both 
muscles (P≤0.01). This concurs with Mandell 
et al. (2001), which suggested color parameters 
tended to increase only during the first week of 
ageing, before becoming stable. Insausti et al. 
(1999) also found L* to increase during vacuum 
storage in longissimus dorsi of young cattle. Light-
ness increasing can be attributed, as reported 
by Klont et al. (2000), to the increasing of meat 
light scatter properties due to post mortem pro-

tein denaturation and degradation. Oliete et al. 
(2006) found an increasing of a* and b* meas-
ured 1 hour after blooming in vacuum packaged 
veal and young cattle longissimus dorsi. These stud-
ies attributed the increasing in redness to the 
faster blooming of aged meat. Indeed, the more 
meat is aged the faster it blooms because of the 
reduced activity of enzyme that compete for ox-
ygen with Mb. The rising of yellowness was, in-
stead, attributed the increasing of metmyoglo-
bin formation during storage time. A lightness 
increasing can exert a positive effect on veal ap-
pearance, while an improvement of redness can 
represent a negative factor. Indeed, in several 
studies on veal carcasses, a decreasing in light-
ness and an increasing in redness moving from 
lightest to darkest veal was reported, while b* 
was not related to color score (Denoyelle and 
Berny, 1999; Hulsegge et al. 2001; Lagoda et 
al. 2002; Vandoni and Sgoifo Rossi, 2009). The 
magnitude of  L*, a* and b* increasing, higher 
than those found in the study of Mandell et al. 
(2001), could be promoted by the combination 
of freezing and thawing and blooming time, this 
latter not applied by Mandell et al. (2001), that 
can have exacerbated the impact of ageing on 
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meat color stability. Indeed, freezing and thaw-
ing promote myoglobin denaturation, increase 
susceptibility to oxidation and reduce the activi-
ty of metmyoglobin reducing enzymes. These ef-
fects, coupled with the loss of  NADH (cofactor 
of these enzymes) in the exudate, reduce meat 
color and oxidative stability as reviewed by Ley-
gonie et al. (2012). 

Post mortem ageing of LD reduced SF (P≤0.01), 
but there were no further improvements in ten-
derness after 8 days of ageing (Table 3). These 
findings are consistent with Mandel et al. 
(2001), who reported decreases in SF for LD and 
semimembranosus muscles comparing veal aged  
for 2 days with veal aged for at least 7 days, but 
the same study found no differences in SF for 
ageing periods beyond 7 days. Furthermore, Re-
villa et al. (2006) also found a reduction in SF 
loin during 7 days of ageing. Eight days of age-
ing was needed to significantly decrease SF val-
ues for 2 days aged BF; there was no further im-
provement in SF values until BF was aged for 16 
days. This slower tenderization rate of BF com-
pared to LD agrees with data relative to this mus-
cle collected from lean beef carcasses graded as 
USDA quality grade Select (Gruber et al., 2006).

Sensory analysis

The F values of ageing time for aroma, taste, 
flavor and texture parameters of LD and BF sen-
sory profile are reported in Table 4 and Table 5, 
respectively.  Results indicated that postmortem 

ageing time affected (P ≤0.01) sensory texture of 
both LD and BF. In particular, postmortem age-
ing improved LD sensory tenderness (P≤0.01). 
Tenderness was higher at day 4 days in com-
parison with day 2, and at day 16 in compari-
son to day 4 (Tab. 4). Increasing ageing from 2 to 
4 days also improved juiciness (P≤0.01) and re-
duced stringy sensation (P≤0.01). Improvements 
in eating quality associated with ageing were also 
perceived for fibrousness, with significant re-
duction (P≤0.01), starting from the 8th days post 
mortem. These results are consistent with Man-
dell et al. (2001), which found an increase in per-
ceived LD tenderness comparing samples aged 
2 days with the average of the values recorded 
for samples aged 7 and 14 days, while no sig-
nificant difference was detected increasing age-
ing period from 7 to 14 days. BF sensory analy-
sis (Table 5), showed that perceived tenderness 
significantly increased with ageing (P≤0.01) from 
days 2 and 4 to day 8, and also between 8 to 
16 days post mortem. Juiciness was improved 
(P≤0.01) from 2 to 8 days of ageing, but no fur-
ther. Fibrousness was also reduced (P≤0.01) from 
2 to 8 days and from 8 to 16 days of ageing and 
stringy sensation decreased (P≤0.01) from 2 to 4 
days and from 4 to 10 days of ageing, but no fur-
ther. The improvement of perceived tenderness 
and juiciness, as well as reductions in fibrous-
ness and stringy rankings, are common when 
sensory panels evaluate the effects of postmor-
tem ageing on beef palatability attributes (Jere-
miah and Gibson, 2003; Miller et al. 1997 and 

Table 4 - Effect of ageing time on LD sensory profile (least square means).

Descriptors	 F value	 2 d	 4 d	 8 d	 10 d	 16 d	 SEM	 p ageing time

	 Aroma

Veal	 1.47	 6.98	 6.77	 6.62	 6.92	 6.65	 0.20	 N.S.
Metallic	 1.32	 4.18	 4.29	 4.59	 4.17	 4.87	 0.32	 N.S.
Off flavor	 3.02	 2.33	 2.15	 2.52	 2.37	 2.87	 0.22	 N.S.

	 Taste							     
	
Sweet	 1.14	 4.67	 5.27	 5.07	 5.20	 5.38	 0.32	 N.S.
Salty	 1.47	 3.81	 4.32	 3.83	 3.68	 4.22	 0.30	 N.S.

	 Flavor							     
	
Veal	 0.89	 6.62	 6.82	 6.50	 6.82	 6.95	 0.24	 N.S.
Metallic	 1.56	 4.12	 4.61	 4.34	 3.92	 4.77	 0.32	 N.S.
Off flavor	 1.64	 2.97	 2.21	 2.96	 2.88	 3.08	 0.31	 N.S.

	 Texture							     
	
Tender	 16.21	 4.92 a	 6.35 b	 6.77 bc	 6.88 bc	 6.94 c	 0.23	 ≤0.01
Juicy	 10.82	 4.75 a	 5.79 b	 5.95 b	 6.34 b	 6.33 b	 0.26	 ≤0.01
Fibrous	 4.94	 5.05 a	 3.95 b	 3.87 b	 3.70 b	 3.57 b	 0.30	 ≤0.01
Stringy	 3.89	 4.68 a	 3.96 ab	 3.62 b	 3.32 b	 3.34 b	 0.29	 ≤0.01

a,b,c in the same row indicates significant differences between the different ageing times.
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Campo et al. 1999). In the latest study a multi-
variate approach (Principal Component Analy-
sis) was used to differentiate aged from unaged 
meat. This indicated that aged meat was char-
acterized by tenderness and juiciness sensa-
tion, while unaged meat was characterized by 
fibrousness and residue (similar to stringy sen-
sation) ones. In the present study post mortem 
ageing did not affect aroma, flavor and taste for 
both muscle. This disagrees with Mandell et al. 

(2001), where meat flavor was improved by age-
ing veal more than 7 days. There was a low in-
cidence for the panel detecting undesirable pal-
atability attributes such as metallic aroma and 
flavor and off flavor. This concurs with Jeremi-
ah and Gibson (2003), that found low levels of 
off flavor and metallic aroma/flavor attributes 
in beef, regardless of post mortem ageing time. 
Furthermore, the same authors, did not find dif-
ferences in off or metallic aroma and salt and 
metallic flavor prolonging ageing time until 28 
days. The lack of effect of ageing time on negative 
sensory descriptors is an important outcome, as 
some past studies have reported increases in un-
desirable flavor and aroma defects for beef after 
prolonged ageing (Spanier et al. 1997 and Mon-
són et al. 2005).

Correlation between SF 
and texture sensory traits

Based on Pearson correlation coefficients to 
examine the relationship of sensory texture char-

acteristics and SF for both muscles, there was 
a negative relationship between SF and sen-
sory tenderness (r=-0.67; P≤0.01 and r=-0.83; 
P≤0.001 for LD and BF respectively) and juic-
iness (r=-0.53; P≤0.05 and r=-0.72; P≤0.01 for 
LD and BF respectively). The negative correla-
tion between SF and sensory tenderness is in 
agreement to the findings of Shackelford et al. 
(1999) in beef and Monteiro et al. (2013) in veal. 
Positive correlations were found between SF and 
fibrousness (r= 0.78; P≤0.01) as well as SF and 
stringy sensation (r= 0.78; P≤0.01) for BF. These 
findings agrees with the positive correlation be-
tween fibrousness and SF found by Caine et al. 
(2003) and the negative correlation between SF 
and juiciness found by Monteiro et al. (2013). 
The lack of relationship between SF with stringy 
and fibrousness rankings for LD muscle in re-
spect to BF muscle could be explained by the 
lower collagen content of LD relative to BF (Rhee 
et al. 2004). Indeed, fibrousness and stringy sen-
sation were lower in LD muscle and the lower 
detectability could have been at the basis of the 
lack of significant interaction.

Our results indicate that postmortem ageing 
under vacuum conditions improved the instru-
mental and sensory tenderness rankings for veal 
m. longissimus dorsi and m. biceps femoris, without any 
negative effects on the main meat sensory traits 
such as aroma, flavor, taste and juiciness meas-
ured after frozen storage and thawing. Ageing, 
coupled with freezing and thawing, have, howev-
er, reduced oxidative stability in both muscles, 

Table 5 - Effect of ageing time on BF sensory profile (least square means).

Descriptors	 F value	 2 d	 4 d	 8 d	 10 d	 16 d	 SEM	 p ageing time

	 Aroma							     
	
Veal	 1.00	 6.69	 6.60	 6.80	 7.04	 6.93	 0.18	 N.S.
Metallic	 1.50	 4.15	 4.43	 4.31	 3.81	 3.71	 0.29	 N.S.
Off flavor	 0.19	 2.31	 2.40	 2.42	 2.35	 2.26	 0.19	 N.S.

	 Taste							     
	
Sweet	 0.74	 5.00	 5.12	 5.34	 5.41	 5.31	 0.27	 N.S.
Salty	 2.27	 3.73	 3.84	 4.33	 3.88	 4.33	 0.28	 N.S.

	 Flavor							     
	
Veal	 1.47	 6.38	 6.48	 6.67	 6.94	 6.52	 0.20	 N.S.
Metallic	 2.47	 4.04	 4.78	 4.44	 4.25	 4.36	 0.29	 N.S.
Off flavor	 1.54	 3.04	 3.00	 2.58	 3.27	 2.29	 0.22	 N.S.

	 Texture							     
	
Tender	 15.43	 3.80 a	 4.52 a	 5.65 b	 6.38 bc	 6.64 c	 0.31	 ≤0.01
Juicy	 5.83	 4.27 a	 4.57 ab	 5.13 b	 5.80 b	 5.80 b	 0.29	 ≤0.01
Fibrous	 9.88	 6.58 a	 5.34 b	 4.78 bc	 4.15 cd	 3.76 d	 0.33	 ≤0.01
Stringy	 21.37	 6.64 a	 5.81 ab	 5.00 bc	 4.41 cd	 3.39 d	 0.30	 ≤0.01

a,b,c,d in the same row indicates significant differences between the different ageing times.
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without affecting other veal technological proper-
ties as cooking loss and pH. There were different 
postmortem tenderization trends for each mus-
cle evaluated in the study. The improvements 
in LD tenderness and related sensory traits oc-
curred mainly during the first week of postmor-
tem ageing, while in BF postmortem ageing ef-
fects were also evident until the tenth day. At 
these experimental conditions, a minimum  pe-
riod of 4 days for LD muscle and 8 days for BF 
muscle was necessary to obtain a perceivable 
tenderizing effect. A prolonged ageing, for at least 
one week for veal LD and two weeks for veal BF 
can be applied for frozen veal, mainly destined 
for ho.re.ca market, in which product appear-
ance is a secondary trait, while tenderness is the 
primary goal. Vacuum ageing could be also ap-
ply for fresh veal market, considering indeed its 
potentially lower impact than that emerged in 
this study on oxidative stability, as veal will not 
undergone to freezing and thawing process be-
fore being prepared for retail exposition. 
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Abstract

The aim of the study was to modify the composition of chicken burgers in terms of nutritional 
value by substitution of 20% of pork jowl with a mixture of rapeseed oil and linseed oil, and ad-
dition of inulin (1%) or wheat fiber (3%). Substitution of pork jowl with vegetable oils resulted in 
significant increase in polyunsaturated fatty acids, and rosemary extract retarded the oxidation 
process of lipids. Addition of wheat fiber was helpful in maintaining the thermal processing yield 
and texture of burgers. Microbiological quality of vacuum packed burgers subjected to 21-day 
storage at +4°C±1 and -20°C±1 was satisfactory.
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Introduction

Despite the constant dissemination of knowl-
edge in the field of proper nutrition, consum-
ers do not always consider it when choosing 
foods. Results of research over a composition 
of a daily diet of the average Polish consumer 
indicated, among others, that the consump-
tion structure of fatty acids and the level of in-
take of fiber were not consistent with nutrition-
al recommendations (DYBKOWSKA et al., 2004; 
RADZYMIŃSKA et al., 2005). Therefore, in recent 
years scientists and manufacturers have taken 
actions towards reformulation of various food 
products aimed at improving their nutrition-
al value (WASZKOWIAK et. al., 2001; KOWALSKI 
and PYRCZ, 2009).

Since meat products provide considerable 
amounts of fat to the diet (GIVENS et al., 2006), 
practical strategies of modifying their nutri-
tional value include enrichment with polyun-
saturated fatty acids (PUFA) (JIMÉNEZ-COL-
MENERO, 2007; PYRCZ et al., 2007; VALEN-
CIA et al. 2006; ÖZVURAL and VURAL, 2008). 
Fatty acid (FA) composition of meat products 
may be changed by introducing of vegeta-
ble or fish oil into the composition of formu-
la or by replacing some animal fatty raw ma-
terial with vegetable oil. However, the substi-
tution of the animal fatty raw material with 
vegetable oil may have negative effect on the 
technological quality and sensory desirabili-
ty of the product, among others, the increase 
of thermal loss, the acceleration of fatty acid 
oxidation process (NITSCH, 2007; ANDRÉS et 
al., 2009; DECKER and PARK, 2010). In order 
to prevent adverse changes in quality of meat 
products prepared with vegetable oil, addition 
of other ingredients of natural origin may be 
applied. Potential deterioration of structure or 
sensory attributes of such products could be 
avoided by using both vegetable oil and fiber 
preparation (VURAL et al., 2004; JAVIDIPOUR 
et al., 2005). The effective method for retarda-
tion of the FA oxidation of meat products en-
riched with unsaturated fatty acids is the ad-
dition of antioxidants of natural origin, such 
as plant extracts (GEORGANTELIS et al., 2007; 
FORELL et al., 2010).

Recently, ready-to-eat meat products have 
grown in popularity with Polish consumers 
(STANGIERSKI and KIJOWSKI, 2002; GÓRSKA-
WARSEWICZ, 2007). Therefore, the main ob-
jective of the present study was to develop a 
popular in Poland ready-to-eat meat product, 
which is chicken burger, with improved nutri-
tional value. Launching such a product into 
market would facilitate composing a quotidian 
diet without necessity of changing eating hab-
its or giving up favourite meals. This work in-
cludes determination of the effect of 20% sub-
stitution of pork jowl with a mixture of vegeta-
ble oils (rapeseed oil and linseed oil in mass ra-

tio 7 to 3) and addition of inulin (1%) or wheat 
fiber (3%) on physical, chemical, and microbi-
ological of chicken burgers.

Materials and Methods

Materials

Raw materials: chilled chicken thigh meat 
and pork jowl, were collected from the local 
meat processing plant (Karczew near Warsaw, 
Poland). Pork jowl (about 10 kg) was purchased 
once, then coarse ground in a laboratory grind-
er Mesko WN60 (Mesko, Skarżysko-Kamienna, 
Poland) equipped with a plate with three kid-
ney-shaped orifices. The ground jowl was divid-
ed into four lots, which were vacuum packed 
and stored at -20°C±1 until further use. Chick-
en meat (about 4 kg) was purchased prior to the 
each replication of experiment.

Fiber preparations were obtained from the 
manufacturers: inulin Orafti® HPX from Be-
neo-Orafti Ltd. (Tienen, Belgium) and wheat fib-
er Vitacel WF400® from J. Rettenmeier & Söhne 
GmbH + Co. (Rosenberg, Germany). Cold pressed 
unrefined vegetable oils: rapeseed oil and lin-
seed oil, and spices were obtained from the lo-
cal supermarket.

About 24 h prior to the production of chick-
en burgers, inulin gel was prepared: 1 part of 
inulin powder was dissolved in 3 parts of water 
using an electric blender Braun Multiquick 7 
(Braun GmbH, Kronberg, Germany). The solu-
tion was heated to boiling. Heating was contin-
ued until a clear solution was obtained. The in-
ulin solution was chilled at the room tempera-
ture for 60 min, then placed in a laboratory re-
frigerator (4°C±1).

A mixture of vegetable oils was used in the 
production process of burgers in the form of 
an emulsion with soy protein. The emulsion 
was prepared directly before the onset of pro-
duction of burgers. Rapeseed oil and linseed 
oil were used in a mass ratio 7 to 3, to prepare 
the mixture of oils. Soy protein isolate SPI 733 
(Solae ™, St. Louis, MO, USA) was rehydrated (1 
part of dry preparation: 4 parts of water) using 
water provided in the composition of formula. 
To obtain the emulsion the mixture of oils was 
mixed with hydrated soy protein using the elec-
tric blender (Braun Multiquick 7) at low speed. 
The mass ratio of oils, rapeseed and linseed oil, 
was adopted on the basis of literature data on 
the nutritional properties of oils and the appli-
cability of them as ingredients in meat prepa-
rations, as well as own calculation (KUNACHO-
WICZ et al., 2005; MIŃKOWSKI et al., 2010). The 
calculation suggested that the content of poly-
unsaturated fatty acids (PUFA) in chicken burg-
ers, as a result of modification of the recipe com-
position, should not be less than 1.5 g per 100 
g of product.
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Fig. 1 - Thiobarbituric acid reactive substances (TBARS) values of chicken burgers formulated with different combinations of 
pork jowl, vegetable oils and dietary fiber preparations, during 21 days of storage at +4°C±1 (a) and at -20°C±1 (b).
For product description see Table 1.
a-cMeans in the same figure (a, b) without a common lowercase letter differ significantly (p < 0.05) – influence of recipe com-
position of burgers (product formula) on TBARS value of burgers stored in different periods.
A-DMeans in the same figure (a, b) without a common lowercase letter differ significantly (p < 0.05) – influence of storage time 
on TBARS value of burgers of each formula.

Table 1 - Composition of chicken burgers containing different combinations of pork jowl, vegetable oils, and dietary fiber 
preparation.

Ingredient	 Product formulaa

	 PC	 PO	 POI	 POW

Chicken thigh meat (%)	 85.0	 85.0	 85.0	 85.0
Pork jowl (%)	 15.0	 12.0	 12.0	 12.0
Mixture of rapeseed and linseed oil (%)	 -	 3.0	 3.0	 3.0
Total raw materials (%)	 100.0	 100.0	 100.0	 100.0
Waterb (%)	 10.0	 10.0	 10.0	 10.0
Sodium chloridec (%)	 1.8	 1.8	 1.8	 1.8
Soy protein isolatec (%)	 1.5	 1.5	 1.5	 1.5
Black pepperc (%)	 0.3	 0.3	 0.3	 0.3
Rosemary extractc (%)	 -	 0.03	 0.03	 0.03
Inulinc (%)	 -	 -	 1.0	 -
Wheat fiberc (%)	 -	 -	 -	 3.0

aProduct formula: PC - control burgers; PO, - burgers formulated with substitution of 20% of pork jowl by mixture of vegetable oils; POI - burgers formulated with substitution of 20% 
of pork jowl by mixture of vegetable oils, and added inulin; POW - burgers formulated with substitution of 20% of pork jowl by mixture of vegetable oils, and added wheat fiber. bIn re-
lation to the mass of chicken meat and pork jowl (total raw materials). cIn relation to the mass of chicken meat, pork jowl and water.
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Chicken burger preparation

Four formulas of chicken burgers with dif-
ferent combinations of pork jowl, vegetable oils, 
and dietary fiber preparation (PC, PO, POI, POW) 
were prepared (Table 1). The level of substitu-
tion of pork jowl with the mixture of vegetable 
oils and the addition level of inulin or wheat fib-
er were adopted on the basis of previous stud-
ies results (CEGIEŁKA and PĘCZKOWSKA, 2008; 
CEGIEŁKA, 2011).

Before the production of burgers, pork jowl 
was thawed (4°C±1, 12 h). Chicken meat and 
pork jowl were ground using a laboratory grind-
er Mesko WN60 equipped with a plate having 
5 mm diameter orifices. Meat batters were pre-
pared in laboratory mixers Kenwood KM 070 
(Kenwood Ltd., Havant, England). After mixing 
of chicken meat with NaCl (about 5 min) fatty 
raw materials were added: pork jowl only (PC) 
or pork jowl and emulsion of oils with soy pro-
tein isolate (PO, POI, POW). Rosemary extract 
Flavour Guard P GIN:601331 (Chr. Hansen 
A/S, Hørsholm, Denmark) was added to bat-
ters containing oils. After the next 5 min, oth-
er ingredients were added: black pepper, hy-
drated soy protein isolate (PC), and – depend-
ing on the product formula – inulin gel (POI) or 
wheat fiber (POW). Mixing was continued un-
til a homogenous distribution of all the ingre-
dients was obtained (about 10 min).

Burgers (100 g±1) were formed using a ham-
burger mould (about 10.0 cm diameter and 1.0 
cm high) and placed in laboratory refrigera-
tor (-28°C±2) for 30 min, in order to maintain 
the shape. Burgers were cooked in a commer-
cial electric grill (Unox S.p.A., Vigodarzere-Pa-
dova, Italy) preheated to reach the temperature 
of 200°C. Cooking was continued until the in-
ternal temperature of burger reached 72°C. The 
temperature of burgers was monitored using a 
portable skewer digital thermometer HI 98804 
(Hanna Instruments, Woonsocket, RI, USA). The 
burgers were then cooled at room temperature 
(about 30 min) over absorbent paper.

After cooling, chicken burgers of each formu-
la were divided into two lots: the first one was 
left in the refrigerator at 4°C±1 until next day 
(about 24 h), and the second one was devoted 
to storage research.

The procedure was replicated four times.

Storage conditions

Before the storage chicken burgers of each 
formula were vacuum packed in bags in lots of 
four and then stored at +4°C±1 and -20°C±1 for 
a maximum of 21 days.

Yield after thermal processing

Yield after thermal processing of chicken burg-
ers was determined by weight, after cooking and 

chilling the products to about 4°C, in relation to 
the weight of raw burgers.

Chemical analysis

Chemical analyzes were carried out on cooked 
and chilled (4°C±1, 24 h) chicken burgers.

Content of moisture, protein, total fat, salt, 
and ash was determined using analytical tech-
niques according to AOAC (1990). All analyzes 
were done in 2 replications.

Analysis of texture

Measurements of texture were conducted on 
cooked and chilled (4°C±1, 24 h) chicken burg-
ers. The measurements were taken using the 
universal testing machine Zwicki 1120 (Zwick 
GmbH & Co., Ulm, Germany) equipped with the 
Warner-Bratzler blade. Shear force (N), the max-
imum value of the force registered during move-
ment of the blade through the sample, was es-
timated at the speed of cross-head of 50 mm/
min. Burger samples were prepared by cutting 
the products into cuboid-shaped pieces (9 mm 
high, 30 mm wide and 90 mm long). Five repli-
cates were measured from five burger samples 
of each formula.

Fatty acid composition

Fatty acid (FA) composition was determined in 
cooked and chilled (4°C±1, 24 h) chicken burg-
ers and in chicken burgers stored at +4°C±1 and 
-20°C±1 for 21 days.

To determine the contents of FA the lipid ex-
tracts of the burgers were analyzed by gas chro-
matography. Procedure proposed by FOLCH et 
al. (1957) was used for lipid extraction from 
the sample. Fatty acid methyl esters (FAME) 
were obtained according to method of MORRI-
SON and SMITH (1964). Chromatographic ana-
lyzes of FAME were performed using an Agilent 
7890A GC System gas chromatograph (Agilent 
Technologies, Santa Clara, CA, USA) equipped 
with a split-spiltless injector and a flame ioniza-
tion detector, using a fused silica capillary col-
umn Rt®-2330 (0.25 mm internal diameter and 
105 m long; Restek Corp., Bellefonte, PA, USA). 
The mobile phase consisted of helium at a flow 
of 1.2 mL/min. The FAMEs were identified by 
comparing their retention times with FAMEs of 
the reference standards (Supleco 37 Compo-
nent Fame Mix; Sigma-Aldrich, St. Louis, MO, 
USA). Quantification of FA was done by deter-
mining the surface areas of their peaks. All an-
alyzes were done in 2 duplicates.

Lipid oxidation

Lipid oxidation was assessed in cooked and 
chilled (4°C±1, 24 h) chicken burgers and in 
chicken burgers stored at +4°C±1 and -20°C±1 
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for 7, 14 and 21 days. The 2-thiobarbituric acid 
(TBA) test was carried out in each sample in du-
plicate. Thiobarbituric acid reactive substances 
(TBARS) values were determined by an extrac-
tion method according to the procedure of SHA-
HIDI (1990). A constant coefficient of 2.34 was 
employed for converting the absorbance units 
to TBARS values, which were expressed as mg 
malondialdehyde/kg sample (mg MAD/kg).

Microbiological analysis

Microbiological analyzes were carried out in 
cooked and chilled (4°C±1, 24 h) chicken burg-
ers and in chicken burgers stored at +4°C±1 and 
-20°C±1 for 7, 14 and 21 days.

The analyzes were conducted in Analytical 
Center of Warsaw University of Life Sciences - 
SGGW (Warsaw, Poland) in conditions accord-
ant to requirements of PN-EN ISO 7218:2008 
standard (PCS, 2008). The microbiological cul-
ture media were prepared according to PKN-CEN 
ISO/TS 11133-1:2009 standard (PCS, 2009). 
The preparation of test samples for microbiolog-
ical analyzes, initial suspension and decimal di-
lutions was carried out according to PN-EN ISO 
6887-2:2005 (PCS, 2005b). For quantitative an-
alyzes, 10 g of the sample from central part of 
burger was collected. Next, the first decimal di-
lution was performed by dosing physiological 
solution with peptone according to PN-EN ISO 
6887-1:2000 (PCS, 2000). Determination of to-
tal bacteria count (TBC) was conducted accord-
ing to PN-EN ISO 4833:2004+Ap1:2005 standard 
(PCS, 2005a) using PCA culture medium (Plate 
Count Agar) of Bio-Rad company (Bio-Rad Lab-
oratories, Inc., Herkules, CA, USA). Determina-
tion of coliform bacteria was conducted accord-
ing to PN-ISO 8432:2007 standard (PCS, 2007) 
using VRBL medium (Violet Red Bile Lactose 
Agar; Bio-Rad) and BGBBL (Bile Green Brilliant 
Lactose Broth; Bio-Rad). The presence of Sal-
monella ssp. in 25 g of product was determined 
according to PN-EN ISO 6579:2003 standard 

(PCS, 2003) using MKTTn selective media (Mül-
ler-Kauffman’s medium with tetrathionate and 
novobiocin), RVS (medium acc. to Rappaport-
Vassilliads with soya), XLD (xylose lysine deox-
ycholate) and Hektoen of Bio-Rad Company. The 
colonies typical for Salmonella ssp. and suspi-
cious colonies were confirmed using API 20E bi-
ochemical tests of bioMérieux Company (bioMé-
rieux Sp. z o.o., Warsaw, Poland).

Statistical analyses

Microbiological data was analyzed using Sta-
tistica 6.0 (StatSoft Inc., Tulsa, Okla., U.S.A.). 
All the other data was analyzed using Statgraph-
ics Plus 4.1. (STSC Inc., Rocville, MD, U.S.A.) 
by means of the one-way ANOVA test. Differ-
ences between burger formulas were tested by 
the Tukey HSD test. Pearson’s correlation coef-
ficients (r) were calculated to determine the lin-
ear correlation between chosen quality attrib-
utes of chicken burgers.

Results and Discussion

Yield after thermal processing, 
chemical composition and texture

Yield after thermal processing of chicken burg-
ers ranged from 82.0 to 88.4% and was not af-
fected (p > 0.05) by applied modifications of the 
composition of formula (Table 2).

The results obtained in this study are in agree-
ment with those obtained by ANDRÉS et al. (2009) 
who showed that an introduction of squid oil 
into the composition of formula of frankfurters 
instead of beef tallow did not affect thermal loss 
of the product. PYRCZ et al. (2007), LÓPEZ-LÓPEZ 
et al. (2009), and YOUSSEF and BARBUT (2011) 
proved, in turn, that thermal loss of scalded sau-
sages increased as the result of replacement of 
some animal fat with vegetable oil. Decrease in 
processing yield of meat products enriched with 

Table 2 - Processing yield, chemical composition, and shear force of chicken burgers formulated with different combinations 
of pork jowl, vegetable oils, and dietary fiber preparation.

Characteristic	 Product formula1

	 PC	 PO	 POI	 POW

Processing yield (%)	 88.4±3.9a	 84.5±3.6a	 82.0±2.8a	 87.7±4.6a

Moisture (%)	 62.3±0.2a	 62.8±0.7a	 62.3±0.1a	 62.6±0.6a

Protein (%)	 18.0±0.5a	 18.4±0.6a	 18.7±0.1a	 18.3±0.1a

Fat (%)	 14.5±0.6a	 13.3±1.7a	 13.0±1.3a	 13.7±0.8a

Chlorides (%)	 2.3±0.1a	 2.3±0.1a	 2.2±0.1a	 2.3±0.1a

Ash (%)	 2.7±0.1a	 2.7±0.2a	 2.7±0.2a	 2.8±0.2a

Shear force (N)	 31.1±2.6b	 23.7±1.6a	 21.9±2.5a	 29.9±1.1b

1Product formula: see Table 1.
a, bMeans within a raw without a common lowercase letter differ significantly (p < 0.05).
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oil may be counteracted - like in this study - by 
an application of oil in form of an emulsion with 
hydrated vegetable protein (YOUSSEF and BAR-
BUT, 2011) or combined addition of oil and fib-
er preparation (VURAL et al., 2004; JAVIDIPOUR 
et al., 2005).

Chemical composition of chicken burgers for-
mulated with different combinations of pork 
jowl, vegetable oils, and dietary fiber prepara-
tion is shown in Table 2. The content of any of 
the analyzed chemical component of burgers 
was not differentiated significantly (p > 0.05) by 
the applied modifications the composition of for-
mula. Slightly lower fat content in burgers pre-
pared with a contribution of vegetable oils (PO, 
POI, POW), when compared to control product 
(PC), could have been caused by poorer oil main-
tenance in protein matrix of the product, and as 
a consequence its loss during thermal treatment.

The results obtained in this study are in 
agreement with those presented by KAYAARDI 
and GÖK (2003), MUGUERZA et al. (2003), PEL-
SER et al. (2007) and CÁCERES et al. (2008) who 
also showed that replacement of some animal 
fatty raw material with oil did not exert any in-
fluence on the chemical composition of scald-
ed sausages and raw fermented sausages. In 
contrast, GARMIENE et al. (2007), and LÓPEZ-
LÓPEZ et al. (2009) found in studies on frank-
furters and scalded sausages, respectively, that 
substitution of some animal fatty raw material 
with oil resulted in a significant increase in wa-
ter content and decrease in protein content in 
these meat products. 

Enrichment of ready-to-eat meat prod-
ucts with wheat fiber: beef burgers (CEGIEŁKA 
and BONDERSKI, 2010) and poultry burgers 
(CEGIEŁKA and PĘCZKOWSKA, 2008), did not 
differentiate the chemical composition of these 
products when compared to their counterparts 
prepared without the fiber. It was also shown 
that the application of inulin did not affect 
the chemical composition of turkey meat balls 
(ERGÖNÜL et al., 2009).

Mean values of shear force measured in chick-
en burgers ranged from 21.9 N to 31.1 N (Ta-
ble 2). Measurements of shear force of chicken 
burgers revealed that the texture of products 
was impacted (p < 0.05) by the applied modifi-
cations the composition of formula (Table 2). It 
was found that substitution of 20% of pork jowl 
with vegetable oils (PO) or application of both 
oils and inulin (POI) resulted in a significant (p < 
0.05) decrease of shear force when compared to 
the control product (PC). The product enriched 
with oils and wheat fiber (POW) was character-
ized by a comparable (p > 0.05) shear force to 
the control product (PC).

In contrast to the results of this study, in-
strumental measurements of texture of scalded 
sausages showed that substitution of some ani-
mal fat with vegetable oil significantly decreased 
hardness of these products (AMBROSIADIS et al., 

1996; PYRCZ et al., 2007; ÖZVURAL and VURAL, 
2008). However, in studies on raw sausages it 
was reported that the deterioration of texture of 
sausages prepared with oil could be counteract-
ed by addition of dietary fiber preparation (VU-
RAL et al., 2004; JAVIDIPOUR et al., 2005).

Some literature findings suggest that die-
tary fiber preparations could help to obtain the 
desired texture of ready-to-eat meat products. 
It was found that the addition of wheat fib-
er increased the shear force of poultry burgers 
(CEGIEŁKA and PĘCZKOWSKA, 2008) and beef 
burgers (CEGIEŁKA and BONDERSKI, 2010). In 
other studies ERGÖNÜL et al. (2009) showed that 
inulin addition did not affect significantly the in-
strumental hardness of turkey meat balls. The 
above mentioned products, however, did not con-
tain vegetable oil in the composition of formula.

Fatty acid composition

The share of main FA in the overall FA pool of 
chicken burgers is shown in Tables 3, 4 and 5. 
The results obtained showed that substitution 
of 20% of pork jowl with a mixture of vegetable 
oils did not totally changed fatty acid profile of 
chicken burgers, but improved nutritional value 
of them in terms of the share of saturated and 
polyunsaturated fatty acids (SFA and PUFA). 

Products enriched with vegetable oils, irre-
spectively of an addition of fiber preparation (PO, 
POI, POW), contained significantly (p < 0.05) less 
saturated fatty acids (SFA) than the control prod-
uct (PC; Table 3). In burgers of all the formulas, 
palmitic acid (C16:0) and stearic acid (C18:0) 
were present in the highest amounts among 
SFA, and their contents were significantly (p < 
0.05) higher in the PC product when compared to 
burgers prepared with vegetable oils. Introduc-
tion of a mixture of vegetable oils into the compo-
sition of formula of chicken burgers did not sig-
nificantly (p > 0.05) increase the share of mono-
unsaturated fatty acids (MUFA) in the overall FA 
pool (Table 4), but PO, POI, and POW products 
contained significantly (p < 0.05) more PUFA, in-
cluding nutritionally valuable PUFA n-3, when 
compared to the PC product (Table 5). Among 
MUFA, oleic acid (C18:1 n-9) was predominant 
is the products of all the formulas. In burgers 
prepared with oils, significantly lower (p < 0.05) 
amounts of myristoleic (C14:1) and elaidic acid 
(C18:1t) were found when compared to the PC 
product.

The content of polyunsaturated fatty acids 
(PUFA) in chicken burgers with oils (PO, POI, 
POW) was higher than 2.5 g per 100 g of prod-
uct. Irrespectively of the burger formula, the 
highest share in PUFA pool had linoleic acid (LA; 
C18:2 n-6). The LA content in burgers was not 
significantly (p > 0.05) differentiated by appli-
cation of vegetable oils. Chicken burgers of all 
the formulas contained relatively high amounts 
of linolenic (C18:3 n-3), arachidonic (C20:4 n-6) 
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Table 3 - SFA of chicken burgers (g/100 g total FA) formulated with different combinations of pork jowl, vegetable oils, and 
dietary fiber preparations, with different storage conditions, during 21 days of storage.

FA/FA group	 Storage conditions	 Product formula1

	 	 PC	 PO	 POI	 POW

Capric C10:0	 +4°C±1, 24 h	 0.081aA	 0.070aA	 0.046aA	 0.062aA

	 +4°C±1, 21 d	 0.083aA	 0.073aA	 0.044aA	 0.060aA

	 -20°C±1, 21d	 0.079aA	 0.066aA	 0.041aA	 0.076aA

Lauric C12:0	 +4°C±1, 24 h	 0.648aA	 0.562aA	 0.522aA	 0.512aA

	 +4°C±1, 21 d	 0.643aA	 0.545aA	 0.512aA	 0.511aA

	 -20°C±1, 21d	 0.643aA	 0.531aA	 0.476aA	 0.516aA

Myristic C14:0	 +4°C±1, 24 h	 1.466bA	 1.212aA	 1.185aA	 1.152aA

	 +4°C±1, 21 d	 1.367abA	 1.218abA	 1.188aA	 1.154aA

	 -20°C±1, 21d	 1.469bA	 1.206abA	 1.163aA	 1.158aA

Palmitic C16:0	 +4°C±1, 24 h	 21.576bA	 18.350aA	 18.114aA	 17.638aA

	 +4°C±1, 21 d	 21.740bA	 18.550aA	 18.244aA	 17.868aA

	 -20°C±1, 21d	 21.733bA	 18.579aA	 18.392aA	 17.915aA

Stearic C18:0	 +4°C±1, 24 h	 8.633bA	 7.352aA	 7.351aA	 7.023aA

	 +4°C±1, 21 d	 8.672bA	 7.395aA	 7.334aA	 7.112aA

	 -20°C±1, 21d	 8.656bA	 7.537aA	 7.604aA	 7.256aA

Arachidic C20:0	 +4°C±1, 24 h	 0.130aA	 0.179bA	 0.179bA	 0.193bA

	 +4°C±1, 21 d	 0.129aA	 0.180bA	 0.177bA	 0.184bA

	 -20°C±1, 21d	 0.129aA	 0.181bA	 0.182bA	 0.195bA

Behenic C22:0	 +4°C±1, 24 h	 ND2	 0.073aA	 0.076aA	 0.085aA

	 +4°C±1, 21 d	 ND2	 0.069aA	 0.076aA	 0.081aA

	 -20°C±1, 21d	 ND2	 0.073aA	 0.079aA	 0.085aA

SFA	 +4°C±1, 24 h	 32.944bA	 28.142aA	 27.827aA	 27.007aA

	 +4°C±1, 21 d	 33.128bA	 28.378aA	 27.930aA	 27.315aA

	 -20°C±1, 21d	 33.120bA	 28.518aA	 28.294aA	 27.533aA

1Product formula: see Table 1. 2ND - not detected (the content of the FA was lower than 0.05 g/100 g of total FA). abcMeans within a row without a common low-
ercase letter differ significantly (p < 0.05) – influence of product formula on FA content in burgers stored in different conditions. AMeans within a column with a 
common uppercase letter do not differ significantly (p < 0.05) – influence of storage conditions on FA content in burgers of different formula.

Table 4 - MUFA of chicken burgers (g/100 g total FA) formulated with different combinations of pork jowl, vegetable oils, and 
dietary fiber preparations, with different storage conditions, during 21 days of storage.

FA/FA group	 Storage conditions	 Product formula1

		  PC	 PO	 POI	 POW

Myrictoleic C14:1	 +4°C±1, 24 h	 0.133bA	 0.114aA	 0.113aA	 0.115aA

	 +4°C±1, 21 d	 0.132bA	 0.108aA	 0.112aA	 0.114aA

	 -20°C±1, 21d	 0.135bA	 0.108aA	 0.112aA	 0.113aA

Palmitoleic C16:1	 +4°C±1, 24 h	 3.456aA	 2.874aA	 2.824aA	 2.876aA

	 +4°C±1, 21 d	 4.438bcA	 2.860aA	 2.800aA	 2.853aA

	 -20°C±1, 21d	 3.446cA	 2.821aA	 2.870abA	 2.847aA

Elaidic C18:1t	 +4°C±1, 24 h	 0.372bA	 0.282abA	 0.288abA	 0.271aA

	 +4°C±1, 21 d	 0.542bA	 0.311aA	 0.325aA	 0.305aA

	 -20°C±1, 21d	 0.455abA	 0.306aA	 0.317aA	 0.306aA

Oleic C18:1 (n-9)	 +4°C±1, 24 h	 40.237abA	 40.837abA	 39.712aA	 42.830bA

	 +4°C±1, 21 d	 40.429aA	 41.096aA	 39.810aA	 40.911aA

	 -20°C±1, 21d	 40.313aA	 40.953aA	 39.499aA	 40.779aA

Eicosanoic C20:1	 +4°C±1, 24 h	 0.734aA	 0.770aA	 0.744aA	 0.773aA

	 +4°C±1, 21 d	 0.731aA	 0.774aA	 0.741aA	 0.779aA

	 -20°C±1, 21d	 0.731aA	 0.778aA	 0.747aA	 0.767aA

Eruic C22:1	 +4°C±1, 24 h	 0.054aA	 0.084aA	 0.055aA	 0.061aA

	 +4°C±1, 21 d	 0.045bA	 0.018aA	 0.017aA	 0.017aA

	 -20°C±1, 21d	 0.038bA	 0.019aA	 0.039bA	 0.019aA

MUFA	 +4°C±1, 24 h	 45.959aA	 45.960aA	 44.720aA	 47.926aA

	 +4°C±1, 21 d	 48.297aA	 48.234aA	 46.749aA	 48.066aA

	 -20°C±1, 21d	 48.143aA	 48.113aA	 46.544aA	 47.705aA

1Product formula: see Table 1. 2ND - not detected (the content of the FA was lower than 0.05 g/100 g of total FA). abcMeans within a row without a common low-
ercase letter differ significantly (p < 0.05) – influence of product formula on FA content in burgers stored in different conditions. AMeans within a column with a 
common uppercase letter do not differ significantly (p < 0.05) – influence of storage conditions on FA content in burgers of different formula.
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and eicosatrienoic acid (C20:3 n-3). The signifi-
cant (p < 0.05) increase in the share of PUFA in 
overall FA pool in PO, POI, and POW products - 
when compared to PC product - was mainly de-
termined by an increased content of linolenic 
acid. The presence of valuable nutritionally long-
chain PUFA n-3 acids: eicosapentaenoic (EPA) 
and docosahexaenoic acid (DHA), was not ob-
served in the products prepared with oils. This 
was possibly due to the fact that the share of 
vegetable oils in the recipe composition of burg-
ers was relatively low.

The ratio of PUFA to SFA and the ratio of 
PUFA n-6 to PUFA n-3 are often used in nutri-
tional characteristics of lipids in food. The val-

Table 5 - PUFA of chicken burgers (g/100 g total FA) formulated with different combinations of pork jowl, vegetable oils, and 
dietary fiber preparations, with different storage conditions, during 21 days of storage.

FA/FA group	 Storage conditions	 Product formula1

	 PC	 PO	 POI	 POW

Linoleic C18:2 (n-6)	 +4oC±1, 24 h	 13.341aA	 14.939aA	 15.508aA	 15.555aA

	 +4oC±1, 21 d	 13.054aA	 14.730aA	 15.433aA	 15.400aA

	 -20oC±1, 21d	 13.274aA	 14.700aA	 15.403aA	 15.515aA

γ- Linolenic C18:3 (n-6)	 +4oC±1, 24 h	 0.081aA	 0.072aA	 0.072aA	 0.068aA

	 +4oC±1, 21 d	 0.077aA	 0.071aA	 0.072aA	 0.068aA

	 -20oC±1, 21d	 0.080aA	 0.070aA	 0.069aA	 0.071aA

Linolenic C18:3 (n-3) 	 +4oC±1, 24 h	 1.631aA	 5.353bA	 6.410bA	 6.092bA

	 +4oC±1, 21 d	 1.599aA	 5.248bA	 6.480bA	 6.932bA

	 -20oC±1, 21d	 1.587aA	 5.211bA	 6.362bA	 6.015bA

Eicosadienoic C20:2 (n-6)	 +4oC±1, 24 h	 0.327aA	 0.291aA	 0.275aA	 0.280aA

	 +4oC±1, 21 d	 0.324aA	 0.290aA	 0.271aA	 0.280aA

	 -20oC±1, 21d	 0.324aA	 0.296aA	 0.289aA	 0.285aA

Eicosatrienoic C20:3 (n-6)	 +4oC±1, 24 h	 0.110aA	 0.103aA	 0.101aA	 0.098aA

	 +4oC±1, 21 d	 0.112aA	 0.099aA	 0.096aA	 0.098aA

	 -20oC±1, 21d	 0.114aA	 0.104aA	 0.104aA	 0.101aA

Eicosatrienoic C20:3 (n-3)	 +4oC±1, 24 h	 0.158aA	 0.155aA	 0.134aA	 0.140aA

	 +4oC±1, 21 d	 0.140aA	 0.115aA	 0.107aA	 0.110aA

	 -20oC±1, 21d	 0.124aA	 0.115aA	 0.106aA	 0.107aA

Arachidonic C20:4 (n-6) 	 +4oC±1, 24 h	 0.198aA	 0.212aA	 0.202aA	 0.195aA

	 +4oC±1, 21 d	 0.196aA	 0.173aA	 0.179aA	 0.172aA

	 -20oC±1, 21d	 0.216aA	 0.226aA	 0.218aA	 0.179aA

Eicosapentaenoic (EPA) C20:5 (n-3) 	 +4oC±1, 24 h	 ND2	 ND2	 ND2	 ND2

	 +4oC±1, 21 d	 ND2	 ND2	 ND2	 ND2

	 -20oC±1, 21d	 ND2	 ND2	 ND2	 ND2

Docosahexaenoic (DHA) C22:6 (n-3)	 +4oC±1, 24 h	 ND2	 ND2	 ND2	 ND2

	 +4oC±1, 21 d	 ND2	 ND2	 ND2	 ND2

	 -20oC±1, 21d	 ND2	 ND2	 ND2	 ND2

PUFAs	 +4oC±1, 24 h	 15.862aA	 21.125bA	 22.701bA	 22.427bA

	 +4oC±1, 21 d	 15.501aA	 20.726bcA	 22.639cA	 22.058cA

	 -20oC±1, 21d	 15.720aA	 20.722bcA	 22.569cA	 22.271cA

1Product formula: see Table 1. 2ND - not detected (the content of the FA was lower than 0.05 g/100 g of total FA). abcMeans within a row without a common low-
ercase letter differ significantly (p < 0.05) – influence of product formula on FA content in burgers stored in different conditions. AMeans within a column with a 
common uppercase letter do not differ significantly (p < 0.05) – influence of storage conditions on FA content in burgers of different formula.

ues of these ratios for control burgers (PC) were 
0.48 and 7.91, respectively (Table 6). The intro-
duction of mixture of vegetable oils into the for-
mula composition of burgers resulted in signif-
icant (p < 0.05) changes in the value of both ra-
tios. For the PO, POI, and POW burgers the ra-
tios of PUFA to SFA ranged from 0.75 to 0.83, 
and the ratios of PUFA n-6 to PUFA n-3 varied 
between 2.47 and 2.84. The significant (p < 0.05) 
increase in the PUFA to SFA ratio, and decrease 
in the PUFA n-6 to PUFA n-3 ratio in burgers for-
mulated with oils - when compared to the con-
trol product - was the positive effect indicating 
improvement of the nutritional value of fat in 
these products.
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Regardless of the temperature of 21-day stor-
age no significant (p > 0.05) changes in the con-
tent of any FA were found in any of the burgers.

The results obtained confirm the thesis put 
forward by JIMÉNEZ-COLMENERO (2007), who - 
based on the literature data - reported that sub-
stitution of some animal fatty raw material with 
oil was an effective method of improvement of 
FA composition in a wide range of meat prod-
ucts. Usefulness of linseed oil and rapeseed oil 
in improvement to nutritional value of lipids in 
meat products, expressed by increased contri-
bution of UFA and PUFA n-3, was confirmed by 
GARMIENE et al. (2007), MAKAŁA and JERZEWS-
KA (2008) in scalded sausages, and by PELSER 
et al. (2007) in fermented sausages. It has been 
also found that the FA composition of meat prod-
ucts may be modified by the application of ol-
ive oil (KAYAARDI and GÖK, 2003), soybean oil 
(MUGUERZA et al., 2001), or mixture of vegeta-
ble oils (ÖZVURAL and VURAL, 2008; LOPÉZ-LO-
PÉZ et al., 2009). Mixture of oils was also used 
for an improvement in nutritional value of li-
pids in ready-to-eat meat products: beef burg-
ers (FORELL et al., 2010) and pork patties (LEE 
et al., 2006).

Lipid oxidation

Changes in TBARS value in chicken burg-
ers subjected to storage at the temperature of 
+4°C±1 and -20°C±1 are presented in Figs. 1a 
and 2b, respectively. The highest TBARS values 
were observed in control burgers (PC), irrespec-
tively of the storage temperature and time. Sig-
nificantly lower (p < 0.05) TBARS values were 
observed in burgers prepared with vegetable 

oils (PO, POI, POW), which meant inhibition of 
the oxidation process of lipids when compared 
to the PC product. It should be noted that en-
richment of burgers with oils was accompanied 
by addition of rosemary extract, which was in-
tended to protect FA against oxidation.

The results obtained confirmed that, irrespec-
tively of product formula, freezing was better 
method of storage than refrigerating. Although 
lowering the temperature of the storage from +4 
to -20 degrees did not stop completely the oxi-
dation process of FA in burgers, it was inhibit-
ed significantly.

When compared to the results presented by 
other authors (FERNÁNDEZ-LÓPEZ et al., 2005; 
PIETRZAK and MYRON, 2008; FORELL et al., 
2010), the TBARS values in chicken burgers were 
relatively low, both after manufacturing (24 h) 
and 21 days of storage.

Incorporation of oil into the formula compo-
sition of meat product may influence the oxi-
dative stability of lipids in the product. Accord-
ing to KAYAARDI and GÖK (2003), the adverse 
changes of lipids in beef sausage were caused 
by the partial replacement of beef tallow with 
olive oil. In turn, MUGUERZA et al. (2003), and 
PELSER et al. (2007) reported that replacement 
of some animal fatty raw material with vegeta-
ble oil in fermented sausages did not intensify 
the adverse changes in lipids, such as oxidation 
and hydrolysis. MAKAŁA and JERZEWSKA (2008) 
also found that the quality of frankfurters en-
riched with linseed oil, in terms of lipids oxida-
tive changes, was satisfactory even after 8-week 
of refrigerating storage.

In order to extend the storage stability of 
chicken burgers with enriched oils, an anti-

Table 6 - Proportions of PUFA : SFA and PUFA n-6 : PUFA n-3 in chicken burgers formulated with different combinations of 
pork jowl, vegetable oils, and dietary fiber preparations, with different storage conditions, during 21 days of storage.

FA group	 Storage conditions	 Product formula1

	 PC	 PO	 POI	 POW

PUFA n-6	 +4°C±1, 24 h	 14.056aA	 15.617aA	 16.157aA	 16.196aA

	 +4°C±1, 21 d	 13.762aA	 15.363aA	 16.052aA	 16.018aA

	 -20°C±1, 21 d	 14.010aA	 15.397aA	 16.082aA	 16.160aA

PUFA n-3	 +4°C±1, 24 h	 1.806aA	 5.508bA	 6.544bA	 6.231bA

	 +4°C±1, 21 d	 1.739aA	 5.364bA	 6.587bA	 6.041bA

	 -20°C±1, 21 d	 1.711aA	 5.362bA	 6.487bA	 6.122bA

PUFA : SFA	 +4°C±1, 24 h	 0.48aA	 0.75bA	 0.82bA	 0.83bA

	 +4°C±1, 21 d	 0.47aA	 0.73bcA	 0.81cA	 0.81cA

	 -20°C±1, 21 d	 0.48abA	 0.73bcA	 0.80cA	 0.81cA

PUFA n-6 : PUFA n-3	 +4°C±1, 24 h	 7.91bA	 2.84aA	 2.4747aA	 2.60aA

	 +4°C±1, 21 d	 7.91bA	 2.86aA	 2.44aA	 2.65aA

	 -20°C±1, 21 d	 8.19bA	 2.89aA	 2.48aA	 2.64aA

1Product formula: see Table 1. abcMeans within a row without a common lowercase letter differ significantly (p < 0.05) – influence of product formula on FA con-
tent in burgers stored in different conditions. AMeans within a column with a common uppercase letter do not differ significantly (p < 0.05) – influence of storage 
conditions on FA content in burgers of different formula.
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oxidant additive of natural origin, which was 
rosemary extract, was used. The effectiveness 
of this component in the inhibition of lipid ox-
idation had already been confirmed in studies 
on ready-to-eat meat products (NISSEN et al., 
2004; FERNÁNDEZ-LÓPEZ et al., 2005; GEORG-
ANTELIS et al., 2007; FORELL et al., 2010; KONG 
et al., 2010).

Microbiological analysis

The changes in TBC in chicken burgers stored 
at the temperature of +4°C±1 and -20°C±1 are 
shown in Figs. 2a and 2b, respectively. It was 
found that 24 h after preparing, TBC in burgers 
was as follows: 2.54 log cfu/g for PC product, 
2.73 log cfu/g for POI product, 2.78 log cfu/g for 
PO product, and 2.88 log cfu/g for POW prod-
uct, and was not significantly (p < 0.05) differen-
tiated by the applied modifications of the com-
position of formula.

After the 21-day storage at +4oC±1, the TBC 
increased to the level of: 5.32 log cfu/g for POI 
product, 5.61 log cfu/g for POW product, 7.40 

log cfu/g for PO product, and 8.21 log cfu/g 
for PC product. The increase of TBC during the 
whole period of storage was statistically signif-
icant (p < 0.05) only in the PC and PO product.

After the 21-day storage at -20oC±1 the TBC 
increased to the level of: 2.54 log cfu/g for POI 
product, 2.65 log cfu/g for POW product, 2.79 
log cfu/g for PO product, and 2.80 log cfu/g for 
PC product. The TBC of any of the frozen prod-
ucts was not significantly (p < 0.05) differentiat-
ed during the whole period of storage. For chick-
en burgers of each formula the TBC was signifi-
cantly (p < 0.05) higher in the refrigerated prod-
uct than in the frozen one after 21 days of stor-
age (results not showed).

The presence of Salmonella ssp. was not found 
in chicken burgers, and the number of coliform 
bacteria was lower than 10 cfu/g during the 
whole storage period, regardless of the prod-
uct formula and storage conditions (tempera-
ture and time).

The results obtained proved that the microbi-
ological quality of chicken burgers of all the four 
formulas fulfilled the requirements mentioned 

Fig. 2 - Total bacteria count of chicken burgers formulated with different combinations of pork jowl, vegetable oils and die-
tary fiber preparations, during 21 days of storage in refrigerator (a) or freezer (b).
For product description see Table 1.
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in EC REGULATION (2007) with respect to Sal-
monella ssp. Despite the fact that the regulation 
does not require determination of coliform bacte-
ria nor total bacteria count in ready-to-eat meat 
products from poultry meat, it should be noticed 
that they may influence both health safety and 
shelf-life of these products.

The results obtained are in agreement with 
these obtained ANDRÉS et al. (2009) who showed 
that microbiological quality of poultry frankfurt-
ers containing squid oil instead of beef tallow was 
not significantly differentiated when compared to 
the control product. Similarly, LOPÉZ-LOPÉZ et al. 
(2009), on the basis of determination of total bacte-
ria count and lactic bacteria count, found that mi-
crobiological quality of pork frankfurters enriched 
with olive or algae oil did not differ significantly 
during storage. TBC in frankfurters after manu-
facturing ranged - depending on product formu-
la - from 2.64 to 4.18 log cfu/g, and was compa-
rable to the results obtained in the present study.

Conclusions

After summarizing the results of this study 
it was found that 20% substitution of pork jowl 
with a mixture of vegetable oils in the composi-
tion of formula of chicken burgers resulted in an 
improvement in nutritional quality in terms of 
FA composition. Chicken burgers enriched with 
oils contained significantly less SFA and more 
PUFA, including nutritionally valuable PUFA n-3, 
than the control product, what means the im-
provement in nutritional value of lipids in these 
products. The oxidation process of lipids in prod-
ucts containing vegetable oils could be retard-
ed significantly by the addition of 0.03% of rose-
mary extract. The results of measurements of the 
shear force of burgers indicated that addition of 
3% of wheat fiber to product prepared with the 
mixture of vegetable oils as the 20% substitute 
of pork jowl counteracted the changes in texture. 
Microbiological quality of vacuum-packed burg-
ers subjected to 21-day storage at the temper-
ature of +4°C±1 and -20°C±1 was satisfactory.
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Abstract

A study has been carried out to determine the effects of lactic acid bacteria inoculation time on 
the fundamental components, procyanidins and biogenic amines content of Aglianico wines pro-
duced in Apulia region. Three different malolactic fermentation (MLF) techniques were compared: 
the co-inoculation, the sequential inoculation, and the traditional technique (spontaneous MLF). 
In the co-inoculation technique there was a delayed start and a late finish of the alcoholic fer-
mentation. The colour intensity of the wine obtained with a spontaneous MLF was higher both at 
racking and after 12 months. Significant changes in content of flavan-3-ols were found in wines 
made with different MLF managements. The levels of catechin monomers ((+)-catechin, (-)-epicat-
echin, (-)-epicatechin-O-gallate) and procyanidin oligomers (B1-B4, and trimer C1) were lower in 
the co-inoculation wine. In the wine produced with a spontaneous MLF, the content of biogenic 
amines was significantly higher compared to the other two wines.
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INTRODUCTION

The most important microbial activity that 
is responsible for the conversion of must into 
wine is the alcoholic fermentation (AF), which 
is carried out by Saccharomyces yeasts. The 
malolactic fermentation (MLF) typically follows 
alcoholic fermentation and is carried out by in-
digenous lactic acid bacteria (LAB) or induced 
by inoculation with selected bacterial starters. 
It is a decarboxylation of L-malic acid, a dicar-
boxylic acid, with formation of a monocarbox-
ylic acid, the L-lactic acid and carbon diox-
ide, which is catalyzed by malolactic enzymes 
which are NADP dependent and require diva-
lent cations such as manganese or magnesium 
ions (Vincenzini et al., 2005). The MLF caus-
es a significant evolution of wine and produc-
es remarkable changes in its phenolic compo-
sition and sensorial characteristics (Costello 
et al., 2012; Cabrita et al., 2008; Lòpez et al., 
2011; Suriano et al., 2012). In addition to the 
reduction of the acidity of the wine, MLF in-
creases the aromatic complexity and smooth-
ness (Versari et al., 1999; Costantini et al., 
2009; Lopez et al., 2011). Generally the MLF 
is favoured in red wines, in novello wines, in 
white wines aged in barrique, or in some spar-
kling base wines (Cavazza et al., 2003). On the 
other hand, this fermentation produces a small 
amount of acetic acid and sometimes may also 
generate unpleasant odours, bitter-tasting com-
pounds or substances that may be dangerous 
to consumers’ health, such as biogenic amines 
or precursors of ethyl carbamate (Lonvaud-Fu-
nel, 1999). It has been verified by analysis that 
the concentration of biogenic amines in wine at 
the end AF is always quite low, while increas-
es after MLF (Gafner, 2005). Moreover, it was 
found that wines which undergo spontaneous 
MLF often have higher biogenic amine concen-
tration than those in which the MLF is conduct-
ed by select malolactic bacteria (Cerruti et al., 
1987; Masquè et al., 2008). Biogenic amines 
are synthesized by microorganism through de-
carboxylation of amino acids. Between the main 
biogenic amines in wines there are tyramine, 
histamine, putrescine, cadaverine and pheny-
lethylamine, synthesized by the decarboxyla-
tion of the amino acids tyrosine, histidine, or-
nithine, lysine and phenylalanine. These com-
pound can cause adverse physiological reac-
tions in susceptible individuals. Histamine can 
cause headaches, allergies, diarrhoea, palpita-
tions and vomiting (Stockley, 2004; Bodmer 
et al., 1999), while tyramine is strongly vaso-
constrictive (Silla-Santos, 1996). These ef-
fects may be enhanced by alcohol, which pre-
vents the organism’s detoxifying mechanisms 
from working properly and by the presence of 
other amines such as putrescine and cadaver-
ine (Landete et al., 2005), both associated with 
poor sanitary quality of grapes (Leitao et al., 

2005) and responsible for major sensory defects 
in wines (Lehtonen, 1996). Usually, the LAB 
used for MLF belong to the Oenococcus oeni 
species, anyway, it is possible to also find oth-
er bacteria of the Lactobacillus, Leuconostoc 
and Pediococcus species (Dicks et al., 1995). 
However, even for the most resistant bacteria 
the conditions found in wine are close to the 
limits of survival, so that the transformation 
of 4-5 g/L of malic acid may requires even 15-
20 days (Cavazza et al., 2003). Several times, 
this process may take several months, may oc-
cur in some barrels and tanks but not in oth-
ers and may be responsible for the occurrence 
of problems related to indigenous LAB species 
carrying out the MLF (Lonvaud-Funel, 2001) 
which may cause a range of undesirable chang-
es to wine sensory properties, altered wine col-
our, and may even lead to the generation of bio-
genic amines (Davis et al., 1985). Such a long 
time can be especially critical for those wines 
(such as novello wines) that must be processed 
and placed on the market in a short time, and 
moreover could be a risk since in the season in 
which the MLF takes place there may be sud-
den temperature drops which may determine 
an arrest of the process until the next spring. 
There are advantages subsequent to an early 
and fast MLF such as: a more efficient utiliza-
tion of fermentation tank in the busy posthar-
vest period, thus a decrease of energetic costs 
resulting in optimization of the winemaking 
process; moreover it is possible a decrease of 
the microbiological risks reducing the growth 
of undesired microorganism and also allows 
an early commercialization of wines (Jussier 
et al. 2006). It is therefore of fundamental im-
portance a correct management of MLF. In this 
paper the influence of inoculation of lactic bac-
teria on changes occurring on the polyphenol-
ic characteristics, colour, biogenic amines and 
proanthocyanidin in Aglianico red wines was 
investigated by comparing the techniques of 
co-inoculation and sequential inoculation to a 
spontaneous MLF.

MATERIALS AND METHODS

Experimental design and winemaking

This research was conducted during the 2012 
harvest on Aglianico grape variety, grown in a 
vineyard trained on espalier training system 
with Guyot pruning and cultivated according to 
the principles of organic viticulture. Concern-
ing the different possibilities of MLF manage-
ment, in the Le.Vin.Sud Company of Cerignola 
(Foggia, Southern Italy) were carried out three 
experimental tests in order to evaluate the in-
fluence of the timing of lactic bacteria inocula-
tion, comparing the technique of co-inoculation 
(inoculation of bacteria 24 hours after the yeast 
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inoculation), sequential inoculation (at the end 
of the AF) and the traditional technique without 
inoculation of any LAB, i.e. a spontaneous MLF, 
which was favoured by acting on certain oeno-
logical practices, as further explained. The Agli-
anico grapes were first destemmed and crushed, 
subsequently the mass of must and pomace was 
mixed, homogeneized and introduced in three 
different steel tank. From each steel tank, 3 x 
100 Kg (in triplicate) of must with pomace was 
utilized for each of the three winemaking tech-
niques adopted, with the aim to determine the 
repeatability of the differences among the com-
pared treatments. The different batches of must 
and pomace were subjected to the following win-
emaking protocols:

- Co-inoculation or simultaneous inoculation 
of LAB (SIM). After crushing and destemming 
of grapes 40 mg/L of SO2 was added. After two 
hours, Saccharomyces cerevisiae strain Lalvin 
R7 (Lallemand Inc, Castel D’Avezzano-Verona – 
Italia) previously hydrated in water for 15 min 
at 38 °C was inoculated in the must (20 g/hL, 
about 6 x 106 cfu/mL.). After 24 hours a lac-
tic bacterial culture of Lactobacillus plantarum 
V22TM (Lallemand Inc, Verona-Italy) was inocu-
lated. The inoculation rate was 1g/hL (2 x 107 
cfu/mL) must/wine prior re-hydrated in chlo-
rine free water at 20°C for 15 min. The alcohol-
ic fermentation took place under controlled tem-
perature by cooling the mass if the temperature 
exceeded the threshold of 26°C. 

- Sequential inoculation post alcoholic fer-
mentation of LAB (PAF). The only difference from 
the previous protocol was the time of addition 
of the bacteria. The lactic bacteria were added 
at racking, which was performed at the end of 
the alcoholic fermentation (10 day pomace con-
tact). The doses of yeast and bacteria employed 
were the same. After the inoculation of bacteria, 
at a dosage of 20 g/hL Opti’Malo Plus bacteri-
al nutrient (Lallemand Inc, Verona –Italy) were 
added at wine in according to the manufactur-
ers instructions.

- Spontaneous MLF (Control). This MLF pro-
cess was used as a comparison test for the oth-
ers processes. After crushing and destemming of 
grapes were added about 40 mg/L of SO2, and 
then 20 g/L of previously hydrated Saccharomy-
ces cerevisiae (Lalvin R7) yeast were inoculated. 
Also for this thesis, at racking/post alcoholic fer-
mentation were added 20 g/hL of Opti’Malo Plus 
bacterial nutrient.

All the vinification were carried out at 26°C 
± 1. During the fermentative pomace contact 
period (10 days in all vinifications) the cap was 
pumping over three times a day and the temper-
ature and must density were recorded. At the 
end of this period, all wines were pressed at 2 
bars, racked with no added sulphur dioxide for 
encourage MLF (in Control and PAF) and stored 
at 25°C. After MLF, the wines were racked again 
and 20 mg/L sulphur dioxide was added. The 

wines were cold stabilised (-4°C) for 1 month 
and then bottled without filtration. All analyses 
were made in triplicate at racking and after 6 
months in the bottle (12 months after racking).

AF was monitored by ethanol production and 
sugar depletion. MLF was monitored by l-mal-
ic acid degradation and l-lactic acid production. 
AF and MLF were considered complete when re-
sidual sugars were less than 2.5 g/L and l-mal-
ic acid was less than 0.12 g/L.

Wine composition

Total acidity, volatile acidity, reducing sug-
ars, pH, total SO2, alcohol and total dry extract 
were all determined on wine according to EEC 
regulation 2676/90.

Chemicals and reference compounds

Standards, including trans-caffeoyl-tartar-
ic acid, trans-p-coumaroyl-tartaric acid, caffeic 
acid, ferulic acid, p-coumaric acid, quercetin, 
myricetin, kaempferol, were supplied by Sigma 
Aldrich. While standard of (+)-catechin, (-)-epi-
catechin, procyanidin B1, procyanidin B2, ep-
igallocatechin, epigallocatechin gallate were 
supplied by Extrasynthese. The purities of the 
standards were all over 95%. All the solvents 
(methanol, acetonitrile, ethyl acetate) were HPLC 
grade. All the solutions were obtained with dis-
tilled deionised water using Carlo Erba reagents.

Spectrophotometric analysis

Phenolic compounds were determined by 
spectrophotometric methods (Di Stefano et 
al., 1989; Di Stefano et al., 1997) using a UV/
VIS Mod Lambda 25 double beam Spectropho-
tometer (Perkin Elmer S.p.A.). The total antho-
cyanins index was expressed as malvidin 3-glu-
coside and calculate by the following expression: 
Emaxvis x 16.17 x d (d=dilutions). The monomeric 
anthocyanins after separation and absorption on 
a C18 Set Pak cartridge were eluted with 5 ml 
of acetonitrile and then diluted with hydrochlo-
ric ethanol and calculated by: Emaxvis x 16.17 x 
d (d=dilutions). The total polyphenols index ex-
pressed as (+)-catechin was measured by: E1cm, 
75 0nm x 186.5 x d (d=dilutions). The total fla-
vonoids index was expressed as (+)-catechin and 
calculate with the graphic method of Di Stefa-
no (1989). The flavanols reactive to vanillin (fla-
vonols vanillin assay) were expressed as (+)-cat-
echin = ΔE x 290.8 x d (ΔE=absorbance differ-
ence between tests with and without vanillin; 
d=dilution). The proanthocyanidin content was 
determined after hot acid hydrolysis (Bate-Smith 
reaction) using a ferrous salt (FeSO4) as catalyst 
and expressed as cyanidin chloride. Colour in-
tensity and hue were estimated by measuring 
absorbance at 420, 520 and 620 nm according 
to EU Regulation 1990.
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HPLC analysis

The fixed acids of wine (tartaric, malic, lac-
tic, citric and shikimic acids) were determined 
by an HPLC isocratic elution (HPLC 1100 series 
Agilent technologies) with a Phenomenex Syner-
gi 4u Hydro-RP 80A (250x4.60 mm, 4 micron) 
with guard column, a mobile phase of phos-
phoric acid 10-3 M, 0.7 mL/min flow rate, 25°C 
and a UV detector set at 210 nm (Cane, 1990). 

For flavans determination, the wine was sep-
arated into two fractions containing, respective-
ly, individual catechins and oligomeric proan-
thocyanidins, using a C18 1g Sep-Pak cartridge 
as described by Sun et al. (1999). About 5 ml 
of wine was adjusted to pH 7 and then filtered 
through a Sep-Pak cartridge preconditioned 
with H2O. Elution was carried on with 10 mL 
of H2O to eliminate phenolic acids. After drying 
the cartridges with N2, elution was carried out 
with 15mL of ethyl acetate to elute catechins 
and oligomeric proanthocyanidins (F I + F II). 
Each fraction was evaporated to dryness and 
dissolved in methanol, followed by HPLC anal-
ysis. A Thermo ODS RP-C18 Hypersil 200x2.1 
(5 μm) column with a guard column was used 
for flavans analysis. Two ml of each extract-
ed fraction were filtered on a 0.45 μm nylon 
membrane and immediately inject according 
to Squadrito’s method (2007). Separation was 
carried out at 30°C, the flow rate was 0.25 mL/
min and the injection volume 10 μL. The detec-
tion was set at 280 nm, using phosphoric acid 
10-3 M (solvent A) and acetonitrile (solvent B). 
The gradient elution program was: from 91 to 
86% A in ten minutes; from 86 to 82% A in ten 
minutes; from 82 to 60% A in ten minutes; from 
60 to 40% A in five minutes; from 40 to 91% A 
in five minutes; equilibration time of five min-
utes. The peaks identification was performed 
comparing the retention times and absorption 
spectra of pure compounds (supplied from Ex-
trasynthese) and were found analogues to val-
ues reported in the literature (Baoshan et al., 
1998; Ricardo et al., 1991). 

The determination of biogenic amines (BA) 
in wine was carried out by HPLC/FLD. A Hewl-
ett-Packard (Agilent Technologies Palo Alto, CA, 
USA) 1100 series HPLC instrument was used, 
with a fluorescence detector set at excitation 
and emission wavelengths of 340 and 450 nm, 
respectively. The samples were subjected to 
an automatic pre-column derivatization pro-
cedure using o-phthalaldehyde (OPA Reagent, 
Agilent Technologies, Palo Alto, CA, USA). All 
separations were performed on a 200 x 4.6 mm, 
5-µm Alltima C18 column (Alltech, Deerfield, 
IL, USA), protected by a 7.5x4.6 mm guard car-
tridge of the same type. Samples were injected 
into the column after being filtered through a 
0.2 mm RC filter (Schleicher and Schuell, Keen, 
NH, USA). The two eluents used as mobile phas-
es were sodium acetate 50 mM (pH 7.2)/THF 

(96:4) v/v (eluent A) and methanol (eluent B). 
The elution gradient programme followed the 
method described by Nicolini (2003). From 
a stock solution of 200 mg/L containing ag-
matine, cadaverine, phenylethylamine, hista-
mine, putrescine, and tyramine (standards pur-
chased by Sigma-Aldrich) in methanol, four di-
luted solution were prepared and injected: 2.5, 
5.0, 10.0, 20.0 mg/L. Quantification of the BA 
was performed with an internal standard of 
10mM of norvaline solution.

Statistical analysis

Multivariate statistical analysis was per-
formed using R Statistical Software (R Core Team 
(2013), R Foundation for Statistical Comput-
ing, Vienna, Austria). Chemical analyses were 
repeated three times for each sample and the 
data are presented as mean ± SD. The one way 
analysis of variance (ANOVA), and Duncan mul-
tiple comparison test to measure variation be-
tween treatments at a probability level of p<0.05 
were performed.

RESULTS AND DISCUSSION

Wines composition

The musts collected from the steel tanks 
had the following chemical/physical charac-
teristics: Control (spontaneous MLF) 210 g/L 
of reducing sugars, pH 3.30 and total acid-
ity 6.40 g/L; SIM: 205 g/L of reducing sug-
ars, pH 3.27 and total acidity 6.52 g/L; PAF: 
214 g/L of reducing sugars, pH 3.35 and to-
tal acidity 6.24 g/L. The winemaking process 
began on the 12th of October with the crush-
ing and destemming of grapes and the yeasts 
inoculation for all the three experimental pro-
cesses. The kinetics of AF and malic acid deg-
radation are reported in Figs. 1 and 2 respec-
tively. In Table 1 it is reported the time re-
quired for the AF and the MFL for each wine-
making. The duration of the fermentation pro-
cess was identical for the PAF and the Con-
trol (both 8 days), while it was longer for the 
SIM (about 10 days). However, all alcohol-
ic fermentations were regular and complete. 
LAB in the SIM were able to perform MLF in 
23-24 days from the beginning of winemak-
ing. The wine obtained by sequential inoc-
ulation (PAF) carried out the degradation of 
malic acid in 40-41 days from the beginning 
of the winemaking. Instead, the wine under-
went a spontaneous MLF, despite the absence 
of added LAB, has finished the MLF after 57 
days from the beginning of the vinification. 
Therefore, the wine obtained by the SIM tech-
nique has finished the MLF 33-34 days before 
of Control wine. This data is important since 
time is a key factor from an economic, techni-
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Fig. 1 - Kinetics of alcoholic fermentation.

Fig. 2 - Time course of malic acid degradation from the start of alcoholic fermentation.

Table 1 - Time required to complete AF and MLF.

Treatment	 Time for AF	 Time for malic acid degradation	 Vinification time
	 (days)	 (days after bacterial inoculation) †	 AF + MLF (days) ‡

Co-inoculation (SIM)	 10±0	 23±1	 24±1
Sequential inoculation (PAF)	 8±0	 33±4	 41±4
Spontaneous MLF (Control)	 8±0	 NA	 57±4

† MLF was considered complete when malic acid concentration was below 0.12 g/L.
‡Vinification time is the time from destemming/crushing to completion of AF and MLF.

cal and practical point of view, for a good or-
ganizational management of the winery. Ta-
ble 2 shows the results of the chemical/phys-
ical analysis of wines at the end of alcohol-
ic fermentation (racking) and 12 months af-

ter racking. Differences were observed in the 
alcohol content, acidic profile, pH and total 
acidity. The SIM wine after alcoholic fermen-
tation showed obvious signs of the beginning 
of MLF. Indeed, the malic acid content (1.44 
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g/L) was less than Control (1.61 g/L) and 
PAF (1.64 g/L) wines. In SIM wine the partial 
transformation of malic acid has produced a 
certain amount of lactic acid already at rack-
ing. Moreover, SIM wine showed a lower to-
tal acidity and a higher pH compared to Con-
trol and PAF wines. This was mainly due to 
the transformation of a diprotic acid (malic 
acid) with two acidic functional groups into 
a monoprotic acid (lactic acid) with only one 
acidic functional group, with a correspond-
ing decrease in acidity and an increase of pH. 
It was observed a difference in the alcohol 
content of wines, in particular the SIM wine 
showed the lowest alcohol content. Probably, 
since the sugar content of the must subjected 
to the SIM process was slightly smaller thus 
less alcohol was produced. Another possible 
explanation is linked to the lactic acid bacte-
ria that could have used part of the reducing 
sugars, in addition to malic acid, as nutrients 
for their metabolism. This not only may have 
influenced the alcohol content of wine, but 
furthermore had furnished an increased en-
ergy for the cellular development of the bac-
teria resulting in the production of more vol-
atile compounds and greater amounts of ace-
tic acid, as it was found in SIM wine. Indeed, 
the volatile acidity expressed as acetic acid 
was slightly higher in the SIM wine than in 
the other two wines. Both possibilities may 
have contributed to the lower alcoholic con-

Table 2 - Wines composition after AF (racking) and after MLF (12 months after racking).

	 At racking	 12 months after racking

		  Control	 SIM	 PAF	 Control	 SIM	 PAF

Alcohol (Vol. %)	 x	 12.39 ab	 12.06 b	 12.48 a	 12.40 a	 12.10 b	 12.42 a
	 s	 0.08	 0.07	 0.08	 0.12	 0.08	 0.09
Residual sugars (g/L)	 x	 2.40 a	 2.40 a	 2.40 a	 2.35 b	 2.42 a	 2.45 a
	 s	 0.18	 0.15	 0.20	 0.22	 0.25	 0.20
Total dry extract (g/L)	 x	 30.50 a	 29.40 b	 30.50 a	 30.20 a	 29.80 b	 30.40 a
	 s	 2.50	 1.80	 2.10	 2.08	 2.18	 2.10
pH	 x	 3.35 b	 3.53 a	 3.36 b	 3.45 b	 3.61 a	 3.44 b
	 s	 0.02	 0.03	 0.02	 0.03	 0.02	 0.02
Total acidity (g/L)	 x	 7.65 a	 6.15 b	 7.50 ab	 5.63 a	 5.03 c	 5.10 b
	 s	 0.38	 0.42	 0.45	 0.35	 0.40	 0.39
Volatile acidity (mg/L)	 x	 0.54 b	 0.60 a	 0.56 b	 0.55 b	 0.60 a	 0.50 c
	 s	 0.03	 0.02	 0.03	 0.07	 0.08	 0.06
Total SO2 (mg/L	 x	 24.05 a	 22.10 b	 22.04 b	 32.10 b	 58.10 a	 30.10 c
	 s	 4.10	 3.80	 3.50	 2.90	 3.50	 2.80
Tartaric acid	 x	 3.04 b	 2.90 c	 3.20 a	 2.91 a	 2.86 ab	 2.62 b
	 s	 0.28	 0.22	 0.18	 0.4	 0.38	 0.25
L-malic acid (g/L)	 x	 1.61 ab	 1.44 b	 1.64 a	 0.12 a	 0.05 b	 0.06 b
	 s	 0.09	 0.10	 0.12	 0.01	 0.00	 0.00
L-lactic acid (g/L)	 x	 0.10 b	 0.60 a	 0.12 b	 1.45 b	 1.52 a	 1.41 b
	 s	 0.00	 0.01	 0.00	 0.08	 0.06	 0.05
Citric acid (g/L)	 x	 0.25 b	 0.27 ab	 0.28 a	 0.23 b	 0.30 a	 0.25 ab
	 s	 0.02	 0.02	 0.04	 0.01	 0.02	 0.02

x, mean of three replicates; s, standard deviation.
Mean values followed by the same letter in a row are not significantly different at the 0.05 level of significance.

tent, as it is confirmed by the findings of some 
other authors which have observed a delay of 
alcoholic fermentation and a use of the sug-
ars of must by LAB (Lafon-Lafourcade et 
al., 1983). After one year of storage, the SIM 
wine still has a lower acid strength, represent-
ed by a higher pH and a lower total acidity 
compared to the other wines. The content of 
sulfur dioxide, in order to favour the MLF es-
pecially in the Control, has been deliberately 
kept low. There were no significant differenc-
es in respect of tartaric acid and citric acid.

Polyphenolic composition and wine colour

Table 3 shows the polyphenolic composi-
tion and chromatic characteristics of wines af-
ter alcoholic fermentation and 12 months af-
ter racking. The effects of different MLF starts 
showed a marked change in the content of 
polyphenols in SIM wine already at the end 
of the AF. Indeed, the index of total polyphe-
nols, the total flavonoids, the total and mon-
omeric anthocyanins contents are higher in 
the SIM wine, with variations ranging from 5 
to 17%, than in the other wines. The differenc-
es in tannins (proanthocyanidins and flavans 
reacting with vanillin) content between wines 
were not significant. After 12 months from 
racking, all the wines had finished the MLF 
thus a natural reduction of the polyphenolic 
compounds (total flavonoids, flavans, and an-
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thocyanins) was observed. Anyway, the total 
anthocyanins were still slightly higher in the 
SIM wine compared to Control and consider-
ably higher compared to PAF wine. From the 
other side, the content of proanthocyanidins 
(high molecular weight tannins) was signifi-
cantly higher in the Control than in the oth-
er wines. Therefore, an early MLF as for the 
SIM and PAF processes, causes greater losses 
over time of higher molecular weight tannins 
(proanthocyanidins). The increase in pH ob-
served at racking for SIM wine has promoted 
the polymerization processes of high molecu-
lar weight tannins leading to a partial precip-
itation and thus their removal by pouring op-
erations. Some authors (Caroline and Eve-
line, 2011; Costello et al., 2012) in tests of 
management of MLF have observed similar ef-
fects in respect of these compounds. It is well 
known that MLF can reduce the colour inten-
sity in red wines due to numerous factors as-
sociated with the MLF (Burns et al., 2013). 
Indeed, the Aglianico wines obtained with the 
SIM process, already at the end of alcoholic 
fermentation (Table 3), showed a colour in-
tensity of 8.84 which was significantly lower 
than PAF and Control wines. Usually, this in-
dex is positively correlated to the anthocyanin 
content, in this case, considered that in SIM 
wine there was an increase in pH mostly due 
to the partial MLF, despite a slightly higher an-
thocyanin content respect to the other wines, 

Table 3 - Phenolic composition and chromatic characteristics of Aglianico wines after AF (racking) and after MLF (12 months 
after racking).

	 At racking	 12 months after racking

		  Control	 SIM	 PAF	 Control	 SIM	 PAF

Total phenols (mg/L)	 x	 1812 b	 2062 a	 1831 b	 1674 b	 1793 a	 1652 ab
	 s	 66	 66	 37	 49	 52	 41
Total flavonoids (mg/L)	 x	 1982 c	 2388 a	 2008 b	 1466 b	 1585 a	 1583 a
	 s	 73	 74	 45	 42	 44	 36
Vanillin index (mg/L) V	 x	 1026 a	 1013 b	 1017 b	 829 b	 935 a	 659 c
	 s	 38	 39	 23	 19	 33	 21
Proanthocyanidins (mg/L) L	 x	 2489 a	 2490 a	 2398 b	 2135 a	 1693 b	 1533 c
	 s	 71	 77	 59	 67	 55	 38
Total anthocyanins (mg/L)	 x	 321 ab	 338 a	 315 b	 223 b	 242 a	 169 c
	 s	 15	 16	 19	 12	 12	 15
Monomeric anthocyanins (mg/L)	 x	 232 ab	 251 a	 227 b	 90 b	 110 a	 92 ab
	 s	 12	 9	 12	 4	 6	 8
D.O. 420 nm (P.O. 1cm)	 x	 3.49 a	 2.82 c	 3.06 b	 2.84 a	 2.54 b	 2.47 ab
	 s	 0.07	 0.07	 0.06	 0.06	 0.05	 0.05
D.O. 520 nm (P.O. 1cm)	 x	 7.16 a	 5.17 c	 6.23 b	 4.03 a	 3.69 b	 3.39 c
	 s	 0.20	 0.16	 0.18	 0.10	 0.01	 0.01
D.O. 620 nm (P.O. 1cm)	 x	 1.06 a	 0.85 c	 0.94 b	 0.75 c	 0.78 b	 0.99 a
	 s	 0.03	 0.02	 0.03	 0.02	 0.03	 0.04
Colour intensity (P.O. 1cm)	 x	 11.71 a	 8.84 c	 10.23 b	 7.62 a	 7.01 b	 6.85 c
	 s	 0.20	 0.10	 0.14	 0.10	 0.12	 0.08
Tint (E420/E520)	 x	 0.49	 0.54	 0.49	 0.70	 0.69	 0.73
V/L index	 x	 0.41	 0.41	 0.44	 0.39	 0.55	 0.43

x, mean of three replicates; s, standard deviation.
Mean values followed by the same letter in a row are not significantly different at the 0.05 level of significance.

a change in the balance of the pH-dependent 
anthocyanin pigments has determined a cer-
tain loss of the red colour. The colour reduc-
tion may also be due to the precipitation of the 
free anthocyanins molecules with polysaccha-
rides and potassium bitartrate. Twelve months 
after racking, the differences in colour inten-
sity, although reduced, remained quite sig-
nificant and the Control wine still showed the 
highest value. Also the 420 nm and 520 nm 
absorbances were higher in the Control wine, 
while the hue did not show significant differ-
ences between wines. 

The composition of monomeric catechins and 
oligomeric procyanidins is shown in Table 4. 
A common feature to all wines is the predomi-
nance of the (+)-catechin among all monomeric 
flavanols. Among dimeric procyanidins B2 and 
B4 are present in greater quantities. The trim-
eric procyanidins were detected in all wines but 
in small quantities. At racking, the SIM wine dif-
fered from the other two wines because of the 
lowest content of almost all the flavan-3-ols, with 
the exception of a few gallic acid esters such as 
epicatechin gallate, epigallocatechin gallate and 
procyanidin B2 gallate. Less difference were 
found between the Control and PAF. After one 
year from racking, all wines showed a reduc-
tion in the content of (+)-catechin, (-)-epicate-
chin, epigallocatechin, procyanidin B1, B3 and 
B4, while there was a general increase of procy-
anidin B2, gallic acid esters and trimeric procy-
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anidins C1 and T2. The SIM wine confirmed a 
lower content of almost all forms of monomeric 
catechins and oligomeric procyanidins, while the 
PAF showed concentrations that were even high-
er than Control wine. Also in this case, a fast-
er MLF in SIM and PAF from the early stages of 
racking had caused a lower acidic strength, re-
sulting in a loss of these compounds.

Table 5 - Concentration (mg/L) of biogenic amines in Aglianico wines.

	 At racking	 12 months after racking

		  Control	 SIM	 PAF	 Control	 SIM	 PAF

Histamine	 x	 2.78 a	 2.44 c	 2.65 b	 3.53 a	 0.24 ab	 0.20 b
	 s	 0.74	 0.22	 0.39	 0.92	 0.02	 0.02
Agmatine	 x	 1.45 b	 1.54 a	 1.57 a	 1.56 c	 2.41 b	 2.93 a
	 s	 0.46	 0.38	 0.40	 0.55	 0.63	 0.74
Putrescine	 x	 3.74 a	 3.32 b	 3.66 ab	 10.51 a	 8.48 c	 9.54 b
	 s	 0.82	 0.67	 0.74	 1.86	 1.59	 1.48
Tyramine	 x	 0.70 b	 0.72 ab	 0.74 a	 0.76 b	 1.40 a	 0.60 c
	 s	 0.08	 0.09	 0.06	 0.09	 0.10	 0.03
Cadaverine	 x	 1.42 ab	 1.35 b	 1.44 a	 1.60 a	 1.59 a	 1.16 b
	 s	 0.36	 0.42	 0.40	 0.39	 0.28	 0.29
Phenylethylamine	 x	 0.29 ab	 0.36 a	 0.27 b	 0.42 b	 0.60 a	 0.58 ab
	 s	 0.05	 0.06	 0.06	 0.06	 0.07	 0.06
Total biogenic amines	 x	 10.38	 9.73	 10.33	 18.38	 14.72	 15.01

x, mean of three replicates; s, standard deviation.
Mean values followed by the same letter in a row are not significantly different at the 0.05 level of significance.

Table 4 - Concentration (mg/L) of monomeric catechins and oligomeric procyanidins in Aglianico wines.

	 At racking	 12 months after racking

		  Control	 SIM	 PAF	 Control	 SIM	 PAF

(+)-Catechin	 x	 40.36 ab	 36.7 c	 41.34 a	 35.06 b	 28.73 c	 39.68 a
	 s	 1.74	 1.83	 1.88	 1.25	 1.44	 1.32
(−)-Epicatechin	 x	 25.61 b	 19.24 c	 27.22 a	 21.98 b	 16.96 c	 24.59 a
	 s	 1.21	 0.71	 1.29	 1.12	 1.09	 1.15
Procyanidin B1	 x	 17.60 a	 13.30 b	 17.42 ab	 12.09 a	 7.76 c	 10.39 b
	 s	 0.45	 0.80	 0.73	 0.71	 0.74	 0.83
Procyanidin B2	 x	 37.40 a	 29.60 b	 36.40 ab	 39.06 b	 33.18 c	 40.95 a
	 s	 1.75	 1.67	 1.98	 1.44	 1.56	 1.22
Procyanidin B3	 x	 10.80 a	 5.81 b	 10.30 ab	 7.52 b	 4.95 c	 8.84 a
	 s	 0.78	 0.46	 1.04	 0.34	 0.46	 0.27
Procyanidin B4	 x	 30.73 b	 27.55 c	 32.60 a	 28.26 b	 24.77 c	 32.59 a
	 s	 1.75	 1.85	 1.78	 1.88	 1.36	 1.33
Procyanidin B2 gallate	 x	 22.28 c	 23.10 b	 25.20 a	 32.36 a	 26.33 c	 27.39 b
	 s	 0.97	 0.85	 1.04	 0.98	 1.44	 1.65
Epicatechin gallate	 x	 3.74 b	 4.30 a	 3.31 c	 5.73 b	 4.55 c	 7.12 a
	 s	 0.24	 0.88	 0.37	 0.54	 0.74	 0.67
Gallocatechin	 x	 5.21 a	 3.40 c	 4.30 b	 5.62 a	 2.48 c	 5.04 b
	 s	 0.24	 0.23	 0.27	 0.38	 0.55	 0.29
Epigallocatechin	 x	 4.33 ab	 2.41 b	 4.73 a	 3.99 a	 3.08 b	 3.48 ab
	 s	 0.37	 0.46	 0.63	 0.74	 0.74	 0.74
Epigallocatechin gallate	 x	 1.35 c	 3.30 a	 2.37 b	 1.24 c	 4.45 a	 4.01 b
	 s	 0.08	 0.08	 0.04	 0.04	 0.03	 0.04
Trimer T2	 x	 6.53 c	 6.95 b	 8.64 a	 7.67 b	 8.44 a	 8.22 ab
	 s	 0.72	 0.83	 6.78	 0.34	 0.46	 0.48
Trimer C1	 x	 7.33 a	 5.39 b	 7.11 a	 8.17 b	 6.70 c	 9.28 a
	 s	 0.77	 0.71	 0.84	 0.66	 0.53	 0.79

x, mean of three replicates; s, standard deviation.
Mean values followed by the same letter in a row are not significantly different at the 0.05 level of significance.

Biogenic amines composition

Table 5 shows the concentrations of biogen-
ic amines in Aglianico wines. The average con-
centration of total amines at racking differs 
slightly between thesis submitted at different 
management of MLF, ranging from 9.73 mg/L 
in SIM wine to 10.38 mg/L in Control wine. Af-
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tion in almost all the amines investigated with 
respect to the Control (spontaneous MLF). After 
12 months from racking, the average total con-
tent of biogenic amines was lower in the wine 
underwent sequential inoculation compared to 
the co-inoculation.
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Abstract

Thirty four plum local varieties and accessions obtained from different growing area of the Si-
cilian island were analyzed for their qualitative and nutraceutical properties and three commer-
cial cultivar were used as references. These properties included the fruit fresh weight (g), the pulp 
firmness (FFF), the total soluble solids (TSS), the titratable acidity (TA), the total anthocyanins, 
the phenolics content and the antioxidant activity. 

This preliminary study showed significantly differeces among the plums; Zuccarato giallo and 
Prunu Niuru presented TSS higher than the commercial cultivars (24.9 and 21.6 °Brix respec-
tively) and interesting data obtained on the nutraceutical compounds values suggested these lo-
cal cultivars as sources of polyphenols (Zuccarato giallo with 663 mg GA/100 gFW) and natural 
antioxidants (Pruno Regina with 47.46 Fe2+/100 gFW). The characterization of these plums could 
represent also an important resource for the international activity in the genetic improving and 
the collection of the more interesting quality traits could be useful for improving the Prunus da-
tabase actually in use.
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1. Introduction

The varietal diversity is one of the agricultur-
al biodiversity (Heywood, 1999) and the man-
agement by farmers at the local community level 
is one of the factors involved to preserve it. The 
International Treaty on Plant Genetic Resources 
for Food and Agriculture approved in 2001 has 
assigned to all joined Nations the duty to take 
specific local actions in terms of preservation of 
genetic resources, particularly those that are di-
rectly related with the food and agriculture, ie. 
agrobiodiversity. Since that, many national ini-
tiatives have been set up aiming at the recovery 
and characterization of the genetic autochtho-
nous resources as well as the enhancement in 
both nutritional and nutraceuticals traits.

The need to maintain, to protect and to man-
age agobiodiversity is increasing; the identifica-
tion of the composition of locally cultivated food 
as sources of nutraceutical compounds is essen-
tial to promote a more food-base approach to nu-
trition and health (Scoones, 1992). Plums are 
the most taxonomically diverse of stone fruits 
(Das et al., 2011) and the varietal diversity is 
strongly related to the high percentage of self-
incompatibility that led over the centuries to 
various cross-pollinations with recombinations 
of characters (Sottile et al., 2010a). The man-
agement in situ is one of the commonly recom-
mended germplasm conservation approaches 
(Maxted et al., 2010) and in Sicily plum fruits 
were cultivated since the sixteenth and sevet-
eenth centuries as reported in literature (Cupa-
ni, 1696; Nicosia, 1735) due the propitious pe-
doclimatic conditions of the territory for their 
development and genetic diversification (Impal-
lari et al., 2010). The most representative areas 
for the diffusion of plum trees are described by 
these authors as the Palermo and Trapani Prov-
ince which today have an important rule to im-
prove and to diffuse the cultivation of the specie 
by using its natural and favorable climatic con-
ditions. The characterization and identification 
of plum varieties usually is performed on mor-
phological data (Sottile et al., 2010b), pheno-
totic traits (Horvath et al., 2011) and more re-
cently on some molecular markers (Gregor et 
al., 1994; Ortiz et al., 1997; Gharb et al., 2014), 
but the study of the nutraceutical compounds 
(Sottile et al., 2010b), represent today an im-
portant tool to improve the collected data and 
to describe better the varietal diversity (Vasan-
tha Rupasinghe et al., 2006; Díaz-Mula et al., 
2009). The replacement of local cultivars with 
the new one introduced by genetic improvement 
programs, due to a higher productivity, as well 
as resistance or tolerance to pests and diseas-
es, or to abiotic stress, has caused a strong ge-
netic erosion of the indigenous fruit tree species 
germplasm (Impallari et al., 2010). As a conse-
quence of the globalization process, the homolo-
gation involved the fruit consumption and deep-

ly contributed in the loss of the unique taste of 
these fruits.

Many studies have showed that the locally 
available cultivars, varieties and wild underu-
tilized ecotypes; Jablonska-Rys et al., 2009; 
Petruccelli et al., 2013;) are in many cases 
more rich in nutrients than similar commercial-
ly foods, confirming the old ecotypes as genetic 
resources of fruit nutritional traits.

Plums have the potential to contribute great-
ly to human nutrition because of their richness 
in fiber and antioxidants (Stacewicz-Sapunt-
zakis et al., 2001; Sottile et al., 2010b). In 
many cases the genetic resources with a high-
er relevance in terms of nutraceutical facts are 
related to old varieties and reported with a high 
risk of erosion. To limit the loss of biodiversity 
and to adopt collaborative conservation strat-
egies it is necessary to improve the knowledge 
of the genetic resources and their horticultur-
al aspects. The reduction in the genetic varia-
bility is increasing from the past century so as 
established by international approaches to bi-
odiversity preservation protocols, each Coun-
try is responsible for its own genetic resources 
(Das et al., 2011). No detailed study concerning 
physical and nutritional properties of old Sicil-
ian plum ecotypes have been performed up to 
now, so the aim of this study was to determine 
some qualitative and nutritional traits of plum 
fruits belonging to some local cultivars identi-
fied in the Sicily island.

2. Materials and Methods

2.1 Plant material and collection of data

One hundred forty-three georeferenced plum 
cultivars and accessions were identified in the 
Sicilian island from existing bibliography and a 
territorial investigation but in this preliminary 
study only thirty-seven varieties are consid-
ered. In the Table 1 the total 37 local cultivars 
and accessions of plums used for the qualita-
tive and nutraceutical analysis on fruits are re-
ported. These included 34 plum trees from dif-
ferent locations in the Sicily region and 3 com-
mercial varieties respectively of Prunus domesti-
ca L. (cv. Stanley) and Prunus salicina Lindl. (cv. 
Shiro and cv. Angeleno), as references. The in-
vestigated area is located both in the West and 
in the Eastern part of Sicily. For each local cul-
tivars and accession 30 fruits randomly collect-
ed from the entire production were used. 

The plants of the Sicilian germplasm were 
maintained on site in their natural habitat where 
they are routinely grown by local farmers. In all 
cases minimal cultural techniques have been 
applied, without any fruit thinning. All culti-
vars produce primarily on spurs and pruning 
is not commonly carried out. An integrated pest 
management approach is ordinary adopted by 
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growers by following the regional governmental 
rules for plum.

The fruits were picked by hand at the ripe 
stage (Table 2). The fruits damaged were re-
moved, were graded for color and size uniformi-
ty and they were immediately transported to the 
pomological laboratory for analysis.

2.2 Fruit quality traits

The weight was obtained measuring individ-
ually 30 fruits per each local cultivars and ac-
cessions. The data were expressed as the mean 
± SE. Fruit weight (g) was performed using an 
electronic balance (SE622, WVR, USA) with an 
accuracy of 0.01 g. 

The fresh fruit firmness (FFF) was measured 
using an Effegi hand-held penetrometer (Turoni, 
Italy) with a 5-mm-diameter plunger in accor-
dance with standard industry practice. The skin 
of the fruits was partially removed before mea-
suring. Two measurements (30 fruits) were made 
on opposite sides of the central zone of the fruits 
and then averaged to yield a mean value for the 
fruit. The measurements were reported in kg 
force (kgf) cm−2. 

After the firmness measurements for the to-
tal soluble solids (TSS) and the titratable acidi-
ty (TA) determination, the same fruits were com-
pletely hand-peeled and skin and pulp were cut 
in small pieces to obtain homogeneous samples. 
For TSS and TA determination 10 g of pulp sam-
ples were squeezed using a commercial blend-
er and the extracted juice was later sieved and 
centrifuged at 8,000 × g for 20 min (Sigma 3-18 
K, Osterode and Harz, Germany). An aliquot of 
this supernatant was used to determine TSS 
with a digital pocket refractometer Atago PAL-
1 (Atago Co. Ltd., Japan) calibrated at 20°C to 
0% with distilled water, and expressed as per-

Table 1 - List of cultivars and accessions plums collected 
from the local germplasm of Sicily and sampling locations.

	 Authoctonous cultivars 	 Location*
	 and accession name	

  1	 69SUS005P 	 Messina (ME)
  2	 Lazzarino	 Palermo (PA)
  3	 Sanacore Tardivo	 Palermo (PA)
  4	 Zuccarino Rosa 	 Messina (ME)
  5	 Prunu Nucidda	 Messina (ME)
  6	 Cuore di Bue 	 Catania (CT)
  7	 Pruno Regina 	 Catania (CT)
  8	 107SUS009E 	 Trapani (TP)
  9	 107SUS008B 	 Trapani (TP)
10	 107SUS007B 	 Trapani (TP)
11	 Rapparinu Russu 	 Trapani (TP)
12	 Sanacore	 Palermo (PA)
13	 Prunu Niuru 	 Catania (CT)
14	 Ariddo di Core	 Palermo (PA)
15	 Occhio di Bue 	 Catania (CT)
16	 Ranco’ Nero  	 Catania (CT)
17	 Don Ciccino 	 Catania (CT)
18	 Cugghiuni di Mulu	 Catania (CT)
19	 Papale 	 Catania (CT)
20	 71SUS028B 	 Catania (CT)
21	 President 	 Catania (CT)
22	 Pruna di S. Antonio 	 Messina (ME)
23	 Susine Nere 	 Messina (ME)
24	 Nivuru Purmintia 	 Messina (ME)
25	 Nivuru 	 Messina (ME)
26	 Pruna i Sceccu 	 Messina (ME)
27	 Santu Vitu 	 Messina (ME)
28	 66SUS052P	 Messina (ME)
29	 Prunu Ciraseddu 	 Catania (CT)
30	 Prugnolo rosso 	 Messina (ME)
31	 Pruno Rosa	 Palermo (PA)
32	 Primintio	 Palermo (PA)
33	 Prunu Nivuru Codulusu 	 Trapani (TP)
34	 Zuccarato Giallo 	 Messina (ME)
35	 Shiro	 Palermo (PA)
36	 Stanley	 Palermo (PA)
37	 Angeleno	 Palermo (PA)

*Data on geographical position (latitude and longitude) are available for 
all plums.

Fig. 1 - Total anthocyanins of local Sicilian plums
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Table 3 - Fruit quality traits of 37 authochtonous Sicilian plums.

	 Fruit weight	 FFF	 TSS 	 TA	 MI
	 (g)	 kgf cm-2	 °Brix	 g malic acid L-1

Plums
69SUS005P	 34.20±4.51	 G-I	 0.88±0.21	 D-I	 19.6±0.21	 B-E	 7.76±1.74	 G-O	 2.5
LAZZARINO	 16.77±2.90	 O-S	 0.58±0.26	 L-R	 16.5±1.47	 F-I	 6.28±0.41	 I-Q	 2.6
SANACORE TARDIVO	 28.98±7.13	 L-M	 0.80±0.22	 G-N	 15.3±0.06	 H-N	 7.72±0.26	 G-P	 2.0
ZUCCARINO ROSA	 13.67±1.99	 R-U	 0.31±0.12	 S-U	 15.1±0.70	 H-N	 9.02±0.14	 F-L	 1.7
PRUNO NUCIDDA	 12.06±4.32	 S-U	 1.14±0.36	 D	 21.2±0.28	 B-C	 9.00±0.13	 F-L	 2.4
CUORE DI BUE	 83.79±9.02	 A	 0.76±0.21	 H-O	 13.3±0.21	 L-P	 12.21±1.22	 C-E	 1.1
PRUNO REGINA	 33.62±3.58	 H-I	 0.76±0.22	 H-O	 18.4±0.21	 C-G	 7.95±0.09	 G-N	 2.3
107SUS009E	 21.07±7.06	 N-O	 0.63±0.20	 I-Q	 11.5±0.21	 O-Q	 16.56±0.57	 B	 0.7
107SUS008B	 14.26±2.44	 Q-U	 0.40±0.12	 Q-T	 12.8±0.00	 M-P	 11.97±1.02	 C-E	 1.1
107SUS007B	 14.93±3.43	 P-U	 0.40±0.11	 Q-T	 15.5±0.42	 G-N	 10.56±0.15	 E-H	 1.5
RAPPARINU ROSSO	 13.75±2.25	 Q-U	 0.58±0.21	 L-R	 15.7±1.91	 G-N	 4.27±0.75	 M-Q	 3.7
SANACORE	 19.26±5.86	 O-Q	 0.93±0.30	 D-H	 16.0±1.06	 F-L	 7.98±0.43	 G-M	 2.0
PRUNU NIURU	 26.36±4.44	 L-N	 0.69±0.15	 G-P	 21.6±1.49	 B	 4.93±0.25	 M-Q	 4.4
ARIDDO DI CORE	 16.75±3.19	 O-S	 1.07±0.35	 D-F	 20.1±2.03	 B-D	 6.13±0.76	 I-Q	 3.3
OCCHIO DI BUE	 41.76±8.28	 E-F	 0.55±0.10	 N-S	 15.6±0.28	 G-N	 4.86±0.08	 M-Q	 3.2
RANCO’ NERO	 44.13±5.39	 E	 0.60±0.10	 L-R	 16.6±0.07	 E-I	 7.29±0.09	 H-P	 2.3
DON CICCINO	 37.22±5.92	 F-H	 0.47±0.06	 P-S	 19.1±0.28	 B-F	 10.12±0.21	 E-I	 1.9
CUGGHIUNI DI MULU	 61.53±8.92	 C	 0.56±0.13	 M-S	 14.6±0.06	 I-O	 8.24±0.39	 G-M	 1.8
PAPALE	 45.19±6.46	 D-E	 0.57±0.17	 M-R	 15.4±0.10	 G-N	 9.60±1.17	 E-I	 1.6
71SUS028B	 49.99±8.77	 D	 0.55±0.07	 N-S	 16.7±0.15	 E-I	 7.67±0.24	 G-P	 2.2
71SUS024C	 66.52±12.77	 B-C	 0.87±0.27	 E-I	 13.7±0.06	 I-P	 12.78±0.33	 C-E	 1.1
66SUS006S	 16.16±4.37	 O-T	 0.65±0.17	 I-Q	 14.8±0.07	 H-N	 9.43±0.91	 E-I	 1.6
SUSINE NERE	 9.48±1.69	 U	 0.52±0.05	 O-S	 14.2±0.07	 I-O	 11.83±0.99	 C-E	 1.2
NIVURU PRIMINTIA	 40.70±7.23	 E-F	 0.82±0.17	 F-M	 14.5±0.96	 I-O	 10.84±0.26	 E-G	 1.3
NIVURU	 15.21±2.91	 P-T	 0.69±0.26	 H-P	 14.9±0.07	 H-N	 9.65±1.26	 E-I	 1.5
PRUNA I SCECCU	 39.79±7.30	 E-G	 0.83±0.31	 F-L	 11.0±0.28	 P-Q	 22.62±0.59	 A	 0.5
SANTU VITU	 20.41±2.48	 O-P	 0.52±0.25	 O-S	 14.0±3.02	 I-P	 4.45±0.45	 P-Q	 3.1
66SUS052P	 65.64±10.75	 B-C	 1.04±0.64	 D-G	 12.8±0.35	 N-Q	 14.56±0.47	 B-C	 0.9
PRUNU CIRASEDDU 	 14.21±2.05	 Q-U	 0.35±0.04	 R-U	 10.1±0.14	 Q	 3.60±0.18	 Q	 2.8
PRUGNOLO ROSSO	 18.45±2.07	 O-R	 1.10±0.27	 D-E	 17.7±0.78	 D-H	 6.76±0.42	 I-P	 2.6
PRUNO ROSA	 17.90±3.32	 O-R	 0.55±0.26	 N-S	 16.2±0.74	 F-L	 8.66±1.07	 G-L	 1.9
PRIMINTIO	 21.09±5.33	 N-O	 0.46±0.17	 P-S	 15.7±1.44	 G-N	 10.94±2.15	 D-G	 1.4
PRUNU NIVURU CODULUSU 	 10.78±1.68	 TU	 0.12±0.04	 U	 16.7±0.07	 E-I	 14.23±0.40	 B-D	 1.2
ZUCCARATO GIALLO	 13.57±2.89	 R-U	 0.16±0.05	 T-U	 25.0±0.35	 A	 5.86±0.27	 L-Q	 4.3
SHIRO	 36.62±5.16	 F-H	 1.57±0.09	 C	 15.0±0.40	 G-M	 10.63±0.81	 E-H	 1.4
STANLEY	 40.10±3.35	 E-F	 2.46±0.10	 B	 15.9±0.36	 G-M	 5.23±0.20	 L-Q	 3.0
ANGELENO	 67.70±9.80	 B	 4.33±0.39	 A	 21.2±1.28	 B-C	 4.64±0.61	 P-Q	 4.6

Data are means ± SD. Values with the same letter at the column level are not statistically different with the Tukey’s test (0.05).

centage (°Brix). TA was determined in 1 mL of 
the above supernatant diluted in 25 mL of dis-
tilled water by titration with 0.1 N NaOH up to 
pH 8.1, using an automatic titration device (484 
Titrino plus, Metrohm, Switzerland) and results 
expressed as grams of malic acid L−1. Three rep-
licates per measurement were used and the data 
reported are the mean ± SE.

The TSS:TA ratio was calculated for individ-
ual fruit from the TSS and TA results and it ex-
pressed the maturity index (MI).

2.3 Total anthocyanins, phenolic content 
and antioxidant activity

To determine the total anthocyanin content, 
the total phenolic content and the total antiox-
idant capacity, fruit extract was obtained using 
10 g of fruit added to 25 ml of extraction buffer 

(500 ml methanol, 23.8 ml deionized water and 
1.4 ml hydrochloric acid 37%). After 1 h in the 
dark at room temperature, the samples were 
thoroughly homogenized for a few minutes with 
an ultra turrax (IKA, Staufen, Germany) and cen-
trifuged for 15 min at 3,000 rpm. The clear su-
pernatant fluid was collected and stored at -20 
°C until analysis.

The total anthocyanin content was quanti-
fied according to the pH differential method of 
Cheng and Breen (1991). Anthocyanins were 
estimated by their difference of absorbance at 
510 and 700 nm in a buffer at pH 1.0 and pH 
4.5, where Atot = (A515 - A700) pH 1.0 - (A515 - A700) 
pH 4.5. The results are expressed as milligrams 
of cyanidin-3-glucoside (C3G) equivalent per 100 
g of fresh weight (fw).

The total phenolics content was measured 
using a Folin-Ciocalteu reagent with gallic acid 
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as a standard at 765 nm following the meth-
od of Slinkard and Singleton (1977). The re-
sults are expressed as milligrams of gallic acid 
equivalents (GAE) per 100 g of fresh weight (fw).

The antioxidant activity was determined using 
the FRAP (Ferric Reducing Antioxidant Power) 
assay, according to Benzie and Strain (1996) 
method modified by Pellegrini et al. (2003). The 
antioxidant capacity of the dilute fruits extract 
was determined by its ability to reduce ferric 
iron to ferrous iron in a solution of 2,4,6-tris(2-
pyridyl)-s-tri-azine (TPTZ) prepared in sodium 
acetate at pH 3.6. The reduction of iron in the 
TPTZ–ferric chloride solution (FRAP reagent) re-
sults in the formation of a blue-coloured prod-
uct (ferrous tripyridyltriazine complex), the ab-
sorbance of which was read spectrophotometri-
cally at 595 nm 4 min after the addition of ap-
propriately diluted fruits extracts or antioxidant 
standards to the FRAP reagent. The results were 
expressed as mmol Fe2+ equivalents per kilogram 
of fresh fruits.

All of these analyses were performed using 
a UV-Vis spectrophotometer 1600-VWR. Three 
replicates per measurement were used.

2.4 Statistical analysis

The data obtained were treated with one-way 
analysis of variance (ANOVA) using SPSS for 
Windows version 20.0 and the means were sep-
arated using the Tuckey test (P ≤ 0.05).

3. Results

3.1. Quality parameters

In the Table 3 the qualitative traits studied for 
the different plums are reported.

As already reported, fruit size is an important 
quality parameter to evaluate the economic val-
ue for the consumption of fresh fruits (Petruc-
celli et al., 2013) and to determine the catego-
ry of the ranges of marketability of many fruits. 
It is affected by a number of variables, includ-
ing source–sink relationship (Snelgar et al., 
1998), water availability (Intrigliolo and Cas-
tel, 2006) as well as temperature and grow-
ing conditions in general. In our study a great 
variability on fruit weight has been reported 
among the different plums suggesting a differ-
ent fruit surface/volume (Eifert et al., 2006), a 
fruit size distribution into different classes and 
a different correlation to physical-chemical pa-
rameters, such TSS and TA. Fruits with greater 
weight would have a greater proportion of edi-
ble flesh (Franco-Mora et al., 2009). The fresh 
weight of all plums analysed revealed a mean 
value of 30.91 g ranging from 83.79 to 9.48 g; 
the maximum value was observed for the Cuo-
re di Bue cultivar while the lowest was observed 
for the Susine Nere plums. Less than half of the 

plums (sixteen) showed higher values than the 
mean value. The Don Ciccino cultivar was the 
only one to show the weight (37.22 g) similar to 
the values of the commercial cv. Shiro (36.62 g) 
while Nivuru Primintia and Occhio di Bue with 
respectively 40.70 and 41.76 g showed similar 
weight to the commercial cv. Stanley (40.10 g). 
All plums showed statistically differences from 
the commercial cv. Angeleno which weight was 
of 67.70 g.

Flesh firmness is a key quality parameter, 
since it is directly related to fruit ripeness, and 
is often a good indicator of shelf-life potential 
(Valero et al., 2007). The highest pulp firm-
ness was observed for all the three commercial 
cultivars, the cv. Angeleno with 4.33 (kgf) cm−2 

was the higher value followed by the cv. Stanley 
with 2.46 (kgf) cm−2 and the cv. Shiro with 1.57 

(kgf) cm−2. All autochthonous plums (34) showed 
statistically differences from these last and only 
11% of them showed FFF value major than 1(kgf) 
cm−2. The mean value was of 0.82 (kgf) cm−2, the 
lowest value was reached by the Prunu Nivuru 
Codulusu probably due to the low weight (10.78 
g), while the highest was observed for the Pruno 
Nucidda (1.14) (kgf) cm−2.

The physical-chemical parameters, such TSS 
and TA, strongly influence the consumer pref-
erence for stone fruit quality and the aromatic 
profile for the plums consumption (Crisosto 
et al., 2007).

The Zuccarato giallo and the Prunu Niuru 
showed the highest TSS content (25.0 and 21.6 
°Brix, respectively) while the lowest TSS value 
(10.1 °Brix) was scored by the Prunu Ciraseddu 
cultivar. Observing the Table 2 there is a ten-
dency for late season plums to have higher TSS 
than early season plums.

Less than half of the plums (43%) showed 
the TSS content greater than the mean value 
(16.6°Brix). The 69SUS005P, Pruno Nucidda, 
Pruno Regina, Prunu Niuru, Ariddo di Core and 
Don Ciccino authoctonous plums showed simi-
lar values to the commercial cv. Angeleno (21.2 
°Brix) and no statistically significant differences 
were observed between these fruits. The 66% of 
the plums showed value not statistically differ-
ent from the commercial cv. Shiro and Stanley 
which scored 15.0 and 16.0 °Brix respectively. 
The TSS values measured in the local cultivars 
and accession are quite high when compared to 
the value find in the literature; in fact TSS be-
tween 14% and 16% (Westwood, 1978) or 10 
and 15% (Díaz-Mula et al., 2009) could suggest 
edible fruit ready for consumption.

The TA mean value was of 9.10 g malic acid 
L-1 and the 58% of the local plums showed TA 
values inferior to the average. The lowest acidity 
was for the Prunu Ciraseddu (3.60 g malic acid 
L-1) while the highest value was for the Pruna i 
Sceccu (22.62 g malic acid L-1). 

The variations observed in TSS and TA affect-
ed the values of the maturity index (MI). Great 
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differences were observed among values which 
ranged from a minimum of 0.5 in the case of 
the Pruna i Sceccu to a maximum of 4.6 for the 
commercial cv. Angeleno. The Prunu Niuru and 
the Zuccarato giallo with the MI of 4.4 and 4.3 
showed TSS/TA ratio similar to the cv. Ange-
leno while Primintio (1.4) and Santu Vitu (3.0) 
were similar to the cv. Shiro and the cv. Stan-
ley respectively.

3.2 Total anthocyanins, phenolic content, 
and antioxidant activity

The evaluation of the total anthocyanins con-
tent (Fig. 1), in general, has shown that this com-
ponent does not assume, in percentage terms, a 
high importance in the context of polyphenolic 
compounds (Fig. 4). The Primintio accession had 
significantly more total anthocyanins content 
(65.22 mg of cyanidin-3-glucoside /100 g FW) 
than other fruits, although it is only 34.5% of the 
total polyphenols (Fig. 4). The lowest value was 
for Ariddo di Core (1.22 mg of cyanidin-3-glu-
coside/100 g FW) which content was similar to 
the commercial cv. Shiro and the fraction mea-
sured on the total content of the total polyphe-
nols was of 0.3 %. Although the anthocyanin 
fraction mean value was of the 5.8% of the to-
tal polyphenol content it was observed that the 
absolute values detected in some local cultivars 
and accessions such as Primintio, 107SUS007B 
and Pruna di S. Antonio were higher than values 
previously reported for other varieties (Tomás-
Barberán et al., 2001; Cevallos-Casals et 
al., 2006; Usenik et al., 2009).

Polyphenols represent the largest group of 
water-soluble phytochemicals. They have been 

known to be chemotaxonomic markers for clas-
sification purposes in plum fruits (Treutter 
et al., 2012) and their content could contrib-
ute strongly to the antioxidant activity in fresh 
fruits. Generally the polyphenol composition is 
related to the cultural practices and abiotic fac-
tors such as the outside air temperature and the 
rainfall rate (Salgado et al., 2008; Miletic et 
al., 2012). Strong variations in the total poly-
phenol content were observed among the plums 
of the study (Fig. 2) whose mean value was of 
301.67 mg GA/100 g FW. The minimum value 
of 104.87 mg GA/100 g FW was observed for 
the Sanacore Tardivo while the maximum val-
ue of 663.99 mg GA/100 g FW was observed for 
the Zuccarato giallo. The total phenolic content 
in the commercial cultivars used as references 
was lower than that reported by Cevallos-Cav-
als et al., 2006 (298 to 563 mg/100 g FW) for 
Prunus salicina cv. Shiro (191.17 mg GA/100 g 
FW) and cv. Angeleno (242.01 mg GA/100 g FW) 
while according to LOS et al., (2000) it was in the 
range for Prunus domestica (160-300 mg/100 g) 
(cv. Stanley 211.23 mg GA/100 g FW). The 58% 
of the local plums included a total polyphenol 
content major than cv. Angeleno. Previous stud-
ies showed as the averages of the total phenolic 
content of plums were significantly higher than 
the content in other fruits such as apples (Lee 
and Smith, 2000; Proteggente et al., 2002) 
and our data confirmed that.

The total antioxidant capacity of fresh fruits 
(Fig. 3), expressed as mmol Fe2+ per kg of fresh 
fruits ranged from a maximum value of 47.46 
measured for Pruno Regina and a minimum val-
ue of 4.14 for the Rapparinu Russu accessions. 
No statistically significantly differences were ob-

Fig. 2 - Total phenolics content of local Sicilian plums
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served among the cv. Shiro, Stanley and Angele-
no which values ranged between 4.86 and 9.59 
mmol Fe2+/100 g FW and the 20% of the fruits 
showed values major than the average (13.45 
mmol Fe2+/100 g FW). As described by Fran-
kel and Mayer (2000), the measure of fruit an-
tioxidant capacity is influenced by the analyti-
cal method used and this could represent a lim-
it for the evaluation. According to Miletic et al., 
(2012), fruits containing the highest total phenols 
do not necessarily exhibit the highest antioxi-
dant capacity. In fact the highest value observed 

Fig. 3 - Total antioxidant activity of local Sicilian plums

for the Pruno Regina accession is related to the 
relative high phenolic content but the same cor-
relation wasn’t observed for the Zuccarato giallo 
which corresponded the highest phenolic content 
(663.99 mg GA/100 g FW) but the low total an-
tioxidant activity of 11.86 mmol Fe2+/100 g FW. 

Comparing the total antioxidant activity of the 
studied plums to the total FRAP of other fruits 
reported in previous work (Guo et al., 2003) it 
is interesting to observe the high values find 
that could suggest interesting uptake of plums 
for the human diet.

Fig. 4 - Total anthocyanins and phenolics distribution (%) in authochtonous Sicilian plums.
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4. Conclusions

This study provides important data for quali-
tative and nutraceutical properties of the fruits. 

The results obtained by this preliminary 
study reveals that the authocthonous Sicilan 
plums contains important amounts of anthocy-
anins and phenols; often their concentrations is 
higher than found not only in the commercial 
cultivars but also in fruits that are reported in 
literature to have high content of nutraceuti-
cal compounds. Considerable and significantly 
different among the plums were observed and 
the environmental conditions and the activity 
of propagation and exchange of genetic mate-
rial results of the local farmers could be both 
responsible for the differentiation of the germ-
plasm collected in the investigated areas of the 
Sicilian territory.

The maintaining of local genetic materials is 
important for the biodiversity and the action of 
localization and characterization of old fruits cul-
tivar and accessions is fundamental to improve 
the management of the European Prunus Data-
base for Plum (EPDP) making them available for 
research and genetic improvement.

The knowledge of the qualitative traits of fruits 
represent a good opportunity not only for the 
health advantages but also for the general con-
sumption; in fact the enhancement and the safe-
guarding of these fruits can be thought as an 
opportunity of new marketing channel but more 
studies need to be undertaken about the evo-
lution of the qualitative and nutraceutical com-
pounds during storage to answer the consum-
er’s demands and expectations.
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Abstract

In this study the sensory and chemical parameters of marinated shad (Alosa immaculata, Ben-
nett, 1838) were determined. Fish were marinated with different package methods (in brine, oil 
and vacuum packed) and stored at 4±1°C. During the storage period, diffusion of proximate com-
position, acetic acid and sodium chloride into the fish fillets were determined. At the end of 7 
months storage period, TVB-N were 8.05, 16.81 and 17.56 (mg/100 g), TMA were 2.28, 2.53 and 
2.73 (mg/100 g), TBA were 7.08, 7.13 and 6.05 (mg malonaldehyde/kg) and pH were 4.42, 4.72 
and 4.77 for brine, oil and vacuum packed samples, respectively. Throughout the storage peri-
od, effect of different package methods on TVB-N, TMA, TBA, pH, aw, acetic acid, sodium chlo-
ride and sensory issues were significant (p<0.05).
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INTRODUCTION

Fish is really healthy food and is known as the 
only food having a life-sustaining balanced ra-
tio of protein, fat, carbohydrates, vitamins and 
minerals, which are essential to maintain good 
health. In addition, because of having low fat 
content, cholesterol and calories, fish meat is 
preferable for consumers (KORAL, 2006).

Shad is a close relative to sardines has an av-
erage length of 30-33 cm. shad are a Black Sea 
fish, but it can be found in the Marmara, Aege-
an and the Mediterranean seas. Shad live close 
to the coast as herd by shoal, they enter in the 
river to spawn at reproduction time in the spring. 
Today, shad is also heavily fished in the United 
States and around. According to Turkish Statis-
tical Institute-TSI (2013), 1699 tons shad were 
caught in Turkey at 2012. Turkish consumers 
generally prefer as fresh, salted or smoked shad.

Marinating is traditionally a fish preserva-
tion method. Meat tenderization and flavoring 
are consequences of the marinating process. 
Sodium chloride, polyphosphates, sugars spic-
es and sauces are considered important ingre-
dients of marinades and they improve meat ten-
derness and flavor (SINDELAR et al., 2003; SU-
DERMAN, 1993). The purpose of bringing rigidi-
ty to the marinated product, enriching the meat 
flavor and preserving the meat longer (CHEN, 
1982; RESURRECCIÓN, 2003). The immersion 
of meat in the marinating solution is done not 
only in Turkey.

The physical characteristics of fish change 
in acid and salt in several days. Muscle tissue 
softens; skin and bones can be removed easily. 
Marinate generally contains 4-5% vinegar and 
7-10% salt. Acetic acid leads to breakdown of 
structural proteins and enables the tearing of 
muscle membrane (MEYER, 1965; ERDEM et al., 
2005). Muscle tissue, which has been softened 
during initial days by the joint effect of acid and 
salt, lost 15-20% of raw material weight at the 
end of the process (ALPARSLAN et al., 2013). 

The aim of the present study is to determine 
the sensory and chemical changes of marinat-
ed and brine, oil and vacuum packed shad fil-
lets. Therefore, the use of shad as an alterna-
tive to the other fish species used in marinade 
production will be investigated.

MATERIALS AND METHODS

A total of 186 pontic shad (Alosa immaculata) 
samples with an average weight of 191.53±33.63 
g and average length of 28.71±1.58 cm were 
purchased from a local fish market in Trab-
zon, Turkey. They were stored in a thermally 
insulated container, brought to the laboratory 
and stored at –30°C with the purpose of elimi-
nating the risk of parasites until the marinat-
ing process.

Marination process

Before marinating process, fishes were 
cleaned at the head, and the integral organs, 
after that fillet and washed with clean water. 
Approximately 36 kg fillets were immersed into 
the following different marinating solutions for 
48 h (1:2 fish:solution ratio) in a refrigerator. 
After two days of storage in refrigerator, the fil-
lets were dipped in 4.5% acetic acid, 0.2% cit-
ric acid and 10% salt marination solutions, the 
marinated fishes were divided into tree groups 
(brine, sunflower oil and vacuum packaging). 
70 grams of marinated shad fillets were packed 
into plastic box of 250 mL capacity with 150 mL 
brine, 150 mL sunflower oil, vacuum packaged 
and than were stored at 4±1°C for 7 months. 
Proximate, chemical quality and sensory anal-
yses were performed in triplicate on days 1, 30, 
90, 150, and 210th.

Chemical analysis

Samples were homogenized and subjected to 
moisture and ash analyses using AOAC (1990) 
methods. Crude protein content was calculated 
by converting the nitrogen content according to 
Kjeldahl’s method (AOAC 1990), and lipid con-
tent was determined according to the method of 
the BLIGH and DYER (1959). Thiobarbituric acid 
(TBA) amounts were determined using the meth-
od of TARLADGIS et al., (1960), expressed as mg 
malonaldehyde/kg sample using a conversion 
factor of 7.8. The pH was determined from ho-
mogenates of minced samples in distilled water 
in a ratio of 1:10 (w/v) by using a digital pH meter 
(Hanna, Germany) (CURRAN et al., 1980). Total 
volatile basic nitrogen (TVB-N) was determined 
on steam distillation using the Kjeldahl distilla-
tion apparatus and until red color was titrated, 
for clarification (ANTONOCOPOULUS 1973). The 
method of AOAC (1990) was used for trimethyl-
amine nitrogen (TMA-N) analysis. 

The water activity determination Aqualab 3 
TE (0.100 to 1.000 ± 0.003), were measured by 
U.S. brand equipment. Salt content was meas-
ured using the method proposed by KARL (1994). 
20 g fish were homogenized for 5 minutes with 
100 mL distilled water, and than 150 mL dis-
tilled water was added and it was filtered. To this 
solution was added 2.5 mL of 10% K2CrO4. Until 
red color was titrated with AgNO3 0.1 N and ac-
cording to the following formula amount of salt 
(%) was calculated:

NaCl (%) = A x 0.00585 x 100 x 500 / 
Amount of sample (g) x 50

A: AgNO3 consumption (mL)

For the sensory evaluation of the marinated 
products five panelists were used. Sensory anal-
ysis to assess appearance, odor, flavor and tex-
ture criteria were used, and analyises results, 
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which were scored on a scale of 1 to 9. In the 
scoring system points from 9 to 7 indicates “very 
good”, from 4.1 to 6.9 indicates “good”, 4 indi-
cates “expendability” (4 is the rejection line), and 
from 1 to 3.9 indicates unacceptability (VARLIK 
et al., 1993).

Statistical analysis

The statistical analysis was performed using 
Minitab Release 13.20 (Minitab Inc., State Col-
lege, PA, USA). Differences were analyzed by 
one-way analysis of variance and Tukey’s test. 
In all statistical tests, P<0.05 was considered as 
statistically different (SUMBULOGLU and SUMB-
ULOGLU, 2000).

RESULTS AND DISCUSSION

The proximate composition of the shad fillet 
in each stage of the process is shown in Table 1. 
These results are wet fish sample and marinat-
ed shad. Protein, lipid, dry matter and  ash of 
fresh shad fillets were 17.41%, 18.98%, 39.15% 
and 2.17%, respectively. At the end of the stor-
age, all of these values have increased. Maximum 
protein value was brining sample (18.83%) while 
maximum values at the lipid and dry matter were 
20.30% and 47.11% at Oil marinated and brin-
ing, respectively. GUNER et al. (1998), and BO-
RAN and KARACAM (2011) reported 22.42% and 
19.80% for protein and 15.91% and 9.34% li-
pid in fresh shad fillets, respectively. In another 
experiment, at the end of the brining stage the 
protein and lipid content were 18.32 g.100 g–1 
and 3.20 g.100 g–1 of fish fillets (YEANNES and 
CASALES 2008). The results of proximate anal-
ysis of fresh shad fillets were in agreement with 
our study.

TVB-N of raw material was 14.01( mg/100 g) 
(Table 2). At the end of 7 months storage period 
for marinated shad that were packaged different-
ly in brine, oil and vacuum packed, TVB-N val-
ues were 8.05, 16.81 and 17.56 (mg/100 g), re-
spectively. Statistically difference was found be-
tween the brine group with the other groups on 
TVB-N value (P<0.05). Özden and Erkan (2006) 
reported that TVB-N in fresh fish and marinat-
ed trout were 7.35 mg/100 g and 6.78 mg/100 

g, respectively. TVB-N values increased to 12.08 
mg/100 g and 11.98 mg/ 100 g at the end of 
storage in vacuum and oil packed samples, re-
spectively. Similar results obtained in marinat-
ed fish packaged in vacuum and stored in re-
frigerator at a different time (AKSU et al., 1997, 
METİN et al., 2000 and ARIK et al., 2001).

TBA was 0.99 malonaldehyde/kg at the be-
ginning of the this study (Table 2). This value 
increased to 7.08 in the brine, 7.13 in the oil 
and 6.05 mg malonaldehyde/kg in the vacu-
um packaged group on the last day (210th day) 
of storage. Statistically difference was found be-
tween the vacuum group with the other groups 
on TBA value (P<0.05). TBA value is an impor-
tant indicator and is excessively used to deter-
mine the level of lipid oxidation in fish (SALLAM 
2007; CADUN et al., 2008; TURHAN et al., 2009). 
VARLIK et al. (1993) reported that a consuma-
ble limit was between 7-8 mg malonaldehyde/
kg TBA in sea fish. 

ÖZDEN and ERKAN (2006) reported 0.45 mg 
malonaldehyde/kg TBA values for fresh rainbow 
trout and 2.8 mg malonaldehyde/ kg TBA val-
ues for marinated fish after 90 days, while 9.5 
mg malonaldehyde/kg for vacuum and 10.26 mg 
malonaldehyde/kg for oil packaged marinated 
trout fillets were determined.

Water activity (aw) of the raw material changed 
from 0.98 to 0.99, indicating that, it is the most 
suitable period for microbial growth (Table 2). 
The water activities (aw) at the marination were 
0.93-0.94 between each group. The findings re-
garding to the aw value are in compliance with 
BORGSTROM’S (1968) with YEANNES and CA-
SALES (2008).

In this study, pH level was 4.42, 4.72 and 4.77 
in the brine, oil and vacuum packaged samples 
at 210 days, respectively and there were no sig-
nificant differences between groups (p>0.05). 
The pH of fresh raw fish was initially approxi-
mately 6.30 and then changed during the mat-
uration process to 4.29 after 90 days (ÖZDEN 
and ERKAN 2006). In another study, pH values 
in anchovy marinated with 2% and 4% acetic 
acid increased was changed from 4.25 to 4.53 
(AKSU et al., 1997).

The sodium chloride content of the fillet re-
mained stable during the marinating stage 
while the salt level becomes richer in the brin-

Table 1 - The proximate composition in percentage of fresh and different marinating process of shad (Alosa immaculata,) fil-
lets during storage.

Storage days	 Protein (%)	 Lipid (%)	 Dry Matter (%)	 Ash (%)

Fresh fish	 17.41±0.51a	 18.98±0.66a	 39.15±0.15 a	 2.17±0.16a

Brine	 18.83±0.28b	 20.14±0.11c 	 47.11±0.16 b 	 10.28±0.04c

Oil Marinated	 18.06±0.33b	 20.30±0.19c	 47.05±0.70 b	 8.68±0.11c

Vacuum Marinated	 18.16±0.15b	 20.21±0.33c	 47.05±0.02 b	 8.12±0.07b

Data are expressed as means±standard deviation.
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Table 2 - Effects of brine, oil and vacuum packets on chemical changes of marinated shad (Alosa immaculata) fillets during 
refrigerated storage.

	 Storage Days

		  After marinated	 30	 90	 150	 210

TVB-N mg/100 g	 Brine	 14.01±0.00a	 8.40±0.0.23bA	 5.80±0.00deC	 5.95±0.0.49cdC	 8.05±0.49bC

	 Oil	 14.01±0.00a	 8.55±0.89aA	 12.01±0.00bB	 13.61±0.00cB	 16.81±0.00aB

	 Vacuum	 14.01±0.00a	 8.86±0.50 aA	 14.16±0.49bcA	 15.66±0.66cdA	 17.56±0.00eA

TMA-N mg/100g	 Brine	 0.63±0.01aB	 0.70±0.01aB	 0.73±0.01bC	 1.06±0.04cC	 2.28±0.04eA

	 Oil	 0.63±0.01aB	 0.69±0.01aB	 0.88±0.01abC	 1.94±0.04cA	 2.53±0.03dA

	 Vacuum	 0.63±0.01aB	 0.93±0.03cA	 1.22±0.03dA	 1.48±0.02eB	 2.73±0.04fB

TBA mg malonaldehyde /kg	 Brine	 0.99±0.01a	 1.82±0.06bcA	 3.21±0.36dA	 5.36±0.18eA	 7.08±0.06fA

	 Oil	 0.99±0.01a	 1.92±0.06bcA	 3.66±0.15dA	 5.56±0.18eA	 7.13±0.06fA

	 Vacuum	 0.99±0.01a	 1.28±0.04aA	 2.32±0.12cbB	 3.75±0.21dB	 6.05±0.35eB

aw	 Brine	 0.99±0.001a	 0.94±0.001cB	 0.93±0.001dB	 0.93±0.001eB	 0.93±0.001cB

	 Oil	 0.98±0.001a	 0.95±0.001deA	 0.94±0.001eA	 0.94±0.001fA	 0.94±0.001fA

	 Vacuum	 0.99±0.001a	 0.95±0.001bA	 0.94±0.001dA	 0.94±0.001cdA	 0.94±0.001bB

pH	 Brine	 6.42±0.02a	 4.25±0.01cdB	 4.31±0.03bcdA	 4.33±0.04bcdB	 4.42±0.03bB

	 Oil	 6.42±0.02a	 4.37±0.01fgA	 4.53±0.04deA	 4.65±0.01bcA	 4.72±0.01bA

	 Vacuum	 6.42±0.02a	 4.39±0.01fgA	 4.49±0.01deA	 4.59±0.01cA	 4.77±0.01bA

Acidity	 Brine	 0.15±0.00a	 1.28±0.00cA	 1.58±0.11dA	 1.65±0.00dB	 1.66±0.01dA

	 Oil	 0.15±0.00a	 1.20±0.11cA	 1.38±0.11 cdB	 1.53±0.11cdA	 1.65±0.00dA

	 Vacuum	 0.15±0.00a	 1.35±0.00cB	 1.48±0.11 dC	 1.53±0.11dA	 1.65±0.00eA

Sodium chloride	 Brine	 0.27±0.12a	 6.29±0.29cA	 6.79±0.16cA	 6.00±0.37cA	 6.32±0.00cA

	 Oil	 0.27±0.12a	 4.77±0.21bB	 4.92±0.50bB	 4.77±0.04bB	 4.39±0.08bB

	 Vacuum	 0.27±0.12a	 4.75±0.42bB	 4.47±0.04bB	 4.65±0.37bB	 4.51±0.04bB

Data are expressed as means±standard deviation.
a,b,c: Differences between groups expressed with different letters in the same column are important (p<0,05).
A,B,C: Differences between groups expressed with different letters in the same line are important (p<0,05).

ing stage and the salt concentration in the 
marinating solution becomes lower. According 
to KOLAKOWSKI and BEDNARCZYK (2002), the 
acetic acid in the marinating solution caused 
the decrease in the water content of fillet. So-
dium chloride in fresh fish muscle was 0.27%, 
while at the end of the study, it was reached to 
6.32%, 4.39% and 4.51% for brine, oil and vac-
uum package groups, respectively. According 
to DUERR and DYER (1952), FENNEMA (1977) 
and HONIBEL (1989), myosin denaturation, as 
measured by salt solubility, occurs at a defi-
nite salt concentration, about 8 to 10% sodi-
um chloride in the tissue. 

MEYER (1965) stated that the amount of the 
acid in high quality marine products should be 
between 2-3% in fish tissue at the end of the 
ripening period. In this study the acid amount 
changed between 1.20-1.66 during the trial.

The sensory scores of marinated shad fillets 
indicated a good quality of the storage period 
(Table 3). There were significant differences be-
tween brine, oil and vacuum packaged shad mar-
inades (p<0.05) for sensory value. These results 
are in agreement with the findings of ÖZDEN and 
BAYGAR (2003) for marinated chub mackerel, 

horse mackerel, sardine and anchovy packaged in 
jars with vegetable oil and vacuum packed in pol-
yethylene bags, then stored at 4±1°C. In addition 
to these studies, YEANNES and CASALES (2008) 
reported that there were not quality changes on 
sensory analysis of marinated anchovy (Engrau-
lis anchoita) throughout storage time. 

Many studies showed that good quality mar-
inated fish is between 3 and 6 months (ERKAN 
et al., 2000; VARLIK et al., 2000; ÖZDEN and 
BAYGAR 2003; KILINC and ÇAKLI 2004; GÖKO-
GLU et al., 2004, ERDEM et al., 2005; KABA et 
al., 2013).

CONCLUSIONS

In this study, the effects of brine, oil and vacu-
um packing on chemical and sensory changes in 
marinated shad stored at 4°C were investigated. 
A quality assessment was performed by moni-
toring sensory quality, total volatile basic nitro-
gen and thiobarbituric acid, pH, aw, and salini-
ty count. The results of this study indicate that 
the shelf life of brine and oil packed marinated 
shad fillets had a shelf life of 210 days. Accord-
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Table 3 - Effects of different package methods on sensory property of marinated shad (Alosa immaculata) fillets during stor-
age time.

	 Storage Days	

		  After marinated	 30	 90	 150	 210

Appearance	 Brine	 9.55±0.38aA	 9.00±0.38 aA	 7.05±0.69 bA	 6.40±0.98 cA	 5.00±0.32 dA

	 Oil	 9.57±0.41 aA	 8.50±0.55 aB	 7.13±0.52 bA	 6.04±0.39 cA	 4.53±0.52 dB

	 Vacuum	 9.65±0.35 aA	 930±0.61 aC	 7.47±0.41 aB	 5.81±0.32 dA	 4.20±0.32 dB

Odor	 Brine	 9.25±0.25aA	 8.58±0.49 abA	 7.42±1.02 bcA	 5.92±0.92 cA	 4.28±0.35 dA

	 Oil	 9.52±0.61 aA	 8.60±0.41 abA	 7.08±0.92 bA	 6.25±0.76 cA	 4.57±0.75 dB

	 Vacuum	 9.61±0.41 aA	 8.70±0.32 abA	 7.83±0.41 cdA	 5.97±0.26 dA	 3.91±0.29 aC

Flavor	 Brine	 9.63±0.05aA	 8.75±0.35 abA	 7.25±0.15 cA	 5.90±0.10 dA	 4.13±0.18 eA

	 Oil	 9.63±0.05aA	 8.50±0.20 bB	 7.25±0.20 cA	 6.00±0.15 dA	 4.50±0.06 eB

	 Vacuum	 9.63±0.05aA	 9.25±0.09 abC	 7.75±0.18 bA	 4.75±0.15 cB	 3.50±0.00eC

Texture	 Brine	 9.85±0.39aA	 8.58±0.41 bA	 7.08±0.44 cA	 6.00±0.33 dA	 4.20±0.13 eA

	 Oil	 9.88±0.37aA	 8.79±0.20 bA	 7.67±0.21 cAB	 5.58±0.27 dA	 4.40±0.15 eA

	 Vacuum	 9.93±0.23aA	 9.71±0.26 aB	 7.93±0.24 bB	 5.33±0.15 cB	 4.00±0.21dB

a,b,c Differences between groups expressed with different letters in the same column are important (p<0,05).
A,B,C Differences between groups expressed with different letters in the same line are important (p<0,05).

ing to this study, fishbones of the shad which 
has a large number of them melted as a result 
of the marination process.
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mining shelf life in refrigerator conditions of marinated 
meat ball produced with smoked Bonito (Sarda sarda, 
Bloch 1793). Journal of New Results in Science, 3: 10.

Karl H.1994. “Überlegungen zur Berechnung der Salz – und 
Sauregehalte im Fishgewebewasser von Marinierten Fis-
chereierzeugnissen”. Infn Fisch., 47-59.

Kılınç B. and Çaklı S. 2004. Chemical, microbiological and 
sensory changes in thawed frozen fillets of sardine (Sardi-
na pilchardus) during marination. Food Chem., 88: 275.

Kolakowski E. and Bednarczyk B. 2002. Physical and sen-
sory changes in headed and gutted Baltic herring dur-
ing inmersed salting in brine with the addition of acetic 
acid. Part 1. Weight losses, color of flesh and its sensory 



Ital. J. Food Sci., vol. 27 - 2015  335

properties. Electronic Journal of Polish Agricultural Uni-
versities, 5-2, p. 1.

Koral S., 2006. Investigating the quality changes of raw and 
smoked pacific mullet (Mugil so-iuy, Basilewski, 1855) 
and bonito (Sarda sarda, Bloch, 1838) at ambient and re-
frigerated temperatures, KTU Fen BilimLeri Enst., Mas-
ter’s Thesis.

Metin S., Erkan N., Varlık C., Özden Ö., Baygar T., 
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Varlık C., Uğur M., Gökoğlu N. and Gün H. 1993. Princi-
ple and methods of quality control in sea products. Food 
Technology Association Press 17, 174 p., Ankara.

Varlık C., Erkan N., Metin S., Baygar T. and Özden Ö. 2000. 
Determination of the shelf-life of marinated fish balls. 
Turk. J. Vet. Anim. Sci., 24(6): 593.

Paper Received June 26, 2014  Accepted October 10, 2014

http://wos15.isiknowledge.com/?SID=D65JGf9AhbP3@5AIn7k&Func=Abstract&doc=1/33
http://wos15.isiknowledge.com/?SID=D65JGf9AhbP3@5AIn7k&Func=Abstract&doc=1/33
http://wos15.isiknowledge.com/?SID=D65JGf9AhbP3@5AIn7k&Func=Abstract&doc=1/33
http://wos15.isiknowledge.com/?SID=D65JGf9AhbP3@5AIn7k&Func=Abstract&doc=1/34


Paper

336  Ital. J. Food Sci., vol. 27 - 2015

- Keywords: foodborne pathogens, Bacillus cereus, Escherichia coli, proteolytic enzymes, 16SrRNA -

Prevalence and antibiotic resistance 
of food borne bacterial contamination 

in some Egyptian food

Samy Selim1,2*, Mona Warrad3, El Fatih El Dowma1

and Mohamed Abdel Aziz2

1Department of Clinical Laboratory Sciences, College of Applied Medical Sciences, Aljouf 
University, Sakaka, P.O 2014, Saudi Arabia

2Botany Department, Faculty of Science, Suez Canal University, Ismailia, P.O. 41522, Egypt
3Department of Medical Laboratory Sciences, College of Applied Medical Science in Al qurait, 

Aljouf University, Al qurait, Saudi Arabia
*Corresponding author: sadomm2003@yahoo.com

Abstract

This study was undertaken to investigate the prevalence and antibiotic resistance of food borne 
bacterial contamination in some Egyptian food. Total viable bacteria and total coliform bacteria 
were isolated from different sources of food; carbohydrates (bread, flour and basbousa), vegetables 
(outer and inner tissues of potato and outer and inner tissues of cucumber) and proteins (minced 
meat, cheese and milk). The study resulted in maximum value of total viable bacteria found in 
outer tissue of potato 68X104±1.0, while the minimum value found in inner tissues of potato and 
cucumber. The study resulted in total coliform was maximum value in minced meat 6.4X103±0.3. 
Basbousa and inner tissue of potato and cucumber were free from coliforms. The ability of isolates 
to producing proteolytic enzymes was tested, we found that 326 isolate (63.92%) from all isolates 
had this ability, thus we selected most 2 potent proteolytic isolates. The two isolates were identi-
fied as Bacillus cereus and Escherichia coli. The identification confirmed by microlog 34.20 system 
and 16SrRNA for two isolates and the same result was founded. Sensitivity tested for the most po-
tent proteolytic species to 12 of the most commonly used antibiotics in the Egyptian pharmacy. 
The results showed that all species were sensitive to most of antibiotics, except B. cereus which 
was strongly susceptible to azteronam and ceftazidim. The data showed that raw meat, cooked 
food products, and raw milk were most commonly contaminated with foodborne pathogens and 
many pathogens were resistant to different antibiotics. The study provided useful information for 
assessment of the possible risk posed to consumers, which has significant public health impact.

mailto:sadomm2003%40yahoo.com?subject=


Ital. J. Food Sci., vol. 27 - 2015  337

Introduction

It has been estimated that as many as 30% 
of people in industrialized countries suffer from 
a food borne disease each year and in 2000 at 
least two million people died from diarrheal 
disease worldwide (WHO, 2002a). Foods are 
not only of nutritional value to those who con-
sume them but often are ideal culture media 
for microbial growth, chemical reactions that 
cause offensive and sensory changes in foods 
are mediated by bacteria that use food as car-
bon and energy source. Some of the major bac-
terial genera which cause food born infection 
and intoxication (Pundir and Jain, 2011). Con-
tamination of food can affect a large number of 
populations. About 2.5 million people die every 
year from water born diseases. More than 40% 
of total population of Indonesia & 60% in Thai-
land suffered from gastroenteritis per year. A 
total of 32.7% outbreak was involved with res-
taurant catering bakery products (Nazir and 
Islam, 2007).

Fruits and vegetables carry microbial flo-
ra while passing from the farm to the table. 
The produce is exposed to potential microbi-
al contamination at every step including culti-
vation, harvesting, transporting packing, stor-
age and selling to the final consumer (FDA, 
2000). Sources of environmental microbial 
contamination include raw materials, process-
ing equipment, manufacturing activities, san-
itation and maintenance practices, workers, 
waste, animal and insect pests, and microbi-
al growth niches embedded in equipment and 
in structural components of the building. The 
survival and growth of microorganisms in a 
food-processing environment may lead to con-
tamination of the finished product that may, 
in turn, result in a reduction of microbiologi-
cal safety and quality. Most food plants have 
locations that can promote the growth of path-
ogens and spoilage microorganisms that may 
be transferred directly on to product or car-
ried into additional niches. The origins of these 
growth habitats are mainly unhygienic design, 
construction, and maintenance and repair ac-
tivities that prevent easy cleaning and disin-
fection. The presence of water and nutrients 
(food product) is required to form a microbial 
growth niche and the chemical composition of 
the food and conditions of water activity, pH, 
temperature, etc., will select the “normal” or-
ganisms that can grow there. Microbial growth 
niches may be established when water is used 
to clean dry processing environments not de-
signed for wet cleaning and not all points in 
the equipment are promptly and completely 
dried (Jay, 1996, Tesfaye et al., 2011). Van-
derzant and Splittstoesser, (1992) dem-
onstrated that the microbial growth on equip-
ment for processing perishable foods is gov-
erned mainly by the ecology of the food, the 

process, packing room temperature, presence 
of food residue on the equipment, and efficacy 
of cleaning and disinfection. Recontamination 
of a biocidaly treated food may increase the 
risk of foodborne illness if the food is not heat-
ed to destroy pathogens before consumption. 
Perishable foods that do not receive a biocid-
al treatment in the final container may be de-
contaminated by spoilage microorganisms be-
fore packing (Vanderzant and Splittstoess-
er, 1992, Haileselassie et al., 2013).

The research project will deal with investigate 
the prevalence and antibiotic resistance of Ba-
cillus cereus, Escherichia coli contamination in 
some Egyptian food. 

2. Materials and Methods

2.1. Food samples 

All food samples were collected from Mansoura 
city, Egypt. They collected from different shops, 
super market, groceries and butchers. Ten sam-
ples were taken from each of bread, flour, bas-
bousa, potatoes, cucumber, minced meat, cheese 
and milk.

2.2. Preparation of samples

Twenty five grams of each of the following sam-
ples bread, flour, basbousa, outer tissue and in-
ner tissue of potatoes and cucumber, minced 
meat, cheese and ten ml of raw milk (unboiled/
unpasteurized) was homogenized in 225 ml ster-
ile physiological saline solution (0.85% NaCl) 
in 500 ml conical flask using a plender for 1-2 
minutes, then decimal dilutions were prepared.

2.3. Isolation of bacteria

One ml of appropriate dilution was inoculat-
ed on both of Nutrient agar medium and Mac-
Conkey agar medium; the plates were incubat-
ed aerobically for 24h at37oC. Total viable bac-
teria (T.V.B) were enumerated on Nutrient agar 
medium using pour plate technique. Total col-
iform (T.C) bacteria were counted on MacCo-
nkey agar medium by using pour plate tech-
nique also. The plates were incubated aerobi-
cally for 24h at 37oC.

2.4. Purification

After the incubation period (24h), the grow-
ing colonies were enumerated for counting. Af-
ter counting a sterile wire loop was used to pick 
the isolate from the plate and was streaked on 
freshly prepared nutrient agar medium then in-
oculated for 24h at 37oC in order to get pure cul-
ture. The growing colonies were purified and ex-
amined by using cultured morphological appear-
ance and Gram reaction.
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2.5. Proteolytic assay

Proteolytic activity was carried out according 
to Casein - Pholine method (Ramalakshmi et 
al., 2012). Culture media was Centrifugated at 
7200 rpm for 10 min and supernatant was used 
as enzyme source. However, 1% casein (in 0.1 M 
phosphate buffer and pH 7.0) was used as sub-
strate. 1 mL each of enzyme and substrate was 
incubated at 50°C for 60 min. The reaction was 
terminated by adding 3 mL of Trichloroacetic 
acid (TCA). One unit of protease activity was de-
fined as the increase of 0.1 unit optic density at 
1 h incubation period. Then it was centrifuged at 
5000 rpm for 15 min. From this, 0.5 mL of su-
pernatant was taken, to this 2.5 ml of 0.5M so-
dium carbonate was added, mixed well and in-
cubated for 20 min. Then it was added with 0.5 
ml of folin phenol reagent and the absorbance 
was read at 660 nm using Spectrophotometer. 
The amount of protease produced was estimated 
and expressed in microgram of tyrosine released 
under standard assay conditions. Based on the 
tyrosine released the protease activity was ex-
pressed in microgram of tyrosine released by 1 
mL of enzyme in 30 minutes at 300C on tyros-
ine equivalent.

2.6. Identification of bacterial isolates

2.6.1. Conventional methods

The appearance of cultures, cell morphologi-
cal characteristics and physiological character-
istics of the purified selected identified isolates 
were studied. Media and reagent were prepared 
according to standard and procedures as de-
scribed by (MacFaddin, 1980). The identifica-
tion was carried out by traditional characters 
and biochemical tests for isolates according to 
(Krieg et al., 1994) and confirmed out by biolog 
micolog 34.20 system for most potent proteo-
lytic bacterial species. Characterization of the 
most potent isolates were completed and con-
firmed by Biolog Microlog 34.20 system at the 
Unit of Identification of Microorganisms and Bi-
ological Control Unit of Agriculture Reasearch 
Center, Giza, Egypt. 

2.6.2. Molecular method

The polymerase chain reaction (PCR) meth-
ods based on 16S rRNA gene for identification 
of isolates were used. Genomic DNA was ex-
tracted and purified by using Qiagen kit (Qia-
gen Company). The purity was assessed from 
the A260/A280 ratios: Cultures of bacteria 
were streaked on tryptic soy agar medium and 
incubated at 37°C for 24 h. A single colony of 
each pathogen was grown in (LB) broth medi-
um in Erlenmeyer flask and incubated at 37°C 
for 24 h. Culture was harvested by centrifuga-
tion at 4°C for 10 min, DNA was extracted from 

pellets according Qiagen kit instructions. Full 
length 16S rRNA (1500 bp) were amplified from 
isolates by PCR using universal forward prim-
er 518F    (5’–CCAGCAGCCGCGGTAATACG-3’) 
and 800R (5’-TACCAGGGTATCTAATCC-3’). Op-
timum conditions (denaturation 94-1 min, an-
nealing 63-45 s and extension 72-2 min, 35 
cycles). Amplified 16S rRNA was purified from 
0.8% melting point agarose gel. Bands ob-
tained from PCR product were eluted and pu-
rify by (Qiagen elution kit) PCR instructions, 
DNA band desired was excised from ethidi-
um bromide stained agarose gel with a razor 
blade, transferred to Ependorf tube. DNA was 
sequenced directly using specific primer with 
concentration 20 pmol Macrogen Sequencing 
Company, Korea. 

2.7. Antibiotic susceptibility test

2.7.1. Antibiotic disks

Antimicrobial susceptibility profile of identi-
fied bacterial species, Bacillus cereus and  E.coli 
against different antibiotics ampicillin, aztreon-
am, cefadroxil, ceftazidime, chloramphenicol, 
ciprofloxacin, erythromycin, imipenem, neomy-
cin, norfloxacin, streptomycin and  vancomy-
cin were studied. The antibiotic discs used in 
this research were purchased from Oxoid LtD., 
England.

2.7.2. Disc diffusion agar method

Antibiotic susceptibility test for the bacterial 
isolates was carried out by disc diffusion tech-
nique according to Baure et al., (1966). The 
technique was done by inoculation of pure col-
onies of the tested organism into 5 mL of sterile 
nutrient broth and incubation at 37°C for 24h. 
Then 0.1ml of bacterial suspension (0.5 McFar-
land turbidity) was spreading by sterile swabs 
on nutrient agar plates. Duplicate plates were 
prepared for the strain. Antibiotic discs were ap-
plied to the surface of plates at constant distanc-
es. The plates were incubated at 37°C for 24h. 
At the end of incubation period zones of inhibi-
tion were measured as (mm). The entire diame-
ter of the zone was measured including the di-
ameter of the disc. The end point of the reading 
was taken as complete inhibition of the growth 
to the naked eye. Our (+++) or (++++) indicate 
high inhibitory effect (large diameter of clearing 
zone) and (-) indicate no inhibitory effect (good 
growth).

2.8. Statistical analysis
 
The variations between experiments were es-

timated by standard deviations, and statistical 
significance of changes was estimated by stu-
dent’s t-test. Only the probability P ≤ 5% was 
regarded as indicative of statistical significance.
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3. Results

3.1. Isolation of total viable bacteria 
from different types of food

All growing isolates were enumerated, collect-
ed, purified and tabulated. All growing isolates 
were collected from investigated types of food. Ta-
ble 1 includes the isolates numbers and sourc-
es of collected isolates. Total viable bacterial 
counts (TVB) and total coliform bacterial count 
(TCB) of three main groups of food were tabulat-
ed in Table 4. In carbohydrates, the highest count 

40.5x103cfu/gm was recorded in bread. The to-
tal viable bacterial count in flour was 35.3x103c-
fu/gm. The lowest count 1.1x103 cfu/gm was re-
corded in Basbousa. Both Fig. 1 and Table 4 show 
these results. The count of total coliform bacteria 
(TCB) was 5.4x103 and 5.3x103 cfu/gm in flour 
and bread respectively. This group of bacteria 
(TCB) was not recorded in Basbousa (Table 1). 
The counts of T.V.B were 68x104 and 52.7x104 
cfu /ml in the epidermis of both of potato and 
Cucumber respectively. While the count was re-
duced to a lowest count 1.0x102 cfu /mL of the 
inner tissues of both potato and Cucumber. It 

Table 1 - Counts of total viable bacteria (T.V.B) and total coliform (T.C.B) & Log10 cfu/ ml for samples of food collected from 
Al-Mansoura city, Egypt.

T.C.B		  T.V.B			   Types of Food

	 Counts	 Log 10	 Counts	 Log 10
	 (cfu/ml)	 (cfu/ml)	

I-Carbohydrates
Bread	 40.5x103± 0.5	 4.61	 5.3x103± 0.4	 3.72
Flour	 35.3x103± 0.9	 4.55	 5.4x103± 0.4	 3.73
Basbousa	 1.1x103± 0.1	 3.03	 0.0	 0.0

II-Vegetables
Potato
Outer tissue	 68x104± 1.0	 5.83	 3.2x103± 0.3	 3.51
Inner tissues	 0.1x103± 0.1	 1.98	 0.0	 0.0
Cucumber
Outer tissue	 52.7x104± 2.5	 5.72	 1.8x103± 0.2	 3.26
Inner tissues	 0.1x103± 0.0	 2.0	 0.0	 0.0

III-Proteins
Minced meat	 28x103± 3.5	 4.44	 6.4x103± 0.3	 3.80
Cheese	 42.7x104± 2.3	 5.63	 2.1x103± 0.2	 3.32
Milk	 39.7x104± 0.6	 5.60	 2.33x103± 2.5	 3.37

All values are the means of triplicate plate.

Fig. 1 - The percentage of proteolytic and non-proteolytic isolates from different kinds of food is
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is important to notice that TCB was not record-
ed in inner tissues of potato and Cucumber. The 
counts of TCB were 3.2x103 and 1.8x103 cfu/
mL from the outer tissue of potato and Cucum-
ber respectively. The total viable bacterial count 
in milk was 39.7x104cfu/mL while the TCB was 
2.33x103 cfu/mL. From Table (1) we notice that 
the highest count of total viable bacteria was 
42.7x104 in cheese. And also the lowest count of 
TCB was 2.1x103cfu/mL in cheese. From Table 
4, the count of T.V.B was 28x103 cfu/mL, while 
the count of TCB was 6.4x103 cfu/mL.

3.2. Screening test for detection 
of most potent proteolytic bacterial species

Fig. 1 showed the potency of proteolytic activ-
ities of all purified isolates. The proteolytic iso-
lates were 326 isolates (63.92%), while the non-
proteolytic isolates were 184 isolates (36.08%). 
It also shows that the largest clearing zone was 
21 mm in case of isolates 62 and 412 (Fig. 2). 
This indicates that these isolates were the most 
potent of proteolytic activity. 

3.3. Presumptive and confirmation 
identification

The cultural study, morphological appear-
ance, Gram reaction and physiological charac-
teristics of four most potent proteolytic isolates 

Table 2 - Morphological and biochemical features of strains 62 and 412.

Character and biochemical tests	
Code of Isolate	 62	 412

Growth	 Aerobic or Facultative anaerobic	 Facultative anaerobic
Morphology of colony	 Colony smooth, convex, circular and creamy in color	 Colony smooth, convex, circular and creamy in color
Gram stain	 +	 -
Cell shape	 Straight rods, arranged in paires	 Straight rods, arranged singly or in pairs
Motility	 Motile	 Motile
Flagella arrangement	 Peritrichous	 Peritrichous
Oxidase		  --
Gelatine hydrolysis	 +	 -
D-Glucose, acid production	 +	 +
D-Glucose, gas production	 -	 +
Nitrate reduction	 +	 +
Catalase production	 +	 +
Oxidation- fermentation	 F	 F
Voges-Proskaure	 NT	 -
Arginine dihydrolase	 NT	 -
Acid production:
L-Arabinose	 -	 +
Lactose	 NT	 +
Maltose	 NT	 +
Trehalose	 NT	 +
D-Mannitol	 -	 +
D-Xylose	 -	 +
Indole production	 NT	 +
Methyle red	 NT	 +
Citrate (Simmons)	 NT	 -
H2S production	 NT	 -

NT= not tested for this isolate because of results of another biochemical tests, F= fermentative.

Fig. 2 - Example of proteolytic activity of isolated species.

were studied according to Krieg et al. 1994. 
These results were tabulated in Table 2. The pre-
sumptive identification of the two most potent 
proteolytic activities. Isolate numbers 62 and 
410 were identified as Bacillus cereus and Es-
cherichia coli respectively. The most potent bac-
terial isolates were confirmed by using Biolog Mi-
crolog 34.20 system for identification. 16S rRNA 
gene bands which were detect by specific prim-
er at 1500 bp. The 16S rRNA sequences for two 
isolates were blasted with genebank sequence 
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database (Table 3) and found closet to the same 
isolates identified by conventional methods.

3.4. Antibiotic susceptibility test 
of different antibiotics

The antibiotic susceptibility test was obtained 
on the bacterial isolates by using 12 different an-
tibiotics by disc diffusion method (Table 4). Ba-
cillus cereus was resistant (non susceptible) to 
Aztreonam and ceftazidime. Escherichia coli (gram 
negative bacteria) were resistant (non suscepti-
ble) to vancomycin. While  gram positive organ-
isms Bacillus cereus was  non susceptible (resist-
ant) to vancomycine. Bacillus cereus was resist-
ant to ampicillin, while Escherichia coli was sus-
ceptible (sensitive) to ampicillin. Bacillus cere-
us was resistant to ampicillin while Escherichia 
coli was non susceptible (sensitive) to ampicillin. 
The studied bacterial species both gram positive 
and gram negative were sensetive to 8 antibiot-
ics (chloramphenicol, cephadroxil, erythromycin, 
norfloxacin, imipenem, neomycin, ciproloxacin 
and streptomycin). Escherichia coli was sensitive 
to three more (ampicillin, aztreonam and ceftazi-
dime) i.e. it was sensitive to 11 antibiotics, thus 
Escherichia coli was the most sensitive bacterial 
species. Bacillus cereus was sensitive to one more 
vancomycin and ampicillin respectively i.e. each 
of them was sensitive to 9 antibiotics. The small-
est inhibition zone was 8mm which was record-
ed in Escherichia coli due to the effect of erythro-
mycin and ceftazidime respectively.

Table 4 - Antimicrobial susceptibility profile of studied mi-
croorganisms against different antibiotics expressed as di-
ameter of clearing zones.

Antibiotics (Conc.)		 Bacillus	 Escherichia
		  cereus	 coli

Ampicillin	 AM10	 0	 10
Aztreonam	 ATM30	 0	 17
Cefadroxil	 CFR30	 22	 16
Ceftazidime	 CAZ30	 0	 8
Chloramphenicol	 C30	 23	 24
Ciprofloxacin	 CIP5	 20	 20
Erythromycin	 E15	 23	 13
Imipenem	 IPM10	 37	 25
Neomycin	 N30	 20	 17
Norfloxacin	 NOR10	 21	 20
Streptomycin	 S10	 20	 15
Vancomycin	 VA30	 17	 0

Table 3 - BLAST analysis of 16S rRNA sequences of the representative isolates.

	 Closest Validly Described Species	 Identities

Isolate	 Description		  Accession number	 Match	 Total	 % Similarity

62	 Bacillus cereus KM007-1	 KF055368	 481	 485	 99
412	 Escherichia coli Xuzhou21	 CP001925	 1465	 1469	 99

4. Discussion

The bacterial count is considered an index 
of quality that gives an idea about the hygien-
ic measures during processing and helps in the 
determination of keeping quality of the product 
(Aberle et al., 2001). This work will emphasize 
on the counts and characteristics of bacteri-
al genera that is considered to be important in 
healthy foods giving an attention to their classifi-
cation and identification. The main scope of this 
work is to count the different bacterial species 
found in the different food sources and study the 
antibiotic susceptibility patterns of these bac-
terial species which are isolated from Al-Man-
soura city, Egypt. Bacterial counts of foods in-
cludes T.V.B and T.C.B are similar with the re-
sults of Pradnya and Sonali (2008) who found 
the counts of T.V.B and T.C.B were in range 9-10 
log cfu/mL for local open market in India. All 
isolated bacterial species are common compo-
nents of the bacterial flora of mammals, birds, 
insects’ reptiles and are commonly found in soil, 
on plants, water and foods as normal flora (Gil-
more et al., 2013). 

These groups of bacteria were isolated by 
Pradnya and Sonoli, 2008; Nazir and Is-
lam, 2007; Easa, 2010; Olufemi and Akiny-
era, 2011; Kudjawu et al., 2011. Presence of 
Escherichia coli and T.C.B in food usually indi-
cates lack of hygiena in handling and post pro-
cess contamination, therefore Escherichia coli 
& T.C.B enumeration are used as food quality 
parameter (Gonzalz et al., 2003). The present 
study was initiated by collection of food samples. 
All isolates were selected and purified and ini-
tial morphologically identified (cocci 46.7% and 
rods 53.3%) and (Gram’s stain as gram posi-
tive rods & cocci 60.3% and Gram negative rods 
39.7%). For some species, the range is wide and 
the growth occurs in a variety of substrates (as 
a true for coliform bacteria) but for others (e.g. 
many of pathogens) can grow in limited kinds 
of substrates. Thus, the bacteria found in food 
differ according to their ability of utilization of 
energy. The foods that are most often involved 
in Staphylococcal food poisoning differ widely 
from one country to another (Bennett and Lan-
cette, 1995). The present study was concerned 
with isolation of the bacterial content of differ-
ent food samples, which collected from open 
markets in Al-Mansoura city, Egypt. All isolates 
were selected, purified and initial morphological-
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ly identified by shape and gram stain as 46.7% 
cocci and 53.3% rods and gram positive cocci 
and rods 60.3% and gram negative rods 39.7%.

16S rRNA gene sequencing will continue to be 
the gold standard for the identification of bacte-
ria, and the automation of the technique could 
enable it to be used routinely in clinical micro-
biology laboratories, as a replacement of the tra-
ditional phenotypic tests. Modern technologies 
have made it possible to construct a high den-
sity of oligonucleotide arrays on a chip with ol-
igonucleotides representing the 16S rRNA gene 
sequence of various bacteria. Such a design will 
facilitate automation of the annealing and de-
tection of the PCR products of 16S rRNA gene 
amplification, and hence routine identification 
of most clinical isolates will be possible. The use 
of 16S rRNA gene sequencing has several advan-
tages. First, the turnaround time is short. Be-
cause amplification of the 16SrRNA gene takes 
only four to six hours, and the annealing and 
detection of PCR products takes only another 
few hours, theoretically the identification can be 
completed within one day. Second, it can be used 
for slow growing bacteria, unlike most commer-
cially available kits that are based on phenotyp-
ic tests that require the detection of growth of 
the organism in the presence of certain specific 
substrates, and hence the slow growing bacte-
ria are usually ‘‘unidentified’’ when the growth 
control shows a negative result. Third, the prob-
lem of ‘‘unidentifiable strains’’ will be overcome 
and there would be minimal misidentification – 
the identification of a clinical strain is clearly de-
fined by the number of base differences between 
it and the existing species. Fourth, oligonucleo-
tides representing all bacterial species, includ-
ing those rarely encountered clinically, can be 
included in the array, making it easy to identify 
the rare species. Lastly, such a technique will 
be applicable not only to pyogenic bacteria, but 
also to other organisms such as mycobacteria 
(El-Hadedy and Abu El-Nour, 2012).

Antibiotic resistance (Gram positive and Gram 
negative bacterial species) from food sources are 
important and serious problem in clinical field 
(El-Aidy, 2007). The antibiotic sensitivity against 
bacteria is assayed by disc-diffusion method and 
in our study as well (Selim, 2011; Selim et al., 
2012; 2013)). In this study, the antibiotics sus-
ceptibility patterns of potent proteolytic bacteri-
al species (Bacillus cereus and Escherichia coli) 
against 12 different antibiotics were investigat-
ed. Antibiotics include ampicillin (AM), aztreon-
am (ATM), cefadroxil (CFR), ceftazidime (CAZ), 
chloramphenicol (C), ciprofloxacin (CIP), eryth-
romycin (E), imipenem (IPM), neomycin (N), nor-
floxacin (NOR), streptomycin (S) and vancomy-
cin (VA). In this study Bacillus cereus was re-
sistant to 3 antibiotics (ampicillin, azactam and 
cerazdime). Beta-lactam antibiotics also bind 
to inhibit the action of other cytoplasmic pro-
teins that had a role in peptidoglycan synthesis 

and turn over (Abigal and Dixe, 1994). Trans-
peptidation reactions that cross links the pep-
tide side chain of polysaccharide peptidoglycan 
back bone. Transpeptidase and other proteins 
were called “penicillin binding protein”. The net 
result of beta- lactam binding to this protein was 
to stimulate endogenous enzyme that degrade 
peptidoglycan (Abigal and Dixe, 1994). The in-
hibitory effect of vancomycin was similar to the 
effect of Beta-lactam antibiotic. 

Our results showed that Bacillus cereus and 
Escherichia coli were sensitive to cefadroxil, chlo-
ramphenicol, ciprofloxacine, erythromycin, imi-
penem, neomycin, norfloxacin and streptomy-
cin. Neomycin, aminoglycoside antibiotic; eryth-
romycin, as macrolid antibiotic have the ability 
to bind to the 50S or 30S ribosomal subunit (in-
hibit protein synthesis). Also, inhibitory effect of 
ciprofloxacin and norfloxacin, as quinolones an-
tibiotic, may be due to having the ability to in-
hibit bacteria by interfering with their ability to 
make DNA with diverse targets DNA gyrase, this 
inhibition effect leads to preventation of multiply 
of bacteria. The present results showed that all 
tested Escherichia coli strains were resistant to 
vancomycin antibiotic, while Srinivasona et al., 
(2007) who found that all tested Escherichia coli 
strains were resistant to two or more antimicro-
bial used in veterinary medicine. Bacillus cere-
us was resistant to aztreonam and ceftazidime. 

Antibiotic resistance can be categorized in 
three types: natural or intrinsic resistance; mu-
tational resistance and extrachromosomal or 
aquired resistance. The resistance of isolates to 
beta-lactam antibiotic may be due to drug inac-
tivation: i.e. AmpC cephalosporinase (beta lac-
tamase enzyme that open the Beta-lactam (ring) 
as an intrinsic resistance. Target site modifica-
tion (i.e. change in PBPs- penicillin binding pro-
teins-) as mutational resistance represented in 
drug inactivation (Abigail and Dixie, 1994). 
Moreover the resistance of isolates to aminogly-
coside antibiotic and erythromycin macrolides 
antibiotics may be due to inaccessibility of the 
target as an intrinsic resistance, reduced perme-
ability or uptake as mutational resistance and 
aquired resistance represented in drug activa-
tion (Diab et al., 2002; 2004). The resistance of 
isolates to furadantine antibiotic may be due to 
chromosomal or plasmide mediated and inhi-
bition of nitrofuran reductase. Also the resist-
ance of isolates to fluoroquinolones antibiotics 
may be due to reduced permeability or uptake 
as mutational resistance (Fange et al., 2009). 
The mode of action of ciprofloxacin and norflox-
acine as a quinolones antibiotic as accumulat-
ed with the explanation of Fange et al., (2009).

In our present study, four studied bacterial 
species which isolated from food sources were 
investigated to all selected antibiotics. Most of 
the selected antibiotics represent the following 
classes ; beta-lactam, aminoglycoside, macrolide 
and quinlones. Total bacterial counts is con-
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sidered an index of quality which gives an idea 
about the higienic measures during processing 
and help in the determination of keeping qual-
ity of the product (Aberle et al., 2001). In this 
study, the identified bacterial species were Ba-
cillus cereus (13.72%) and Escherichia coli (18.3). 
These results had a strong support of many re-
searches. These bacterial species are common 
components of the microbial flora community. 
Generally, the methods of production, transpor-
tation, handling and sale of food entirely unhy-
gienic and entirely depend on the traditional 
system, such system could pose favorable en-
vironment for bacterial contamination. The ex-
istences of these bacterial species which isolat-
ed in different food sources. These results are 
agreement with FDA, 2000. Moreover the stud-
ied food sources are considered as reservoir for 
some pathogenic bacteria (Manges et al., 2006).

The Bacillus species are of the soil origin and 
may contaminate bread through the raw mate-
rial and bakery requirements used. Bacillus ce-
reus is widely distributed in the environment 
and is found almost everywhere including, dust, 
water and decaying matter. The microbiotas in 
dried traditional vegetables sold in open market 
in parts of Ghana are dominant by aerobic mes-
ophilic bacteria including mainly Bacillus, lactic 
acid bacteria, coliform and moulds. Many stud-
ies provided evidence that Escherichia coli is a 
frequently occurring organism in milk (Soom-
ro et al., 2002), this evidence agrees with the 
obtained results. Presence of Escherichia coli 
and T.C in food usually indicates lack of hy-
giene in handling, storing food and production 
inadequate storage and post process contamina-
tion. Therefore Escherichia coli and T.C enumer-
ation are used as food quality parameter (Gan-
zalez et al., 2003). Escherichia coli was isolat-
ed from the samples and also has been detect-
ed in many studies 

References

Aberle E.D., Forrest J., Gerrard D.E. and Mills E.W. 2001. 
Principles of meat Science (4th ed). Hunt Puplishing Co., 
Kendall, USA.

Abigail A.S. and Dixie D.W. 1994. Antibiotics: Mechanisms 
of action and mechanism of bacterial resistance. In: Bac-
terial pathogenesis a molecular approach: Abigail, A. S. 
and Dixie, D. W. (Eds); (ASM Press), 8th Ed. 97-110.

Bauer A.W., Kirby W.M.M., Sheriss J.C. and Turck M. 1966. 
Antibiotic susceptibility testing by standarised single 
method. Am. J. Clin. Pathol., 45:493-6.

Bennett R.W. and Lancette G.A. 1995. Staphylococcus au-
reus. In : Bacteriological Analytical Manual. 8 Ed. Gaith-
ersburg. P. 12.01-12.05.

Diab A.M., Abdel Aziz M.A. and Selim, S.A. 2002. Plasmid 
encoded transferable antibiotic resistance in gram-nega-
tive bacteria isolated from drinking water in Ismailia city. 
Pak J Biol Sci. 5(7):774-779.

Diab A.M., Abdel Aziz M.H., Selim S.A., El-Alfay S. and Mou-
sa M.A. 2004. Distribution, Involvement and Plasmid 
Characterization of Aeromonas spp. Isolated from Food 
Staffs and Human Infections. Egyptian Journal of Biol-
ogy 6:12-20.

Easa S.M.H. 2010. Microorganisms found in fast and tradition-
al fast food. Journal of American Science 6(10):515-531.

El-Aidy E.F. (2007). Antibiotic resistance of some microor-
ganisms isolated from cancer patients. M.Sc thesis, Fac-
ulty of Science, Zagzig Uni. Egypt.

El-Hadedy D. and Abu El-Nour S. (2012). Identification of 
Staphylococcus aureus and Escherichia coli isolated from 
Egyptian food by conventional and molecular meth-
ods. Journal of Genetic Engineering and Biotechnolo-
gy 10:129-135.

Fange D., Nilsson K., Tenson T. and Ehrenberg M. 2009. 
Drug efflux pump deficiency and drug targets resistance 
masking in growing bacteria Proc. Natl. Acad. Sci. USA 
106:8215-8220.

FDA (Food and Drug Administration) 2000. Guide to min-
imize microbial food safety hazards for fresh fruits and 
vegetable.

Gilmore M.S., Lebreton F. and van Schaik W. 2013. Genom-
ic transition of enterococci from gut commensals to lead-
ing causes of multidrug-resistant hospital infection in the 
antibiotic era. Curr Opin Microbiol. 16(1):10-16.

Gonzalez R.D., Tamagnini L.M., Olmos P.D. and de Sousa 
G.B. 2003. Evaluation of a chromogenic medium for to-
tal coliforms and Escherichia coli determination in ready-
to-eat foods. Food Microbiology. 20:601-604. 

Jay J.M. 1996. Modem food microbiology, 5th. ed. Interna-
tional Thomson Publishing New York, 661.

Haileselassie M., Taddele H., Adhana K. and Kalayou S. 
2013. Food safety knowledge and practices of abattoir 
and butchery shops and the microbial profile of meat in 
Mekelle City, Ethiopia. Asian Pacific Journal of Tropical 
Biomedicine. 3(5):407-412.

Krieg R.N., Holt G.J., Sneath P.H.A. and Williams S.T. 1994. 
Bergey’s Manual of determinative bacteriology. Williams 
& Wilkins Baltimore U.S.A. Ninth Eddition.

Kudjawu B., Sakyi-Dawson E. and Amoa-Awua W.K. 2011. 
The microbiota of dried traditional vegetables produced 
in the Sudan Savannah and Guinea Savannah agro-eco-
logical zone of Ghana. International Food Research Jour-
nal 18:101-108.

MacFaddin, J.F. 1980. Biochemical tests for identification 
of medical bacteria. The Williams & Wilkins Company, 
Baltimore. U.S.A.

Manges A.R., Natarajan P., Solberg O.D., Dietrich P.S. and 
Riley L.W. 2006. The changing prevalence of drug-resist-
ant Escherichia coli clonal groups in a community: evi-
dence for community outbreaks of urinary tract infec-
tions. Epidemiol Infect. 134:425-31.

Nazir K. H. and Islam T. 2007. Association of bacteria in 
stored bakery foods of retailers’ shops in Mymensin-
gh, Bangladesh. J Bangladesh Soc Agric Sci Technol. 
4(1&2):21-24.

Olufemi A. and Akinyera B. 2011. Microbial quality of prawns 
offered for sales at some locations and sales outlets in 
Ibadan South Western Nigeria. J. Microbiol Biotech Res. 
1 (1):46-51.

Pradnya A.J. and Sonali P.P. 2008. Microbiological analy-
sis of fresh vegetables & fruits and effect of anti-micro-
bial agents on microbial load. Department of microbiol-
ogy, Birla College of Arts, Science and Commerce, Kaly-
an-421 304, India.

Pundir R.K. and Jain P. 2011. Evaluation of five chemical 
food preservatives for their antibacterial activity against 
bacterial isolates from bakery products and mango pick-
les. J. Chem. Pharm. Res. 3(1): 24-31.

Ramalakshmi N., Narendra D., Ramalakshmi M., Roja S., 
Archana B.K.N., Maanasa G. 2012. Isolation and charac-
terization of protease producing Bacterial from soil and 
estimation of protease by spectrophotometer. The Exper-
iment 1 (1):1-7.

Selim S.A. 2011. Chemical composition, antioxidant and an-
timicrobial activity of the essential oil and methanol ex-
tract of the Egyptian lemongrass Cymbopogon proximus 
STAPF. International Journal of Fats and Oils (Grasas y 
Aceites) 62 (1):55-61.

Selim S.A., El Alfy S., Al-Ruwaili M., Abdo A., Al Jaouni S. 
2012. Susceptibility of imipenem-resistant Pseudomonas 



344  Ital. J. Food Sci., vol. 27 - 2015

aeruginosa to flavonoid glycosides of date palm (Phoe-
nix dactylifera L.) tamar Growing in Al Madinah, Saudi 
Arabia. African Journal of Biotechnology 11(2):416-422.

Selim S.A., Abdel Aziz M.H, Mashait M.S., Warrad M.F. 2013. 
Antibacterial activities, chemical constitutes and acute 
toxicity of Egyptian Origanum majorana L., Peganum har-
mala L. and Salvia officinalis L. essential oils. Journal of 
pharmacy and pharmacology 7(13):725-735.

Soomro A.H., Arian, M.A., Khaskheli M. and Bhutto B. 
2002. Isolation of Escherichia coli from raw milk and milk 
products in relation to Public Health Sold under mar-
ket conditions at Tandojam. Pakistan Journal of Nutri-
tion 1(3):151-152. 

Srinivasana V., Gillespiea B.E., Lewisa M.J., Nguyena L.T., 
Headricka S.I., Schukkenb Y.H. and Olivera S.P. 2007. 
Phenotypic and genotypic antimicrobial resistance pat-

Paper Received January 28, 2014 Accepted October 21, 2014

terns of Escherichia coli isolated from dairy cows with 
mastitis. Food Scien. and Technol. 50(7):767-773.

Tesfaye A., Mehari T. and Ashenafi M. 2011. Inhibition of 
some foodborne pathogens by pure and mixed LAB cul-
tures during fermentation and storage of Ergo, A tradi-
tional Ethiopian fermented milk. ARPN J Agric Biolog 
Sci 6 (4):13-19.

Todar K. 2008. Todar’s Online Textbook of Bacteriology. Uni-
versity of Wisconsin Madison Department of Bacteriology.

Vanderzant C. and Splittstoesser F.D. 1992. Compendium 
of Methods for the Microbiological Examination of Foods. 
3 rd. ed. American Public Health association, Washing-
ton, DC., 1219. 

WHO (World Health Organization) 2002a. Food safety and 
foodborne illness. World Health Organization Fact sheet, 
Geneva, 237.



Paper

Ital. J. Food Sci., vol. 27 - 2015  345

- Keywords: bread, flour, potato starch, wheat -

Bread quality substituted 
by Potato starch instead of wheat flour

F. NEMAR1*, A. DILMI BOURAS1, M. KOICHE1, N-E. ASSAL2, 
A. MEZAINI1 and J. PRODHOMME2

1Laboratory of Natural Local Bio-Resources, Department of Biology, Faculty of Science, 
Hassiba Benbouali University, Chlef, BP. 151, Chlef 02000, Algeria

2Lactamel Group, Sidi Bel Abbes, Algeria
*Corresponding author: Tel. +213 559 932507,

email: fawzia.nemar@gmail.com, f.nemar@univ-chlef.dz

Abstract

Wheat bread constitutes the most regularly consumed food in the World, the internation-
al market for wheat undergoes strong pressure and prices are unceasingly increasing.  The 
aim of this study is to substitute wheat flour by potato starch in bread preparation. Mixtures 
flours were characterized for composition, damaged starch, and Alveograph properties. Accord-
ing to the results of alveograph parameters, they decrease with the rate of incorporation of po-
tato starch. This decrease can be corrected by adding vital gluten. The results of physicochem-
ical analysis showed a decrease in protein levels, an increase in moisture content (about 2%) 
and carbohydrates levels due to the composition of potato starch. However, sensory analysis (p 
≤ 0.05) showed that the addition 80% of potato starch leads to bread with better characteris-
tics: taste, colour and odour, based on that, it is highly advisable as an ingredient in the stand-
ard preparation of wheat bread.
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Introduction

Bread is an important component of the 
Algerian diet, while wheat production in the 
country is insufficient. Therefore, substan-
tial quantities of this cereal must be imported 
every year. Making bread by partial substitu-
tion of wheat is not a new idea and it is worth-
while to reveal some of the efforts made in the 
past to make bread from local materials, such 
as cereal flour or root starches. Potato occu-
pies the fourth place in the World list of food 
crops, after wheat, rice and corn, with an an-
nual World production of approximately 300 
million Mg (CIP, 2008). The country now pro-
duces enough potatoes and its price is also 
within affordable limits of average people. So 
potato appears to be one of the most promising 
substitutes in bread making in order to help 
reduce dependence on wheat flour.

Potato starch is an important raw materi-
al in the food industry because its properties 
and their proportions vary according to the 
environment and genotypes of potato (Vasan-
than et al., 1999; Kaur et al., 2002; Zaidul et 
al., 2007). Potato starch is largely used in food 
and non-food fields (paper, cardboard, textiles, 
mining, drilling, adhesives, etc.). Originally, it 
was produced for baking by adding it to ce-
real flour (Roussel et al., 1996; Singh et al., 
2003). The addition of modest amounts of pota-
to starch helps preserve the freshness of bread 
and it also confers a distinctive character and 
a pleasant flavor (Yanez et al., 1981; Willard 
and Hix, 1987).

The aim of this work is to evaluate the possibil-
ity of substituting wheat flour for high percentag-
es of potato starch in bread making process and 
to evaluate the physical, chemical, nutritional 
and sensory properties of the produced bread.

Material and methods

Raw material

Algerian wheat flour was obtained from NEKHLA 
mill, Algeria. Ingredients like sugar, salt, instant 
active dry yeast and shortening were purchased 
from the local market, while Potato starch was ob-
tained from Michel Come, Rambouillet, France.

Methods

Physical and chemical composition

Moisture content

The moisture content of samples was deter-
mined according to the AACC Official Methods 
46-30, where a sample of 5 g is weighed and 
placed in a moisture dish. The sample is warmed 
to 130°C in an air oven during 2 hours; then 

the residue is cooled to room temperature and 
weighed (AFNOR, 1991).

Ash content

It was determined according to the AACC Offi-
cial Methods 08-01 (AACC, 1995). Where a sam-
ple of 3-5 g is weighed and placed in an ash cup, 
then the sample is heated at 900°C in an ash 
oven until complete combustion of the organic 
matter, and the residue is cooled to room tem-
perature and then weighed (AACC, 1995).

Protein content 

Protein content is determined by the Kjeldahl 
distillation method (by analyzing total nitrogen 
contents). Two grams of dry sample are weighed 
and placed with hot concentrated sulfuric acid. 
The ammonia liberated from the resulting am-
monium sulphate, after adding sodium hydrox-
ide was distilled into 1 M boric acid then titrat-
ed with 0.1 M HCl. The nitrogen value estimated 
was multiplied by 5.7 (protein factor) to obtain 
the value of crud protein. This is expressed as 
the percentage of dry sample mass (AACC, 1995).

Fat content 

According to Ugrinovits et al. (2004) the 
crude fats were determined by the Soxhlet meth-
od. They are extracted from 10 g of each sample 
using a Soxhlet apparatus with low boiling point 
petroleum ether (40-60°C) as solvent. A rotary-
evaporator was used to evaporate the solvent af-
ter each extraction.

Falling Number Test

The level of enzyme activity was measured by 
the Falling Number Test (standard method AACC 
56-81B), and this is to evaluate the α-amylase 
activity of the flour by measuring the consisten-
cy of the gelatinized starch. 

Seven grams of the sample is weighed and 
combined with 25 mL of distilled water in a glass 
falling number tube with a stirrer and shaken 
to form a slurry. Then, it is placed in the falling 
number instrument (AACC, 1995).

Alveograph characteristics 

An amount of 250 g of the sample with salty 
solution was mixed in the alveograph mixer. After 
8 minutes of kneading, the passage was opened 
and the extraction began. The dough patty was 
cut as soon as it arrived at a mark on the extrac-
tion plate. The dough patty was rolled and cut 
with the cutter and then was placed in the oven 
of the dough pieces at 25.5°C. After 28 minutes, 
each dough patty was inflated with air and its 
individual characteristics (P, L, W) were meas-
ured (AACC, 1995).
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W: The work of the deformation energy (baking 
strength);
L: The length of the curve (Extensibility);
P: Maximum height (Tenacity);
P / L: Ratio curve configuration.

Bread making 

The conventional straight-dough method for 
pan bread was performed according to the pro-
cedure developed by AACC. The formula used 
to make bread is given in Table 1. The level of 
substitution of wheat flour by potato starch 
was 80%. 

To make bread, the dry ingredients were man-
ually mixed and then added to a mix containing 
water. The components were thoroughly knead-
ed with the mixer for 5 min at low speed. The 
mixing speed was then changed to high speed 
for 5 min. The dough was divided into pieces of 
100 g, rounded by hand and allowed to relax for 
25 min. The dough was moulded then panned 
and fermented for 90 min at 30°C in a fermen-
tation cabin. 

Gas retention during fermentation was evalu-
ated using an indicator of growth containing 25 
g of dough which was subjected to fermentation 
in the same conditions as the dough. 

The bread was baked at 220°C/20 min in an 
electric oven. Subsequently, the baked bread 
samples were then depanned and cooled to eval-
uate their external and internal properties by a 
1h at room temperature, packed in polyethylene 
bags used for further analyses.

Bread evaluation 

Loaves were organoleptically evaluated for 
their external and internal properties by a jury 
of twenty tasters. The method of 5 point score (in 
a hedonistic qualification scale) was used (Amer-
ine et al., 1973). The panel members were asked 
to score for crust colour, crumb colour, texture, 
flavour and overall acceptability.

Statistical analysis

In this study, all experiments were performed 
in triplicate. Statistical analysis was performed 
using XLSTAT program to compare the results. 
The level of significance was considered at p ≤ 
0.05.

Results and discussion

Physical and chemical composition

The result of proximate composition analysis 
of wheat flour and potato starch is as shown in 
Table 2. The wheat flour protein content used 
in this study was about 10%, this result is sim-
ilar to that reported by Lindahl and Eliasson 
(1992). According to Ugrinovits et al. (2004) 
the strength of the flour is partially determined 
by its wet gluten content. 

The wet gluten content of potato starch is 
about 1.72% where as wet gluten content of 
wheat flour is 30.08%, which is a normal level, 
potato starch contained lower proteins (trace) 
and higher carbohydrate than wheat flour. How-
ever this value of wet gluten, added to the vi-
tal gluten in the mixture allows compensating 
for the deficit of protein potato starch (32.77%).

The results of baking test show that potato 
starch alone is not enough to produce bread, 
and the same result was found for the mixture 
with high level. It might be due to the value of 
gluten that is lower. Therefore, it is necessary to 
add a percentage of vital gluten. 

However, the value of the falling number of the 

Table 1- Bread mix formula.

Formula

Wheat flour	 500 g
Salt	 10 g
Sugar	 5 g
Yeast	 10 g
Water	 300 mL
Dough improver	 0.1 g

Table 2 - Physical and chemical characteristics of mixtures.

Parameter\Product	 100%	 100% S.P	 20% F
			   80% S.P

			   Wh.G	 G

Moisture (%)	 15.80±0.026	 17.80±0.035	 17.60±0.011	 16.21±0.015
Mineral (Ash) (%) 	 0.53±0.025	 0.18±0.02	 0.19±0.0152	 0.27±0.01
Wet Gluten (%)	 30.10±0.155	 /	 1.72±0.092	 32.77±0.196
Falling number (s)	 312	 220	 181	 126
Protein content (%)	 10	 Trace	 /	 /
Fat content (%)	 0.9	 Trace	 /	 /

F: Wheat Flour; S.P: Potato Starch; Wh.G: Without Gluten; G: With Gluten.



348  Ital. J. Food Sci., vol. 27 - 2015

mix is lower (220) than that of wheat flour and 
also lower than the optimal standards for bread 
which is 200 to 300 seconds (Godon and Loi-
sel, 1997). This might be due to the decreased 
resistance of potato starch to enzymatic degra-
dation. Also, the fact that the gelatinization tem-
perature is lower than that of wheat flour can 
be considered as another reason.

Alveograph characteristics

The results of Alveograph Test, summarized in 
Table 3, make it possible to predict baker qual-
ity of flour. This test is an interesting practice 
which is very appreciated by professionals of the 
second transformation, due to the fact that it re-
flects through alveographic parameters meas-
ured the ability of flour to be managed accord-
ing to its baking strength for a specific purpose 
(Roussel and Chiron, 2002).

The Alveograph parameters of wheat flour 
and mixtures (with 80% of potato starch) 
showed (Table 3), that overpressure (P), a 
measure of dough tenacity, which is an indi-
cator of gas retention by the dough as indi-
cated by Wang et al. (2002), varied from 58 
to 150 mm.

The measure of Alveograph dough extensi-
bility (L), ranged from 45 to 116 mm. The val-
ues for curve configuration ratio, indicating the 
configuration ratio of the Alveograph curve, 
varied from 1.09 to 2.25. The index of swelling 
(G) varied from 6.9 to 19.10 cm and the baking 
strength representing the energy necessary to 
inflate the dough bubble to the point of rupture 
ranged from 10 to 210*10-4 J. These differenc-
es of results are due to the addition of gluten 
which controls these parameters, where the P 
value increases to 99mm H2O. It is higher than 
the limit of 80 mm.

These results show that the composite pota-
to starch and wheat flour lead to dough which 
is less resistant to deformation and low exten-
sibility for rate incorporation of 80%.

Mixed baking test
 
In order to know the influence of the substi-

tution of wheat flour by potato starch (20/80), 
several tests were carried out in the laborato-
ry and other tests at the bakery with the as-

sistance of a French expert in bakery (J. PROD-
HOMME). 

The experimental baking studies showed that 
the concentration of 80% potato starch with the 
addition of gluten did not affect the handling 
of dough except for some defects of extensibil-
ity during shaping. This similarity in results is 
due to the role of the added gluten; the essen-
tial element for baking (especially during knead-
ing and shaping), which plays a very significant 
role in increasing the uptake of water and the 
resistance of the dough. A significant criterion 
observed during almost all stages of baking, is 
the stickiness of the dough.

In a similar vein, the properties of gas reten-
tion within the composite dough are followed by 
measurement of the volume of the dough dur-
ing fermentation using the indicator of growth 
containing 25g of dough subjected to fermenta-
tion under the same conditions as the loaves of 
bread. The results obtained are highly signifi-
cant (p ≤ 0.05), they show that the pastes incor-
porate up to 80 % of potato starch, which expe-
rience less raising during fermentation, but re-
main comparable with those obtained with 100 
% of wheat flour (Fig. 1).

External and internal aspects of breads ob-
tained are shown in Figs. 2 and 3. The incor-
poration of potato starch at levels of 80% gives 
breads with optimal characteristics.

The breads resulting from the potato starch 
have a good appearance, presenting regular and 
smooth crusts similar to the breads resulting 
from wheat flour. 

As for the coloration of the crust, bread with 
potato starch presents a less dark coloring com-
pared to bread with wheat flour. Dupin et al. 
(1992) and Boyacioglu and D’Appolonia (1994) 
showed that the dark coloration of bread is in-
fluenced by the rise of the rate of both damaged 
starch and total sugars present in flour, which 
were highest in starch potato. 

Concerning the appearance of the crumb re-
lated to (Fig. 2), bread has aired cells, badly dis-
persed and not homogeneous. That can be ex-
plained by the irregular distribution or the in-
corporation of α-amylases.

As for the appearance of crumbs (Fig. 3), bread 
has aired cells, poorly dispersed and not homo-
geneous. Again, that can be explained by the bad 
distribution or the incorporation of α-amylases.  

Table 3 - Rheological characteristics of the flours (with and without addition of vital gluten).

Rheological characteristics	 Rate of incorporation of the potato starch

		  0%	 80% without gluten	 80% with gluten

Alveographic measurements	 P (mm)	 81	 20	 99
	 G (cm)	 19.1	 06.7	 14.8
	 P/L	 01.09	 06.68	 02.25
	 W (10-4 J)	 210	 10	 193
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Bread evaluation

The approximate composition of bread made 
from potato starch and wheat flour is shown in 
Table 4.

The control bread obtained shows a protein 
rate of 10.5 %, a rate 60.4% of sugar of and 0.9 
% of fat. These values are similar to the values 
given by Cabrol (2006). 

However, bread prepared containing pota-
to starch 80% present a reduction in proteins 

Fig. 1 - Influence incorporation of potato starch on the pro-
files of gas retention.

Fig. 2 - Appearance of the crust of potato starch bread (80%).

Fig. 3 - Appearance of the crumb of potato starch bread 
(80%).

(6.87%) and fat (0.37%). This result might be 
due to the composition of potato starch that, in 
fact, is rich in sugar and low in fat and proteins.  

The sensory quality statistics reveal that po-
tato starch influences the crumb of bread (Fig. 
4). Bread with potato starch 80% acquires a very 
white coloration, and therefore receives the high-
est score compared to control bread. Meanwhile, 
the texture of bread is more developed than that 
of the control bread.  

However, we observed that there is significant 
difference (p ≤ 0.05) in the P value therefore stat-
ing the sensory characteristics of potato starch 
bread 80% are not affected. 

ConclusionS

The aim of this study was to analyze sam-
ples of bread at 80% of potato starch and com-
pared with control bread produced from wheat 
flour under the same conditions for their nutri-
tional, physicochemical and sensory character-
istics. The formulation of our bread was made 
as follows: potato starch, wheat flour, gluten, 
yeast, salt and a dough improver. The results 
show that the loaves can be prepared by po-
tato starch even at high percentage (80%) and 
gluten. Breads obtained by this formula were 
nutritionally, physically, chemically and at the 

Table 4 - Nutritional composition of breads.

Products 	 Humidity %	 Glucids (%)	 Protein (%)	 Fat (%)	 Fibre (%)

Wheat bread	 28.20	 60.4	 10.5	 0.9	 -
Potato starch bread	 31.33	 61.36	 6.87	 0.37	 0.07

Fig. 4 - Evaluation of some characters of quality of the po-
tato starch bread 80% and wheat bread prepared in bakery.
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sensorial level comparable to the control bread. 
A high percentage of consumers said they saw 
no difference. 

These results support the partial substitu-
tion of wheat flour by potato starch in wheat-
based food products to minimize costs. Future 
studies are needed to investigate the pasting 
properties of mixtures of wheat flour and po-
tato starch (by RVA), to determine the inter-
action between wheat flour and potato starch 
and also to interpret their rheological proper-
ties by differential scanning calorimeter and 
rheometer.
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Abstract

The aim of this study was to evaluate the effects of storage conditions (room temperature, re-
frigerator) and cooking methods (frying, boiling) on florfenicol (FF) and florfenicol amine (FFA) resi-
due levels in eggs. Without any significant difference between storage conditions at 20˚C and +4˚C, 
residue levels decreased within days, but were still present on day 28. Frying and boiling for 1 
and 5 min yielded similar results to the storage conditions just described; there was a significant 
decrease in residue levels, but still not enough for decomposing. These findings indicate that FF 
and FFA residues are heat-labile.
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Introduction

When veterinary drugs are administered to 
farm animals, either therapeutically or to pro-
mote growth, residues remain in their meat, 
milk or eggs if proper precautions are not fol-
lowed (BOTSOGLOU and FLETOURIS, 2001). An-
tibiotics play an important role among such 
drugs. In addition to their positive effects, they 
can also cause health problems, including drug 
hypersensitivity (PAIGE et al., 1999; DONOGHUE, 
2003). Antibiotics not only threaten food safe-
ty, but also cause the development of some re-
sistant bacterial strains from among sensitive 
bacteria even when used at moderate doses for 
long periods of time (PAIGE et al., 1999; FILAZI 
et al., 2005).

Testing for drug residues are ordinarily per-
formed on raw products. Almost no edible ani-
mal products or byproducts are consumed raw, 
but require some type of processing or cooking, 
such as frying, boiling, or roasting, before con-
sumption. These processes can cause denatura-
tion of proteins, elevation of temperature, loss of 
water and fat, and pH variations that can even-
tually result in alteration to the concentration, 
chemical nature, chemical reactions, and solu-
bility of drug residues in a particular food item. 
Many drugs are chemically unstable to varying 
degrees, and therefore may undergo degradation 
during storage, cooking or processing in consum-
able foods (BOTSOGLOU and FLETOURIS, 2001).

In general, the temperatures achieved during 
cooking are assumed to degrade antibiotic res-
idues in food; however, ordinary cooking proce-
dures are unreliable for degrading or inactivat-
ing several commonly used veterinary drugs. Ear-
lier studies have indicated that sulfamethazine 
(ROSE et al., 1995; PAPAPANAGIOTOU et al., 2005) 
chloramphenicol (BOTSOGLOU and FLETOURIS, 
2001), streptomycin (INGLIS and KATZ, 1978; 
O’BRIEN et al., 1980), neomycin (KATZ and LEV-
IN, 1978), gentamicin (SIRELI et al., 2006), fluo-
roquinolones (BAYDAN et al., 2000a, b; BAYDAN 
et al., 2002), penicillin G (NOUWS and ZIV, 1976; 
BOISON et al., 1992), nitrofurantoin (COOPER and 
KENNEDY, 2007), oxacillin, clindamycin, novo-
biocin, trimethoprim, vancomycin, and azlocil-
lin are heat-stable (TRAUB and LEONHARD, 1995), 
whereas oxytetracycline (KITTS et al., 1992) and 
amphenicols (FRANJE et al., 2010) heat-labile. On 
the other hand, several β-lactams including am-
picillin and amoxicillin are partially heat-labile 
(TRAUB and LEONHARD, 1995). Antibiotics of the 
same class were reported to vary in heat stabil-
ity according to the type of matrix and heating 
treatment involved (KITTS et al., 1992; ROSE et 
al., 1996; FRANJE et al., 2010). As such, the ef-
fect of different matrices on the stability of every 
veterinary drug should be investigated. 

Although most edible animal products are 
consumed after cooking or some type of pro-
cessing, for the licensing of veterinary drugs 

research concerning the effects of storage and 
cooking of the drugs on different matrices are 
lacking. Most data on drug residues in edible an-
imal products and government regulation con-
cern raw products. It is therefore essential to de-
termine the effect of processing on all veterinary 
drugs when assessing human exposure to drug 
residues in animal food products (IBRAHIM and 
MOATS, 1994; MOATS, 1988; MOATS 1999; BOT-
SOGLOU and FLETOURIS, 2001).

Florfenicol (FF) is a wide-spectrum, synthetic 
antibacterial that is structurally related to D(−) 
threo-chloramphenicol; however, FF differs from 
chloramphenicol in that FF contains a p-methyl 
sulfonyl group instead of a p-nitro group and it 
contains a fluorine atom instead of a hydrox-
yl group in the terminal primary alcohol group 
(EMEA, 1999). FF has not been approved for 
use in laying hens; however it is used in cattle, 
swine, poultry, and fish (EMEA, 2000).

FF is metabolized into florfenicol amine (FFA), 
florfenicol oxamic acid, florfenicol alcohol, and 
mono-chloroflorfenicol in animals. FFA is the 
longest-lived metabolite in the bovine liver; 
therefore, FFA can be used as a marker for the 
calculation of withdrawal time (ANADON et al., 
2008; XIE et al., 2011).

In light of the apparent advantages over chlo-
ramfenicol and its availability as an additive, the 
potential for off label use of FF is high. Due to its 
broad spectrum antibacterial activity, ready avail-
ability and low cost, it remains a possibility that 
FF residues will continue to be found in such ani-
mal food products as eggs. For example, Xie et al. 
(2011) analyzed 50 egg samples obtained from a 
local supermarket in China and reported 19 ppb 
of FF and 36 ppb of FFA in only 1 egg. FILAZI et 
al. (2014) reported that the concentration of FF 
and FFA in eggs were 0.1%, 0.08% respectively 
regardless of the route of administration. 

Data on the heat stability of FF is essential for 
food safety; however, the literature contains few 
data regarding its heat-stability during cooking. 
Under environmental conditions FF is stable at 
25 °C, yet photodegradation occurs at varying 
rates in water under various lighting conditions 
(GE et al, 2009). FF was shown to rapidly de-
grade to FFA in the deep sediment of marine en-
vironments via biodegradation (HEKTOEN et al, 
1995). A few studies on the residue of FF and 
FFA in eggs have been published (XIE et al. 2011; 
FILAZI et al., 2014); but the data are insufficient. 
FRANJE et al. (2010) reported that amphenicols 
exhibit differential behavior in terms of heat-
induced degradation in solutions and protein 
matrices. Although the level of amphenicol deg-
radation in soybean sauce and meat was high, 
heating may generate product with antimicro-
bial activity; therefore, heating amphenicol res-
idues in food cannot always be considered safe. 
FF is the most commonly used veterinary anti-
microbial agent in Turkey, particularly so due 
to its illegally use in laying hens. Nonetheless, 
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few studies have examined FF residue levels in 
eggs. An earlier study reported that FF and FFA 
were detected in the eggs of hens administered 
with FF (FILAZI et al., 2014)

Chicken eggs are widely used in the prepara-
tion of many types of food, including many baked 
goods. Some of the most common preparation 
methods include fried in oil, hard-boiled, soft-
boiled and omelets. Data regarding FF and its 
main metabolites in cooked and stored eggs are 
lacking. As such, the aim of the present study 
was to determine the effects of different stor-
age conditions (room temperature and refriger-
ation) on FF residue levels in eggs stored up to 
28 days and to determine the effect the differ-
ent cooking methods (frying and boiling) on FF 
and FFA residue levels.

Materials and Methods

Animals

The study protocol was approved by the Anka-
ra University Ethics Committee (2007-15-45). The 
study included 50 ISA Brown laying hens aged 
48 weeks and weighing 1.9-2.4 kg. The hens were 
housed individually in fiber cages (30x35x45 cm), 
in a ventilated room maintained at 20°C under 14 
h day light condition. The hens received standard 
commercial layer mash (120 g/d) and water ad 
libitum. The hens were fed for 1 week and their 
eggs were collected for preliminary analysis to de-
termine if they were analyte-free. 

Trials

A veterinary drug containing 300 mg of FF 
in 1 mL was used (Mediflor 30% Oral Solution, 
Medicavet Company, Turkey) for the clinical tri-
als. FF was administered at a dose of 20 mg/kg/
day via gavage for 3 days to the 50 laying hens, 
and then their eggs were collected daily thereaf-
ter. The effect of storage procedures on the res-

idues was determined on the first day using 44 
eggs. The effects of cooking procedures were de-
termined on the second day using 32 eggs. In 
all, 20 of the eggs collected on the first day were 
kept at 4°C in a refrigerator, and 20 were kept at 
15-20°C (room temperature). In addition, 4 eggs 
were analyzed on day 4, 7, 14, 21, 28 of storage 
to determine FF and FFA residue levels. Lastly, 
4 uncooked eggs collected on day 1 were ana-
lyzed as a control group; of the eggs collected on 
day 2, 8 uncooked, 8 fried in oil, 8 undercooked 
(1 min in boiling water) and 8 overcooked (5 min 
in boiling water) were then analyzed.

Sample preparation and analysis

FF and FFA were extracted from homogenized 
eggs via phosphate buffer (pH:7) and ethyl ace-
tate. Following purification, the samples under-
went high-performance liquid chromatography 
(HPLC) using a photodiode array detector (PDA) 
and C18 column; the method was validated ac-
cording to ICH guidelines, as described elsewhere 
(FILAZI et al., 2014). According this method, limits 
of detection and of quantitation values were 1.94 
and 6.45 ppb for FF, respectively, and 0.48 and 
1.58 ppb for FFA, respectively. Relative standard 
deviation values of intra-day and inter-day var-
iation below 11% also confirmed the usefulness 
of the method for analysing FF and FFA in eggs.

Statistical analysis

Variance analysis was performed with all data 
and a multiple range test was used to determine 
the differences between groups. All analyses 
were performed using SPSS v. 17.0 for Windows.

Results and Conclusion

The effects of different storage temperatures 
and durations on FF and FFA residue levels in 

Table 1 - Mean±SD* concentration (in ppb) of florfenicol and florfenicol amine residues in eggs stored at room temperature 
(15-20°C) and in a refrigerator (+4°C).

Days	 Florfenicol	 Florfenicol amine

(n=4)	 Room temperature	 Refrigerator	 Room temperature	 Refrigerator
	 (15-20°C)	 (+4°C)	 (15-20°C)	 (+4°C)

0	 290.65±11.02a	 290.65±11.02a	 91.79±6.77a	 91.79±6.77a

4	 151.24±10.69b	 167.43±8.18b	 58.26±5.98b	 58.61±5.85b

7	 79.65±9.43cx	 105.10±4.25cy	 28.95±5.03c	 35.40±2.33c

14	 68.23±8.74dx	 87.84±5.01dy	 20.52±3.92d	 24.37±1.20d

21	 29.43±4.91ex	 61.82±2.11ey	 10.42±1.54e	 8.54±1.04e

28	 18.57±3.48f	 22.14±0.03f	 6.74±0.79f	 7.06±1.21f

*SD: Standard Deviation.
abcdef: Differences between values with different letters in the same columns are significant (P<0.05).
xy: Differences between values with different letters in the same rows are significant (P<0.05).
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eggs are shown in Table 1. Both FF and FFA 
amine residue levels in eggs were observed on 
day 28, though their levels had decreased signif-
icantly (P<0.05). HEKTOEN et al. (1995) report-
ed that FF rapidly depurated in the sediment 
of marine environments and that its metabolite 
(FFA) was isolated from the sediment. This find-
ing suggests that FF is degraded to FFA in the 
sediment via metabolization or leaching; howev-
er, the present study FF residues in eggs follow-
ing storage for 28 day at room temperature and 
in a refrigerator were observed. FF residue lev-
els in eggs were higher than FFA residue levels 
in the present study, which indicates that the 
in vitro degradation of FF might occur at a very 
low level or that it differs from its biological deg-
radation. Further research would be required to 
understand the effect of storing on the FF and 
FFA residues in the eggs. 

FRANJE et al. (2010) studied the heat stabili-
ty of amphenicols in chicken meat and reported 
that 5-min heating of amphenicols in water in 
a microwave oven generated a comparable per-
centage of degradation as did boiling in a water 
bath for 30 min 1 h; FF produced thiampheni-
col (TAP) as a product of its breakdown, but not 
FFA. It was reported that although a higher lev-
el of degradation of amphenicols was observed 
in soybean sauce, heating treatment might still 
generate product with antimicrobial activity (FF 
to TAP) and as such, heating amphenicol resi-
dues in food cannot always be safe.

FF was reported to be hydrolytically stable and 
to have a hydrolysis half-life > 1 year at 25°C in 
natural waters (HAYES et al., 2003; POULIQUEN 
et al., 2007; GE et al., 2009). GE et al. (2009) per-
formed photodegradation experiments on TAP 
and FF in aqueous solutions under irradiation 
from different light sources. They reported that 
under UV-Vis irradiation (λ>200 nm) photodeg-
radation in seawater was fastest, followed by 
pure water and freshwater, whereas under so-
lar or simulated sunlight (λ > 290 nm), photo-
degradation occurred only in freshwater. Under 
UV-Vis irradiation, Cl- (dominant sea water con-
stituent) was observed to promote singlet oxy-
gen formation and accelerated the photodegra-
dation of phenicols, whereas phenicols did not 
photolyze under simulated solar irradiation, ir-
respective of the presence of Cl-.

In contrast, HAYES et al. (2003) reported that 

FF was stable under a range of simulated field 
conditions, including various pipe materials and 
conditions of hard and soft and chlorinated or 
non-chlorinated water at low or high pH; there-
fore not only Cl- but also some other minerals 
might effect the stability of FF. 

The effects of different cooking procedures 
on FF and FFA residues in eggs observed in 
the present study are shown in Table 2. Even 
though, none of the cooking methods complete-
ly destroyed FF or FFA residues in eggs, there 
was a significant decrease in the level of detect-
able FF and FFA residues (P<0.05). Concentra-
tions of both analytes were reduced by 78%-
97% via frying and boiling. These findings sug-
gest that FF and FFA heat labile in eggs, which 
indicates that both do not bind to proteins in 
eggs with high affinity. FRANJE et al. (2010) re-
ported that amphenicol degradation was appar-
ent following as little as 30 min of heating and 
that it was correlated with the length of heat-
ing, implying that as cooking time increased the 
degree of residual drug present in samples de-
creased; as such, it could be assumed that there 
was a strong correlation between the decrease 
in FF and FFA concentrations in observed eggs 
during different cooking methods and the dura-
tion of cooking (P<0.05, Table 2). Shakila et al. 
(2006) studied the stability of chloramphenicol 
(CHP) residues in white shrimp (Penaeus indicus) 
subjected to cooking (100 °C) for 10, 20 and 30 
min as well as retorting (121°C) for 10 and 15 
min, based on a microbial assay method using 
Photobacterium leiognathi as the test organism. 
They reported that the loss of CHP increased as 
temperature and duration of heating increased, 
where the drug could be completely destroyed. 
On the other hand BOTSOGLU and FLEUTORIS 
(2010) reported that CHP was quite stable un-
der heating conditions when added to water or 
milk; after 2 h of boiling, it was decreased by 
<8%. These findings indicate that the heat sta-
bility of amphenicols is matrix dependent, where 
results from different matrices could not be at-
tributed to eggs when interpreting.

Even though, FF is not approved for use in 
laying hens, its off label use for severe indica-
tions can result in antibiotic residues in eggs 
that both farmers and consumers should be in-
formed about. As such, drug withdrawal periods 
should be extended prior to poultry slaughter 

Table 2 - Mean±SD*, quantity of florfenicol and florfenicol amine residues (in ppb) after different cooking methods.

Residues (n=8)	 Raw	 Fried	 Undercooked	 Overcooked
			   (1 minute)	 (5 minutes)

Florfenicol	 265.45±13.67a	 56.51±9.68b	 35.67±4.57c	 5.68±1.17d

Florfenicol amine	 110.31±12.73a	 19.77±4.71b	 10.20±1.72c	 4.57±0.92d

*SD: Standard Deviation.
abcd: Differences between values with different letters in the same row are significant (P<0.05).
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or egg distribution to avoid antimicrobial resis-
tance. Thermal treatments may reduce the con-
centration of veterinary drug residues in foods 
and thereby might reduce the pharmacological 
and/or toxic effects of these compounds. (HSIEH 
et al., 2011). In the current study, FF and FFA 
were observed to be heat labile in chicken eggs, 
the level of which depended on cooking meth-
od and duration. 

The findings show that FF and FFA residue 
levels in eggs from treated laying hens were not 
completely eliminated via cooking or of up to 28 
d; however, cooking did significantly decreased 
the level of the drug in eggs. 

Acknowledgements

Authors sincerely thank Ankara University Scientific Re-
search Committee for supporting this study by Ankara Uni-
versity Scientific Research Projects Funding (Project No: 
10B3338003). 

This study was presented as a poster pres-
entation in the 12th International Congress of 
the European Association for Veterinary Phar-
macology and Toxicology (EAVPT 2012), 8-12 
July2012, Noordwijkerhout, the Netherlands 
where the abstract only (not the full text) as a 
Special Issue appears in Journal of Veterinary 
Pharmacology and Therapeutics (35(3): 78) 
which is modified for the current publication.

The authors declare no competing financial 
interest.

References

Anadón A., Martínez M.A., Martínez M., Ríos A., Caballero 
V., Ares I. and Martínez-Larrañaga M.R. 2008. Plasma 
and tissue depletion of florfenicol and florfenicol amine 
in chickens. J. Agric. Food. Chem. 56: 11049-11056.
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Abstract

This study examined the production possibilities of kefir from fresh camel milk fermented with 
grain. The findings were then compared with kefir manufactured from cow’s milk. Cow’s milk was 
fermented with 2.5% grains. The 1% (v/w) glucose enriched camel’s milk was fermented with 10% 
grains and left in an incubator at 25°C. Physical-chemical and sensorial analyses of the kefir sam-
ples were measured on day one (18 hours) of storage and microbiological analyses were meas-
ured on days one, three and five. Some physical-chemical parameters were found to be higher 
in camel milk and its kefir than in cow milk and its kefir, some were found to be close and some 
were found to be lower. Addition of 1% glucose and 10% grains to the camel milk affected the ti-
tration acidity and viscosity of kefir to significant levels. The kefir produced from camel milk was 
perceived as sourer, whereas its other properties were found to be close to those of cow milk. The 
cholesterol levels of camel milk and its kefir were detected to be higher when compared to those 
of cow milk and its kefir, but the cholesterol level decreased in both examples after the produc-
tion of kefir. In terms of the composition of fatty acids, it was determined that SFA and the small, 
medium chain fatty acids ratio was low in camel milk and its kefir, but MUFA and the long chain 
fatty acids ratio was high. PUFA ratio was high in camel milk but low in its kefir. In microbiolog-
ical analysis, yeast levels increased in kefir samples with the Lactobacillus ssp. strains, and the 
increase in the number of yeasts was higher than in the cow milk kefir. In kefir samples, Lacto-
bacillus ssp. strains increased on day one and three of storage, but diminished after day three.
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Introduction

Kefir is a dairy product that has been pro-
duced for years in Eastern Europe and Mon-
golia, before spreading to Caucasia (GAWARE et 
al., 2011). Kefir is produced by adding specif-
ic amounts of the kefir grain (traditional meth-
od) or the modified culture (industrial method) 
manufactured from this grain (POGAČIĆ et al., 
2013) into the milk of various animals. Ethyl 
alcohol and lactic acid fermentations are de-
veloped together during the product formation, 
thus causing it to taste somewhat acidic. Kefir 
grains are off-white and slightly yellowish, irreg-
ular in shape and with a circumference taken up 
by polysaccharide matrixes that (JIANZHONG et 
al., 2009) compose 25% of the dry weight solu-
ble in water (POGAČIĆ et al., 2013), and a diame-
ter of 0.3cm -2 cm (BESHKOVA et al., 2002). Ho-
mofermentative lactobacilli make up 65-80% of 
the flora. In the grain flora, homofermentative 
and heterofermentative lactic acid streptococ-
ci make up 20%, and lactose-fermentative and 
non-fermentative yeasts make up a further 5%. 
The percentage of acetic acid bacteria (in pro-
duction with grain) is relatively small (IRIGOY-
EN et al., 2005). Species of the microorganisms 
in the grain, their proportion to each other and 
their numbers change according to the origin of 
the grain and conditions of use (FERREIRA et al., 
2010). Today, kefir is regarded as a fermented 
dairy beverage that is anti-bacterial and anti-
inflammatory (LOPITZ-OTSOA et al., 2006), an-
ti-tumoral (SHIOMI et al., 1982), anti-apoptotic 
(MATSUU et al., 2003), anti-allergic (UMEDA et 
al., 2005), anti-oxidant, and anti-mutagenic (LIU 
et al., 2005). It also lowers systolic and diastolic 
blood pressure and bad cholesterol (AGERBAEK 
et al., 1995), adjusts lactose dyspepsia (HERT-
ZLER and CLANCY, 2003), and contains bioactive 
peptides, exopolysaccharides and their bacterio-
sis, and has a strong probiotic effect on human 
health (RATTRAY and O’CONNELL, 2011).

Camel milk differs from the milk of other rumi-
nant animals in its composition and physiolog-
ical properties. Camel milk is rich in long chain 
fatty acids, but contains low amounts of short 
chain fatty acids (GORBAN and IZZELDIN 1999). 
Vitamins A, B2, E, C and minerals Ca, Na, K, Zn, 
Mg and Fe are far more abundant in camel’s milk 
than in cow’s milk. Lactose intolerant people (EL-
HATMI et al., 2007) can consume camel milk. Due 
to camel milk not containing β-lactoglobulin and 
some casein derivatives, it is similar to human 
milk with its hypoallergenic (SHABO et al., 2005), 
immunoglobulin content. It is anti-diabetic effec-
tive (HAMAD et al., 2011) and because it contains 
more peptidoglycan recognition proteins (PGRP) 
and natural protective proteins than other ru-
minant milk, it has an antimicrobial and antivi-
ral effect (EL-AGAMY et al., 1992). Not to mention 
that camel milk is anti-carcinogenic and anti-hy-
pertensive (HAMAD et al., 2011) and renoprotec-

tive, it reinforces immunity, increases metabo-
lism and muscle mass, is bone-forming and also 
has therapeutic effects on some diseases such 
as hepatitis B, autism (LAILA et al., 2013) and 
tuberculosis (AGRAWAL et al., 2004). Today, we 
know that yoghurt, probiotic yoghurt (ATTIA et 
al., 2001; EL-AGAMY et al., 1992), stabilizer aug-
mented yoghurt (MULIOR et al., 2013) and many 
mild cheeses whose clotting is poor due to enzy-
matic coagulation (MEHAIA, 1993; RAMET, 1987) 
can be produced from camel milk.

Our research utilized kefir that was man-
ufactured from camel (Camelus dramedarius) 
milk (CaM). Kefir made from cow’s milk (CoM) 
was used as the control sample. The physical-
chemical properties in raw milks were analyzed, 
along with these properties in the cow milk ke-
fir (CoMK) and camel milk kefir (CaMK) sam-
ples. Sensorial tests were conducted as of the 
eighteenth hour of day one and microbiological 
analyses were made on day one, three and five 
of storage.

Materials and Methods

Camel milk, kefir grain

Camel (Camelus dramedarius) milk was 
procured from a native camel farm in Deniz-
li Sarayköy (Turkey). Cow milk and kefir grain 
were procured from the Department of Dairy 
Technology Pilot Dairy Plant, Ege University Ag-
ricultural Faculty.

Kefir production

In this study, kefir was produced from camel 
and cow milk using the traditional (grain) meth-
od as shown in Fig. 1.

Physical-chemical analyses

In the raw milk and kefir samples, dry matter 
(Binder ED-53 Germany) and ash (Protherm PFL 
110/6 Turkey) were calculated via a gravimeter, 
fat with the Gerber method, pH value of the ti-
tration acidity in terms of lactic acid with a SS-3 
Zeromatic (Beckman Instruments Inc., Califor-
nia, USA) brand pH meter, protein with the Kjel-
dahl method (AOAC, 1990), lactose value with 
an Atago Polax x 2L (Japan) model polarimeter 
(HORWITZ, 1965), viscosity value with a Brook-
field Digital Viscometer, MODEL DV-II+PRO (USA) 
model viscometer as cP [at speed 180 mPa, be-
tween 15.7% and 67.7% Torque].

Determining the fatty acid composition 
in samples and preparation of fat extraction 
and fatty acid methyl esters 

Each homogenized sample was extracted us-
ing the Gerber method, thus fat was obtained 
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Fig. 1 - Kefir Production with the Traditional (Grain) Method.
** The glucose and grain ratio added to camel milk and cow milk was determined as a result of preliminary study.
***physical-chemical and sensorial analyses were measured at day one (18 hours) of storage and microbiological analyses 
were measured at days one, three and five.

(ISO 11870:2009 - IDF 152:2009) and fatty acid 
methyl esters were prepared pursuant to AOCS 
(2009), after which they were examined in the 
gas chromatograph (GC). [Chromatography is a 
Supelco SP-2380 fused silica capillary column 
(60 m 0.25 mm i.d., 0.2 mm film thickness; Su-
pelco Inc., Bellefonte, PA, USA) and flame ioniza-
tion detector Hewlett-Packard GC (model 6890). 
Injection volume was 1 µL. GC furnace temper-
ature was set to reach 220°C from 100°C when 
4°C/minute. Injector and detector temperature 

was 300°C, carrier gas was Helium and the flow 
rate was 1 mL/min].

Determining the cholesterol level in samples

In samples, the cholesterol level was ana-
lyzed according to the findings of OSSA et al., 
(1995); and then examined by gas chromatog-
raphy (GC). [Chromatography was a HP-5 silica 
capillary column (25 m 0.32 mm i.d., 0.52 mm 
film thickness; Hewlett-Packard, USA) and FID 
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(flame ionization detector) Hewlett-Packard GC 
(model 6890). Injection volume was 1µl. GC fur-
nace temperature was set to 300°C, injector tem-
perature to 280°C, colon temperature to 270°C 
for 15 minutes. Carrier gas was Helium and the 
flow rate was 1.5 mL/min.

Microbiological analyses

For counting Lactobacillus ssp., De Mann Ro-
gosa Sharpe (MRS) Agara (Merck Darmstadt, 
Germany) (SHARPE et al., 1966) was used. Lac-
tococcus ssp. was cultured on Ml7 Agara (Mer-
ck Darmstadt, Germany) (TERZAGHI and SAND-
INE, 1975). For yeast, Glucose-Salt Agara (ANON-
YMOUS, 1990) plantation was done. Isolation 
and census of lactic acid bacteria were conduct-
ed according to IDF Standard 149 A (1997) and 
IDF Standard 163 (1992). Yeasts were incubat-
ed at 25°C for three to five days. After this peri-
od, colonies that had developed in petri dishes 
were counted as cfu/mL on days one, three and 
five of storage.

Sensory evaluation

The sensory evaluation was made by a panel 
of nine individuals who evaluated kefir samples 
in terms of consistency and flavor on a scale 
from 1 to 5. For ALTUĞ and ELMACI (2011), the 
method of Flavor Profile Analysis was utilized.

Statistics 

Two different milk and two different kefir sam-
ples were analyzed in three parallels and two rep-
etitions. SPSS statistics analysis software (IBM 
SPSS Statistics) was used. Data that gained im-
portance were analyzed using the variance anal-
ysis ANOVA based on the Duncan multiple com-
parison test on a p<0.01 level.

Results and Conclusions

In the CaM sample, compared to the CoM 
sample, fat and lactose values were found to be 

Table 1 - Physical-chemical properties of raw camel milk, raw cow milk and of kefirs produced from these milks.
	

Analyses		  Milk samples	  		  Kefir samples	

	 CaM		  CoM	 CaMK		  CoMK

Dry matter	 12.73±0.12A	 12.80±0.09B	 11.10±0.02C	 10.70±0.03D

Fat (%)	 3.60±0.08A	 3.50±0.06B	 3.20±0.02C	 3.30±0.01D

Titratable Acidity	 0.127±0.02A	 0.132±0.02B	 0.92±0.01C	 0.81±0.02D

pH	 6.46±0.32A	 6.44±0.27B	 4.10±0.10C	 4.55±0.14D

Protein (%)	 3.05±0.03A	 3.21±0.03B	 2.82±0.03C	 3.09±0.03D

Ash (%)	 2.932±0.10A	 1.461±0.09B	 1.423±0.05C	 1.068±0.05D

Lactose (%)	 6.22±0.05A	 6.20±0.51B	 3.45±0.07C	 3.54±0.02D 

A, B, C, D: The differences between the values in the same  rows are statistically significant (p < 0.01).

higher; there was twice as much ash and similar 
pH and dry matter values. In addition, protein, 
titration acidity in terms of lactic acid (Table 1) 
and viscosity values were detected to be lower.

In the research, it was determined that results 
regarding the pH value 6.46 pH, fat (3.60%), pro-
tein (3.05%), lactose (6.22%), total dry matter 
(12.73%), ash (2.932%) and titratable acidity in 
terms of lactic acid (0.12%) of camel milk were 
within the boundaries found in the literature, 
and that the lactose and ash levels were high-
er in our studies (FAO, 1982; EL-AMIN and WIL-
COX, 1992). PH values of kefir samples were de-
termined to correspond with the Turkish Food 
Codex (2009/25) and WSZOLEK et al. (2006). Lac-
tic acid was detected to be higher in the CaMK 
sample (0.92%LA) than in the CoMK sample 
(0.81%LA), whereas for viscosity, it was vice ver-
sa. With the addition of 1% (v/w) glucose into 
the CaM sample, simulating the development of 
lactic acid bacteria, we aimed to increase the ti-
tration acidity and viscosity. To this end, the ef-
fect that the addition of 1% glucose (v/w) and 
10% grain into the CaM sample has on titration 
acidity and viscosity was found to be significant 
(p<0.01), and lactic acid and viscosity were de-
tected to have increased. However, viscosity in 
the CaMK sample was lower than the CoMK sam-
ple. In addition, the glucose and grain ratio added 
to camel milk was determined as a result of pre-
liminary study. In that preliminary study, some 
portion of the CaM sample was inoculated with 
yeast grains in ratios of 2.5%, 5%, 7.5% and 10% 
without the addition of glucose, while the other 
portion of the sample had the same process with 
the addition of glucose. Afterwards, viscosity val-
ues and titration acidity were detected in kefir 
samples, and viscosity values are given in Tables 
2 and 3. Grain being added into camel milk by 
2.5% did not have a major effect, and since the 
2.5% grain addition into the CoMK sample pro-
vided the desired viscosity value, other grain ra-
tios were not tested. All in all, with the 1% glucose 
(v/w) and 10% grain addition into camel milk, a 
four times greater increase was reached in vis-
cosity than in the one with just the grain addi-
tion, and the titration acidity diminished from 
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4.78 pH (in the sample with grain addition only) 
to 4.10 pH. Results correspond with the litera-
ture (LEWIS, 1986).

In this study, problems that might occur in fer-
mentation were associated with low viscosity val-
ue obtained from the CaMK sample, lower serum 
protein content of camel milk than cow milk (FA-
RAH, 1996), poor interaction between denature 
serum proteins of camel milk and k-casein, lack 
of β-lactoglobulin from serum proteins and dif-
ferent derivatives of β-casein, low amounts of ca-

Table 2 - Viscosity values of the kefir samples produced by injecting grain in certain amounts in CaM with/without glucose 
addition and the ones produced from CoM without glucose addition (cP).  

	 Grain ratio (%)	 CaMK (Gra)	 CaMK (Gra+G)	 CoMK (Gra)
 		  viscosity (cP)	 viscosity (cP)	 viscosity (cP) 
	
	 2.5	 5.21aA	 5.87 aB	 111.475C

	 5	 5.46bA	 8.44 bB	 NT
	 7.5	 7.12cA	 18.81 cB	 NT
	 10	 9.28dA	 37.18 dB	 NT      

 NT:Not-tested ; Gra: Grain  ;G+Gra: Glucose +Grain  
a, b, c, d, e: The differences between the values in the same column are statistically significant (p < 0.01).
A, B, C, D: The differences between the values in the same  rows are statistically significant (p < 0.01).

sein and its derivatives (LALEYE et al., 2008) and 
the anti-bacterial effect of camel milk (HASHIM 
and KHALIL, 2004). Many factors (content of pro-
tein and denature serum proteins, casein ratio 
and its content, interactions between denature 
serum proteins and k-casein) may affect viscos-
ity (PUVANENTHIRAN et al., 2002). Based on the 
pH change, these factors might also affect the 
micelle surface area and size, micelle content 
and water binding capability in casein micelles 
(ANEMA and KLOSTMEYER, 1996; DALGLEISH and 

Table 3 - Fatty acid compositions of kefir samples made from Camel/Cow milk (g/100g)

Name of Fatty Acid Methyl Ester 	 (g/100g)	
and Formula of Molecule	
	 CoM	 CoMK	 CaM	 CaMK

Butyric Acid Methyl Ester (C4:0)	 0.064	 0.043	 ND	 ND
Caproic Acid Methyl Ester (C6:0)	 0.264	 0.422	 0.140	 0.121
Caprylic Acid Methyl Ester (C8:0)	 0.037	 0.024	 0.003	 0.002
Capric Acid Methyl Ester (C10:0)	 0.085	 0.061	 0.004	 0.003
Undecanoic Acid Methyl Ester (C11:0)	 0.007	 0.009	 ND	 ND
Lauric Acid Methyl Ester (C12:0)	 0.127	 0.101	 0.021	 0.021
Tridecanoic Acid Methyl Ester (C13:0)	 0.002	 0.017	 0.005	 0.004
Myristic Acid Methyl Ester (C14:0)	 0.386	 0.303	 0.321	 0.309
Myristoleic Acid Methyl Ester (C14:1)	 0.051	 0.034	 0.050	 0.050
Pentadecanoic Acid Methyl Ester (C15:0)	 0.021	 0.013	 0.029	 0.029
cis-10- Pentadecanoic Acid Methyl Ester (C15:1)	 0.012	 0.036	 0.013	 0.010
Palmitic Acid Methyl Ester (C16:0)	 0.901	 0.740	 1.049	 0.967
Palmitoleic Acid Methyl Ester (C16:1)	 0.063	 0.027	 0.292	 0.268
Heptadecanoic (Margaric) Acid Methyl Ester (C17:0)	 0.015	 0.011	 0.020	 0.018
cis-10-Heptadecanoic Acid Methyl Ester (C17:1)	 0.016	 0.074	 0.024	 0.019
Stearic Acid Methyl Ester (C18:0)	 0.430	 0.361	 0.507	 0.457
Oleic Acid Methyl Ester (C18:1n9c)	 0.840	 0.581	 0.843	 0.715
Linoleic Acid Methyl Ester (C18:2 n6c)	 0.088	 0.072	 0.107	 0.099
γ-Linolenic Acid Methyl Ester (C18:3 n6)	 0.034	 0.177	 0.053	 0.036
Arachidic Acid Methyl Ester (C20:0)	 0.028	 0.017	 0.028	 0.023
cis-11- Eicosenoic Acid Methyl Ester (C20:1)	 ND	 ND	 0.013	 0.010
cis-11,14-Eicosadienoic Acid Methyl Ester (C20:2)	 ND	 ND	 0.009	 0.005
Arachidonic Acid Methyl Ester (C20:4n6)	 0.012	 0.067	 0.028	 0.017
Behenic Acid Methyl Ester (C22:0)	 0.016	 0.094	 0.023	 0.009
 Other fatty acids	 ND	 0.017	 0.017	 0.007
Short-chain fatty acids (4-6C)	 0.33	 0.46	 0.14	 0.12
Medium-chain fatty acids (8-12C)	 0.26	 0.20	 0.03	 0.03
Long-chain fatty acids (>12C)	 2.92	 2.62	 3.41	 3.05
Saturated fatty acids (SFA)	 2.38	 2.22	 2.15	 1.96
Monounsaturated fatty acids  (MUFA)	 0.98	 0.75	 1.24	 1.07
Polyunsaturated fatty acids (PUFA)	 0.13	 0.32	 0.20	 0.16                         

 ND: Non-detected.  
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LAW, 1988, 1989). The drop in pH causes the in-
teraction between serum proteins and case mi-
celles and the viscosity to increase (ANEMA et al., 
2004). However, in the current study it was de-
termined that based on the drop in pH (4.10 pH) 
in the CaMK sample, the viscosity value was low-
er than in the CoMK samples. This is thought to 
result from the effect of one or more of the pa-
rameters given above (ANEMA and LI, 2003) Also, 
the camel milk is low in casein and serum pro-
teins and the composition of these. It was found 
that the milk type in kefir samples has an impor-
tant effect on titration acidity, pH and viscosity; 
the effect of titration acidity on viscosity is vital 
as well (p<0.01). Protein, lactose and fat in the 
CaMK sample were found to be higher than in 
the CoMK sample, whereas dry matter and ash 
were found to be lower. In general, effect of the 
milk type on dry matter, fat, protein and lactose 
was established as significant, as well as the ef-
fect of glucose addition into milk and grain ratio 
on titration acidity (p<0.01).

CaM and CoM, and fatty acid compositions of 
kefirs produced from these milks are given in Ta-
ble 3. In CaM and CaMK samples, it was deter-
mined that the short (C4:0-C6:0) and medium 
(C8:0-C12:0) chain fatty acids ratio, as well as 
the saturated fatty acids (SFA) ratio were lower 
than in CoM and CoMK samples, but the long 
chain fatty acids ratio and the monounsaturat-
ed fatty acids (MUFA) ratio were higher. It was 
also established that the ratio of polyunsatu-
rated fatty acids (PUFA) in the CaM sample was 
higher than the CoM sample; however, its ratio 
in the CaMK sample (0.16 g/100 g) was lower 
than in the CoMK sample (0.32 g/100 g). Thus, 
the conclusion: Camel milk and its kefir contain 
some fatty acids that affect our health positive-
ly in terms of fatty acid composition in higher 
amounts than cow milk and its kefir.

The camel milk fatty acid composition chang-
es pursuant to the species and the diet of that 
specific camel, as well as its region and the cli-
mate of that region (CHILLIARD et al., 2000; KO-
NUSPAYEVA et al., 2008). The results we obtained 
from this research were similar to the results of 
other researchers (AGRAWAL et al., 2004; SHAM-
SIA, 2009).

In the CaM, CoM, CaMK and CoMK samples, 
cholesterol levels were different and an impor-
tant relationship between the milk type and the 
cholesterol level was detected (p<0.01) (Table 
4). Along with this, it was determined in the re-
search that the cholesterol level decreased after 
production of kefir by using different milks, and 
the effect that kefir production has on the drop 
in cholesterol levels was regarded as significant 
(p<0.01). According to some researchers (GOR-
BAN and IZZELDIN, 1999; GOUDJIL et al., 2003; 
KONUSPAYEVA et al., 2008; SIEBER, 2005), cho-
lesterol level of kefir production was higher than 
cow milk, but it was also found to be lower ac-
cording to some other researchers (ALABDULKA-
RIM, 2012; AGRAWAL et al., 2004).

Initially, in the grain, Lactobacillus ssp. strains 
were found to be as 1.93 x107 cfu/mL, Lactococ-
cus ssp. strains as 5.54 x107 cfu/mL and yeast 
as 1.68x106 cfu/mL. In the study, Lactobacillus 
ssp. strains (Fig. 2a) and yeast levels (Fig. 2b) 
increased in both kefir samples throughout the 
storage process. In addition, the increase in the 
Lactobacillus ssp. strains in the CaMK sample 
was found to be higher. Lactococcus ssp. strains 
(Fig. 2c) were detected to have increased in kefir 
samples at day one and three of storage, but to 
have decreased after day three. Levels of Lacto-
bacillus ssp. strains in kefir samples were close 
to one another at the inception of storage, but 
the one in the CaMK sample took the lead after 
day one of storage. Lactobacillus ssp. strains in 
the CaMK sample at days one, three and five of 
storage increased, in comparison with the start-
ing level, respectively at levels of 0.99 cfu/mL, 
1.71 cfu/ml and 2.59 cfu/mL. However, in the 
CoMK sample, it was respectively: 0.91 cfu/
mL, 1.28 cfu/mL and 2.18 cfu/mL. Lactococ-
cus ssp. strains in the CoMK sample at days 
one and three of storage increased, in compari-
son with the starting level, respectively at levels 
of 0.05 cfu/mL and 1.02 cfu/mL. However, this 
lessened in day five by 0.41 cfu/mL compared 
to day three of storage. Development of Lacto-
coccus ssp. strains in the CaMK sample was 
the same as the CoMK sample at day one; how-
ever, its increase after day one of storage was 
lower than the one in the CoMK sample. In the 
CaMK sample, an increase respectively at lev-
els 0.04 cfu/mL and 0.8 cfu/mL was detected 
in day one and three of storage in comparison 
with the starting level, whereas after day five, 
a decrease took place. This decrease was ten 
times more than the CoMK sample. Yeast level 
increased in both kefir samples throughout the 
storage process, but the one in the CoMK sam-
ple was approximately three times higher than 
the CaMK’s. Generally, it was concluded that mi-
croorganism levels in CaMK and CoMK samples 
in storage were above the minimum values set 
forth by “Turkish Food Codex, Communiqué on 
Fermented Milks” (Turkish Food Codex, Com-
muniqué no: 2009/25).

Table 4 - Cholesterol levels of kefirs samples made from 
Camel/Cow milk (mg/100g). 	

Cholesterol levels  (mg/100g)

	 CoM	 CoMK
	 14.60aA	 7.97aB

	 CaM	 CaMK
	 21.28bA	 18.24bB

 a, b, c, d, e: The differences between the values in the same column are sta-
tistically significant (p < 0.01).
A, B, C, D: The differences between the values in the same rows are statisti-
cally significant (p < 0.01).
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Fig. 2 - Lactobacillus ssp. (a), yeast (b) and Lactococcus ssp. 
(c) levels in kefirs produced from camel and cow milks.

Research helped discover an important rela-
tionship between the milk type and the storage 
period on microorganism levels. In addition, the 
effect that glucose has on microorganism devel-
opment was established as significant (p<0.01). 
In the CaMK sample produced with the addi-
tion of 1% glucose, increase in the Lactobacillus 
ssp. strains was higher than in the CoMK sam-
ple, but this was vice versa for the increase in the 
yeast level. Progress of the increase (Lactobacillus 
ssp., yeast), also the decrease (Lactococcus ssp.) 
in the microorganism levels in the CaMK sample 
after day three of storage show parallels with the 
CoMK sample (KOROLEVA et al., 1978; KOROLEVA 
and BAVINA, 1978; ONER et al., 2010). In the re-
search, microbial flora in the CaMK sample went 
through a different development. This result cor-
responds with the literature data regarding oth-
er fermented dairy products of camel milk (ABU-
TARBOUSH, 1996; ATTIA et al., 2001; JUMAH et al., 
2001; ABDEL RAHMAN et al., 2009). In addition, 
the research pinpointed that the usage of grain 
in producing kefir from camel milk was more ef-
fective (ABU-TARBOUSH, 1996; ABDEL RAHMAN et 
al., 2009; MEHAIA, 1993).  

In the flavor profile evaluation of kefir sam-
ples, panelists determined that sour, sweet, 
salty, bitter, fermented milk, cream, greasy, 
cheesy, sharp, gas, alcohol, metallic and burnt 
milk flavor densities were perceived differently 
between the CaMK and CoMK samples (Fig. 3). In 
the flavor profile evaluation, it was detected that 
the CaMK sample was sourer, cheesier and had 
a sharper aroma than the CoMK sample. Con-
sistency and appearance in the CaMK sample 
were detected to be lower than the CoMK sam-
ple. In general, the CaMK sample was appreci-
ated by the panelists and was defined as “sour-
er” than the CoMK sample.

Fig. 3 - Flavor profile evaluation of the CaMK and CoMK 
samples.
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Conclusions

In the current research, an increase was ob-
tained in the viscosity value in the kefir produced 
by adding 1% (v/w) glucose and 10% grain into 
camel milk. Dry matter, ash and titratable acid-
ity in the camel milk kefirs were higher than in 
cow milk kefirs; whereas fat, pH, protein and lac-
tose values were lower. Cholesterol level of camel 
milk and its kefir product was found to be high-
er than that of cow milk and its kefir. Along with 
this, it was detected in this study that propor-
tion of camel milk and its kefir to cow milk and 
its kefir in terms of SFA is low. However, it is 
high in terms of MUFA. The PUFA ratio of cam-
el milk is high compared to cow milk. However, 
the PUFA ratio in the camel milk kefir was de-
fined to be lower than the one in the cow milk 
kefir. Lastly, it was also confirmed in the study 
that some compounds, which have positive ef-
fects upon metabolism in camel milk and its ke-
fir, have a higher impact than on the cow milk 
kefir’s metabolism.
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Abstract

Gelatin was extracted from the swim bladder of yellowfin tuna (Thunnus albacores) at differ-
ent temperatures (60, 70 and 80°C) with the extraction yields of 35.6%, 41.1% and 47.3% (dry 
weight basis), respectively. The α-chains of gelatin decreased with increasing extraction tempera-
tures. Similar amino acid compositions were noticeable among all gelatins, in which glycine con-
stituted the major amino acid. Imino acids ranged from 169 to 172 residues/1,000 residues. The 
gel strength of gelatin extracted at lower temperature was higher than that of gelatins extracted 
at higher temperatures. Gelling and melting temperatures for swim bladder gelatin were 11.07-
15.24 and 20.36-22.33°C, respectively. Higher gelling and melting points were observed for gel-
atin extracted at lower temperatures. Microstructure of gel of gelatin extracted at 60°C was finer 
with smaller voids, compared with others. FTIR spectra of obtained gelatins revealed the signifi-
cant loss of molecular order of the triple-helix. Thus, extraction temperatures showed the direct 
impact on characteristics of gelatin from swim bladder. 
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Introduction

Gelatin is a fibrous protein obtained by par-
tial denaturation or hydrolysis of collagen. Gela-
tin represents biopolymer with many applications 
in food, materials (for edible and biodegradable 
packaging), cosmetic, pharmaceutical and pho-
tographic industries (JELLOULI et al., 2011). The 
source, type of collagen and processing conditions 
have the influence on the properties of the result-
ing gelatin (KITTIPHATTANABAWON et al., 2010). 
Different types of gelatins have varying thermal 
and rheological properties such as gel strength, 
melting and gelling temperatures (BENJAKUL et 
al., 2012). These properties are governed by sev-
eral factors such as chain length or molecular 
weight distribution, amino acid composition and 
hydrophobicity, etc. (GÓMEZ-GUILLÉN et al., 2002; 
NORZIAH et al., 2009). 

Commercial gelatins are produced mainly from 
porcine and bovine skins and bones by alkaline or 
acidic extraction (BENJAKUL et al., 2009). Howev-
er, both Judaism and Islam forbid the consump-
tion of any pork-related products, while Hindus 
do not consume cow-related products. Addition-
ally, bovine gelatin has a high risk for bovine 
spongiform encephalopathy (NAGARAJAN et al., 
2012). Furthermore, the need to exploit the fish 
processing byproducts has led to the production 
of gelatin as an alternative to mammalian coun-
terpart (GÓMEZ-GUILLÉN et al., 2011). Fish gela-
tin has been extracted mainly from fish skin such 
as seabass (SINTHUSAMRAN et al., 2014), cobia   
(SILVA et al., 2014) skipjack tuna, dog shark and 
rohu (SHYNI et al., 2014) and unicorn leatherjack-
et (KAEWRUANG et al., 2013), etc. 

Among fish processing industries, canned tuna 
industry is economically important. Tuna includ-
ing yellowfin, skipjack and tongol have been the 
important species for canning in Thailand with a 
large volume of raw materials used. Approximate-
ly two-thirds of the whole fish are utilized and the 
remainings involving the viscera, head, bone and 
swim bladder become the byproducts (KLOMKLAO 
et al., 2004). Fish swim bladders can be used for 
production of “isinglass” (WEBER et al., 2009). Re-
cently, KAEWDANG et al., (2014) reported that alka-
line pretreatment was essential for gelatin extrac-
tion from yellowfin tuna swim bladder. However, 
no information on the effect of extracting temper-
ature on characteristics and properties of gelatin 
has been reported. Therefore, the objectives of this 
investigation were to extract and characterize gel-
atin from the swim bladder of yellowfin tuna us-
ing different extraction temperatures.

2. Materials and methods

2.1. Chemicals

All chemicals were of analytical grade. Sodium 
dodecyl sulphate (SDS), Coomassie blue R-250 

and N,N,N’,N’-tetramethylethylenediamine (TE-
MED) were procured from Bio-Rad Laborato-
ries (Hercules, CA, USA). High-molecular-weight 
markers were purchased from GE Healthcare 
UK Limited (Buckinghamshire, UK). Food grade 
bovine bone gelatin with the bloom strength of 
150-250 g was obtained from Halagel (Thailand) 
Co., Ltd., (Bangkok, Thailand).

2.2. Collection and preparation 
of swim bladder

Swim bladders of yellowfin tuna (Thunnus al-
bacares) were obtained from Tropical Canning 
Public Co., Ltd., Songkhla, Thailand. Swim blad-
ders with the length of 8-12 cm were placed in 
polyethylene bags, inserted in ice using a sam-
ple/ice ratio of 1:2 (w/w) and transported to 
the Department of Food Technology, Prince of 
Songkla University, Songkhla. Upon arrival, 
swim bladders were washed with distilled water 
and cut into pieces with the length of approxi-
mately 2 cm. The prepared samples were then 
placed in polyethylene bag and frozen at -20°C. 
The samples were stored at -20°C until used. 
The storage time was not longer than 3 months. 
Prior to extraction, frozen swim bladders were 
thawed using running water until the tempera-
ture was 0-2°C

2.3. Extraction of gelatin from swim bladder

Prior to gelatin extraction, swim bladders 
were pretreated with alkaline solution as per 
the method of KAEWDANG et al. (2014). Pre-
pared swim bladders were added with the mixed 
alkaline solution (Na2CO3:NaOH; 7:3) having 
the concentration of 4% (w/v) at a ratio of 1:10 
(w/v). The mixture was stirred for 12 h at room 
temperature (28-30°C) using an overhead stir-
rer model W20.n (IKA®-Werke GmbH & CO.KG, 
Stanfen, Germany). The alkaline solution was 
changed every 6 h. The residues were washed 
with tap water until a neutral or faintly basic 
pH was obtained. 

To extract gelatin, alkali pretreated samples 
were soaked in distilled water with different 
temperatures (60, 70 and 80°C) using a swim 
bladder/water ratio of 1:5 (w/v) in a tempera-
ture-controlled water bath (W350, Memmert, 
Schwabach, Germany) for 24 h with a contin-
uous stirring at a speed of 150 rpm. The mix-
tures were then filtered using a Buchner fun-
nel with a Whatman No. 4 filter paper (What-
man International, Ltd., Maidstone, England). 
The filtrates were freeze-dried using a freeze-
dryer (CoolSafe 55, ScanLaf A/S, Lynge, Den-
mark). The dry gelatin extracted from swim 
bladder from yellowfin tuna at 60, 70 and 80 
°C was referred to as ‘G60’, ‘G70’ and ‘G80’, 
respectively. All gelatin samples were weighed, 
calculated for extraction yield and subjected 
to analyses.
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2.4. Analyses

2.4.1. Yield 

Gelatin yield was calculated by the following 
equation.

	 Weight of dry gelatin (g) x 100 
Yield (%) = ______________________________________

	 Weight of initial dry swim bladder (g)

where the weight of dry swim bladder was cal-
culated by subtracting moisture content de-
termined by AOAC (2000) from the initial wet 
weight. 

2.4.2. SDS-polyacrylamide gel electrophore-
sis (SDS-PAGE)

SDS–PAGE was performed by the method of 
LAEMMLI (1970). Samples were dissolved in 5% 
SDS solution. The mixtures were then heated at 
85°C for 1 h using a temperature controlled water 
bath model W350 (Memmert, Schwabach, Ger-
many). The mixtures were centrifuged at 8,500 g 
for 5 min using a microcentrifuge (MIKRO20, Het-
tich Zentrifugan, 170 Germany) to remove undis-
solved debris. Solubilized samples were mixed at 
1:1 (v/v) ratio with the sample buffer (0.5 M Tris–
HCl, pH 6.8, containing 5% SDS and 20% glycer-
ol). Samples were loaded onto a polyacrylamide 
gel made of 7.5% separating gel and 4% stack-
ing gel and subjected to electrophoresis at a con-
stant current of 20 mA/gel. After electrophoresis, 
the gels were stained with 0.05% (w/v) Coomas-
sie Blue R-250 in 50% (v/v) methanol and 7.5% 
(v/v) acetic acid for 30 min. Finally, they were 
destained with a mixture of 50% (v/v) metha-
nol and 7.5% (v/v) acetic acid for 30 min and 
destained again with a mixture of 5% (v/v) meth-
anol and 7.5% (v/v) acetic acid for 1 h. High-mo-
lecular-weight protein markers were used to es-
timate the molecular weight of proteins.

2.4.3. Amino acid analysis

Amino acid composition of gelatin samples 
was analyzed according to the method of NAGA-
RAJAN et al. (2012) with a slight modification. 
The samples were hydrolyzed under reduced 
pressure in 4 M methanesulphonic acid contain-
ing 0.2% (v/v) 3-2(2-aminoethyl) indole at 115 
°C for 24 h. The hydrolysates were neutralized 
with 3.5 M NaOH and diluted with 0.2 M citrate 
buffer (pH 2.2). An aliquot of 0.04 ml was ap-
plied to an amino acid analyzer (MLC-703; Atto 
Co., Tokyo, Japan).

2.4.4. Fourier transform infrared (FTIR) spec-
troscopic analysis

FTIR spectra of the gelatin samples were ob-
tained using a FTIR spectrometer (EQUINOX 

55, Bruker, Ettlingen, Germany) equipped with 
a deuterated L-alanine tri-glycine sulphate 
(DLATGS) detector. A horizontal attenuated to-
tal reflectance accessory (HATR) was mounted 
into the sample compartment. The internal re-
flection crystal (Pike Technologies, Madison, WI, 
USA), made of zinc selenide, had a 45° angle of 
incidence to the IR beam. Spectra were acquired 
at a resolution of 4 cm-1 and the measurement 
range was between 400 and 4,000 cm-1 (mid-
IR region) at room temperature. Automatic sig-
nals were collected in 32 scans at a resolution 
of 4 cm-1 and were ratioed against a background 
spectrum recorded from the clean empty cell at 
25°C. Analysis of spectral data was carried out 
using the OPUS 3.0 data collection software pro-
gramme (Bruker, Ettlingen, Germany).

2.4.5. Determination of gel strength

Gelatin gel was prepared by the method of KIT-
TIPHATTANABAWON et al. (2010). Gelatin was dis-
solved in distilled water (60 °C) to obtain a final 
concentration of 6.67% (w/v). The solution was 
stirred until the gelatin was completely solubi-
lized and then transferred to a cylindrical mold 
with 3 cm diameter and 2.5 cm height. The so-
lution was incubated at the refrigerated temper-
ature (4°C) for 18 h prior to analysis. 

The gel strength was determined at 8-10°C 
using a texture analyzer (Stable Micro System, 
Surrey, UK) with a load cell of 5 kg and cross-
head speed of 1 mm/s. A 1.27 cm diameter flat-
faced cylindrical Teflon® plunger was used. The 
maximum force (grams), taken when the plung-
er had penetrated 4 mm into the gelatin gels, 
was recorded. 

2.4.6. Determination of gelling and melting 
temperatures

Gelling and melting temperatures of gela-
tin samples were measured following the meth-
od of BORAN et al. (2010) using a controlled 
stress rheometer (RheoStress RS 75, HAAKE, 
Karlsruhe, Germany). The gelatin solution 
(6.67%, w/v) was prepared in the same manner 
as described previously. The solution was pre-
heated at 35°C for 30 min. The measuring ge-
ometry included a 3.5 cm parallel plate and the 
gap was set at 1.0 mm. The measurement was 
performed at a scan rate of 0.5°C/min, frequen-
cy of 1 Hz, oscillating applied stress of 3 Pa dur-
ing cooling from 35 to 5°C and heating from 5 to 
35°C. The gelling and melting temperatures were 
calculated, where tan δ became 1 or δ was 45°.

2.4.7. Microstructure analysis of gelatin gel

The microstructure of gelatin gel was visu-
alized using a scanning electron microscopy 
(SEM). Gelatin gels having a thickness of 2-3 mm 
were fixed with 2.5% (v/v) glutaraldehyde in 0.2 
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M phosphate buffer (pH 7.2) for 12 h. The sam-
ples were then rinsed with distilled water for 1 
h and dehydrated in ethanol with a serial con-
centration of 25%, 50%, 70%, 80%, 90% and 
100% (v/v). Dried samples were mounted on a 
bronze stub and sputter-coated with gold (Sput-
ter coater SPI-Module, West Chester, PA, USA). 
The specimens were observed with a scanning 
electron microscope (JEOL JSM-5800 LV, To-
kyo, Japan) at an acceleration voltage of 20 kV.

2.4.8. Determination of color of gelatin gel

The color of gelatin gels (6.67% w/v) was 
measured with a Hunter lab colorimeter (Color 
Flex, Hunter Lab Inc., Reston, VA, USA). L*, a* 
and b* values indicating lightness/brightness, 
redness/greenness and yellowness/blueness, 
respectively, were recorded. The colorimeter was 
warmed for 10 min and calibrated with a white 
standard. The total difference in color (ΔE*) was 
calculated according to the following equation.       
(GENNADIOS et al., 1996):

where ΔL*, Δa* and Δb* are the differences be-
tween the corresponding color parameter of the 
sample and that of the white standard (L* = 93.6, 
a*= -0.94 and b* = 0.40).

2.5. Statistical analysis

All experiments were run in triplicate, using 
three different lots of samples. Data were sub-
jected to analysis of variance (ANOVA) and mean 
comparisons were carried out using a Duncan’s 
multiple range test (STEEL and TORRIE, 1980). 
Statistical analysis was performed using the Sta-
tistical Package for Social Sciences (SPSS for 
windows: SPSS Inc., Chicago, IL, USA).

3. Results and discussion

3.1. Extraction yield

Yield of gelatin from the swim bladder of yel-
lowfin tuna extracted at various temperatures 
was different. Increasing yield was obtained 
when the extraction temperatures increased (P 
< 0.05). Yield of 35.6%, 41.1% and 47.3% (on 
dry weight basis) was found for G60, G70, and 
G80, respectively. This result was in agreement 
with KAEWRUANG et al. (2013), DUAN et al. (2011) 
and KITTIPHATTANABAWON et al. (2010) who re-
ported the increasing yield of gelatin as the ex-
traction temperature increased with higher tem-
peratures, the bondings stabilizing α-chains in 
the native mother collagen were destroyed to a 
higher extant. As a consequence, the triple he-
lix structure became amorphous and could be 
extracted into the medium with ease, leading to 

the higher yield (SINTHUSAMRAN et al., 2014). In 
addition, the higher energy applied could induce 
thermal hydrolysis of peptide chains, resulting 
in the formation of shorter peptides. As a result, 
those small peptides could be easily extracted 
into water.  The yield and characteristics of gel-
atin are associated with the type of raw materi-
al and gelatin extraction process, including the 
pretreatment process and extraction tempera-
tures. (NAGARAJAN et al., 2012; KITTIPHATTAN-
ABAWON et al., 2010; MONTERO and GÓMEZ-
GUILLÉN, 2000).

3.2. Protein patterns

Protein patterns of gelatin from the swim blad-
der of yellowfin tuna extracted at different tem-
peratures are shown in Fig. 1. The band inten-
sity of α1-chain and α2-chain decreased with in-
creasing extraction temperature. The decreas-
es in α1-chain band intensity were observed in 
G70 and G80, in comparison with that found in 
G60. Among all gelatin samples, G80 possessed 
the lowest α-chain band intensity. This might be 
caused by the degradation induced by the ther-
mal process. Therefore, the extraction tempera-
tures played a major role in protein components 
of resulting gelatin. KITTIPHATTANABAWON et al. 
(2010) reported that the gelatins extracted from 
the skins of brownbanded bamboo shark and 
blacktip shark with higher extraction tempera-
ture contained more peptides with the MW less 
than α-chain and the lower proportion of high 
MW (greater than β-chain) fractions, compared 
with those obtained from lower temperature ex-
traction. Gelatins from splendid squid skin with 
higher extraction temperatures contained a low-
er band intensity of the α-chains than those ob-
tained with lower extraction temperature (NAGA-

Fig. 1 - Protein patterns of gelatins from the swim blad-
der of yellowfin tuna extracted at different temperatures. 
M: high molecular weight markers. G60, G70 and G80 rep-
resent gelatin extracted from swim bladder at 60, 70 and 
80°C, respectively.
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RAJAN et al., 2012). On the other hand, gelatin 
from skin of unicorn leatherjacket extracted at 
higher temperature (65-75°C) had α-chain re-
tained at higher level than that extracted at low-
er temperature (KAEWRUANG et al., 2013). This 
was due to the thermal inactivation of indige-
nous proteases in the skin of unicorn leather-
jacket at high temperature. Generally, gelatins 
with a higher content of α-chains showed better 
functional properties including gelling, emulsi-
fying and foaming properties (GÓMEZ-GUILLÉN 
et al., 2002). In general, the formation of pep-
tide fragments is associated with lower viscosi-
ty, low melting point, low setting point, high set-
ting time, as well as decreased bloom strength 
of gelatin (MUYONGA et al., 2004a). The results 
suggested that G70 and G80, which were ex-
tracted at higher temperatures, had the shorter 
chains as indicated by lower content of α-chain. 

3.3. Amino acid composition

Amino acid compositions of gelatins from the 
swim bladder of yellowfin tuna extracted at dif-
ferent temperatures are shown in Table 1. Gly-
cine was the predominant amino acid in all gel-
atin samples, ranging from 305 to 314 resi-
dues/1000 residues. This implied that gela-
tin obtained was derived from its mother colla-
gen. Collagen consists of one-third glycine in its 
molecule (BALTI et al., 2011). It was noted that 
G80 had the higher glycine content than G60 
and G70. The higher glycine in G80 might be 
caused by free glycine, which was released to a 
high extent during extraction at high tempera-
ture. Alanine (121-122 residues/1000 residues) 
was found at high content. Alanine plays a role 
in viscoelastic property of gelatin (GIMÉNEZ et al., 
2005). Low contents of cysteine (1 residues/1000 
residues), tyrosine (5-6 residues/1000 residues), 
histidine (7-8 residues/1000 residues) and hy-
droxylysine (10 residues/1000 residues) were 
observed in all gelatin samples.  For imino acids, 
all gelatins contained proline and hydroxypro-
line contents of 95–99 and 72–74 residues/1000 
residues, respectively. REGENSTEIN and ZHOU 
(2007) reported that glycine, alanine, proline and 
hydroxyproline are four of the most abundant 
amino acids in gelatin. The properties of gelatin 
are largely influenced by the amino acid com-
position and their molecular weight distribution 
(GÓMEZ-GUILLÉN et al., 2009). When comparing 
the content of imino acids (proline and hydroxy-
proline), gelatin from swim bladder had the lower 
imino acid content than those from seabass skin 
(198-202 residues/1000 residues) (SINTHUSAM-
RAN et al., 2014) and from carp skin (188-190 
residues/1000 residues) (DUAN et al., 2011). The 
imino acid content of fish collagens and gelatins 
correlates with the water temperature of their 
normal habitat (FOEGEDING et al., 1996; RE-
GENSTEIN and ZHOU, 2007). It has been known 
that imino acid content, especially hydroxypro-

line content, affected functional properties of gel-
atin, especially gelling property (AEWSIRI et al., 
2008; BENJAKUL et al., 2009). Therefore, amino 
acid composition of gelatin from swim bladder 
was governed by extraction temperature. 

3.4. Fourier transform infrared (FTIR) spec-
troscopy

FTIR spectra of gelatins extracted using differ-
ent temperatures are shown in Fig. 2. FTIR spec-
troscopy has been used as a well-established 
technique to monitor the functional groups and 
secondary structure of gelatin (KONG and YU, 

Table 1 - Amino acid compositions of gelatins from the swim 
bladder of yellowfin tuna extracted at different temperatures.

Amino acids	 Number of residues/1000 residues

	 G60	 G70	 G80

Alanine	 121	 121	 122
Arginine	 52	 52	 53
Aspartic acid/asparagine	 49	 48	 46
Cysteine	 1	 1	 1
Glutamic acid /glutamine	 80	 80	 78
Glycine	 307	 305	 314
Histidine	 7	 8	 7
Isoleucine	 14	 14	 13
Leucine	 29	 30	 28
Lysine	 26	 26	 26
Hydroxylysine	 10	 10	 10
Methionine	 17	 16	 16
Phenylalanine	 16	 16	 16
Hydroxyproline	 74	 72	 73
Proline	 95	 99	 99
Serine	 41	 41	 40
Threonine	 30	 30	 30
Tyrosine	 6	 6	 5
Total	 1000	 1000	 1000
Imino acids	 169	 171	 172

Fig. 2 - ATR-FTIR spectra of gelatins from the swim blad-
der of yellowfin tuna extracted at different temperatures 
(see Fig. 1 caption).
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2007). The absorption bands were situated in the 
amide region. The absorption in the amide-I re-
gion, owing to C=O stretching vibration, is prob-
ably the most useful for infrared spectroscopic 
analysis of the secondary structure of proteins 
(BENJAKUL et al., 2009). It depends on the hy-
drogen bonding and the conformation of the pro-
tein structure (BENJAKUL et al., 2009; URIARTE-
MONTOYAETAL et al., 2011). G60, G70 and G80 
exhibited the amide-I bands at the wavenumbers 
of 1652.8, 1653.7 and 1652.9 cm-1, respective-
ly. The characteristic absorption bands of G60, 
G70 and G80 in amide-II region were noticeable 
at the wavenumbers of 1544.6, and 1545.5 and 
1543.5 cm-1, respectively. Amide-II arises from 
bending vibration of N-H groups and stretching 
vibrations of C-N groups. In addition, amide-
III was detected at the wavenumbers of 1241.9, 
1241.3 and 1240.8 cm-1 for G60, G70 and G80, 
respectively. The amide-III represents the com-
bination peaks between C-N stretching vibra-
tions and N-H deformation from amide linkages 
as well as absorptions arising from wagging vi-
brations from CH2 groups from the glycine back-
bone and proline side-chains (JACKSON et al., 
1995). G80 had the lowest amplitude, whereas 
G60 exhibited the highest amplitude at amide-
III region. This indicated that the greater disor-
der of molecular structure due to transforma-
tion of an α-helical to a random coil structure 
occurred at higher temperature. These chang-

es were associated with loss of triple-helix state 
as a result of denaturation of collagen to gela-
tin (MUYONGA et al., 2004b). The result recon-
firmed the higher degradation of gelatin extract-
ed at higher temperatures.

Amide-A band, arising from the stretching vi-
brations of the N-H group, appeared at 3338.3, 
3339.1 and 3339.3 cm-1 for G60, G70 and G80, 
respectively. Amide-A represents NH-stretch-
ing coupled with hydrogen bonding. Normal-
ly, a free N-H stretching vibration is found in 
the range of 3400-3440 cm-1 (MUYONGA et al., 
2004b). When the N-H of a peptide is involved 
in a hydrogen bond, the position shifts to lower 
frequencies (DOYLE et al. 1975). In amide-A re-
gion, the lower wavenumber was found in G60, 
suggesting the hydrogen bonding involvement 
of N-H in α-chain. On the other hand, the low-
er wavenumber with the concomitantly higher 
amplitude of amide-A observed in G80 could be 
associated with the higher degradation of gel-
atin and higher free amino groups. The amide 
B was observed at 3082.1, 3080.9 and 3081.8 
cm-1 for G60, G70 and G80, respectively. Amide 
B corresponds to asymmetric stretch vibration 
of =C-H as well as –NH3

+. Thus, the secondary 
structure of gelatins obtained from the swim 
bladder of yellowfin tuna was affected to some 
degree by extraction temperature.

3.5. Gel strength

Gel strength of gelatin from the swim bladder of 
yellowfin tuna extracted at different temperatures 
is presented in Fig 3. G60, G70 and G80 had the 
gel strength of 72, 64 and 51 g, respectively. The 
difference in gel strength between the samples 
could be due to the differences in intrinsic charac-
teristics, especially molecular weight distribution. 
Protein degradation resulted in the formation of 
peptides with shorter chain length, which might 
show the lower ability to from the junction zone 
or anneal each other. The longer chains in G60 
could undergo aggregation to form gel network 
more effectively than G70 and G80. As a result, 
a stronger gel network could be formed as indi-
cated by the higher gel strength. Bloom strength 
of commercial gelatins ranges from 100 to 300, 
but gelatins with bloom values of 250-260 are 

Fig. 3 - Gel strength of gelatin from the swim bladder of yel-
lowfin tuna with different temperatures. Different upper-
case letters on the bars denote significant differences 	 (P< 
0.05). Bars represent the standard deviations (n = 3). (see 
Fig. 1 caption).

Table 2 - Gelling and melting temperatures and gel color of gelatin from the swim bladder of yellowfin tuna extracted at dif-
ferent temperatures.

Samples	 Melting point	 Gelling point	 Colour 

	 (C˚)	 (C˚)	 L*	 a*	 b*	 ΔE*

G60	 22.33±0.42A	 15.24±0.27A	 27.98±0.57C	 -2.07±0.02C	 8.21±0.11C	 66.09±0.57A

G70	 22.05±0.45A	 14.86±0.24A	 42.79±0.47B	 -0.76±0.10B	 16.79±0.24B	 53.39±0.42B

G80	 20.36±0.27B	 11.07±0.58B	 45.79±0.78A	 -0.34±0.05A	 19.03±0.20A	 51.32±0.80C

Mean ±SD (n = 3).
Different uppercase superscripts in the same column indicate significant differences (P < 0.05).
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the most desirable (HOLZER, 1996). Different gel 
strength was reported for gelatin from skin of dif-
ferent species including splendid squid (85–132 
g) (NAGARAJAN et al., 2012), brownbanded bam-
boo shark and blacktip shark (206–214 g) (KIT-
TIPHATTANABAWON et al., 2010) and bigeye snap-
per (108 g) (BINSIA et al., 2009). 

3.6. Gelling and melting temperatures

The gelling temperatures of all the gelatin 
samples were in the range of 11.07-15.24°C (Ta-
ble 2). Thermal transitions were monitored by 
changes in the phase angle (δ) of dissolved gel-
atins during cooling (35-5°C) and subsequent 
heating (5-35°C). It was found that G80 had the 
lowest gelling point (11.07°C) (P < 0.05), while no 
difference in gelling point were observed between 
G60 and G70 (P > 0.05). In general, fish gela-
tin is not able to form gel at room temperature 
(NORLAND, 1990). It has been known that imino 
acid content is an essential factor governing ge-
lation of getatin (GILSENAN and ROSS-MURPHY, 
2000). However, the similar amino acid content 
was observed among all samples (169-172 resi-
dues/1000 residues). The result indicated that 
the gelling temperature was affected by the ex-
traction temperature, more likely related with 
varying chain length. 

As a thermoreversible gel, gelatin gel starts 
melting when the temperature increases above 
a certain point, which is called the gel melting 
point (KARIM and BHAT, 2009). The melting tem-
peratures of gelatin gel from swim bladder were 
in the range of 20.36-22.33°C. G80 had the low-
est melting point (20.36°C) (P < 0.05). Neverthe-
less, G60 and G70 showed similar melting points 
(P > 0.05). Typical melting points for fish gela-
tins ranged from 11 to 28°C (KARIM and BHAT, 
2009). GÓMEZ-GUILLÉN et al. (2002) reported 
that melting points of cod, hake, sole and me-
grim were 13.8, 14, 19.4 and 18.8°C, respec-
tively. Melting points of red and black tilapia 
skin gelatins were 22.4 and 28.9°C, respective-
ly (JAMILAH and HARVINDER, 2002). There was a 
relationship between melting point and molecu-
lar weight of gelatin. Low molecular weight gela-
tins melt at lower temperature than high molec-
ular weight counterparts (GILSENAN and ROSS-
MURPHY, 2000). The results suggested that lower 
melting point of G80 was attributed to the low-
er molecular weight of peptide chains. Temper-
ature of the environment also affects the gel-
ling and melting temperatures of gelatin (GUD-
MUNDSSON, 2002). Poorer gel strength of G80 
(Fig. 3) was in accordance with lower gelling and 
melting points.

3.7. Microstructures of gelatin gels

The microstructures of gelatin gels from swim 
bladder with different extraction temperatures are 
illustrated in Fig. 4. In general, the conformation 

Fig. 4 - Microstructures of gelatin gel from the swim bladder 
of yellowfin tuna extracted at different temperatures. Mag-
nification: 3000 (see Fig. 1 caption).
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and chain length of the proteins in gel matrix di-
rectly contributed to the gel strength of gelatin 
(BENJAKUL et al., 2009). Gelatin extracted at 60°C 
showed the finest gel network with small voids. 
Conversely, the coarser networks with the larg-
er voids were found in gel of the gelatin extract-
ed at higher temperatures. The fine gel structure 
of gelatin extracted at lower temperature was in 
accordance with the higher gel strength (Fig. 3). 
It has been known that the microstructure of the 
gel is related to the physical properties. The gel-
atin gel network was governed by the pretreat-
ment conditions (YANG et al., 2008) and gelatin 
concentration (YANG and WANG, 2009). Gelatin 
extracted at lower temperatures had the lower 
degradation, in which proteins with higher chain 
length were present. As a result, junction zones 
could be formed to a greater extent. This led to 
the high aggregation with a strong and ordered 
network. In the first stage of gel network forma-
tion, there is competition between intramolecular 
folding and intermolecular aggregate formation 
(YANG and WANG, 2009). For gelatin extracted at 
lower temperature, longer chains might under-
go aggregation to a higher extent. Thus, the ar-
rangement of peptides in the network during ge-
lation as determined by chain length directly af-
fected gel properties of gelatin.

3.8. Color

Color of the gelatin gel from swim bladder with 
different extraction temperatures expressed as 
L*, a* and b* is shown in Table 2. Gel of gelatin 
extracted at lower temperatures (G60) showed 
the lower L*-value (lightness) than others (G70 
and G80) (P < 0.05). The higher redness (a*-val-
ue) and yellowness (b*-value) were found in the 
latters (P < 0.05). Generally, the increases in L*, 
a* and b*-value of gelatin increased with increas-
ing extraction temperatures. For yellowness (b*-
value), an increase was observed in all gelatin 
gels when the extraction temperatures increased 
(P < 0.05). This might be due to a non-enzymat-
ic browning reaction taken place at the higher 
temperature, especially when the extraction time 
increased (AJANDOUZ and PUIGSERVER, 1999). 
Among all the gelatin samples, those extracted 
at a lower temperature (60˚C) showed the highest 
total difference in the color value (ΔE*) (66.09) 
with the lowest lightness (L*-values). These re-
sults showed that the extraction temperatures 
had the impact on color of gelatin extracted from 
the swim bladder of yellowfin tuna.

4. Conclusion

Swim bladder from yellowfin tuna could be an 
alternative source of gelatin. Gelatin extracted 
at a higher temperature had the highest extrac-
tion yield, but possessed the poorer gel proper-
ties. Extraction conditions also affected the color 

of resulting gelatin. The appropriate extraction 
temperature for gelatin from swim bladder was 
60 °C, providing the highest gel strength.
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Abstract

The consumer attention for products with healthy properties is increased in time, and fruit juic-
es, for their ease of consumption, can satisfy this demand providing them bioactive compounds. 
The grape juice has numerous health benefits demonstrated by several studies such as, among 
other, the antioxidant activities and the positive functions of their phenolic compounds. This work 
is aimed at blending grape and others fruits in a new fruit juice made only with natural ingredi-
ents of local production. The grape juice (cv Barbera) has substituted water and its percentage 
was fixed (70%). It was mixed with apple (cv Golden delicious), pear (cv Williams) and peach (cv 
Red Haven) juices to obtain 25 different prototypes. In each of these at least two fruit juices were 
present and added in a percentage variable from 0 to 25%, with a step of 5%. The objectives of 
this study were to check the feasibility of the mixing process and the evaluation of the samples 
overall pleasantness.

Other sensory aspects of samples were also evaluated by consumers with a JAR (just-about-
right) structured scale. The results didn’t reveal particular technological problems regarding the 
blending process. The Brix mean value of the samples was about 15.3, with a significant reduc-
tion compared to that of the grape juice (about 19). The pH mean value of the samples (3.44) was 
significantly higher than that of the grape juice (3.36). The titrable acidity and the antioxidant ca-
pacity mean value of the samples was, namely, 6.22 g L-1 and 535.18 mg L-1. The penalty analy-
sis of the liking test pointed out the importance of the persistence in mouth. The overall pleasant-
ness was significantly (p≤0,01) positively correlated with the °Brix/acid ratio (r=0.54) and sam-
ples with the highest percentage of pear juice were generally preferred.

mailto:mariacarla.cravero%40entecra.it?subject=
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Introduction

Fruit consumption has a positive impact on 
health (O’NEIL et al., 2011) and, including also 
vegetables, five are their daily servings (FSA, 
2010), though this advice is generally ignored 
(WOOTTON-BEARD and RYAN, 2011). In this re-
gard, the “Dietary Guidelines for Americans” 
consider the 100% fruit juice as alternative to 
whole fruit (USDA, 2010). Indeed, fruit juic-
es in general are deemed as one of the main 
sources of bioactive compounds for diet (ROD-
RÍGUEZ-ROQUE et al., 2014). Even if the link 
between weight and sweetened beverages, in-
cluding fruit juice 100%, must to be taken into 
account, referring to these latters, there is no 
consistent association (O’NEIL et al., 2011) and, 
actually, these have demonstrated to improve 
nutrient adequacy among children and adoles-
cents of 2-18-year-olds (O’NEIL et al., 2012). 
Also grape has proved to have numerous health 
benefits, such as antioxidant activity and the 
functions of flavonoid compounds (VISLOCKY 
and FERNANDEZ, 2010; WOOTTON-BEARD and 
RYAN, 2011). Grape-based products may pre-
vent cardiovascular deseases, decrease oxida-
tive stress and protect against atherosclero-
sis. Results from animal models suggest that 
especially purple grape juice more effective-
ly improves blood lipids (VISLOCKY and FER-
NANDEZ, 2010). From a organoleptic and sen-
sory perspective, grape juice is characterised 
by a high concentration of sugars and acids, 
a low pH and, generally, a very poor odour/
aroma. Thus, grape juice has a high-energy 
value, which reduces the nutritional, while 
its high acidity and low odour/aroma intensi-
ty can reduce consumer preference. OJEDA et 
al. (2009) highlighted the too high sugar con-
tent of the pure grape juice and, for this rea-
son, it is important to reach a right sugar/ac-
ids balance to develop appreciable grape juice. 
To reach this result it is necessary to use the 
optimal grape variety and/or mixing it with 
other fruit. The blending, indeed helps to im-
prove flavour, taste, and nutritive value and it 
reduces the cost of production, improves stor-
ability and inhibits microbial growth (BHARD-
WAJ and PANDEY, 2011). As reported by BATES 
and MORRIS (2001), the reasons for producing 
blends are many and all attributable to ad-
just and improve acceptability. The aim of this 
work was to develop an innovative concept of 
fruit juice obtained by mixing grape with oth-
er fruit juices to reduce its sugar concentra-
tion, acidity and to improve its olfactory pro-
file. The tested fruit juices (peach, pear and ap-
ple) were chosen based on their appreciation 
by consumers, low acidity and sugar content, 
high antioxidant activity and high odour/aro-
ma intensity. The use of grape must would also 
help to reduce the wine surplus that, current-
ly, amounts to, approximately, 30 million hec-

tolitres world wide (RAMOS et al., 2012; AYL-
WARD, 2012).

Materials And Methods

Juice production

The grape juice (cv Barbera) was provided by 
Terre dei Santi (Castelnuovo Don Bosco, Asti, 
Italy), while the other fruit juices were provided 
by Valter Valle Farm (San Damiano d’Asti, Asti, 
Italy). The apple, pear and peach juices were ob-
tained from the Golden delicious, Williams and 
Red Haven cultivars, respectively. For juice pro-
duction, fruits were directly pressed, and the 
juice was filtered and stored at +1°C until use. 
Because the aim of this study was to develop a 
new grape-based juice, the percentage of grape 
juice was fixed (70%) and the other fruit juices 
were added in percentages from 0 to 25%, with 
a step of 5% (Table 1). 

Table 1 - Experimental plan of blending.

Sample code	 Barbera juice (%)	 Fruit juices (%)

		  Pear	 Peach	 Apple

S-1	 70	 0	 5	 25
S-2	 70	 0	 10	 20
S-3	 70	 0	 15	 15
S-4	 70	 0	 20	 10
S-5	 70	 0	 25	 5
S-6	 70	 5	 0	 25
S-7	 70	 5	 5	 20
S-8	 70	 5	 10	 15
S-9	 70	 5	 15	 10
S-10	 70	 5	 20	 5
S-11	 70	 5	 25	 0
S-12	 70	 10	 0	 20
S-13	 70	 10	 5	 15
S-14	 70	 10	 10	 10
S-15	 70	 10	 15	 5
S-16	 70	 10	 20	 0
S-17	 70	 15	 0	 15
S-18	 70	 15	 5	 10
S-19	 70	 15	 10	 5
S-20	 70	 15	 15	 0
S-21	 70	 20	 0	 10
S-22	 70	 20	 5	 5
S-23	 70	 20	 10	 0
S-24	 70	 25	 0	 5
S-25	 70	 25	 5	 0

This ratio was defined taking into account 
that, generally, in a fruit juice, the fruit/wa-
ter ratio is approximately 35:65 (FÜGEL et al., 
2005) and in this study water was replaced 
by grape juice. Because for each beverage at 
least two fruit juices must be present, a total 
of 25 mixed juices were obtained. The proto-
types were then bottled, pasteurised (105°C, 
25 min) and stored at ambient temperature. 
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Three replicates for each of the 25 recipes are 
been prepared.

Reagents

Folin-Ciocalteu reagent, sodium hydroxide, 
glucose, fructose, phosphoric acid, methanol, 
sulphuric acid, caesium chloride, tartaric, mal-
ic and citric acids were purchased from Sigma-
Aldrich (Milano, Italy). Ultrapure water was ob-
tained from a Milli-Q gradient A10 instrument 
(Millipore Corporation, Billerica, USA).

Analyses

Density, extract, pH, sulphur dioxide, titrable 
acidity, total sugars, glucose, fructose, ashes 
and potassium of grape must were determined 
in accordance with the Commission Regula-
tion (EEC) No. 2676/90 of 17 September 1990, 
while tartaric, malic and citric acids were de-
termined by HPLC (CANE, 1990). The polyphe-
nolic composition of the grape must and fruit 
juices (total polyphenols, anthocyanin and fla-
vonoid contents) was determined by spectro-
photometry (DI STEFANO et al., 1989). The glu-
cose, fructose, total sugars, ashes, titrable 
acidity, pH, tartaric acid, malic acid, citric acid 
and potassium of the fruit juices and beverag-
es were determined in accordance with Italian 
Standard Methods (DM 03/02/1989). The fruit 
juice antioxidant capacity, expressed as Vita-
min-C Equivalent Amount or VEAC Index, was 
determined according to KIM et al. (2002). The 
colour was measured using a Konica Minolta 
spectrophotometer CM-5 (Minolta Corp, Osa-
ka, Japan) in the CIELab colour system with 
a D65 illuminant. The parameters measured 
were L* (whiteness or brightness/darkness), a* 
(redness/greenness) and b* (yellowness/blue-
ness). Each sample was evaluated in a 40-mL 
cuvette (1-cm thickness). All evaluations were 
performed in triplicate. 

Liking test

As reported by MAMMASSE and SCHLICH 
(2014), literature recommend a range from 50 
to 100 consumers in hedonic tests and gener-
ally no replication are needed. Taking into ac-
count this and the limited quantity of samples, 
the liking test was executed once by recruiting 
50 consumers (22 males and 28 females, aged 
26-65 years).

They have received an invitation and volun-
tarily have participated to the tests. All tests 
were conducted individually, and social interac-
tion was not permitted. The test was performed 
inside an air-conditioned meeting room with 
white light. The temperature was approximately 
21 °C, and the relative humidity was approxi-
mately 50%. Tests were performed from 11 a.m. 
over 5 days. For each session, five experimental 

beverage samples (approximately 30 mL each) 
were presented in a completely randomised and 
balanced order. The samples were offered to 
the consumers in coded plastic cups. Natural 
bottled water was provided to each participant 
for palate cleansing. To decrease fatigue, there 
was a 5 minutes break between each sample. 
During each break, the consumers rinsed their 
mouths with water. All beverages were evalu-
ated for specific parameters by consumers on 
a Just-about-right (JAR) structured scale, and 
then the consumers were asked to express the 
overall pleasantness of each product. 

For JAR evaluation, consumers rated the 
samples on a 5-point JAR scale (1 = much too 
low, 2 = a little too low, 3 = just about right-JAR, 
4 = a little too much, and 5 = much too much) 
for five sensory parameters: colour, odour, aro-
ma, sweet taste and persistence in the mouth. 
For the overall pleasantness evaluation, a seg-
ment of known length (100 mm), limited to the 
extremes of two adjectives of opposite mean-
ing (bipolar scale) was used. Consumers were 
asked to mark the line that corresponded to 
their degree of overall pleasantness. The data 
were collected on a paper card. According to 
PAGÈS et al. (2014), the 5 JAR variables were 
reduced to 3 for data evaluation: “not enough” 
(by grouping the “much too low” and “a little 
too low” responses), “JAR” and “too much” (by 
grouping the “much too much” and “a little too 
much” responses). This grouping of variables 
leads to simpler analyses, and it allows for ob-
taining more stable results because non-JAR 
categories are associated with higher frequen-
cies (PAGÈS et al., 2014). 

Statistical analysis

Compositional data and overall pleasantness 
were examined by one-way analysis of variance 
(ANOVA) with Tukey’s test (p≤0.05) as a multiple 
range test with XLSTAT 2011 (Addinsoft SARL, 
California, USA) and then used for a Principal 
Component Analysis, also performed with XL-
STAT 2011 (Addinsoft SARL, California, USA). 
The °Brix/acid ratio and the overall pleasant-
ness were subjected to Pearson’s test (r). The 
JAR data were subjected to a penalty analysis 
with XLSTAT-MX 2014.2.07 (Addinsoft SARL, 
California, USA).

Results and Discussion

Compositional aspects

The compositions of grape and fruit juices 
used for beverage production are reported in Ta-
ble 2, while the composition of the obtained bev-
erages are reported in Tables 3 and 4. 

As highlighted by MORALES-DE LA PENA 
et al. (2010), the overall quality of a fruit juice 
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is evaluated by a few parameters such as sol-
uble solids, pH and acidity. The grape juice 
displayed a total soluble solids content of 19 
°Brix with approximately 170 g L-1 of sugars, 
while the peach, apple and pear juices exhibit-
ed 11.5, 11.0 and 13.5 °Brix, respectively. The 
mean value of °Brix for new beverages was ap-
proximately 15.3, with a significant reduction 
with respect to grape juice, approximately 19. 
The obtained value is similar to that of a fruit 
juice (GUNATHILAKE et al., 2014) and ideal for 
the formulation of nutraceutical food beverages 
(SARAVANAN and ARADHYA, 2011a). The content 
of fructose in apple juice (approximately 62 g 
L-1) was higher than that reported by WU et al. 
(2007) but lower than that reported by WILL et 
al. (2008) and MARKOWSKI et al. (2009). Addi-
tionally, the fructose content of pear juice (ap-
proximately 75 g L-1) was higher than that re-
ported by COLARIC et al. (2006). Acidity is one 
of the most important quality parameters for 
fruit juices (BHARDWAJ and PANDEY, 2011), as 
confirmed by AL BITTAR et al. (2013), who in-
cluded this factor in the sensory analysis of 
an innovative grape juice enriched in polyphe-
nols. Nevertheless, LIU et al. (2006) highlight-
ed that: “high acidity has a negative influence 
on the palatability of table grapes, as well as 
the suitability for wines”. The value of the total 
acidity, expressed as tartaric acid, of the grape 
juice used in this study (6.26 g L-1) is compa-
rable to that reported for juices made with dif-
ferent grape cultivars (MARSELLÉS-FONTANET et 
al., 2013; LIU et al., 2006; SOYER et al., 2003). 
The main organic acid in grape is tartaric acid, 
which has a pK1 of 3.04, followed by malic acid, 
which has a pK1 of 3.40 (LIU et al., 2006). The 

Table 2 - Composition of grape and fruit juices used for beverages production. Data are expressed as mean ± SD.

	 Fruit juices	 Grape juice

	 Pear	 Peach	 Apple

Glucose (g L-1)	 19.08±0.2	 39.78±0.2	 20.41±0.2	 Glucose (g L-1)	 86.94 ±0.2
Fructose (g L-1)	 75.43±0.4	 41.59±0.5	 61.94±0.2	 Fructose (g L-1)	 94.82 ±0.09
Ashes (g Kg-1)	 2.6±0.03	 4.3±0.02	 2.7±0.02	 Ashes (g L-1)	 3.4 ±0.1
Potassium (mg Kg-1)	 1720±0.2	 3542±6	 1540±0.4	 Potassium (mg Kg-1)	 1223±5
°Brix	 13.5±0.4	 11.5±0.3	 11±0.2	 °Brix	 19±0.3
Total Acidity (g L-1)	 4.3±0.2	 4.85±0.3	 4.13±0.1	 Total Acidity (g L-1)	 6.26±0.04
pH	 3.73±0.03	 3.79±0.01	 3.76±0.01	 pH	 3.36±0.05
Tartaric acid (g L-1)	 0.281±0.01	 0.233±0.02	 0.26±0.03	 Tartaric acid (g L-1)	 2.73±0.02
Malic acid (g L-1)	 0.312±0.03	 0.892±0.02	 1.028±0.01	 Malic acid (g L-1)	 2.35±0.03
Citric acid (g L-1)	 0.588±0.03	 0.788±0.04	 nd	 Citric acid (g L-1)	 0.1 ±0.01
Polyphenols (mg Kg-1)	 126.7±5	 81.9±4	 96.5±4	 Polyphenols (mg L-1)	 446 ±6
				    Density (g L-1)	 1.07715 ±0.0004
				    Extract (g L-1)	 206.6±0.4
				    Free Sulphur Dioxide (mg L-1)	 nd
				    Total Sulphur Dioxide (mg L-1)	 11.2±0.4
				    Anthocyanins (mg L-1)	 228 ±1.74

(nd – not determined).

grape juice had a tartaric acid content of 2.73 g 
L-1, similar to juice reported by LIU et al. (2006). 
The pH value also plays an important role in the 
preparation of beverages (BHARDWAJ and PAN-
DEY, 2011). The blending process here studied 
is aimed to increase the pH value of grape must 
(3.36). Our obtained results indicated that the 
addition of fruit juice with pH values of 3.79 
(peach), 3.76 (apple) and 3.73 (pear) increased 
the pH of grape juice so that it reached a mean 
value of 3.44 in the prepared beverages. In his 
research on the properties of fruit juices used 
for functional beverages, GUNATHILAKE et al. 
(2014) reported a pH of 3.60 for apple juice, 
while ANDRÉS et al. (2014) in their evaluation 
of the bioactive compounds in non-fermented 
beverages highlighted that the pH ranged be-
tween 3.20 and 4.01, in agreement with SAARE-
LA et al. (2011). Typically, the pH values ​of fruit 
juices are below 4, or even 3, depending on the 
fruits used. The amount of organic acids in the 
fruit juices depended on the cultivar: apple dis-
played the highest amount of malic acid, with a 
content of 1.028 g L-1, while pear juice had the 
highest citric acid content (0.588 g L-1). AGUI-
LAR-ROSAS et al. (2007) reported a malic acid 
content below 0.35 g L-1 for the same cultivar, 
whereas BURON-MOLES et al. (2014) reported 
a malic acid content of 1.4 g L-1. For beverag-
es, the most abundant organic acid was malic 
acid, with a mean content of 2.84 g L-1, while 
the mean tartaric acid amount in these samples 
was 2.39 g L-1. For this compound, the concen-
tration was similar among all of the beverages 
because the same quantity of grape must was 
used and because the quantity of tartaric acid is 
very low for fruit juice. The highest values were 
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found for beverages S-3 and 
S-4, which contained higher 
quantities of apple juice. The 
Brix/acid ratio (Table 3) is an 
important parameter usual-
ly used to control fruit quali-
ty. In this study a positive cor-
relation (r = 0.54, p≤0.01.) re-
sulted between it and the over-
all pleasantness in accordance 
with JAYASENA AND CAMER-
ON (2007). These authors re-
ported that the °Brix/acid ra-
tio compared with the °Brix 
alone demonstrated a higher 
degree of association with the 
consumer acceptability and it 
appeared a very useful matu-
rity indicator. The peach juice 
exhibited the highest potassi-
um content. This characteris-
tic determined an increase in 
the content of this important 
component in the beverages 
containing high percentages 
of peach, e.g., sample S-5. The 
lowest value was determined 
for sample S-12, which was 
obtained without peach juice. 
The total polyphenols content 
ranged between 265.5 mg L-1 
for beverage S-5 and 407 mg 
L-1 for beverage S-24, with a 
mean value of 359.30 mg L-1. 
According to the total poly-
phenol contents of fruit juic-
es, higher values were exhib-
ited by beverages with high 
percentages of pear juice. The 
same beverage also displayed 
some of the highest values for 
the flavonoid content (627.5 
mg L-1 , the highest) and an-
tioxidant capacity (585 mg 
L-1 , the second highest one). 
For this parameter, the result 
for S-24 was similar to that 
of beverage S-1 (593 mg L-1). 
The lowest value for the anti-
oxidant capacity (464.41 mg 
L-1) was displayed by beverage 
S-5. These results highlight-
ed that the most interesting 
findings were obtained with a 
high quantity of apple or pear 
juice in the beverage, while a 
high content of peach juice led 
to a reduction of this param-
eter. The ANOVA and Tukey’s 
test performed for each pa-
rameter of the beverages dis-
played high variability among 
all samples and strictly corre-
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Table 4 - Polyphenol composition (PHEN - total polyphenols; TAI - anthocyanins; TFI - flavonoids; VCEAC - antioxidant ca-
pacity) and CIELab values of samples obtained by mixing grape juice and fruit juices of pear, peach and apple and results of 
ANOVA analysis with Tukey’s test. Data are expressed as mean ± SD. For sample code see Table 1. Values in each column 
having different letters are significantly different at p<0.05.

Sample	 PHEN	 TAI	 TFI	 VCEAC	 L*(D65)	 a*(D65)	 b*(D65)
code	 (mg L-1)	 (mg L-1)	 (mg L-1)	 (mg L-1)

S-1	 384.5±4.95 cd	 84±1.41 abc	 540.5±44.55 cdefgh	 593.83±10.40 a	 68.14±2.86 ab	 32.18±0.46	 11.20±0.43
S-2	 389.5±2.12 bcd	 84.5±2.12 abc	 478±4.24 ghijkl	 578.38±1.04 ab	 64.75±0 .01 b	 33.9±0.10	 11.675±0.15
S-3	 366±1.41 efg	 82±2.82 abcd	 407.5±20.51 l	 526.17±4.16 abcd	 66.28±0.45 ab	 33.56±0.19	 11.36±0.26
S-4	 362±0.7 gh	 82.5±1.06 abc	 497±4.95 fghijk	 468.09±20.28 cd	 66.63±0.19 ab	 32.72±0.51	 10.52±0.27
S-5	 265.5±6.36 o	 80±0.00 abcde	 447±2.83 ijkl	 464.41±10.40 d	 66.65±1.98 ab 	 34.84±1.72	 11.23±0.30
S-6	 402.5±4.95 ab	 88.5± 0.71 a	 612.5±0.71 abc	 534.26±48.87 abcd	 64.89±0.25 b	 32.94±0.40	 11.31±0.28
S-7	 405.5±3.54 a	 88±0.00 ab	 576±1.41 abcd	 476.91±7.28 cd	 64.13±0.93 b	 32.75±0.07	 10.89±0.01
S-8	 385.5±2.12 cd	 80.5±0.71 abcde	 546.5±7.78 bcdefg	 492.35±47.83 bcd	 63.85±1.52 b	 33.52±2.33	 10.97±1.19
S-9	 380.5±2.12 de	 81.5±0.71 abcd	 545±5.66 cdefg	 530.59±29.12 abcd	 65.63±1.25 ab	 33.85±0.76	 11.46±0.59
S-10	 362.5±2.12 fgh	 80.5±0.71 abcde	 517±1.41 defghi	 480.59±10.40 cd	 66.21±3.21 ab	 34.4±2.77	 11.25±1.00
S-11	 338.5±4.95 ijk	 79.5±0.71 abcde	 490.5±.71 fghijk	 537.94±18.72 abcd	 67.96±2.23 ab	 33.8±1.33	 10.9±0.72
S-12	 377±1.41 def	 82±0.00 abcd	 581±1.41 abcd	 577.65±0.00 ab	 66.62±0.40 ab	 33.49±1.94	 9.45±0 .47
S-13	 334±0.00 jkl	 67.5±0.71 gh	 515.5±4.95 defghi	 551.18±0.00 abcd	 67.5±2.21 ab	 31.66±0.46	 9.81±0.01
S-14	 325±4.24 klm	 63.5±2.12 h	 493.5±4.95 fghijk	 510±2.08 abcd	 68.51±1.62 ab	 32.66±1.77	 10.04±0.04
S-15	 314.5±0.71 mn	 68.5±2.12 gh	 430±15.56 kl	 506.32±11.44 abcd	 70.09±0.14 ab	 30.79±1.81	 9.77±0.95
S-16	 309.5±0.71 n	 65.5±0 .71 gh	 436±9.90 jkl	 510.74±15.60 abcd	 74.03±4.72 a	 31.21±1.16	 9.26±1.27
S-17	 350±4.24 hi	 72±1.41 efgh	 552.5±6.36 bcdef	 583.53±12.48 a	 66.6±0.62 ab	 32.86±1.14	 11.09±0.09
S-18	 342±1.42 ij	 69.5±2.12 fgh	 514±2.83 defghi	 551.17±33.28 abcd	 68±2.18 ab	 33.46±1.28	 10.93±0.60
S-19	 333±1.14 jkl	 67±0.00 gh	 503±0.00 efghij	 540.88±6.24 abcd	 69.48±1.60 ab	 32.71±1.05	 10.76±0.69
S-20	 321±1.41 lmn	 64.5±2.12 gh	 469±8.49 hijkl	 551.18±29.12 abcd	 67.82±2.71 ab	 33.63±2.10	 9.95±0.09
S-21	 365±4.24 fg	 68±0.00 gh	 571±1.41 abcde	 546.76±12.48 abcd	 67.49±0.49 ab	 32.6±1.43	 10.56±1.41
S-22	 395.5±0.71 abc	 80±7.07 abcde	 618±49.5 ab	 576.91±7.28 ab	 63.95±1.63 b	 34.42±0.86	 11.88±0.30
S-23	 376±2.83 defg	 73±1.41 defg	 556±0.00 abcdef	 548.24±0.00 abcd	 70.73±5.76 ab	 32.09±1.22	 10.05±1.86
S-24	 407±7.07 a	 78±1.41 cdef	 627.5±4.95 a	 585±37.43 a	 65.57±1.23 ab	 32.27±0.23	 11.68±0.23
S-25	 390.5±7.78 bcd	 79±5.66 bcde	 576±46.67 abcd	 556.32±1.04 abcd	 66.51±0.28 ab	 32.82±0.91	 10.89±0.59

lated with the composition of each single fruit 
juice and the different percentages used for bev-
erage production. In fact, there were no differ-
ences between the beverages for the CIELab pa-
rameters a* and b* only, and this is due to the 
high grape must percentage used.

Sensory aspects

Concerning the overall pleasantness, the ANO-
VA highlighted significant differences among the 
25 experimental beverages (Table 5).

Even if the content of grape juice was kept 
constant in all of the beverages at 70%, the dif-
ferent percentages of other fruit juices can in-
fluence the acceptability. The most appreciated 
samples (S-22, S-24 and S-23) had the highest 
pear juice percentages, while the least appre-
ciated (S-14, S-12, S-1 and S-16) had the low-
est pear juice concentrations. The least appre-
ciated was beverage S-14, which was obtained 
with a mix of apple, pear and peach juices at 
the same percentage (10%). Penalty analysis 
was used because with this test it is possi-
ble to identify the sensory attributes that have 
the largest influence on consumer liking and 
provides directions for product reformulation 
(ARES et al., 2014) and also allows one to de-
termine if a specific product attribute is “just 
about right” (TAYLOR, 2013). Penalty analysis 
combines JAR variables and overall liking tests 

to find correlations between a decrease in con-
sumer acceptance and attributes not at the JAR 
level. This analysis, based on multiple compar-
isons, is aimed to identify and determine if the 
rankings on the JAR scale are related to sig-
nificantly different results in the liking scores 
for each sensory attribute studied on the JAR 
scale. This can be achieved by evaluating the 
mean decrease in overall liking versus percent-
age of not-JAR variables (i.e., the low percentage 
of not-JAR evaluation determines a low mean 
decrease in overall liking). When some not-JAR 
categories receive at least 20% (Pareto princi-
ple) responses for an attribute, this becomes a 
candidate for penalty analysis. Penalty analy-
sis uses the 20% cut-off theory on the percent-
age of not-JAR consumers based on the Pareto 
principle (i.e., the Pareto principle recognises 
that “80% of effects occur from 20% of causes” 
or the 80-20 rule) and signifies several common 
occurrences in everyday phenomena. Therefore, 
the 20% cut-off is used as a general rule for pen-
alty analysis (NARAYANAN et al., 2014). In Fig. 
1 are reported the JAR scores for each param-
eter used in the beverage evaluation.

The colour was judged “just right” by 50% of 
the consumers, odour by 37%, aroma by 38% 
and persistence in the mouth by 39%. In gen-
eral, the “JAR” value was chosen by a high-
er number of assessors: the higher frequen-
cy was highlighted by the “a little too low” val-
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Table 5 - Mean values of overall pleasantness and results of ANOVA and Tuckey’s test. Data are expressed as the mean ±SD. 
Values with different letters are significantly different at p<0.05. 

Sample code		  Fruit juices		  Overall	 Tuckey test
				    pleasantness	 (p< 0.05)
	 pear (%)	 peach (%)	 apple (%)

S-22	 20	 5	 5	 56.98	 a
S-24	 25	 0	 5	 55.3	 ab
S-23	 20	 10	 0	 55.14	 ab
S-8	 5	 10	 15	 54.18	 abc
S-9	 5	 15	 10	 54.08	 abc
S-2	 0	 10	 20	 54.04	 abc
S-25	 25	 5	 0	 53.07	 abcd
S-5	 0	 25	 5	 53.36	 abcde
S-11	 5	 25	 0	 52.36	 abcdef
S-3	 0	 15	 15	 50.82	 abcdefg
S-4	 0	 20	 10	 50.56	 abcdefg
S-6	 5	 0	 25	 50.54	 abcdefg
S-7	 5	 5	 20	 49.72	 abcdefg
S-10	 5	 20	 5	 48.9	 abcdefg
S-21	 20	 0	 10	 48.38	 abcdefg
S-15	 10	 15	 5	 46.36	 abcdefgh
S-20	 15	 15	 0	 45.7	 bcdefgh
S-17	 15	 0	 15	 43.8	 cdefgh
S-18	 15	 5	 10	 42.9	 defgh
S-19	 15	 10	 5	 42.68	 efgh
S-13	 10	 5	 15	 42.6	 efgh
S-16	 10	 20	 0	 42.46	 fgh
S-1	 0	 5	 25	 41.96	 fgh
S-12	 10	 0	 20	 40.86	 gh
S-14	 10	 10	 10	 36.36	 h

Fig. 1 - Distribution of JAR scores for each sensory attribute evaluated.

ue for only the odour. Fig. 1 also demonstrates 
that the “much too much” and “much too low”, 
although they may affect the overall pleasant-
ness, do not weigh significantly on it because 
of their low frequency in the responses of con-

sumers. The variables can then be grouped 
into two main groups with “a little too much” 
or “a little too low”. The first group corresponds 
to “much too much”, while the second corre-
sponds to “not enough” for the parameters of 
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colour, aroma, sweet taste and persistence in 
the mouth. In Fig. 2 are displayed the distribu-
tion of frequency and then their effect on the 
mean drop in overall pleasantness.

Sweet taste, aroma and persistence in mouth 
exhibited a higher effect on the overall pleasant-
ness if classified as “not enough”. Also impor-
tant for determining the overall pleasantness 
was the odour, if classified as “not enough”. 

Fig. 2 - Penalty 
analysis from JAR 
data. Not-JAR data 
with a frequency 
<20% of total re-
sponses are not 
considered signif-
icant.

When the sensory parameters were classified as 
“too much”, they had less impact on the over-
all pleasantness. A principal component analy-
sis was also performed to highlight the correla-
tion between chemical-physical parameters and 
overall pleasantness. The first two components 
explained 72.82% of the variance (Fig. 3).

The first component explained 50.74% of the 
variance and was mainly correlated with the to-

Fig. 3 - Distri-
bution on plane 

defined by the 
first two compo-
nents of chemi-
cal-physical pa-
rameters, over-

all pleasantness 
and beverage 

samples.
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tal soluble solids, glucose and fructose contents, 
which corresponded to 12.1, 11.8 and 11.2%, 
respectively, of the total variance explained by 
this axis. The second component that explained 
22.08% of the total variance is associated with 
the flavonoids, total polyphenols and antiox-
idant capacity, accounting for 20.7, 16.7 and 
13.5%, respectively, of the total variance ex-
plained by this axis. The overall pleasantness 
was positively correlated with the contents of 
the total soluble solids and fructose and nega-
tively correlated with the pH, citric acid content 
and L*. Because the overall pleasantness is lo-
cated in the upper right graph quadrant, all of 
the beverages placed in the same quadrant are 
the most appreciated. In particular, the highest 
appreciation was found for the S-22, S-24 and 
S-23 samples, as also demonstrated by Table 5. 
The less appreciated samples are on the lower 
left side of the graph. They can be grouped into 
two groups: S-16, S-15, S-14, S-20 and S-19 in 
the lower left quadrant of the PCA graph and 
S-13, S-18, S-17, S-21 and S-12 in the upper 
left quadrant. The first group exhibited a more 
transparent colour, with a high value for L* and 
higher pH and citric acid contents. The second 
group demonstrated a low overall pleasantness 
but a high antioxidant capacity. In this group, 
it must be highlighted that beverage S-14, with 
the same percentages of fruit juice (10-10-10), 
had the lowest appreciation and the highest pH.

Conclusions

One of the first internationally accepted de-
scriptions of functional food has been provided by 
DIPLOCK et al. (1999) according to which: “a food 
product can be considered functional if together 
with the basic nutritional impact it has beneficial 
effects on one or more functions of the human or-
ganism...”. Taking this into account, and also of 
the scientific evidence regarding the benefits of the 
products based on grapes to human health, the re-
sults obtained in this study have shown that these 
experimental fruit juices have functional charac-
teristics. Additionally, as reported by BHARDWAJ 
and PANDEY (2011), it may be concluded that the 
formulation of mixed beverages can satisfy con-
sumer tastes and preferences. In particular, the 
overall pleasantness results indicate a tenden-
cy of consumers to prefer samples with the high-
est percentage of pear juice, followed by samples 
containing mixtures of peach and apple juices. 
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Abstract

In this study, it was intended to investigate the production of freeze dried kiwi (Actinidia delici-
osa) puree in the form of powder that can be used as a natural alternative to synthetic additives 
used in food products such as pudding, instant tea, and sauces for improving their flavour. In or-
der to obtain the powder product, kiwi puree as plain and with maltodextrin (Dextrose Equivalence 
of 10-12, as 10 % by weight) addition were freeze dried. Drying behaviour of plain kiwi puree and 
kiwi puree with MD were explained by Logarithmic model (R2=0.994, RMSE=0.024, χ2=0.0008) and 
Wang and Singh model (R2=0.999, RMSE=0.012, χ2=0.0002), respectively. The effective moisture 
diffusivity (Deff) value was calculated as 7.3x10−10 m2/s and it was observed that it was not affect-
ed by the addition of MD. The vitamin C content of fresh kiwi fruit was evaluated as 66.3 mg/100 
g kiwi and there was a loss of 17.1% for plain and 19.8% for MD containing powders respective-
ly after freeze drying. It was also observed that, the addition of maltodextrin decreased cohesive-
ness, on the other hand, increased bulk and tapped densities, average time values for wettability 
and solubility, and glass transition temperature of the powder products.
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Introduction

Kiwi fruit contains high amounts of vitamins 
(vitamin C (100-400 mg vitamin C/100 g), A, B2, 
and E), minerals (calcium, iron, copper, phos-
phorus, magnesium, and potassium), carote-
noids (beta carotene, lutein, and xanthophyll), 
phenolic compounds (flavonoids and anthocya-
nins) and antioxidant compounds (Cassano et 
al., 2006). Kiwi fruit is being processed to ob-
tain juice, frozen food, wine, jam, marmalade, 
and canned and dried slices. Drying might be 
a suitable technique to prolong the shelf life of 
kiwi, which is susceptible for microbial spoil-
age and softening due to its high moisture con-
tent. Fruit juices, purees and powders are be-
ing marketed due to an increased demand for 
ready-to-eat foods. In addition, powder products, 
with a long-term ambient shelf life and micro-
biological stability can reduce the transporta-
tion, and storage costs as well (Jinapong et al., 
2008). Thus, alternatives to conventional pro-
cessing technologies are being explored to pro-
duce better quality products. Due to high con-
tent of vitamin C, it is essential to protect vita-
min C during drying of kiwi (Kaya et al., 2010). 
Freeze drying is an important process for the 
protection of sensitive compounds such as vi-
tamin C, phenolic compounds, biological activ-
ity, appearance, color, texture, aroma, and nu-
tritional values of foods which compensates its 
high operating costs for drying of foods (Zea et 
al., 2013; Wang et al., 2006). In addition, Fer-
nandes et al. (2011) reported that for producing 
whole fruit powder, drying fruits at low temper-
ature and reduced pressure with low amounts 
of carrier is apparently the best alternate. Be-
cause, there exist some difficulties for drying of 
food extracts, juices, and purees because of the 
stickiness problems resulted by low glass tran-
sition temperatures of their components such 
as sugars and organic acids. In order to prevent 
problems in drying and obtaining powder prod-
ucts with acceptable properties, the drying aids 
that have high Tg is to be used. The use of dry-
ing agents such as gum arabic, maltodextrin, 
whey protein, sucrose etc. improves the drying 
process, and leads to an effective drying (Na-
deem et al., 2011).

Numerous studies were carried out with freeze 
drying of foods which contain sensitive com-
pounds such as carrot (Lin et al., 1998), pump-
kin (Que et al., 2008), kiwi (Ergün, 2012) mango 
(Shofian et al., 2011) pineapple (Marques et al., 
2011), papaya (Shofian et al., 2011; Marques 
et al., 2011) and guava (Wang et al., 2006). Sev-
eral researchers studied on drying of kiwi fruits 
such as convective, microwave, vacuum mi-
crowave, and freeze drying (Kaya et al., 2010; 
Ergün, 2012; Doymaz et al., 2009; Kiranoudis 
et al., 1997) methods.

Describing dehydration kinetics is important 
in the design and optimisation of drying process-

es (Simal et al., 2005). Thin layer drying models, 
generally means to dry as one layer of sample 
which provide uniform temperature assumption 
and suitable for lumped parameter models, are 
important in mathematical modelling of drying. 
Although, models depend on the process condi-
tions, they are practical and provide sufficiently 
good results (Erbay and Icier, 2009). The prop-
erties of food powders such as bulk density, hy-
groscopicity, degree of caking, dispersibility, wet-
tability, solubility, particle size, and size distri-
bution are useful for design, and control of pro-
cessing, handling, storage operations, and prod-
uct quality control. Properties of powder prod-
ucts are usually studied in two groups such as 
particle properties (particle size, shape, distribu-
tion, density and morphological properties), and 
bulk properties (bulk density, wettability, solu-
bility, porosity, cohesiveness, and flowability). 

In this study it was intended to investigate 
the production of freeze dried kiwi (Actinidia de-
liciosa) puree in the form of powder that can be 
used as a natural alternative to synthetic addi-
tive used in food products such as pudding, in-
stant tea, and sauces for improving their flavour. 
Also, an alternative product with the advantages 
of high nutritional value, long durability, easi-
ness for usage in dry mixture formulations, be-
ing portable easily, and a healthier food additive 
for the consumers consumption will be obtained. 
In addition to the mentioned purposes: it was 
also aimed to determine the drying behaviour 
of kiwi puree (pure and with 10% MD) during 
freeze drying and the effect of maltodextrin ad-
dition and the properties of the powder product.

Material and Methods

The fresh kiwi fruits were obtained from a local 
supermarket in Izmir, Turkey. They were peeled 
and grounded into puree by using a home type 
blender (Tefal Smart, MB450141, Turkey). In or-
der to obtain the puree with maltodextrin addi-
tion, maltodextrin (MD) with Dextrose Equiva-
lence (DE) value of 10-12 (AS Chemical Indus-
try and Commerce Limited Company, Turkey) 
was added directly to puree in suitable amounts 
(10% by weight).

Freeze drying

The freeze drying experiments were performed 
in a pilot scale freeze dryer (Armfield, FT 33 Vac-
uum Freeze Drier, England). Prior to drying kiwi 
puree was frozen in a layer of 3 mm in the petri 
dishes at - 40ºC in an air blast freezer (Frigos-
candia, Helsinborg, Sweden) for two hours, 
then freeze dried under vacuum (13.33 Pa ab-
solute pressure), at - 48ºC condenser tempera-
ture. The temperature of the heating plate was 
set to 30ºC, which was constant during the dry-
ing process. The powder was obtained by grind-
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ing the dried material, obtained as pellets of di-
ameter of petri size, in a blender (Tefal Smart, 
MB450141, Turkey), and powder was stored in 
glass jars in the dark at 20±1ºC until further 
tests were carried out.

Physical and chemical analyses

The moisture content of kiwi puree and freeze 
dried kiwi puree powders (KPP) were determined 
according to AOAC (2000). For this process, each 
experiment for increasing time periods was car-
ried out with new samples of equal mass, and 
moisture loss was determined gravimetrically 
by using a digital balance with 0.01 precision 
(Ohaus AR2140, USA). Moisture ratio was cal-
culated according to equation (1).

	 	

(1)

Where the Mt, M0 and Me are the moisture con-
tent at any time, initial, and equilibrium mois-
ture content (kg water/ kg dry matter), respective-
ly. Drying data was fitted to ten well-known thin 
layer drying models (Lewis, Page, Modified Page 
I, Henderson and Pabis, Logarithmic (Asymptot-
ic), Midilli, Modified Midilli, Two-term, Two-term 
Exponential, and Wang and Singh) (ERBAY and 
ICIER, 2009). Nonlinear regression analysis was 
used to evaluate the parameters of the selected 
model by using statistical software SPSS 16.0 
(SPSS Inc., USA). The goodness of fit was deter-
mined using the coefficient of determination (R2), 
root mean square error (RMSE), and the reduced 
chi-square (χ2) that can be described by the equa-
tions given by Erbay and Icier, 2009.

Where MRexp,i and MRpre,i is the experimental, 
and predicted moisture ratio at observation i; N 
is number of the experimental data points, and 
n is number of constants in model. 

The effective moisture diffusivity (Deff) of freeze 
dried kiwi slices were calculated by Fick’s diffu-
sion model (Eq. 2).

	 	(2)

Where t is the time (s), Deff is the effective dif-
fusivity (m2/s) and L is the thickness of sam-
ples (m). For long drying times, a limiting case 
of Eq. (3) is obtained, and expressed in a loga-
rithmic form;

	 	 (3)

The effective diffusivity was calculated by plot-
ting experimental moisture ratio in logarithmic 
form versus drying time. From Eq.(3), a plot of 
ln MR versus drying time gives a straight line 
with a slope of:

	 	 (4)

Water activity was measured by using Testo-
AG 400, Germany, water activity measurement 
device. The pH values of kiwi puree and the pow-
ders were measured using a pH meter (Inolab 
WTW pH 720, Germany) directly and after dis-
solving the powder in deionised water (1 g/1 g) 
respectively. 

The color values (L*, a*, and b* values) of fresh 
kiwi fruits, and the powders were measured with 
Minolta CR-400 Colorimeter, Japan, calibrated 
with white standard plate three times and results 
as the average of three measurements were ex-
pressed in accordance with the CIE Lab. System. 
The L* value, is a measure of lightness which 
ranges between 0 and 100. Increases in a* val-
ue in positive, and negative scales correspond 
to increases in red or green color, respectively. 
The b* value represents color ranging from yel-
low (+) to blue (-). 

The vitamin C content of fresh kiwi fruits was 
determined according to Hışıl (2007). Freeze 
dried powders were rehydrated to the initial 
moisture content prior to the analysis. The in-
dication principle of vitamin C value is based 
on extraction with 10% oxalic acid afterwards 
adding of 2,6-dichlorophenolindophenol solu-
tion. The absorbance was measured at 518 nm 
by a Varian Cary 50 UV/Vis spectrophotometer.

Glass transition temperature

Glass transition temperature of the powder 
samples was determined by a Differential Scan-
ning Calorimeter (TA Instruments, Q10, USA) 
equipped with a thermal analysis station. An 
empty sealed aluminum pan was used as a ref-
erence in each test. Nitrogen gas at a flow rate 
of 50 ml/min was used as the purge gas to avoid 
water condensation around the samples. About 
ten milligrams of kiwi sample was sealed in alu-
minum pans and cooled from room temperature 
to -40°C at 10°C/min for formation of glassy 
state in kiwi sample and equilibrated for 10 min. 
The heating rate was 10°C/min and the temper-
ature range varied between -40 and 120°C, de-
pending on sample moisture content. DSC ther-
mograms, presenting the heat flow (W/g) and 
temperature relationship were used to analyze 
the thermal transitions in samples during heat-
ing and cooling. TA Instruments Universal anal-
ysis software was used to analyze the onset, mid 
and end points of the glass transition. The glass 
transition temperature (Tg) was calculated as 
the average of the onset and end point values.

Thermo gravimetric analysis

Thermo Gravimetric Analysis (TGA) was car-
ried out by Perkin Elmer Diamond TG/DTA 
(Canada) under nitrogen flow. The assay con-
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ditions were as follows: isotherm at 30 °C and 
heating from 30.00°C to 1000.00°C at 10.00°C/
min. Five milligrams of equilibrated samples was 
introduced into the apparatus and the measure-
ments were plotted during the heating.

Scanning electron microscope (SEM)

The morphology of the powder samples, pre-
pared by placing the powders on aluminium 
stubs using a double-sided adhesive tape and 
then coating with gold, were examined with a 
scanning electron microscope (SEM- Phillips XL-
30S FEG, Eindhoven, Netherlands) operating at 
5kV accelerating voltage.

Analysis of the powder properties

For the determination of bulk density, the 
method explained by Jinapong et al. (2008) 
was used. The average wettability and solubili-
ty times of freeze dried kiwi puree powders were 
determined by using the method explained by 
Gong et al. (2008) and Goula and Adamopou-
los (2008), respectively. Flowability and cohe-
siveness values of the powders were evaluat-
ed in terms of Carr index (CI) and Hausner ra-
tio (HR), respectively. Both CI and HR were cal-
culated from the bulk (ρbulk), and tapped (ρtapped) 
densities of the powder as shown below Eqs. (5) 
and (6), respectively.

	 	 (5)

	 	 (6)

Statistical analysis

Data were analyzed by using statistical soft-
ware SPSS 16.0 (SPSS Inc., USA). The data were 
subjected to analysis of variance (ANOVA), and 
Duncan’s multiple range test (α=0.05) to deter-
mine the difference between means. The drying 
experiments were replicated twice and all the 
analyses were triplicated.

Results and Discussion

Results of physical and chemical analyses

Kiwi is harvested through a long season. How-
ever, due to its high moisture content, storage 
period and its direct use in food compositions 
are limited and this makes necessary the drying 
to obtain pure, minimally processed, decreased 
in volume and easy to use form of the kiwi. The 
results of the experimental study showed that, 
it was possible to dry the fresh kiwi puree un-
der the freeze drying condition. In order to im-
prove the drying process, to see the effect of 

maltodextrin addition and to obtain a more sta-
ble powder, maltodextrin was used as a drying 
aid. The amount of MD to be used to prevent 
quality losses during drying and to obtain pow-
der which has almost the same properties with 
fresh kiwi was determined by the preliminary 
tests. For this purpose, MD with amounts of 5, 
10, 15, and 20% of the puree weight were add-
ed to the fresh kiwi puree. The addition of MD 
as 5% of the puree weight was not suitable since 
there was no decrease in the drying time of kiwi 
puree. For the MD amounts being more than 
10 %, the powders lost their quality character-
istics such as specific color, vitamin C content 
etc. Similar results were observed by Quek et 
al. (2007). It was reported that after addition of 
the 10% MD watermelon powders lost their red-
orange color. Therefore, as a result of the prelim-
inary tests, the concentration of MD in the pu-
ree necessary for successful drying and powder 
production was determined as %10 of the puree 
weight. Zea et al. (2013) reported that powder 
obtained by freeze drying of guava and pitaya 
pulp was found to be very hygroscopic and diffi-
cult to compact. In order to minimize this prob-
lem the researchers added 10% maltodextrin to 
guava and pitaya mash.

 The drying behaviour of the freeze drying pro-
cess was determined from the mass loss in sam-
ples of known initial moisture content. For the 
drying process, the total drying time was deter-
mined to be nine and ten hours respectively for 
the samples of kiwi puree, and kiwi puree with 
maltodextrin until getting constant weight of 
the samples. Similar results were obtained by 
Marques and Freire (2005) in their freeze 
drying study on pulps of tropical fruits as ten 
to thirteen hours.

The average values of the experimental results 
of the analysis applied on fresh kiwi puree and 
freeze dried powders are given in Table 1. The 
initial moisture content of kiwi puree was found 
to be as 81.19 % (wet basis, wb), and this result 
was consistent with Kaya et al. (2010) (81% wb). 
The final moisture content of kiwi powder is 9.55 
% (wb) after removal of 88.24% of water. For the 
sample with MD, 94.31% of water was removed 
where the initial dry matter content of the sample 
was higher than the plain sample due to malto-
dextrin addition and the amount of water to be 
removed at the same drying time decreased. The 
residual moisture in the powder decreased, and 
the moisture content of the sample with MD was 
found to be 56% lower than the plain sample, 
and this differences between samples was found 
to be statistically significant (P<0.05). 

The moisture ratio were calculated by us-
ing the determined moisture content values 
and the data were fitted to ten thin layer dry-
ing models (Lewis, Page, Modified Page I, Hen-
derson and Pabis, Logarithmic, Midilli, Modified 
Midilli, Two-term, Two-term Exponential, and 
Wang and Singh). The coefficient of correlation 
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Table 1 - The physical and chemical properties of kiwi puree and freeze dried kiwi puree powders.

Properties	 Fresh kiwi puree	 Freeze dried kiwi	 Kiwi puree	 The freeze dried kiwi
		  puree powder	 with MD	 puree powder with MD

Moisture content (% wb)	 81.19 ±0.02b	 9.55±0.64r	 73.82±0.04a	 4.20±0.05p

Water Activity	 0.98 ±0.01b	 0.28±0.03r	 0.96±0.01a	 0.22±0.01p

pH	 3.16±0.01a	 3.37±0.01p	 3.38±0.01a	 3.60±0.02r

Color
L*	 47.37±0.35a	 77.93±0.53p	 48.84±0.34a	 78.12±0.44p

a*	 -0.67±0.24b	 1.16±0.09r	 -0.74±0.08a	 -6.53±0.12 p

b*	 17.5±0.29a	 21.77±0.17p	 17.85±0.18a	 22.08±0.11p

Vitamin C (mg/100g, wb)	 66.3±0.28b	 54.97±0.13r	 51.07±0.09a	 40.95±0.51p

a-b Different letters in the same row indicate significant difference between averages of puree and puree with MD at P<0.05.
p-r Different letters in the same row indicate significant difference between averages of powder and powder with MD at P<0.05.

(R2) was accepted one of the primary criterion 
for selecting the best model to define the freeze 
drying curves of kiwi puree powders. For freeze 
drying process of kiwi puree the highest R2 val-
ue (0.994), and the lowest RMSE (0.02459), and 
χ2 (0.00083) values were obtained from loga-
rithmic model (Fig. 1). However, for freeze dry-
ing of kiwi puree with MD the best fit was ob-
tained from Wang and Singh model (R2=0.999, 
RMSE=0.012, χ2=0.0002) (Fig. 2). In the liter-
ature, the convective drying characteristics of 
kiwi slices were explained with two term expo-
nential (Kaya et al., 2010), Page (Ceylan et al., 
2007; Simal et al., 2005), and Henderson and 
Pabis (Doymaz, 2009) models.

The effective moisture diffusivity (Deff) of 
freeze dried kiwi puree and pure with MD were 
evaluated as 7.3x10−10 m2/s. The difference be-
tween calculated values was 0.002x10−10 m2/s 
and this was not considered to be effective. Kaya 

et al. (2010) reported that the effective moisture 
diffusivity values of kiwi slices which were dried 
under different drying conditions (air velocity, 
temperature, and relative humidity) varied be-
tween 0.589 and 6.574 x10−10 m2/s. Simal et 
al. (2005) reported that the effective moisture 
diffusivity of hot air dried kiwi slices (30-90°C) 
ranged between 3.00 and 17.21 x10−10 m2/s. 
The Deff value of kiwi powder was found to be 
similar to the Deff value (7.13x 10−10 m2/s) of 
kiwi slices which were dried at 50 °C hot air 
temperature (Simal et al., 2005). The effective 
moisture diffusivity values in foods are in the 
range of 10−12 to 10−6 m2/s.

Water activity is considered as one of the 
most important quality factors especially for 
long term storage and also it is related to mois-
ture content, and responsible for biochemical 
reactions. The values of water activity under 
0.6 is generally considered as microbiological-

Fig. 1 - Experimental and computed moisture ratio values obtained by selected models for pure kiwi puree powder (R2≥0.993).



390  Ital. J. Food Sci., vol. 27 - 2015

ly stable (Quek, 2007) and between 0.20, and 
0.40 ensure the stability of the product against 
browning, and hydrolitical reactions, lipid oxi-
dation, auto-oxidation, and enzymatic activity 
(AMRQUES et al., 2007). The water activity val-
ues of freeze dried kiwi puree powders (plain 
powder and powder with MD) were found to be 
as 0.287, and 0.225, respectively. In literature 
water activity values around 0.28 was also ex-
pressed for freeze dried guava and pitaya pow-
ders with 10% MD (Zea et al., 2013). Drying 
process and addition of MD showed the signifi-
cant effects on the water activity of freeze dried 
kiwi puree powders (P<0.05).

The pH value of kiwi puree was measured as 
3.16. Souflerosa et al. (2001) reported that 
the pH value of kiwi ranges between 3 and 4, 
due to the content of including the acids such as 
gluconic, galacturonic, oxalic, succinic, fumar-
ic, oxcaloacetic, and p-coumaric acids. Harder 
et al. (2009) and Arroqui et al. (2004) meas-
ured the pH value of kiwi nectar and puree as 
3.50 and 3.41, respectively. The pH values of 
powders (kiwi puree powder and powder with 
MD) were found to be as 3.37 and 3.60, respec-
tively. Results showed that the drying process 
and addition of MD caused a significant in-
crease in the pH value of powders (P<0.05). The 
increase in the pH values was found as 6.65% 
and 6.51% for plain and MD containing pow-
ders, respectively. This increase was compara-
ble with the increase in 3.64% in freeze drying 
of guava concentrate Mahendran (2010) and 
the reason for the increase can be explained 
with the loss of some acidic compounds dur-
ing drying.

Color of the dried products is an import-
ant quality factor, which reflects the senso-
ry attractiveness, and the quality of the pow-

ders (Quek et al., 2007). Thus, the color of 
the processed products should ideally remain 
unchanged after production. The color values 
(L*, a* and b*) of kiwi puree were measured 
as 47.37, -0.67, and 17.5 respectively. These 
values are quite different than the measure-
ments of Ancos (1999) reporting the color val-
ues (L*, a*, and b*) of kiwi puree 36.01, -12.35 
and 23.03, respectively and this shows the dif-
ferences between the cultivars and the stor-
age time after harvest. The variation of color 
values for plain and MD containing samples 
depending on the drying time were shown in 
Figs. 3 and 4, respectively. As shown in Fig. 
3, the L*, b* and a* values of freeze dried kiwi 
puree powder increased throughout the drying 
period and reached the final values as 77.93, 
1.16, and 21.77, respectively. Chopda and 
Barrett (2001) reported that the increase in 
L* (brightness), a* (redness) and b* (yellow-
ness) values following production of guava pu-
ree powder was most likely a result of non-en-
zymatic browning during freeze drying which 
produced a darker product. The addition of 
MD in freeze drying, increased the L* (78.12), 
and b* (22.08) values, but decreased a* val-
ue (-6.53) (Table 1). Results showed that, dry-
ing process increased the brightness values of 
samples (P<0.05); addition of MD caused su-
perior bright color but it was not found to be 
statistically significant (P>0.05). The same ef-
fect was also observed for yellow-blue (b*) val-
ue. Nevertheless, both drying process, and ad-
dition of MD showed a significant effect on the 
green-red (a*) value of the samples (P<0.05).

For the determination of vitamin C, freeze dried 
powders were rehydrated to the initial moisture 
content prior to the analysis to obtain comparable 
results. The vitamin C content of kiwi was found 

Fig. 2 - Experimental and computed moisture ratio values obtained by selected models for kiwi puree powder with MD 
(R2≥0.994).
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Fig. 3 - The variation of color values of plain samples depending on the drying time.

to be as 66.3±0.28 mg/ 100 g (wb) kiwi. The freeze 
drying process caused a significant (17.1%) de-
crease on the vitamin C content of kiwi powder 
(P<0.05). The vitamin C loss during drying is sim-
ilar to losses of 18.8% (Mahendran, 2010) and 
16% (Marques et al. 2006) during freeze drying 
of some other fruit concentrate and pulps. Also, 
the addition of MD caused an insignificant loss 
in the vitamin C content (19.82%) (P>0.05). This 
decrease may occur due to the dilution effect. 
Exposure to heat, light, oxygen and metals may 
also lead to vitamin C losses. Lin et al. (1998) 
did not observed significant loss of Vitamin C in 
freeze-dried carrots. The vitamin C losses can be 
due to not only the freeze drying, but also by the 
operations before drying such as cutting, slicing 
and freezing. Therefore, grinding process, prepa-

Fig. 4 - The variation of the color values of samples with MD depending on the drying time.

ration of maltodextrin and kiwi puree blend may 
cause more vitamin C losses for the kiwi puree. 
Marques et al. (2011) reported that the vita-
min C losses for freeze dried fruits are consider-
ably smaller when compared the vitamin C loss-
es caused to others drying methods due to the 
low temperatures, and to the use of vacuum in 
the process.

Glass transition temperature

In order to have safety storage, and stability 
of powders, the powders should be kept below 
glass transition temperature (Tg). So the Tg val-
ue of kiwi powders was determined. Kiwi pow-
der exhibited well defined Tg (average -18°C) rep-
resented by an endothermic change in the base 
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line (Fig. 5). Moisture content and water activi-
ty are the main factors affecting Tg of materials. 
However, in the consideration of food materials 
with similar moisture content and water activi-
ty values, the high acid and sugar content may 
decrease the Tg value. The increases in Tg val-
ues of kiwi puree powders with carriers possi-
bly due to the addition of carriers, and the low-
er moisture content of carrier-incorporated pow-
ders. Tg of kiwi puree powders with MD (Tg aver-
age -5°C) was found to be higher (Fig. 6). Silva 
et al. (2006) reported that, addition of 30% MD 
(w/w, DE20) increased Tg of freeze dried camu-

Fig. 5 - DSC thermogram for freeze dried kiwi puree powders.

camu pulp from -58.8°C to -40.1°C for the mois-
ture content values between 0.2 to 0.5 (g dry sol-
id/ g sample). After this value, Tg increased rap-
idly with decreasing moisture content. In their 
study, Mosquera et al. (2010) observed an in-
crease in Tg with the addition of MD and this 
increase was slightly more where MD with low 
DE was used. 

Thermo gravimetric analysis

The results of the analysis of the samples 
of kiwi puree powders by TGA are shown in 

Fig. 6 - DSC thermogram for freeze dried kiwi puree powders with MD.
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the Figs. 7 and 8. These spectra determine the 
changes of weight in relation to change of tem-
perature that the samples experiment when 
exposed to heating from room temperature to 
1000°C. TGA spectra showed that the loss of 
matter began around 50°C for both samples but 
the kinetics of thermal decomposition is differ-

Fig. 7 - The variation of the weight of freeze dried kiwi puree powder with respect to time. 

ent for them. At 100°C, the sample with 10% 
MD lost around 6.5% of its own weight, but the 
sample that was dried without MD lost around 
8.5% of its own weight. Their components were 
considerably stable until 150°C because the loss 
of matter is not significant. However, between 
100 and 220°C, reactions such as Maillard’s 

Fig. 8 - The variation of the weight of freeze dried kiwi puree powder with MD with respect to time.
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reaction or the condensation between phenolic 
acids and proteins may occur. As of 150°C, the 
loss of matter is significant, and the phenome-
na are exothermic for all samples.

Scanning Electron Microscope (SEM)

Selected images from the SEM microstructure 
analysis of the freeze dried kiwi puree powders 
were shown in Fig. 9 (a and b). The microstruc-
tures of freeze-dried kiwi powder had a skele-
tal-like structure with void spaces previously oc-
cupied by ice prior to freeze drying. This is be-
cause the absence of liquid phase in the mate-
rial during freeze drying process suppressed the 
transfer of liquid water to the surface and the 
ice was converted to vapor without passing the 
liquid state (Krokida and Maroulis, 1997). Mi-
crographs revealed that powder particles of all 

Fig. 9 - Scanning electron micrographs of freeze dried plain (a) and MD containing (b) kiwi puree powder at 500x magnification.

powders were irregular in shape. Irregular shape 
of powder particles may due to the fibrous and 
porous nature of the kiwi fruit powders since 
powder was prepared from whole fruits (Zea et 
al., 2013).

Powder properties

The powder properties of freeze dried kiwi pu-
ree powders are given in Table 2. The tapped and 
bulk densities of freeze dried kiwi puree pow-
der were found to be as 0.257 and 0.161 g/ml, 
and the addition of MD significantly increased 
the tapped and bulk densities of powder (0.416 
and 0.316 g/ml) (P<0.05). Marques et al. (2006) 
reported that, apparent density of the studied 
pulps has presented a linear relationship with 
moisture content where the apparent densities 
of fruit pulps decreased linearly with moisture 

Table 2 - The powder properties of freeze dried kiwi puree powders.

Powder Properties	 Freeze dried kiwi puree powder	 Freeze dried kiwi puree powder with MD

Tapped Density (g/mL)	 0.26±0.01a	 0.42±0.02b

Bulk Density (g/mL)	 0.16±0.01a	 0.32±0.01b

Solubility (s)	 26±3a	 290 ±48b

Wettability (s)	 78.5±2a	 186 ±0.71b

Flowability (CI)	 38±3b (Bad)	 24.04±2.87a (Fair)
Cohesiveness (HR)	 1.60±0.08b (High)	 1.32± 0.05a (Intermediate)

a-bDifferent letters in the same row indicate significant difference between averages at P<0.05.
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content (dry basis) during freeze drying and the 
real density increased. The researchers report-
ed that the remaining solids after moisture re-
moval have higher densities than water and the 
overall solid density tends to increase as mois-
ture is removed. Mahendran (2010) dried the 
guava concentrate with different drying meth-
ods (freeze drying, tunnel drying and spray dry-
ing with the 30, 40, 50 and 60% concentrations 
of MD) and the bulk density of guava powders 
were measured as 0.63 g/mL; 0.69 g/mL and 
0.61, 0.60, 0.57 and 0.54 g/mL, respectively. In 
this study, on the contrary of the results given by 
Mahendran (2010) the bulk density increased 
with the addition of the MD. Lower density of 
the dried product is recommended to increase 
its attractiveness for consumers (Durance and 
Wang, 2002).

The average solubility time of the freeze dried 
kiwi puree powder was found to be as 26 sec-
onds. The reason for the addition of MD was 
to improve the drying process and at the same 
time maltodextrin is highly soluble in the wa-
ter to be used as a carrier. However, addition 
of maltodextrin caused a significant increase in 
the average solubility time of the powder (290s) 
(P<0.05). In a study by Mahendran (2010) gua-
va concentrate was dried with spray, tunnel, 
and freeze driers and the freeze dried guava 
powder was found highly soluble (96%) com-
pared with the other drying methods. The solu-
bility of the powder is related with moisture con-
tent, particle size, and chemical conversions in 
the material (Goula and Adamopoulos, 2008). 
Wettability is the ability of the powder particles 
to overcome the surface tension between them-
selves, and water. Wettability depends on par-
ticle size, density, porosity, surface tension, 
surface area, and surface activity of particle. 
Besides the effects of physical properties, the 
chemical composition of the powders also in-
fluences wettability depending on the content 
of fats, proteins, and carbohydrates on their 
surface (Fang et al., 2008). Also, Goula and 
Adamapoulos (2008) reported that the resid-
ual moisture content of the powder affects the 
bulk density, wettability, flowability, and co-
hesiveness. The residual moisture content of 
powders is significantly affected the operational 
conditions, and carrier concentrations. The av-
erage wettability time of freeze dried kiwi pow-
der was found to be as 78.5 seconds. Addition 
of MD caused a significant increase in the av-
erage wettability time as 186s (P<0.05). 

Flow difficulties and caking are common prob-
lems in industries producing food powders. The 
flowability and cohesiveness properties of kiwi 
powders in terms of Carr Index and Hausner 
ratio were evaluated. The classification of pow-
der flowability based on Carr index (CI) is very 
good (<15), good (15-20), fair (20-35), bad (35-
45), and very bad (>45). The powder cohesive-
ness based on Hausner ratio (HR) is classified 

as low (<1.2), intermediate (1.2-1.4), and high 
(>1.4) (Jinapong et al., 2008). Kiwi powder with 
higher moisture content showed bad flowabili-
ty (37.15±3.15) and high (1.59±0.08) cohesive-
ness. However, addition of MD caused a signifi-
cant decrease in cohesiveness (1.29), and signif-
icant increase in flowability (22.36) behaviours 
of powder (P<0.05). The kiwi powder containing 
MD with low moisture content showed superior 
flow properties compared to kiwi powder.

Conclusions

The present work describes the possibility 
of producing kiwi puree powder by freeze dry-
ing, and the changes in some physicochemical 
and powder properties of powders which were 
affected by drying process and addition of MD. 
The results showed that freeze drying can sat-
isfactorily be applied for drying of kiwi puree to 
obtain powders that can be used as an ingredi-
ent which have high vitamin C content for fla-
voring and improving nutritional value purpos-
es. The possible uses of this dried product as a 
food supplement with valuable constituents of 
kiwi fruits and storage test might be studied in 
future projects.
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Abstract

Date samples of Amber cultivar straining from Medina region (Saudi Arabia) were analysed for 
their chemical compositions and physicochemical properties of date fibre in the present study. Fi-
bre rich date pieces were found to contain 80.2 g/100 g total dietary fibre, 16.32 g water/g sample 
water-holding capacity while 9.50 g oil/g sample oil-holding capacity. It can be stated from these 
results that fibre content of date is a valuable dietary fibre source and used in food production 
as an ingredient. Effects of the addition of date fibres at different concentrations (1, 2, 3 and 4%) 
were investigated on the physical, chemical, sensory properties and mineral content of ice cream 
in the present study. It was found that elemental composition of ice cream samples was affected 
significantly by the addition of date fibre concentrations (p<0.05) and the rates of K, Mg and Zn 
especially increased in the samples depending on the content of date fibre while the content of Ca 
and P decreased. It was determined from the sensory results that ice cream sample containing 
date fibre in the rate of 1 and 2% received the highest score from panellists.
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Introduction

Dietary fibre as a class of compounds includes 
a mixture of plant carbohydrate polymers, both 
oligosaccharides and polysaccharides (cellulose, 
hemicelluloses, pectic substances, gums, resis-
tant starch, inulin) that may be associated with 
lignin and other non-carbohydrate components 
(polyphenols, waxes, saponins, cutin, phytates, 
resistant protein; ELLEUCH et al., 2011). Over 
the last decades, knowledge on dietary fibre has 
increased considerably, both in the physiolog-
ical and analytical areas. Health benefits of di-
etary fibre are associated with bowel function, 
reduced risk of coronary heart diseases, type 
2 diabetes and improved weight maintenance 
(AGOSTONI et al., 2010; HAUNER et al., 2012; 
WESTENBRINK et al., 2012). In addition, dietary 
fibre can provide a multitude of functional prop-
erties when they are incorporated in food sys-
tems. Several advantages of using fruit fibres in 
ice cream production are improvement in body 
due to the fibrous framework and melting prop-
erties, reduction of cold impression, reduction 
of recrystallization causing prolonged shelf-life, 
and enhancing mixed viscosities allowing freez-
ing at higher overrun, causing no negative ef-
fect on the ice crystal sizes, and leading to a 
more homogenous air-bubble formation (ANON-
YMOUS, 2000; DERVISOGLU and YAZICI, 2006). 
Thus, fibre addition contributes to the modifi-
cation and improvement of the texture, sensory 
characteristics and shelf-life of food due to their 
water binding capacity, gel-forming ability, fat 
mimetic, anti-sticking, anti-clumping, texturis-
ing and thickening effects (DELLO STAFFOLO et 
al., 2004; GELROTH and RANHOTRA, 2001; THE-
BAUDIN et al., 1997, chap. 23; SOUKOULIS et 
al., 2009). There is little data dealing with the 
study of the functionality of dietary fibre in ice 
creams (SOUKOULIS et al., 2009). Date (Phoe-
nix dactylifera L.) provides a good source of di-
etary fibre content, is also considered to be a 
commercially important agricultural commodi-
ty as well as vital element of the daily diet and 
a nutritious food in the Arabian world (KHAN 
et al., 2008; AL-FARSI and LEE, 2008) general-
ly being consumed fresh or processed into var-
ious products (SINGH et al., 2013). Annual pro-
duction rate of date all across the world in 2010 
was about 7.91 million tons, which increased 
in the rate of 6.6% in when compared to 2009 
(FAO, 2011; AHMED et al., 2013). Different vari-
eties of date vary in their chemical composition 
especially in sugars and dietary fibre (MUSTAFA 
et al., 1986; AHMED et al., 1995; RAHMAN and 
AL-FARSI, 2005; SINGH et al., 2013). The impor-
tance of date in human nutrition comes from 
its rich composition of carbohydrates (70-80%), 
salts and minerals, dietary fibres, vitamins, fat-
ty acids, antioxidants, amino acids and protein 
(EL-BELTAGY et al., 2009; AL-SHAHIB and MAR-
SHALL, 2003; EL-NAGGA and ABD EL–TAWAB, 

2012; AL-FARSI et al., 2005, 2007; BIGLARI et al., 
2008; HONG et al., 2006; MANSOURI et al., 2005; 
VAYALIL, 2002; KCHAOU et al., 2013). In fact, date 
fruit has been used in traditional medicine as 
immune system stimulator (PURI et al., 2000), 
and as treatment for various infectious diseas-
es (DUKE, 1992; MARTÍN-SÁNCHEZ et al., 2013).

However, such a valuable nutrient is gener-
ally discarded or used in animal feeding. A se-
rious economic loss can be experienced unless 
such a useful fruit and its products are used 
in human diet and food since it is rich in bio-
active compounds, which can be extracted and 
used as value added materials. Development of 
new food products using date flesh is the topic 
of very limited number of studies. The objective 
of the present study is to characterize and eval-
uate the functional properties of the us date fi-
bre (DF) taking into account the quality and nu-
tritional content of ice cream.

Materials and Methods

Materials

Cows’ milk and cream were obtained by the 
Research and Application Farm of Atatürk 
University. Amber dates were purchased from 
the palm garden in Medina city of Saudi Ara-
bia. Sugar, salep and emulsifier (mono- and di-
glycerides) were obtained from local markets. 
Skim milk powder was supplied by Pınar Dairy 
Products Co. (Turkey).

Preparation of date flour

Date fibre concentrates were extracted from 
the Medina cultivar ‘Amber’ as described pre-
viously (ELLEUCH et al., 2008). DF from whole 
fruits were extracted in boiling water for 15 min, 
using a magnetic stirrer. After solubilisation of 
the sugars (sucrose, glucose and fructose), date 
fibres and pits were recovered through filtration 
using a 0.2 mm sieve. The pits were then re-
moved. The fibres were concentrated by succes-
sive rinsing (water at 40°C) and filtration until 
the residue was free of sugar as described. The 
residues obtained were pressed dried, in oven 
at 65°C for 24 h and milled in a Mill Laboratory 
at 2890 rpm, then at 5000 rpm until they could 
pass through a 0.2 mm sieve to recover the date 
fibre concentrate, and stored at -18°C for sub-
sequent physicochemical analyses and incorpo-
ration studies.

Chemical composition

Moisture content was determined according 
to the Association of Official Analytical Chemists 
(AOAC, 1997) method. Ash was analysed by com-
busting the sample in a muffle furnace at 550°C 
for 4 h. The residue was dissolved in HNO3 and 
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the mineral constituents (Ca, K, Na, Mg, P and 
Fe) were determined using an inductively cou-
ple plasma spectrophotometer (Perkin-Elmer, 
Optima 2100 DV, ICP/OES, Shelton, CT, USA). 
The Bligh and Dyer method (HANSON and OL-
LEY, 1963) was used to determine the lipid con-
tent. Protein content was determined by micro 
kjeldahl method (AOAC, 1990) and expressed as: 
% N2x6,23. Total sugars were extracted through 
ethanol (80%) (NINIO et al., 2003). After centrif-
ugation, the supernatant was collected and the 
total sugar content was analysed using phenol/
sulphuric acid reagent (DUBOIS et al., 1956). 
The total phenolic content was analysed accord-
ing to the Folin-Ciocalteu method developed by 
AL-FARSI et al. (2005). The extract (200 μL) was 
mixed with 1.5 mL of Folin-Ciocalteu reagent 
(previously diluted 10-fold with distilled water) 
for 5 min at room temperature. 1.5 mL of aque-
ous sodium bicarbonate (60 g/L) was added and 
the mixture was vortexed and allowed to stand at 
room temperature. After 90 min, the absorbance 
was measured at 725 nm. The total phenol con-
centration was expressed as the mean ± SD as 
mg of gallic acid equivalent (mg GAE) per 100 g 
of fresh weight of date for two replicates. AOAC 
enzymatic-gravimetric official method (991.43; 
AOAC, 1995) was used to determine dietary fi-
bres while dry matter content, fat, ash, acidity 
(ºSH) and pH of ice cream samples were deter-
mined as in DEMIRCI and GUNDUZ (1994). Min-
eral contents (Ca, K, Na, P, S, Mg, Fe, Mn, Zn, 
Ni) of ice cream samples were determined using 
an Inductively couple plasma spectrophotome-
ter (Perkin-Elmer, Optima 2100 DV, ICP/OES, 
Shelton, CT, USA) and following the method de-
scribed by GULER (2007). Samples were decom-
posed in a microwave oven (Berghof speed wave 
MWS-2, Eningen, Germany). For this purpose, 
about 0.5 g ice cream sample was weighed into 
the digestion vessels, added concentrated nitric 
acid (10 mL) and digestion process was realized 
over each sample at 210°C and under 176 psi 
pressure for 10 min. After cooling, the carousels 
were removed from the oven, 30% hydrogen per-
oxide (2 mL) was added to samples and then sec-
ond digestion was applied at 195°C and under 
95 psi pressure for 5 min. The vessels were im-
mediately closed after the addition of oxidants. 
At the end of the digestion process, the samples 
were diluted in with distilled water to an appro-
priate concentration and filtered through What-
man No. 42 filter paper. All diluted digests were 
eventually analysed using an Inductively couple 
plasma spectrophotometer (ICP-OES).

Water and oil holding capacities, 
and pH of fibre

Water and oil holding capacities (WHC and 
OHC) of the fibres were determined according to 
the methods of MAC-CONNELL et al. (1997) and 
CAPREZ et al. (1986), respectively. WHC and OHC 

values represented the amount of water and oil 
absorbed per gram of sample, respectively. pH of 
DF was measured using a pH meter (WTW 340-
1) and following the method described by SUN-
THARALINGAM and RAVINDRAN (1993).

Ice cream manufacture

The ice cream samples were prepared in the 
Pilot Plant of Food Engineering Department, Ag-
riculture Faculty, Atatürk University. Initially, 
the fat ratio of cows’ milk was adjusted to 6% by 
adding cream. Then, the milk was divided into 
five equal parts of 2 kg. For each mix, skim milk 
powder (125 g), sugar (405 g), salep (stabilizer) 
(16.2 g), emulsifier (mono- and di-glycerides) 
(6.75 g) were added to each mix. Then prepared 
date fibres were added at four different concen-
trations: 1, 2, 3 and 4% to mixture weight. The 
mixes were pasteurized at 85°C for 25 min and 
stored at 4°C for 24 h. Then, they were iced in 
ice cream machinery (-5°C; Ugur Cooling Ma-
chineries Co., Nazilli, Turkey) and hardened at 
-22°C for 24 h and stored at -18°C and used 
for physical, chemical, mineral and sensory 
analyses. Ice cream samples were produced in 
duplicate.

Ice cream analysis

Physical measurements. Overrun was deter-
mined using a standard 100 mL cup, according 
to the equation [(volume of ice cream)-(volume of 
mix)/volume of mix×100] given by JIMENEZ-FLO-
REZ et al. (1993). First dripping and complete 
melting times were measured according to GU-
VEN and KARACA (2002) 25 g of tempered sam-
ples were left to melt (at room temperature, 20ºC) 
on a 0.2 cm wire mesh screen above a beaker. 
First dripping and complete melting times of the 
samples were accepted to be seconds. The vis-
cosities of the ice cream mixes were determined 
at 4ºC using a digital Brookfield Viscometer, 
Model DV-II (Brookfield Engineering Laborato-
ries, Stoughton, MA, USA). Before measuring the 
viscosity, the samples were stirred gently to re-
move the air from the mixes (AKIN et al., 2007). 
The color analyses (L*, a* and b* values) of the 
ice cream mix were carried out using in Minol-
ta colorimeter (Chroma Meter, CR-200, Osaka, 
Japan; ANONYMOUS, 1979). The colorimeter was 
calibrated using a white reference plate before 
measurements. Light source for the colorime-
ter was standard daylight (C) and the standard 
observer was 2°.

Sensory evaluation

Eight professional panellists from the Food 
Engineering Department of Atatürk University, 
Erzurum, Turkey, participated in the study to 
determine some properties using a score test for 
flavour, body and texture, color and appearance, 
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resistance to melting and general acceptability. 
Hardened ice cream samples were tested at a 
serving temperature of -10ºC and scored their 
sensory characteristics in a scale ranging from 
1 (poor) to 9 (excellent). Warm water and bread 
were also provided to the panellists to cleanse 
their palates between samples. All panellists 
were non-smokers, had prior testing experience 
with a variety of dairy products including milk, 
cheese and ice cream and had previously used 
flavour profile procedures adapted from ROLAND 
et al. (1999).

Statistical analysis

All statistical analysis was performed using 
SAS for windows (SAS, 1998). Analysis of vari-
ance was performed using the routine Proc ANO-
VA. Significant treatment was separated using 
Duncan’s Multiple Range Test (DUZGUNES et 
al., 1987).

Results and Discussion

Physical and chemical characteristics 
of date fibre

Dry matter, fat, acidity (oSH) and pH values of 
milk, skim milk powder and cream used in the 
production of the ice cream are given in Table 
1. Date and date fibre were analyzed for mois-
ture, ash, fat, total sugars, color, total phenol-
ic content, WHC and OHC (Table 2). Date fibres 
are rich in protein (9.01 g/100 g). Earlier, EL-
LEUCH et al. (2008) reported 9 g/100 g protein 
contents for Tunisian dates and similar to the 
present work. Presence of high protein content 
in fruit fibres (11.6-14.4 g/100 g) is reported in 
the literature (BRAVO and SAURA-CALIXTO, 1998; 
SAURA-CALIXTO, 1998). In the present study, cal-
cium, sodium, potassium and magnesium con-

tents of date fibre were measured to be 1925, 
56.5, 981 and 1807 mg/kg, respectively. AHMED 
et al. (2013) reported that the sodium content 
was significantly lower than other minerals (55-
86 mg/kg); however, the fibres were rich in po-
tassium. The Barhee cultivar possessed excep-
tionally higher amount of potassium (2600 mg/
kg), and the maximum sodium was found in Ow-
adi cultivar. These results are significantly differ-
ent from the reported values for date flesh (EL-
LEUCH et al., 2008). The variation could origi-
nate from the cultivar, and agro-climatic as well 
as environmental conditions.

Date contains high proportions of total die-
tary fibre (80.2 g/100g) similarly to those re-
ported in Deglet-Nour and Allig (two varieties 
of date) between 88 and 92%, respectively (EL-
LEUCH et al., 2008). In addition, the contents of 
dietary fibre in dried apricots, prunes, figs, and 
raisins were 7.7, 8.0, 12.2, and 5.1 g/100 g, re-
spectively (CAMIRE and OUGHERTY, 2003; MAR-
LETT et al., 1994; VINSON, 1999). Thus, dates 
and their by-products serve as good sources of 
fibre compared with syrups and other fresh and 
most dried fruits. In addition, these DF con-
tents are close to levels measured for DF prep-
arations from apple (Liberty cultivars) (89.8%), 
but notably higher than those of other fruit DF 
concentrates reported for grapefruit, lemon, or-
ange, apple and mango (28-78.2%) (FIGUEROLA 
et al., 2005; VERGARA-VALENCIA et al., 2007), 

Table 1 - The gross chemical, physical properties and min-
eral contents of raw milk, skim milk, cream.

Analysis	 Milk	 Skim milk powder	 Cream

Dry matter (%)	 11.37	 95.17	 63.76
Fat (%)	 3.5	 1.00	 65.00
Ash (%)	 0.67	 -	 -
Acidity (oSH)	 5.81	 -	 13.98
pH	 6.40	 -	 4.95

Minerals (mg kg-1)
Ca	 1224.00
K	 1397.00
Mg	 91.67
P	 869.54
Na	 327.90
Fe	 13.56

- Not determined.

Table 2 - Chemical and physical properties of date fibre 
and date.

Chemical analysis	 Date	 Date fibre

Moisture (g/100 g)	 13.61±0.11	 3.87±0.13
Ash (g/100 g)	 1.79±0.07	 2.06±0.04
pH	 6.00±0.21	 5.71±0.02
Protein (g/100 g)	 1.23±0.16	 9.01±0.75
Fat (g/100 g)	 3.41±0.03	 0.98±1.21
Total sugars	 78.20	 0
Total phenolic contentc	 186±2.30	 0.73±0.01
Total dietary fibre (g/100 g)	 8.75±0.96	 80.2±1.06

Minerals (mg kg-1)
Ca	 23.40±0.51	 1925±1.84
K	 428±0.14	 981±2.04
Mg	 84.51±0.22	 1807±0.82
P	 90.19±1.36	 1325±0.51
Na	 17.65±0.12	 56.5±0.05
Fe	 2.03±0.07	 24.82±1.36

Physical Analysis
L*	 23.8±0.04	 61.08±0.05
a*	 11.0±0.03	 6.35±0.01
b*	 8.9±0.07	 14.72±0.01
WHCa	 -	 16.32±0.47
OHCb	  -	 9.50±0.23

aWater holding capacity (g water/g, sample);
bOil holding capacity (g oil/g, sample);
cg/100 g of DF concentrates;
L* = lightness; a* = redness (+) and blueness (–); b* = yellowness.
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grape skins (54.1–64.6%) (BRAVO and SAURA-CA-
LIXTO, 1998; SAURA-CALIXTO, 1998), citrus peel 
(57%; CHAU and HUANG, 2003), or fibre from lime 
peels (66.7% and 70.4%; UBANDO et al., 2005) 
and mango peel (71%; LARRAURI et al., 1996).

WHC was found to be 16.32 (g water/g, sam-
ple) in date fibre in the present study. WHC in 
of date fibres was reported to be significantly 
higher than those of fruit and vegetable fibres 
(FEMENIA et al., 1997; GAN and LATIFF, 2011; 
LOPEZ et al., 1996; VERGARA-VALENCIA et al., 
2007; AHMED et al., 2013), but similar to those 
found in date (15.5 g/g, dry matter) by ELLEUCH 
et al. (2008). OHC is another functional proper-
ty of some ingredients used in formulated food. 
In general, date fibre showed significantly high-
er OHC (9.5 g oil/g, sample) when compared to 
other fruit and vegetable derived fibres (GAN and 
LATIFF, 2011; VERGARA-VALENCIA et al., 2007). 
The highest OHC was observed for Allig culti-
var (9.9 g oil/g sample) followed by ELLEUCH et 
al. (2008). Higher OHC of date fibre indicated 
that it could be used as an ingredient to stabi-
lize foods with a high percentage of fat (ELLEUCH 
et al., 2008; AHMED et al., 2013). The mean L*, 
a* and b* values were found to be 61.08, 6.35 

and 14.72, respectively. This could be due, on 
the one hand, to the wash operations during 
the extraction and concentration of DF and, on 
the other hand, to the solubility of pigments re-
sponsible for the dark units of color. ELLEUCH 
et al. (2008) reported that L*, a* and b* values 
were 61.92, 7.11 and 14.85, respectively for Al-
lig, which are convenient with the present study. 
GOÑI et al. (2009) informed that PP associated 
with polysaccharides and proteins in cell walls 
are significant constituents of date fibre. Ta-
ble 2 shows date fibre polyphenol (PP) contents 
(0.73 g/100 g).

Physical and chemical characteristics 
of ice cream samples

The results of some physical, chemical anal-
yses and mineral contents of ice cream sam-
ples are given in Tables 3 and 4. The dry-mat-
ter content of control sample was lower than 
other samples at statistically significant levels 
(p<0.05). The dry matter rates of ice cream in-
creased with the addition of DF concentration. 
The highest fat and acidity ratios were found to 
be in control sample (4.63%). pH values of ice 

Table 3 - Some chemical and physical properties of ice cream samples with date fibre.

Analysis	 C	 DF1	 DF2	 DF3	 DF4

Moisture (%)	 33.15±0.02a	 33.32±0.29b	 33.49±0.10a	 33.63±0.36b	 34.05±0.01c
Ash (%)	 0.89±0.01a	 0.92±0.01ab	 0.95±0.01b	 1.06 ±0.02c	 1.10±0.01c
Fat (%)	 4.63±1.41d	 4.17±0.14c	 4.15±0.03c	 3.91±0.01b	 3.86±0.02a
Acidity(oSH)	 8.99±0.00e	 6.23±0.02a	 6.38±0.01b	 6.54±0.01c	 6.73±0.02d
pH	 6.20±0.02e	 5.62±0.02d	 5.56±0.01c	 5.23±0.03b	 5.09±0.01a
L*	 83.33±0.01d	 82.26±0.04d	 80.27±0.03c	 77.64±0.91b	 75.45±0.07a
a*	 1.62±0.05a	 2.54±0.04b	 2.73±0.01c	 3.21±0.04d	 3.90±0.01e
b*	 9.15±0.02a	 9.20±0.01a	 11.60±0.14b	 12.40±0.01c	 12.50±0.02c
Overrun (%)	 40.51±0.00e	 39.32±0.21d	 37.20±0.01c	 32.24±0.19b	 29.87±0.06a
Complete melting time (s)	 0.43±0.02b	 0.50±0.00c	 0.46±0.02b	   0.35±0.01a	 0.38±0.00a

Mean values followed by different letters in the same row are significantly different (p<0.05).
C: Control (without date fibre); DF1: ice cream with made date fibre 1% (w/w); DF2: ice cream with date fibre 2% (w/w); DF3: ice cream with date fibre 3% (w/w); 
DF4: ice cream with date fibre 4% (w/w).

Table 4 - Elemental composition (mg kg-1) of the ash in ice cream with date fibre.

Concentrations of minerals	 C	 DF1	 DF2	 DF3	 DF4

Ca	 1844.36±12.72e	 1623.25±2.82d	 1547±2.12c	 1481.40±2.12a	 1514.06±7.77b
K	 1669.56±21.20a	 1913.06±4.15b	 1939.18±1.33bc	 2043.46±80.63cd	 2135.46±49.95d
Na	 537.68±6.37b	 572±0.04c	 690±0.70d	 528.5±0.70a	 573±0.01c
P	 1100.86±0.01c	 1257.05±4.24d	 1019±2.12b	 1100±0.71c	 1006±2.82a
S	 875.24±1.41a	 938.50±17.67b	 980±0.70c	 1015±7.07d	 1103±2.12e
Mg	 159.31±1.39a	 161.32±1.15a	 164.78±0.72b	 171.06±0.12c	 183.33±1.59d
Fe	 10.82±0.24a	 11.17±0.05b	 14.73±0.02c	 21.02±0.01d	 29.65±0.22e
Mn	 0.32±0.01b	 0.35±0.07c	 0.26±0.02a	 0.30±0.01b	 0.40±0.01d
Zn	 57.84±0.86a	 70.82±0.95b	 84.03±0.89c	 91.13±1.36d	 94.56±3.93d
Ni	 0.97±0.06a	 1.20±0.14b	 1.14±0.01ab	 1.70±0.01c	 1.61±0.01c

Mean values followed by different letters in the same row are significantly different (p<0.05).
C: Control (without date fibre); DF1: ice cream with made date fibre 1% (w/w); DF2: ice cream with date fibre 2% (w/w); DF3: ice cream with date fibre 3% (w/w); 
DF4: ice.
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cream samples were not statistically different 
maybe due to pH of date (6.00). 

Viscosity is one of the most important proper-
ties of an ice-cream mixture since it can result 
in a desirable body and texture in ice creams. 
Therefore, the measurement of viscosity is im-
portant to know the effect of DF on the charac-
teristics of ice-cream mixtures. It could be seen 
in the present study that the addition of DF sig-
nificantly (p<0.05) affected the viscosity behav-
iour of ice cream samples (Fig. 1). Viscosity of 
ice-cream samples increased significantly by 
adding DF (3 and 4%). As shown in Fig. 1, the 
lowest and highest viscosity rates value were ob-
tained in DF1 sample the sample with 4% DF. 
The control sample had an average of 5175 vis-
cosity. Similar results were reported in grape 
wine lees added in ice cream by HWANG et al. 
(2009), in frozen yogurt by GUVEN and KARACA 
(2002), in Cape gooseberry (Physalis peruviana 
L.) added in ice cream by ERKAYA et al. (2012) 
and the citrus fibre added in ice cream mixes by 
DERVISOGLU and YAZICI (2006).

Ice cream color was affected by the addition 
of DF. The date fibre had a brownish color. Ice 
cream fortified with date fibre had significant-
ly higher a* and b* values and lower L* values 
compared to the control sample. Lightness (L*) 
values of ice cream samples were closer to each 
of dietary fibre but with DF1 and DF2 samples, 
it was found to be significantly higher than the 

Fig. 1 - The obtain of date fibre and production of ice cream.

other samples (Table 3). All samples had neg-
ative a* values and DF3 and DF4 samples had 
close but significantly higher values than other 
samples. Increase in the concentration of date 
fibre contributed to the color values of the sam-
ples (p<0.05). The addition of date fibre increased 
the b* values of all samples. The lowest b* val-
ue was obtained in DF1 samples while the high-
est b* was obtained in the DF4 samples. DERVI-
SOGLU and YAZICI (2006) reported that the ad-
dition of citrus fibre increased the color prop-
erties similarly to the results of present study. 

Overrun and melting time are associated with 
the amount of air incorporated during the man-
ufacturing process. These features can define 
the structure of the end final product since the 
presence of air gives the ice cream an agreeable 
light texture and influences the physical proper-
ties of melting and hardness of the end product 
(SOFJAN and HARTEL, 2004; CRUZ et al., 2009; 
DAGDEMIR, 2011). All ice cream samples had 
normally lower overrun values (29.87-40.51%) 
than those reported in literature (80-120%). Al-
though the rate of DF lowered the overrun values 
of the ice-cream samples, control samples had 
higher overrun values than the DF added sam-
ples (Table 3). Since the viscosity of ice cream 
increased in DF added samples, it was possible 
that less air was incorporated in the ice cream 
mix with DF during batch freezing, which re-
sulted in lower overrun than for control (with-
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out DF). The decrease of overrun values for ice 
creams with DF was in agreement with the re-
sults indicated in literature (DERVISOGLU et al., 
2005; TEMIZ and YESILSU, 2010). EL-SAMAHY et 
al. (2009) reported that the decrement of over-
run in ice cream containing concentrated cac-
tus pear pulp might be attributed to increment 
of mix’s viscosity that extremely affects whip-
ping rate of mixes. HWANG et al. (2009) reported 
that the overrun values of ice-cream samples de-
creased significantly when grape wine lees was 
added. It was found by SUN-WATERHOUSE et al. 
(2013) that overrun rate of ice – cream contain-
ing green kiwi fruit was 90.5% and higher than 
that found in the present study. However, similar 
results with the present study were found with 
Cape gooseberry (Physalis peruviana L.) added 
in ice cream by ERKAYA et al. (2012). 

As can be seen in Table 3, the complete melt-
ing times of the ice cream samples were signif-
icantly longer for DF4 samples (0.50 g min-1) 
and the period got longer as the fibre content 
increased. This is due possibly to some com-
pounds existent in DF4, which have the ability 
of water absorption. AKIN et al. (2007) reported 
that the decrease in melting rate of ice cream 
with inulin might originate from its ability to 
reduce the free movement of water molecules. 
DF (3 and 4%) concentration affected the first 
dripping times positively (Fig. 2). Results of the 
present study indicated that the first dripping 
times were prolonged as the fibre contents in-
creased in the ice cream samples (p<0.05). It was 
found by DERVISOGLU and YAZICI (2006) that 
citrus fibre samples extended dripping times. 
These findings were similar to those in the pre-
sent study. Statistically significant differences 
(p<0.05) were found in terms of major element 
contents such as Ca, K, Mg and S between the 
samples except for Mn concentration in all ice 
cream samples. Dairy products are known to be 

excellent sources of Ca, P and Mg and supply 
dietary fibre a significant amount of calcimine, 
a bioavailable form (MCKINLEY, 2005). Addition 
of date fibre lowered Ca content of the samples 
in the present study (Table 4). The highest Ca 
was found to be 1844.36 mg/kg in control sam-
ples. Mg and S values of ice cream samples in-
creased with the addition of date fibre (p<0.05). 
Increasing K in human diet may provide protec-
tion from hypertension in people who are sen-
sitive to high levels of Na. The highest rate of S 
and Na was fibre detected in the samples with 
4% and 2% DF to be 1103 and 690 mg/kg, re-
spectively, while the lowest rates were 875.24 in 
control and 528.5 mg/kg with 3% DF, respec-
tively. Elements like Fe, Zn and Mn are classi-
fied as micro-nutrients. The addition of DF sig-
nificantly increased Fe, Zn and Mn contents of 
the ice-cream samples (p<0.05). Similar results 
were reported by ERKAYA et al. (2012) in Cape 
gooseberry (Physalis peruviana L.) added ice 
cream samples. It can be suggested by consid-
ering such a result that date fibre may be a good 
source to enhance dairy products such as ice-
cream, which is poor in minor elements like Fe 
and Zn. WU et al. (2005) reported that Zn acts 
as a non-enzymatic antioxidant, so that its con-
sumption helps to prevent oxidative damage of 
the cell. The ice cream sample with 4% DF had 
the highest Zn content (94.56 mg/kg).

Sensory evaluations

Results of the sensory evaluation of the ice 
cream samples on a scale from 1 (poor) to 9 (ex-
cellent) are shown in a radar plot in Fig. 3. For-
tifying ice cream with DF had a significant effect 
on all sensory properties except sweetness. All 
the fibre-enriched samples received lower scores 
for total evaluation in terms of sensory charac-
teristics (p<0.05). Ice cream enriched with up to 

Fig. 2 - Viscosity values of ice cream containing date fibre and control.
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Fig. 3 - Effect of the addition of DF on the sensory profile of ice cream.
C: control; DF1: 1% (w/w) date fibre added; DF2: 2% (w/w) date fibre added; DF3: 3%(w/w) date fibre added; DF4: 4%(w/w) 
date fibre added.

1 and 2% DF had similar mouth feeling, showed 
resistant to melting and gave general accepta-
bility ratings as control sample. Panellists pre-
ferred the ice cream samples more to the others.

Conclusions

It can be shown as the results of the pre-
sent study that fibre of date (especially at 1 and 
2%) may be successfully used as a good natu-
ral source of nutritive ingredients in ice cream 
production. The addition of date fibre improved 
the viscosity, first dripping times, complete melt-
ing times and mineral compositions, but had no 
significant effect on overrun of ice creams. The 
enrichment of food with date fibres is an effec-
tive way to enhance nutritional and physiologi-
cal aspects and to promote functionality by in-
fluencing rheological and thermal properties of 
the final product.
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