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Abstract:

The aim of this study was to introduce a simple, high
efficient and less expensive method for isolation of f3-
Lg from whey. Anion exchange chromatography, pep-
sin enzyme treatment and ultrafiltration tecniques were
preferred for isolation process to compare differences.
In addition to, centrifuge ultrafiltration techniques were
using for the first time for isolation of B-Lg from whey.
Physicochemical analysis of whey samples indicated
that protein and B-Lg content in whey samples changed
from 0.07 to 0.8% and 0.24 to 0.29 g/L, respectively.
Treatment with the use of pepsin enzyme, anion ex-
changes chromatography and ultrafiltration techniques,
resulted to B-Lg of 1.43, 6.56 and 43.59 folds respec-
tively. Our results showed that ultrafiltration tech-
niques are rapid and efficient that allows high protein
yield and has advantages over other methods since it
preserves the native structure of B-Lg. Additionally,
when the enzymatic hydrolysis was used together with
ultrafiltration technique, it was found efficient and pure
than the enzymatic hydrolysis together with dialyse
membrane. Also this study concluded that pepsin en-
zyme treatment and anion exchange chromatography
are economic methods but they are not efficient enough
and very time consuming. However isolation efficiency
can be increased the use of isolation methods together.

Keywords: Beta lactoglobulin, Whey, Ultrafiltration,
Anion exchange chromatography, Pepsin
enzyme

FOOD and HEALTH
E-ISSN: 2602-2834

4(1), 1-8 (2018) doi: 10.3153/JFHS18001
© 2015-2018 ScientificWebJournals (SWJ)



mailto:ezgidemirozer@gmail.com
http://orcid.org/0000-0002-3525-5172
http://orcid.org/0000-0003-2557-0731

Food and Health, 4(1), 1-8 (2018)

Journal abbreviation: Food Health

Introduction

Whey is obtained as a by-product during cheese
making and it has recognized as a valuable food
ingredient with important nutritional and func-
tional properties in the last decades. However, be-
cause it’s low concentration of milk constituents
(5-6% dry matter), whey has commonly consid-
ered waste or animal feed by providing amino ac-
ids required by the young animal (Aich et al.,
2015). It consists of lactose, protein, minerals and
organic acids (Morr & Ha, 1993). Whey proteins
which are a diverse mixture of true proteins, pep-
tides and non-protein (NPN) components, is a de-
fined as the components that are soluble at pH 4.6
in their native form (Fox, 2003). Furthermore,
whey is an important source of beta lactoglobulin
(B-Lg), alfa lactoalbumin (a-La), bovine serum al-
bumin (BSA) and immunoglobulins (Ig)
(Yerlikaya, Kinik, & Akbulut, 2010). The most
abundant whey protein is B-lactoglobulin (B-Lg),
which consists of approximately 50-60% of whey
proteins and 12% of the total proteins in milk
(Outinen, 2010).

B-Lg is a small, soluble and globular protein that
is a dimer at the normal pH of bovine milk with a
molecular weight of 36 kDa and is a single chain
polypeptide of 18 kDa comprising of 162 amino
acid residues (Aich et al.,2015).Essential amino
acids such as threonine, valine, isoleucine, leu-
cine, tryptophan and lysine are composed % 45.68
of total amino acid composition of B-Lg (Young,
1994). B-Lg is a rich source of cysteine which is
an essential amino acid for the synthesis of gluta-
thione (KaragozIii & Bayarer, 2004). Five genetic
variants of bovine and four genetic variants ovine
B-Lg of which the phenotypes A and B are most
predominant have been discovered. B-Lg exists in
the solution as a dimer, with an effective molecu-
lar mass of about 36.6 kDa at the normal pH of
milk (6.5 - 6.7) (Hernandez-Ledesma, Recio, &
Amigo, 2008). Furthermore, B-Lg is an important
source of biologically active peptides. These pep-
tides are inactive with the sequence of the precur-
sor protein. But they can be released through ‘in
vivo’ or ‘in vitro’ enzymatic proteolysis. These
peptides also play important roles in the human
health such as antihypertensive, antioxidant and in
antimicrobial activities. Its opioid-like features
gives it the ability to decrease body-cholesterol
levels (Hernandez-Ledesma et al., 2008).

B-Lg is involved with the transfer of passive im-
munity and the binding of retinol and fatty acids
(De Wit, 1998; Yerlikaya et al., 2010). They have

been shown to have inhibitory activity against an-
giotensin converting enzyme (ACE) when deriv-
ing various peptides of B-Lg derived from proteo-
lytic digestion. B-Ig can be used as an ingredient in
the formulation of modern foods and beverages
because of its high nutritional and functional value
(Chatterton, Smithers, Roupas, & Brodkorb,
2006). Recently, researchers have shown interests
in the bioactivities of B-Lg peptides. These pep-
tides are inactive within the sequence of parent
protein, and become activated once released dur-
ing gastrointestinal digestion or during food pro-
cessing. Bioactive peptides may act as regulatory
compounds with hormone-like activity when they
are released in the body (Hernandez-Ledesma et
al., 2008). As well as known its high value as a
food ingredient and its technofunctional proper-
ties, it can be a significant health risk in patients
allergic to milk (Stojadinovic et al., 2012). Also,
there has been an increased interest in recent years
in ways to isolation and purification of B-lg at la-
boratory and industrial-scale.

Some studies have been made to isolate this pro-
tein because of its superior nutritional and func-
tional properties. Some methods have been used
for isolation, such as the salting-out procedure, se-
lective solubility in the presence of 3% wi/w tri-
chloroacetic acid (TCA), separation by ion-ex-
change chromatography, utilizing the differences
in thermal stability in acidic conditions.
(Bhattacharjee, Bhattacharjee, & Datta, 2006;
Cheang & Zydney, 2003; Kinekawa & Kitabatake,
1996).

The aim of the present study was to investigate the
isolation of B-1g from whey by using ultrafiltration
process, pepsin enzyme treatment and anion ex-
change chromatography. In addition, the centrifu-
gal ultrafiltration technique was used for the first
time for B-lg isolation from whey in this study.
These techniques compare the isolated B-Ig re-
tained purity degree, yield of isolate and native
properties in terms of the different isolation tech-
niques.

Materials and Methods

Fresh whey which was obtained from white
cheese manufacturing process using pasteurized
bovine milk was provide from the local dairy pro-
ducer for each of three replications on separate
production days. Three isolation methods which
are ultrafiltration techniques, pepsin enzyme hy-
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drolysis and anion exchange column chromatog-
raphy were used for isolation of B-Lg. Ultrafiltra-
tion techniques were carried out on flat membrane
ultrafiltration (Vivaflow 200 PES, Sartorius, Ger-
many) and centrifugal ultrafiltration units (Vi-
vaspin 15R, Sartorius, Germany). Anion exchange
chromatography technique was performed by an-
ion-exchange spin column (Vivapure Q mini H
column, Sartorius, Germany) and 2-(Diethyla-
mino)ethyl-Sephadex (DEAE) A-50 (Sigma Al-
drich, USA). Porcine pepsin enzyme (0.8 1U/mg;
Merck, USA) was used for pepsin enzyme treat-
ment.

Physicochemical Analysis

Physicochemical properties of whey which are
acidity (SH, pH), fat, protein, dry matter contents
and B-Lg contents were determined (Lieske,
Konrad, & Faber, 1997). Before the isolation pro-
cess of B-Lg from whey, all whey samples centri-
fuged at 15333 x g, 4°C for 15 min as a pretreat-
ment procedure to remove fat and particulates
(Lozano, Giraldo, & Romero, 2008). -Lg content
of whey in the beginning of isolation process and
differences between protein content and effective-
ness of isolation techniques were measured by us-
ing high-performance liquid chromatography
(HPLC) (Shimadzu LC-20AT, Japan) which was
performed on a Zorbax 300SB-C18 4.6 x 250mm
(Agilent, USA) with a diode array detector.

Isolation of p-Lg by Ultrafiltration Techniques

Ultrafiltration methods were performed with flat
membrane ultrafiltration and centrifugal ultrafil-
tration units. Flat membrane systems were Vi-
vaflow 200 Poly(ether sulfones) (PES) (Sartorius
Sedium). B-Lg of whey protein concentrate was
pre-treated by fractionation of protein using two-
stage ultrafiltration (UF) with 30 kDa and 10 kDa
molecular weight cut-off (MWCO) (Bhattacharjee
et al., 2006). After pre-treatment, whey samples
were heated at 42°C to improve the effectiveness
of separation. This temperature was chosen to pre-
vent the present proteins from being denatured.
Whey samples were filtered on 30 kDa MWCO
ultrafiltration systems and separated into retentate
and filtrate (Filtrate-1). Then, these filtrate and re-
tentate were filtered on 10 kDa MWCO ultrafiltra-
tion systems (Filtrate-1l and retentate, respec-
tively). Separation process with ultrafiltration sys-
tems was carried out under 2 bar pressure.

Centrifugal ultrafiltration units (Vivaspin 15R)
were performed at 4000 x g, 15°C for 30 min

(Sigma 3K30). The amount and purity of f-Lg iso-
lates were analyzed at 214 nm by HPLC. Samples
were taken from the last concentrate isolates for
the determination of protein profiles by sodium
dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-Page) (Laemmli, 1970).

Isolation of p-Lg by Anion Exchange Chromatog-
raphy

The method used by Lozano et al. (2008) were
modified and used for the isolation of B-Lg by an-
ion exchange chromatography. The pH of free par-
ticulates was adjusted to 3.0 using concentrated
phosphoric acid (85%, HsPO4 Sigma, Germany).
Then, precipitation was performed with 50% am-
monium sulfate at 4°C to obtain highly enriched
fraction of B-Lg and precipate was obtained by
centrifugation at 15330xg, 4°C for 15 min. The ob-
tained precipitate was dissolved in phosphate buff-
ered saline (PBS) solution at the pH of 3.0. Precip-
itations were obtained from 50% salt. Then, sam-
ples were dialyzed using a 12-14 kDa cut off Spec-
tra/Pors membrane against PBS solution pH 7.2.
After dialysis, salt was added to 70%. The result-
ant precipitate was centrifuged at same centrifuga-
tion conditions and obtained supernatant which
contained high B-lactoglobulin was dialyzed under
the same conditions. Finally, obtained product was
lyophilized and stored for anion-exchange chro-
matography.

Anion-exchange chromatography was performed
on a column packed with DEAE Sephadex A-50.
A 50 milliliters sample, which was reconstituted
in distilled water to a final concentration of 1 g/
10mL, was added to the column at a flow rate of
0.5mL/min. 18 fractions of f-Lg were collected
using 15 mL volumes of 0-0.9 M graduated NaCl.
Amount of B-Lg fractions were determined with
spectrophotometric analyses (Lieske et al., 1997;
Lozano et al., 2008). The amount and purity of -
Lg isolates were determined by HPLC. Samples
were taken from the last concentrate isolates for
the determination of protein profiles by SDS-Page
(Laemmli, 1970).

Isolation of f-Lg by Pepsin Enzyme Treatment

Whey protein is sensitive to pepsin enzyme except
B-Lg. Therefore, pepsin enzyme can be used for
the isolation of B-Lg from whey (Kinekawa &
Kitabatake, 1996). B-Lg was purified from whey
by combining pepsin treatment and filtration sys-
tem. After the pretreatment and preheating (37°C)
process, porcine pepsin added to whey (15/100)
and the mixture than incubated at pH 2, 37°C for
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60 min. The protein fraction was collected by am-
monium sulphate (75%) precipitation. After pre-
cipitation, the fraction was dialyzed against water
using a 20 kDa pore size on the dialyse membrane
or filtrated using a 30 kDa pore size on the UF
membrane. The amount and purity of f-Lg isolates
were determined by HPLC. Samples were taken
from the last concentrate isolates for the determi-
nation of protein profiles by SDS-Page.

Characterization of Isolated -Lg by HPLC

The amount and purity of f-Lg were determined
by HPLC, as described by Elgar et al. (2000). The
column was operated at room temperature (RT)
and at a flow-rate of 1 ml/min. The column was
equilibrated in 80% of solvent A (0.1%, v/v, TFA
in Milli-Q water) and after a sample injection a 1-
min isocratic period was applied, followed by a se-
ries of linear gradients, to 100% of solvent B
(0.09%, v/v, TFA, 90%, v/v ) as follows: 1 - 6 min.
(20 - 40%), 6 - 16 min (40 - 45%), 16 - 19 min (45
- 50%), 19 - 20 min. (50%), 20 - 23 min (50-70%),
and 23 - 24 min. (70 - 100%) . Shimadzu HPLC
LC-20AT and DAD detector were used. Isolated
samples were calculated via HPLC calibration
curves which were made by using B-Lg standards.

Determination of Protein Profiles of Isolated f-Lg

Protein profiles of isolated B-Lg was determined
by the sodium dodecyl sulphate-polyacrylamide
gel electrophoresis (SDS-PAGE) method were
preferred (Laemmli, 1970). A Bio-Rad mini gel
electrophoresis device equipped with a power sup-
ply (Power Pac 3000 - Bio-Rad Laboratories
Ltd.,Hemel Hemstead, UK) was used to perform
SDS page of whey samples and whey isolates.
Discontinuous electrophoresis was conducted
with 12% stacking gel and 5% running gel. Sam-
ples were dissolved in a sample buffer solution (50
mM Tris-HCI, 10% glycerol, 2% sodium dodecyl
sulphate, 1.5% B-mercaptoethanol and 0.1%
bromphenol blue, pH 6.8) and boiled at 100°C for
5 min. Gel was stained with Coomassie blue R-
250 in methanol-acetic acid-water (4.5:1:4.5,
viviv) and the excess dye was removed with the
same ratio of methanol-acetic acid-water without
dye and monitorised using a gel-imaging system
(Biolab Uvitec BTS-20M) connected to computer.
Sigma SDS7 was used as protein marker. The mo-
lecular weight of each protein band was matched
to known standard proteins (Sanlidere Aloglu,
2013).

Statistical Methods

The entire experiments were replicated three
times. The statistical evaluation of the results was
performed using the SPSS 18.0.0 (SPSS Inc., Chi-
cago, USA). The generated data were analyzed by
analysis of variance (ANOVA). Differences
among mean values were established using the
Tukey’s HSD test (p<0.05).

Results and Discussion

Gross composition of bovine whey was as follows
(meansstandard variation); 95.70% +0.11 water,
4.93% +0.95 total solids, 0.21% £0.01 lactic acid,
0.77% +0.02 protein, 0.47% +0.12 fat and 0.43%
+0.12 ash. Chemical composition of whey used in
this study was in accordance with previous studies
(Lieske et al., 1997; Tungtiirk, Andi¢, & Ocak,
2010). pH of whey was 5.51 +0.11 and p-Lg con-
tent was 0.38 +£0.04 g/L. Some researchers have
indicated that heat treatment could be effective on
content of B-Lg. Because the heat treatment when
is above 70°C, B-Lg undergoes an irreversible
polymerization (Reddy, Kella, & Kinsella, 1988).
Similarly, Outinen (2010) has reported that high
temperature heat treatment of cheese milk signifi-
cantly decreased B-Lg content of whey (Outinen,
2010). Furthermore some researcher have reported
that pretreatment of milk such as homogenization
and pressure can be affect chemical properties of
whey (Jang & Swaisgood, 1990).

Isolated B-Ig by flat and centrifugal ultrafiltration
technique are presented in table 1. The high mo-
lecular weight proteins such as BSA, immuno-
globulin and lactoferrin were removed by 30 kDa
ultrafiltration system. Bhattacharjee et al. (2006)
have reported similar finding.

Table 1. B-lg concentration for flat (A) and cen-
trifugal (B) ultrafiltration system

B-lg Concentration (mg/mL)

Flat Centrifugal
Ultrafiltration Ultrafiltration
Whey 0.38% 0.382
Filtrate-I 14.318 7.94°
Filtrate-11 15.782 0.18°
Retant 0.082 0.042

a,b (—) Different letters within a row are significantly different.

The result of the peak area calculations showed
that centrifugal ultrafiltration units have low con-
centration of B-lg than flat system. Because the
centrifugal ultrafiltration units used for the final
sample concentration, the serum proteins were
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separated from B-lg by centrifugal ultrafiltration
units.

Enzymatic hydrolysis can be used for isolation
and purification of milk proteins. Caseins are
highly digestible by proteases compared to whey
protein and may be selectively digested by prote-
ases converting them to low-molecular-weight
fractions that can be sieved out through membrane
filters (Guo, Fox, Flynn, & Kindstedt, 1995).
Whey proteins are hydrolyzed by pepsin enzyme,
except B-Lg. Because B-Lg is fairly resistant to di-
gestion due to their globular structure and have
different susceptibility to digestion by pepsin. The
purification of B-Lg from contaminating proteins
which are a-La and BSA was based on the selec-
tive hydrolysis by pepsin at 37 °C and pH 2. -
lactoglobulin is resistant to peptic digestion, but
the enzymic hydrolysis of contaminating proteins,
a-lactalbumin and traces of serum albumin occurs
in these conditions (Sannier, Bordenave, & Piot,

mAU

2000). Therefore, the enzymatic hydrolysis tech-
nigue was used together with ultrafiltration tech-
nique in order to remove a-lactaloumin and traces
of serum albumin.

When the enzymatic hydrolysis was used together
with ultrafiltration technique, it was found effi-
cient (1.43 fold) and pure than the enzymatic hy-
drolysis together with dialyse membrane (1.32
fold).

The last isolation method was anion exchange
chromatography via vivapure Q Mini H column.
After anion exchange chromatography, eighteen
fractions were collected at the end of column as
the elution occurs and all collected fractions ana-
lysed by HPLC. According to HPLC analysis, it
was determined that the third fraction has o-La and
B-Lg. At a later stage, a-La and B-Lg contained in
third fraction was separated from each other by us-
ing the Vivapure Q Mini H column to obtain pure
B-Lg (Figure 1).

JAD1:214nm
2000

1500{
1000{

500-

0.

7‘ | | ‘ | | ‘ | | ‘ |
0.0 50 10.0 15.0

20.0

25.0 30.0 35.0 min

Figure 1. Chromotogram using Vivapure Q Mini H column
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Consequently B-Lg isolated was obtained 1.43,
6.56 and 43.59 fold respectively by pepsin en-
zyme, anion exchange chromatography treatment
and ultrafiltration techniques (Table 2). Standard
curves of B-Lg were obtained by using LC Solu-
tion Software which is analysis program of HPLC.
B-Lg amount of all process samples were calcu-
lated using these curves. We can say ultrafiltration
technique is more effective (43.59 fold) than other
isolation techniques. Cheang and Zydney (2003,
2004) were able to obtain 100-fold purification
and greater than 90% recovery of f-Lg from a bi-
nary mixture with a-La by ultrafiltration tech-
niques. Recently isolation of a-La from sweet
whey was achieved through a novel approach in-
volving membrane filtrations and a triptych treat-
ment (Bottomley, 1991). Bottomley (1991) de-

66000

45000
36000

29000

20100

14200

1 2 3 4

scribed a two-stage membrane process for obtain-
ing concentrates enriched in whey protein. The
separation principle is differences in molecular
weight of proteins and a likely challenge is lack of
adequate selectivity for the separation of f-Lg and
a-La due to the very similar molecular weight of
these proteins (Cheang & Zydney, 2003; Fox,
2003; Muller, Chaufer, Merin, & Daufin, 2003).
Ye and others were obtained 1260 mg a-La, 1290
mg B-Lg B and 2280 mg B-Lg A from 1 liter rennet
whey using ion exchange chromatography (Ye,
Yoshida, & Ng, 2000).

All isolate and whey samples are analyzed by
SDS-PAGE (Figure 2). The second band has a
biggest area as a calculation. Optic densitometers
of SDS-PAGE band is calculated by 1.45 ImageJ
(Table 3).

BSA

a-LA

5 6 7 8

1: Marker, 2: Retante which was obtained filtrate 1 used as a sample for L0000MWCO, 3: Filtrate obtained after
30000 MWCO (Filtrate 1.), 4: After dialysis step is in Application of Pepsin enzyme, 5: After ultrafiltration step
is in application of Pepsin enzyme, 6: The fraction of anion exchange chromatography, 7: Whey sample, 8: Stand-

ard of B-Lg.
Figure 2. SDS Page Bands

Table 2. B-Lg purification rate results after HPLC analyses (g/L-p<0,05)

B-lg Concentration in | Fold Purificai-
Final Volume (g/L) ton
Whey 0.389 £0.015 1
Pepsin enzyme treatment with ultrafiltion 0.557 +£0.04° 1.43
Anion exchange chromatography 2.552 +0.025" 6.56
Ultrafiltration 16.958 £1.275° 43.59
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Table 3. Optic densitometers results of SDS PAGE

Technigques Area %

Marker 270 8.38
Retante which was obtained filtrate 1 used as a sample for 20000MWCO 545 16.92
Filtrate obtained after 30000 MWCO (Filtrate I.) 384 11.92
The Pepsin enzyme treatment combined with dialysis 341 10.59
The Pepsin enzyme treatment combined with ultrafiltration technique 418 12.98
The fraction of anion exchange chromatography 504 15.65
Whey sample 325 10.09
Standard of B-Lg 434 13.47
Total area 3221

We can obtain denser B-Lg all techniques, as
shown in Figure 2. But ultrafiltration techniques
have good yield and purity according to HPLC
profile analysis results (Table 2). Our results
showed that ultrafiltration techniques are rapid
and efficient that allows high protein yield and has
advantages over other methods since it preserves
the native structure of beta lactoglobulin. Also our
ultrafiltration techniques could remove BSA,
however the whey sample had BSA band. Our re-
sult is agreement with Bhattacharjee et al. (2006).
They showed that proteins which have high mo-
lecular weight like BSA, immunoglobulin and lac-
toferrin were removed on first step (30 kDa).

Conclusion

This study concluded that pepsin enzyme treat-
ment and anion exchange chromatography are not
efficient enough and very time consuming alt-
hough these are economic methods. However, ul-
trafiltration techniques have provided higher pu-
rity and yield for isolation of B-Lg. Furthermore,
B-Lg doesn’t denaturate and contains any contam-
inants such as other proteins or salts by ultrafiltra-
tion techniques. This research suggests that ultra-
filtration techniques could be applied on high pu-
rity and yield of B-Lg isolation. Therefore further
investigation is needed to large scale isolation pro-
Cess.

Acknowledgements

This work was sponsored by Scientific Research
Projects, with Coordination from Siileyman Demi-
rel University. The project number is 2727-YL—
11.

References

Aich, R., Batabyal, S. & Joardar, S.N. (2015).
Isolation and purification of beta-
lactoglobulin from cow milk. Veterinary
World, 8, 621-624.

Bhattacharjee, S., Bhattacharjee, C. & Datta, S.
(2006). Studies on the fractionation of [3-
lactoglobulin from casein whey using
ultrafiltration and ion-exchange
membrane chromatography. Journal of
Membrane Science, 275(1), 141-150.

Bottomley, R. (1991). Process for obtaining
concentrates having a high a-lactalbumin
content from whey. US Patent, Patent
number: 5,008, 376.

Chatterton, D.E., Smithers, G., Roupas, P. &
Brodkorb, A. (2006). Bioactivity of (-
lactoglobulin ~ and  a-lactalbumin—
Technological implications for
processing. International Dairy Journal,
16(11), 1229-1240.

Cheang, B., & Zydney, A. L. (2003). Separation
of a-lactalbumin and p-lactoglobulin
using membrane ultrafiltration.
Biotechnology and Bioengineering, 83(2),
201-2009.

Cheang, B., & Zydney, A. L. (2004). A two-stage
ultrafiltration process for fractionation of
whey protein isolate. Journal of
Membrane Science, 231(1), 159-167.

De Wit, J. (1998). Nutritional and functional
characteristics of whey proteins in food
products. Journal of Dairy Science, 81(3),
597-608.

Elgar, D.F., Norris, C.S., Ayers, J.S., Pritchard,
M., Otter, D.E., & Palmano, K.P. (2000).
Simultaneous separation and quantitation
of the major bovine whey proteins
including  proteose  peptone  and
caseinomacropeptide by reversed-phase
high-performance liquid chromatography
on polystyrene—divinylbenzene. Journal
of Chromatography A, 878(2), 183-196.



Food and Health, 4(1), 1-8 (2018)

Journal abbreviation: Food Health

Fox, P. (2003). Milk proteins: general and
historical aspects Advanced Dairy
Chemistry—1  Proteins (pp. 1-48):
Springer. ISBN 978-1-4419-8602-3

Guo, M., Fox, P., Flynn, A., & Kindstedt, P.
(1995). Susceptibility of B-Lactoglobulin
and Sodium Caseinate to Proteolysis by
Pepsin and Trypsin. Journal of Dairy
Science, 78(11), 2336-2344.

Hernandez-Ledesma, B., Recio, I., & Amigo, L.
(2008). B-Lactoglobulin as source of
bioactive peptides. Amino Acids, 35(2),

257-265.
Jang, H.D., & Swaisgood, H.E. (1990). Disulfide
bond formation between thermally

denatured B-lactoglobulin and k-casein in
casein micelles. Journal of Dairy Science,
73(4), 900-904.

Karagozlii, C., & Bayarer, M. (2004). Peyniralti
suyu proteinlerinin fonksiyonel 6zellikleri
ve saglik iizerine etkileri. Ege Univ.
Ziraat Fakiiltesi Dergisi, 41, 197-207.

Kinekawa, Y.-l., & Kitabatake, N. (1996).
Purification of f-Lactoglobulin from
Whey Protein Concentrate by Pepsin
Treatment. Journal of Dairy Science,
79(3), 350-356.

Laemmli, U.K. (1970). Cleavage of structural
proteins during the assembly of the head
of bacteriophage T4. Nature, 227(5259),
680-685.

Lieske, B., Konrad, G., & Faber, W. (1997). A
new spectrophotometric assay for native
B-lactoglobulin in raw and processed
bovine milk. International Dairy Journal,
7(12), 805-812.

Lozano, J.M., Giraldo, G.l., & Romero, C. M.
(2008). An improved method for isolation
of B-lactoglobulin. International Dairy
Journal, 18(1), 55-63.

Morr, C., & Ha, E. (1993). Whey protein
concentrates and isolates: processing and
functional properties. Critical Reviews in
Food Science & Nutrition, 33(6), 431-
476.

Muller, A., Chaufer, B., Merin, U., & Daufin, G.
(2003). Purification of alpha-lactalbumin
from a prepurified acid whey:
Ultrafiltration or precipitation. Le Lait,
83(6), 439-451.

Outinen, M. (2010). Effect of pre-treatment of
cheese milk on the composition and
characteristics of whey and whey
products. TKK Dissertation 212, Aalto
University, p. 44. ISBN 978-9-5260-
3006-7

Reddy, I.M., Kella, N.K., & Kinsella, J.E. (1988).
Structural and conformational basis of the
resistance of beta-lactoglobulin to peptic
and chymotryptic digestion. Journal of
Agricultural and Food Chemistry, 36(4),
737-741.

Sannier, F., Bordenave, S., & Piot, J. (2000).
Purification of goat B-lactoglobulin from
whey by an ultrafiltration membrane
enzymic reactor. Journal of Dairy
Research, 67(01), 43-51.

Sanlidere Aloglu, H. (2013). The effect of various
heat treatments on the antioxidant
capacity of milk before and after

simulated  gastrointestinal  digestion.

International ~ Journal  of  Dairy

Technology, 66(2), 170-174.
Stojadinovic, M. Burazer, L., Ercili-Cura,D.,

Sancho, A.,Buchert, J.,Velickovica T.C.
& Stanic-Vucinica, D. (2012). One-step
method for isolation and purification of
native B-lactoglobulin. Journal of the
Science of Food and Agriculture, 92,
1432-1440

Tungtiirk, Y., Andi¢, S., & Ocak, E. (2010).
Homojenizasyon ve pastorizasyonun
Beyaz Peynir ve Peyniralti Suyu
Bilesimine Etkisi. Gida/The Journal of
Food, 35(5), 339-345.

Ye, X., Yoshida, S., & Ng, T. (2000). Isolation of
lactoperoxidase, lactoferrin, o-
lactalbumin, B-lactoglobulin B and f-
lactoglobulin A from bovine rennet whey
using ion exchange chromatography. The
International Journal of Biochemistry &
Cell Biology, 32(11), 1143-1150.

Yerlikaya, O., Kinik, O., & Akbulut, N. (2010).
Peyniraltt Suyunun Fonksiyonel
Ozellikleri ~ ve  Peyniraln  Suyu
Kullanilarak Uretilen Yeni Nesil Siit
Uriinleri. Gida/The Journal of Food,
35(4), 289-296.

V. R. (1994). Adult amino acid
requirements: the case for a major
revision in current recommendations. The
Journal of Nutrition, 124(8 Suppl),
1517S-1523S.

Young,



ORIGINAL ARTICLE/ORIJINAL CALISMA

FULL PAPER

TAM MAKALE

EFFECTS OF BAKER'S YEAST ADDITION ON SOME
PROPERTIES AND PHYTIC ACID CONTENT OF TARHANA
PREPARED WITH DIFFERENT CEREAL AND LEGUME

PRODUCTS

ORCiD.

Nilgiin Ertas 1P

Necmettin Erbakan University, Faculty of Engineering and Architecture, Department of Food Engineering, Koycegiz

Campus, Konya, Turkey

Received: 06.04.2017
Accepted: 06.07.2017
Published online: 06.11.2017

Corresponding author:

Nilgiin Ertas, Necmettin Erbakan University, Faculty of En-
gineering and Architecture, Department of Food Engineering,
Koycegiz Campus, 42090, Konya, Turkey

E-mail: nertas@konya.edu.tr, dr.nilgunertas@gmail.com

Abstract:

Fermentation is an important process for improvement of
functional properties of food product. It is also one of the
most effective methods for reducing phytic acid content. Tar-
hana production contains 7 day fermentation by yoghurt bac-
teria with and without bakers’ yeast. In this study, wheat flour
used in tarhana preparation was replaced with different cereal
flours (barley, rye and oat), legume flours (chickpea, common
bean and lentil) and cereal bran (rye, oat and barley) at 50%,
50% and 25% levels, respectively. All types of flour and bran
addition increased the ash and mineral content compared to
the control, and the highest ash, calcium, iron, magnesium
and zinc content was determined with rye flour addition. Af-
ter fermentation process, the lowest phytic acid content was
found with 50 % barley flour addition. The mean of phytic
acid loss after fermentation changed between 90.91% and
94.31% and the lowest phytic acid losses were found with oat
and rye bran addition. Tarhana samples produced with yeast
had higher mean values for mineral matter, total phenolic
content and antioxidant capacity on the other hand gave less
appreciation by the panelists. According to general accepta-
bility; the most popular tarhana samples after control was rye
flour tarhana sample.
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Introduction

Traditional food is gaining popularity in recent
years, due to the depending on changes in consum-
ers' lifestyles, new flavours, new products, safe
food, less processed food and foods contain less
additives that consumer demand at the national
and international market. Tarhana is the traditional
soup consumed in Turkey.

Tarhana is fermented cereal product that contains
generally wheat flour, yoghurt, different vegeta-
bles and spices. Also, tarhana is a suitable product
for enrichment, for this reason buckwheat (Bilg-
icli, 2009), barley flour (Erkan et al., 2006), steel-
cut oats and oat flour (Kilci and Gogmen, 2014a,
2014b, Degirmencioglu et al., 2016), soy bean
(Oner et al., 1993), chickpea and lentil (Ozbilgin,
1983) rye, maize and soy bean flour (Kdse and
Cagindi, 2002), wheat germ/bran (Bilgicli and
Ibanoglu, 2007) oat bran and chelating agents
(Ekholm et al., 2003), wheat bran (Celik et al.
2010), ground tench flesh (Erdem et al., 2014),
phytase sources (Bilgicli et al., 2006), soy yoghurt
(Kocaetal., 2002), whey concentrates (Ertas et al.,
2009), lupin yoghurt (Ertas et al., 2014), tomato
seed (Isik and Yapar 2017), cherry laurel (Temiz
and Tarake¢i, 2017), baker’s yeast (Celik et al.,
2005) and rose hip (Levent et al., 2013) have been
used in tarhana production.

Phytic acid, commonly found in cereals and leg-
umes forms insoluble complexes with many min-
erals which necessary for the body at physiologi-
cal pH, and reduces their bioavailability. In reduc-
ing the amount of phytic acid; many physical,
chemical and biochemical methods such as grind-
ing, fermentation, cooking under pressure, germi-
nation, soaking and the addition of phytase en-
zyme can be used (Liang et al., 2008). A method
or combination of several different methods may
be possible for use depending on structure and
manufacturing process of each product.

Fermentation develops the nutritional and sensory
characteristics of the food and also it reduces the
amount of phytic acid. In fermented cereal prod-
ucts, phytase enzyme from microorganisms in nat-
ural flora of flour and/or bakers’ yeast provide the
breakdown of phytic acid. Moreover decreasing
the acidity of the medium increases phytic acid
breakdown during fermentation (Lopez et al.,
1983).

The aim of this study was to determine the effect
of phytic acid rich materials and baker’s yeast on

some quality properties and phytic acid content of
tarhana.

Materials and Methods
Materials

Commercial white wheat flour with a crude pro-
tein content of 12.52 % (Nx5.7, w/w, dry basis)
was used in tarhana production. Commercial full-
fat (8.43 %) strained yoghurt (with 7.87% protein)
made of cow’s milk was used to prepare tarhana.
Bakers’ yeast (Saccharomyces cerevisiae, press
form), onions, tomato paste (22% total dry sol-
ids), red pepper (powder form) and salt were pur-
chased from local markets in Konya, Turkey. Be-
fore use, onion was peeled and chopped finely.
Cereal flours (barley, rye and oat), legume flours
(chickpea, common bean and lentil) and cereal
bran (rye, oat and barley) were obtained Saglik
Agriculture Mill in Konya, Turkey.

Preparation of tarhana samples

Tarhana samples prepared at laboratory conditions
with the formula contained; wheat flour (400g),
yoghurt (160g), tomato paste (40g), chopped on-
ions (20g), red pepper (8g), table salt (4g) and
with and without bakers’ yeast (10g). These ingre-
dients were mixed with 100 ml distilled water us-
ing a KitchenAid mixer for 5 min at the highest
speed. Twenty different tarhana formulations with
two replication were prepared (Table 1). Flours of
cereal (oat, rye and barley), and legume flours
(chickpea, common bean and lentil) were replaced
with wheat flour at the level of 50% (w/w), brans
of cereals (oat, rye and barley) were replaced with
wheat flour at the level of 25% (w/w). And also
tarhana samples were prepared with (2.5%) and
without bakers’ yeast. After mixing, the tarhana
dough was incubated at 30 °C for 72 h, and the
fermented dough samples were dried at 55 °C for
48 h in drier (Nive FN- 500). The dried tarhana
dough samples were ground into granulated form
in a hammer mill equipped with 1 mm opening
screen.

Colour measurement

Dried and ground tarhana samples were used to
determine to colour properties. Konica Minolta
Chroma Meter (Model CR-400, Konica Minolta
Sensing, Inc., Osaka, Japan) was used to measure
colour properties. Colour of the samples was eval-
uated by measuring the L* a* and b* values with
illuminate D63 as reference. From a* and b* val-
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ues, the hue angle (tan™ b*/a*) and saturation in-
dex ((a*?+b*?)2) were calculated. Triplicate read-
ings were taken from each tarhana sample.

Analytical methods

The moisture content (AACC method 44-12) and
ash content (AACC method 08-01) were deter-
mined according to standart methods (AACC,
1990).

Phytic acid Loss (%) =

(Amount of phytic acid in tarhana dough initially — Amount of phytic acid in tarhana after fermentation)

Nutritional analysis

Phytic acid content was measured by a colorimet-
ric method according to Haugh and Lantzsch
(1983) at 72 hours of tarhana fermentation. A
standard curve was prepared using sodium phytate
solution. Determinations were conducted in tripli-
cate. The phytic acid loss as percentage during fer-
mentation was calculated by the following for-
mula.

Amount of phytic acid in tarhana dough initially

x100 (1)

Table 1. Experimental design of tarhana samples

Bakers’ Yeast (%) Flour Blends

Wheat flour (Control)
Oat flour (%50)
Rye flour (%50)
Barley flour (%50)

0 Chickpea flour (%50)

Common bean flour (%50)

Lentil flour (%50)
Oat bran (%25)
Rye bran (%25)
Barley bran (%25)

Wheat flour (Control)

Oat flour (%50)

Rye flour (%50)

Barley flour (%50)
25 Chickpea flour (%50)

Common bean flour (%50)

Lentil flour (%50)
Oat bran (%25)
Rye bran (%25)
Barley bran (%25)

Results and Discussion

The statistical significance levels of factors in this
study were given in Table 2. According to the ta-
ble of variance analysis, while bakers’ yeast came
out to be significant for phytic acid content, phytic
acid loss, total phenolic content, antioxidant ca-
pacity, all minerals, taste and overall acceptability
scores, flour blend came out to be significant for
all parameters except odor scores.

Colour properties

Colour properties of tarhana samples are given in
Table 3. The L* value gives a measure of the light-
ness of the product colour. The redness and yel-
lowness are denoted by a* and b* values, respec-
tively. L*, a*, b* saturation index and hue angle

values did not change according to bakers’ yeast
addition. The effect of different cereal and legume
flours and brans on colour properties of tarhana
were significantly different (p<0.05). The meas-
ured values of the colour parameters of tarhana
samples varied in as ranged between 67.59 and
74.43 for lightness,4.57 to 9.82 for redness, 25.67
to 32.63 for yellowness, 26.08 to 33.81 for satura-
tion index and 73.11 to 79.89 for hue angle. Rye
flour addition in to the tarhana formulation gave
the lowest redness, yellowness and saturation in-
dex and the highest hue angle values. Bilgigli
(2009) stated that L* and b* values of tarhana de-
creased and redness values increased with increas-
ing buckwheat addition. Esimek (2010) reported
colour values of which commercial tarhana and
collected from different locations in Turkey were
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determined as ranging between 60.6 - 85.6 for L*,  Chemical properties
0.0 - 19.2 for a*, and 7.3 - 30.4 for yellowness.
Similar results have been reported by Erkan et al..
(2006) with wheat and barley flour tarhana. Also
Bilgicli and ibanoglu (2007) determined the light-
ness values decreased and redness and yellowness
values increased with wheat germ and wheat bran
addition in tarhana according to control sample.

Crude ash and mineral content of tarhana samples
were given in Table 4. Addition of bakers’ yeast
in tarhana formulation did not significant effect
(p>0.05) on the ash content of tarhana samples.
The highest ash content was obtained with rye
flour substituted tarhana, and the lowest ash con-
tent was found in control tarhana. Tarhana con-
taining cereal bran had lower ash content than that
of containing legume flour due to low level use of
bran (25%) according to legume flour (50%).

Table 2. Statistical Significance level

Satura- P_hytic Phytic Total Antioxi-
L - - L Huean-  acid con- acid . dant ca-
< @ b tion in- phenolic .
dex gle tent loss content pacity
(DPPH)
Bakers’ yeast ns ns ns ns Ns wx wx ** e
addition (A)
Flour blend (B) ** ** ** ** ** ** ** ** **
AxB xR ns ns ** ns ns ** **
Crude Phospho-
ash Calcium  Iron  Potassium Magnesium rus Zinc
Bakers’ yeast Ns ** e ** ** ** *
addition (A)
Flour blend (B) *% *%x **x *%* *%* *%x *%x
AXB *%x *%x **x *%* *%* *%x *%x
Taste Odor Colour Gritti- Sourness  Overall Acceptability
ness
Bakers’ yeast ** ns ns ns ns *
addition (A)
Flour blend (B) fal ns ok fal * *x
AxB Ns ns ns ns ns ns

ns: (p > 0.05), *: (p < 0.05), **: (p <0.01)

Table 3. Colour values of tarhana samples substituted with phytic acid rich flours®
Colour values

L* a* b* Saturation index Hue angle

Bakers’ yeast (%0) 7172 A 7.62 A 30.30 A 31.27 A 76.05 A
Bakers’ yeast

(%2.5) 7128 A 7.92 A 30.29 A 3132 A 75.46 A
Wheat flour 74.43° 8.53 ¢ 32.63° 33.73% 75.34 d
Oat flour 70.60 < 6.27 ¢ 27.334¢ 28.04 ¢ 77.08°b¢
Rye lour 70.92 < 457¢ 25.67¢ 26.08 f 79.89 2
Barley flour 72.77 ¢ 6.30 ¢ 27.634¢ 28.34 ¢ 77.17°
Chickpea flour 70.32¢ 9.08® 31.75® 33.02® 74.04 ¢
Common bean flour 67.59¢ 9.31® 32.132 33.46® 73.83f
Lentil flour 70.29 ¢ 9.824 32.35% 33.81¢% 73.11f
Oat bran 71.86 bd 7.90° 30.72°¢ 31.72¢ 75.62
Rye bran 72.07 @cd 8.10°¢ 31.03 k¢ 32.07 « 75.38 ¢
Barley bran 74.18% 7.84°¢ 31.73® 32.69 bc 76.12 bed

1 Means with different superscripts in the same column are significantly different.
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Minerals play a pivotal role in many functions
such as bone health, blood pressure, healthy teeth,
cell protection, heart rate, muscle function in the
body. Tarhana is rich in minerals with its ingredi-
ents used in production like as calcium from yo-
gurt, iron from wheat flour, magnesium from to-
mato paste and chili, zinc from yeast, and potas-
sium from tomato paste, red pepper, yeast and on-
ion (Bilgigli et al., 2006).

In this research, addition of bakers’ yeast had sig-
nificant effect on the calcium, iron, potassium
magnesium, phosphorus (p<0.01) and zinc con-
tents (p<0.05) of the samples and different cereal
and legume flours and brans had significant effect
(p<0.01) on the calcium, iron, potassium, magne-
sium, phosphorus and zinc contents of the sam-
ples. Calcium, iron and potassium contents in tar-
hana samples were determined as mg/100 g; 58.98
- 214.09; 2.84 - 16.14; 399.82 - 940.79. Addition
of yeast in tarhana formulation resulted an in-
crease in calcium, iron and potassium contents in
tarhana samples. The highest calcium, iron and
potassium contents were found in tarhana samples
containing 50% rye flour (214.09 mg/100g), 50%
rye flour (16.14 mg/100g) and 50% common bean
flour (940.79 mg/100g), respectively. As previ-
ously mentioned, partially lower mineral content
of tarhana containing cereal bran than legume
flours due mainly to low level use of bran (25%)
according to legume flour (50%). Dry matter loss
as carbohydrates during long fermentation process
may cause this proportional increase in mineral
content.

Similar results have been determined by some re-
searchers (Yiicecan et al., 1988; Erbas et al., 2005;
Bilgigli et al., 2006; Esimek, 2010). The Recom-
mended Dietary Allowances (RDAs) are 130 mg
of magnesium, 800 mg of calcium, 500 mg of
phosphorus and 5 mg of zinc for 4-8 years old chil-
dren. When 100g (dry matter) tarhana containing
50% rye flour were consumed 26.8 % of RDA for
calcium, 125.9% of RDA for magnesium, 69.8 %
of RDA for phosphorus, and 64.4 % of RDA for
zinc were taken by the children.

Nutritional evaluation

Phytic acid or its salts, the phytate, are found in
plants. Phytic acid has been considered to be an
anti-nutritional factor due to its chelates with im-
portant minerals such as calcium, magne-
sium, iron, zinc, and protein (Rickard and Thomp-
son, 1997). There are various studies in the litera-
ture for increment of phictic acid in raw material
or end product. Soaking, autoclaving (Mubarak et

al., 2005; Shimelis and Rakshit, 2007), cooking
(Attia et al., 1994; Wang et al., 2008), dehulling,
sprouting, extrusion (Alonso et al., (2000), fer-
mentation and heat treatment reduce the phytic
acid content (Ozkaya et al., 2004).

In present study, phytic acid loss of tarhana after
72nd hours of fermentation was affected by yeast
addition and cereal and legume flours and brans
statistically (p<0.01). Phytic acid content of tar-
hana samples with (2.5%) and without (0 %) yeast
were 28.18 and 35.45 after 72 hours, respectively
(Table 5). Phytic acid loss of tarhana samples with
and without yeast addition were 93.92 and
92.36%, respectively. Phytic acid losses of with
and without yeast fermented tarhana sample by
natural microbial flora are very close together.
Fermentation process is a very important method
to reduce the amount of phytic acid (Marfo et al.,
1990). In general, long fermentation time and
yeast addition increases the degradation of phyt-
ate. However, the lactic acid fermentation of tar-
hana without yeast was provided very high rate of
phytic acid loss (Lopez et al., 1983). The environ-
ment pH is a very important factor for degradation
phytic acid (Fretzdorff and Briimmer 1992). Due
to the high pH drops during fermentation tarhana
samples loss of phytic acid was observed. The
highest phytic acid content at 72nd hours tarhana
samples were determined with 25 % oat bran
(39.80 mg/100g) and 25 % rye bran (42.16
mg/100g) addition. The lowest phytic acid loss
was also obtained with same tarhana samples.

Phenolic compounds have antioxidant activity in
many plants, grains and other cereal products.
Phenolic compounds such as flavonoids, tannins
and isoflavonoids are located in legumes (Peksen
and Artik, 2005), and particularly located the outer
bran layer of the grain (Adom and Liu, 2002). To-
tal phenolic content and antioxidant capacity of
tarhana samples are given in Table 6. The amounts
of total phenolic were determined ranged between
2661 and 4960 mg GAE /100g in tarhana samples.
Addition of yeast to tarhana caused an increase in
phenolic content. The highest amount of total phe-
nolic was obtained with 50 % oat flour addition
(4960 mg GAE/100g); and the lowest were ob-
tained with 50 % common bean flour (2661 mg
GAE/100g) addition in tarhana. It is known that
the linear regressions were indicated between total
phenolic content and antioxidant activity by a lot
of researchers. Foods that phenolic contents are
high have high antioxidant effects. Antioxidant
activity values determined according to DPPH
method of tarhana samples ranged between 20.81
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and 28.06 %. Addition of yeast to tarhana caused and sulfur-containing amino acids (Sommer,
an increase in antioxidant activity. The antioxidant  1996; Stephen and Jamieson, 1996). 25 % barley
activity of the bakers’ yeast comes from bioactive  bran (28.06%) and 50 % rye flour (27.86%) addi-
compounds which can serve as antioxidants, for tion in tarhana showed the highest antioxidant ac-
example glutathione, Maillard reaction products tivity.

Table 4. Crude ash (%) and mineral content (mg/100g) of tarhana samples substituted with phytic acid rich flours®

Crude ash  Calcium Iron Potassium  Magnesium  Phosphorus Zinc
Bakers’ yeast (%0) 1,87A 8751B 471B 600,97 B 86,13 B 328,81 B 2,14 B
Bakers’ yeast (%2.5) 1,92A  9052A 518A 65491 A 88,70 A 352,91 A 2,50 A
Wheat flour 1,26 58,987 2,849  399,82° 48,50 " 254,57 9 1,37¢
Oat flour 1,68°¢ 66,70% 3,69°¢  502,52° 77,54 f 345,45 2,92
Rye flour 2,543  214,09% 16,14®  622,15° 136,912 348,87 b« 3,223
Barley flour 1,80¢ 69,339  3,74¢ 58567 82,31° 331,02 %f 1,81¢
Chickpea flour 2,01°¢ 96,48¢ 412"  821,20° 97,13¢ 367,41 % 3,05
Common bean flour 2,42° 123,15 3,70°¢ 940,792 113,23° 371,81° 2,00«
Lentil flour 2,08°¢ 63,23°  4,34°  799,27° 73,539 374,932 2,75%®
Oat bran 1,81¢ 6591% 364°¢  559,78¢ 87,491 369,85 ® 2,49 b
Rye bran 1,65¢ 69,089  3,70° 54354 % 85,09 % 321,22 f 1,79 ¢
Barley bran 1,68 ¢ 63,21° 353° 50466¢ 48,50 ¢ 254,57 °f 1,37 ¢

1 Means with different superscripts in the same column are significantly different.

Table 5. Phytic acid content and phytic acid loss of tarhana samples substituted with phytic acid rich

flours*
Phytic acid content (mg/100g) Phytic acid loss after fermentation (%)

Bakers’ yeast (%0) 35,45 A 92,36 B
Bakers’ yeast
(%2.5) 28,18 B 93,92 A
Wheat flour 30,41 bed 93,45 ¢
Oat flour 30,75 b« 93,37 ¢
Rye flour 27,36 « 94,10 ®
Barley flour 26,41 ¢ 94,31°
Chickpea flour 28,21« 93,092 ®
Common bean flour 31,42 93,23 ¢
Lentil flour 28,68 b 93,82 &°
Oat bran 39,802 91,42 ¢
Rye bran 42,162 90,91 ¢
Barley bran 32,94° 92,90 ¢

1 Means with different superscripts in the same column are significantly different.

Table 6. Total phenolic content and antioxidant capacity of tarhana samples substituted with phytic acid rich flours*

Total phenolic content (mg GAE/100g) Antioxidant capacity (DPPH) (%)

Bakers’ yeast (%0) 2760 B 23.18B
Bakers’ yeast (%2.5) 4108 A 25.51 A
Wheat flour 2837 % 20.81°¢
Oat flour 4960 ® 24.52°¢
Rye flour 4126"° 27.86 2
Barley flour 3531 b« 26.45°
Chickpea flour 3268 22.59¢
Common bean flour 2661 ° 22.67¢
Lentil flour 3072 21.21°
Oat bran 3252 cde 26.65°
Rye bran 2853 % 22.59¢
Barley bran 3780 ™ 28.06 °

1 Means with different superscripts in the same column are significantly different.
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Sensory properties

Sensory properties of tarhana samples are given in
Table 7. Tarhana soups prepared from different
legume and cereal flours and brans varied signifi-
cantly (p<0.01) in terms of taste, colour, grittiness
and overall acceptability. Range of scores regard-
ing taste, colour and grittiness were 2.69-4.31;
3.40-4.68; and 3.00-4.43 respectively.

The most admired tarhana samples regarding to
taste was control and 50% rye flour added tarhana,
and the most dislike tarhana samples was chosen
50% chickpea flour added tarhana by the panelists.
The sensory panel resulted in that tarhana soups
with rye flour and rye bran substituting of flour in
the formulation were most liked according to col-
our properties. Common bean flour addition
caused a decrease in the scores for grittiness, while
addition of oat flour did not affect this attribute
and gave similar grittiness properties like control.
Addition of lentil flour to tarhana formulation was
found to improve sourness of tarhana and gave
similar scores like control. The highest score for
overall acceptability was observed with wheat
flour (control tarhana), and the lentil flour added
tarhana samples as shown in Table 6.

Conclusion

Different legume and cereal flours and brans were
used to produce fortified tarhana samples. Flours
of legumes and cereal and brans of cereal were
phytic acid rich materials. For reduce the phytic

acid content and increase the bioavailability of
minerals, tarhana fermentation process with and
without yeast addition to tarhana formula is aimed.
Bakers’ yeast addition gave higher phytic acids
loss than tarhana without bakers’ yeast. After 72
hours tarhana fermentation process, the highest
phytic acid loss was determined with 50 % barley
flour addition, and the lowest phytic acid content
was also found with 50 % barley flour addition.

Some nutritional changes such as mineral ele-
ments, phenolic contents, occurred in tarhana sam-
ples with cereal and legume flour and cereal bran
addition. Functional properties were affected with
changed tarhana formulation. Addition of yeast
into tarhana caused an increase in phenolic content
and antioxidant activity. 25 % barley bran and 50
% rye flour addition in tarhana showed the highest
antioxidant activity. According to sensorial prop-
erties; the most popular tarhana samples except
the control, was rye flour tarhana sample with bak-
ers’ yeast. Further investigations are needed for
the assessment of their fermentative microbial
flora and fermentation conditions.
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Table 7. Sensorial properties of tarhana samples substituted with phytic acid rich flours?

Taste Odor Colour Grittiness Sourness Overall Ac-
ceptability
Bakers’ yeast (%0) 3.85A 3.99A 4.09 A 3.76 A 3.78 A 3.89A
Bakers’ yeast (%2.5) 3.21B 3.80A 4.09 A 3.71A 391A 3.74B
Wheat flour 4312 4432 4.43%® 4,432 4202 4.362
Oat flour 3.59 cde 3.93® 4.20%® 4,402 4.00 4.02 ™
Rye flour 4.23%® 4.25° 4,68° 3,83 b 3.60 b 412
Barley flour 3.40 ¢ 4,202 3,95 b¢ 4,03%® 3.55 3.83«
Chickpea flour 2.69F 3.45° 3,53°¢ 3,55 ¢ 3.75 3.39f
Common bean flour 3.00 ¢ 3.80% 3,53¢ 300f 4,08 % 3.48°¢f
Lentil flour 3.68 b 4.05%® 3,40°¢ 3,90 4182 3.84
Oat bran 3.83 8¢ 3.53°P 4,18 3,43 %ef 4.05 ¢ 3.80 «
Rye bran 3.38 cde 3.80% 4,582 3,38¢f 3.53¢ 3.73¢%
Barley bran 3.20 %f 3.50° 4,43 3,41 %f 3.50¢ 3.61 %f

1 Means with different superscripts in the same column are significantly different.
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Abstract:

A natural agent that, promotes osteogenic differentia-
tion of dental pulp mesenchymal stem cells (DP-MSCs)
could achieve success in regeneration during healing
and may also prevent bone resorption and improve re-
generation. We aimed to demonstrate that a Nigella sa-
tiva oil could induce differentiation of DP-MSCs. DP-
MSCs were isolated from 3. molars and identified with
flow cytometer. Osteogenic differentiation was con-
ducted, and calcium granules were showed by typical
Alizarin Red dying and calcium concentration were de-
termined by DICA 500. Identification results showed
that the cells are mesenchymal stem cells. Alizarin Red
dying signed the calcium granules and DICA 500
showed that calcium concentrations were higher than
the Control Group. This preliminary study shows for
the first time the inductive potential of N. sativa oil for
osteogenic differentiation in DP-MSCs. The mecha-
nism should be investigated in further studies.
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Introduction

Dental pulp mesenchymal stem cells (DP-
MSCs) are a type of mesenchymal stem cell
(MSCs) found in the cell-rich zone of the pulp
tissue of teeth. DP-MSCs have a strong self-
renewal ability and the potential for multi-di-
rectional differentiation, which gives them
great therapeutic potential for repairing dam-
aged and/or defective tissue (Gronthos, 2000).

The presence and maintenance of alveolar
bone is tooth dependent. After tooth extrac-
tion, the alveolar bone is slowly resorbed
down to the body of the jaw bones. In cases of
complete tooth loss, there is progressive bone
resorption, which can result in extensive atro-
phy of the jaw bones and lead to major clinical
challenges for implant placement and the con-
struction of dental prostheses (Hoiruchi,
1999). Even without therapeutic intervention,
the periodontium can exhibit a significant ca-
pacity for regeneration. However, such en-
dogenous activity has limited capacity for per-
iodontal regeneration. In addition, the impair-
ment of bone formation increases in patients
with osteoporosis and diabetes mellitus and
related conditions (Egermann, 2005). We
hpothesize that a natural agent that maintains
MSCs viability, promotes osteogenic differ-
entiation could achieve success in regenera-
tion during healing and may also prevent bone
resorption and improve regeneration. Among
natural products, the seeds and oil from N. sa-
tiva have attracted the interest of medical sci-
entists as an annual herbaceous plant with
black seeds. N. sativa is commonly known as
black seeds, black cumin, black caraway seed,
and Habbatul barakat, belongs to Ranuncula-
ceae family and grows in countries bordering
the Mediterranean Sea, Pakistan and India
(Ali and Blunden, 2003).

The beneficial effects attributed to N. sativa
are related to their antioxidant, antidiabetic,
antihistaminic, antiepileptic, antibacterial, an-
titumor properties (Ali and Blunden, 2003;
Kaleem et al, 2006; Kanter et al., 2006; Ma-
brouk et al., 2002). Furthermore, numerous
studies have shown that seeds and oil from
this plant are characterized by a very low de-

gree of toxicity (Ali and Blunden, 2003). Thy-
moquinone (TQ) is the major biologically ac-
tive compound of N. sativa which is the active
ingradient for antitumor and antiiinflamma-
tory effects (Gali-Muhtasib et al., 2005). On
the other hand, TQ was shown for anabolic ef-
fects on MC3T3-EL1 cells for osteogenic dif-
ferentiation (Wirries et al., 2013).

Based on the aforementioned reported scien-
tific data and considering the fact that in some
cases herbal extracts and/or their oil are show-
ing more potency than the purified compo-
nents (Seeram et al., 2004, 2005), the present
study was undertaken to investigate the osteo-
genic inductive potential of N. sativa oil on
dental pulp mesenchymal stem cells. The
study suggests that the N. sativa oil could be
used for alternative clinical nutrition or as a
mouthwash after dental treatments.

Materials and Methods
Isolation and Culture of DP-MSCs

Human dental pulp tissue was obtained from pa-
tients (15-20 years of age, n=5) who were under-
going extraction of their third molars for ortho-
dontic reasons at the Department of Oral and Max-
illofacial Surgery, University of Gazi, Ankara. All
patients provided informed consent (Ethics Com-
mit. Rep. No: G.U. B30.2. GUN 0.21.71.00). Af-
ter the tooth surfaces were disinfected, the teeth
were mechanically fractured, and the dental pulp
was gently isolated with forceps. The pulp tissue
was rinsed in a-MEM supplemented with 2 nM L-
glutamine, 100 U/mL penicillin, 100 pg/mL strep-
tomycin and 10% fetal bovine serum (FBS, Invi-
trogen) (hereafter referred to as the MSC culture
medium), after which it was minced into frag-
ments of 1 to 2 mm?3. The tissue fragments were
cultured in T75 Nunc plates in the MSC culture
medium at 37°C in a humidified atmosphere con-
taining 5% CO2. The culture media was changed
every 2 to 3 days, and the cell cultures were mon-
itored regularly with an inverted microscope
(Olympos CKX41, Tokyo, Japan). Upon reaching
70-80% confluence, the cells were harvested with
0.05% Trypsin/EDTA (Sigma, Taufkirchen Ger-
many) and sub-cultured for further experiments.
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Immunophenotypic Analysis

The culture-expanded adherent cells were ana-
lysed by flow cytometry (BD FACSAria, USA).
The antibody panel included CD29- FITC (e-bio-
science, USA); CD73-PE (BD, USA), CD 90-PE
(BD, USA), CD44-PE (e-bioscience, USA) as
mesenchymal stromal markers, as well as their
isotype controls. CD45-FITC (BD, USA); CD14-
PE (BD, USA); and CD34-FITC (BD USA) were
used as haematopoietic markers to exclude cells of
haematopoietic origin. The relative frequencies of
the cells that expressed the respective surface
markers were analysed using FACS Diva software
6.0.0 (BD) by acquiring 10,000 events for each
sample.

Effect of N. sativa oil on DP-MSCs Osteogenic
Differentiation

N. sativa oil was purchased from market in An-
kara, Turkey. A concentration of 1% was prepared
in osteogenic and adipogenic differentiation me-
dia (Pittenger et al., 1999). The images of differ-
entiation were obtained at 21 day with a CKX41

digital imaging microscope (Olympus, Tokyo, Ja-
pan). The calcium ion concentration in the differ-
entiation medium was measured using a Quan-
tiChrom calcium assay kit according to the manu-
facturer’s instructions (DICA 500, BioAssay Sys-
tems, Hayward, USA).

Results and Discussion
Identification of MSCs

The common MSC markers (CD29, CD73, CD44,
and CD90) were constitutively positive (>95%)
and the hematopoietic markers (CD14, CD34, and
CD45) were negative (>95) in all samples tested,
indicating a mesenchymal origin of the cells (Fig-
ure 1). Interestingly we found two subpopulations
in the flow cytometer analysis suggesting that den-
tal pulp has multiple stem cell niches. This result
was found in compliance with Pisciotat et al
(2015) showing the heterogeneity of the stem cell
population residing within the human dent al pulp,
particularly its peculiar embryological origin,
might explain the existence of two different sub-
populations. Of course in further studies, subpop-
ulations would be sorted and analyzed.
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Figure 1. Surface markers of DP-MSCs. The cells were positive for CD90, CD44, CD29 and CD73
(the mesenchymal stem cell markers) and negative for CD14, CD45, and CD34 (the hema-

topoietic stem cell markers).
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Differentiation Assays of MSCs

The characteristics features of the cells were stud-
ied. (Figure 2). Approximately 20% of the cells
became rounder; however, no lipid droplets were
observed in DP-MSCs for adipogenic differentia-
tion. In contrast to adipogenic differentiation, the
DP-MSCs underwent rapid osteogenic differenti-
ation. Calcium granules similar to bone nodules
were seen in N sativa treated group. We also de-
termined the calcium concentration (Figure 3).

The osteogenic differentiation potentials of DP-
MSCs in vitro and in vivo have been well docu-
mented in a variety of studies (Gronthos et al.,
2000; D’aquino et al., 2007). Adipogenic difteren-
tiation was not seen in DP-MSCs. Our findings
were agree with those of Gronthos et al (2000)
who expanded DP-MSCs from single-cell clones
and demonstrated that they exhibited osteogenic
differentiation and did not form lipid-laden adipo-
cytes. N. sativa treated cells showed increased
ostegenic differentiation. Calcium granules were

clear and compact which was a sign of well differ-
entiation.

In dentistry, N. sativa showed a lowered caries
score and plaque index (Shaker et al., 2014). Stud-
ies comparing the oil or TQ exhibited that N. sa-
tiva essential oil has more strong activity against
Streptococcus mitis, Staphylococcus mutans than
the pure TQ (Harzallah et al., 2011). The N. sativa
oil was found effective in inhibiting the adherence
of S. mutans to the tooth surface at 10% concen-
tration (Abd-Awn et al., 2012) that we used for os-
teogenic differentiation assays. Also the oral ad-
ministration of TQ helped in periodontal disease
prevention as it diminishes alveolar bone resorp-
tion (Ozdemir et al., 2012). This is the first study
showing dental pulp mesenchymal stem cell oste-
ogenic differentiation with N. sativa. Of course
there should be further studies investigating the
mechanism of increased differentiation. Neverthe-
less the obtained data suggest that N. sativa oil
could be used as an alternative agent for dental
bone regeneration studies.

DENTAL PULP MSCs

Adipogenic Diff. Osteogenic Diff.

N. sativa

Control

Figure 2. Differentiation potential of DP-MSCs is shown as Control Group. Adipogenic differentiation
was not shown in DP-MSCs in both Control and N. sativa Group. Osteogenic differentiation
was typically observed in Control Group with calcium granules and extracellular matrix.
Calcium granules are seen as black nodules in N. sativa Group and the extracellular matrix
was dyed red. (4x, Olympos CKX41,Tokyo, Japan).
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Figure 3. Calcium concentration of DP-MSCs was detected by Quantichrome calcium assay Kit. Cal-
cium concetration was found increased in DP-MSCs treated with N. sativa.

Conclusion

There are number of people suffering from im-
plant failure and/or reduced alveolar bone regen-
eration etc. There is consequently a growing need
for therapies that provide a balance between bone
resorption and bone formation and of course, in-
creasing the strength of bone and having least side
effects. Therefore, a closer look for plant based
agents is needed. Here, N. sativa could be used
safely after dental treatments as an adjunct ther-
apy. Besides immunotherapy and antioxidant
studies animal models with mesenchymal stem
cells should be used to test the effects on periodon-
tal regeneration especially.
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Oz:

Bu calismada, Gaziantep ilinde iiretilen gicek ve pamuk bal-
larinin aroma maddeleri bilesimi, gaz kromatografisi-kiitle
spektrofotometresi (GC-MS) yardimu ile incelenmistir. Bal-
lardaki aroma maddeleri, Tiirkiye’de ilk defa ¢6zgen yardimi
ile aroma ekstraksiyon sistemi (SAFE) ve diklorometan ¢oz-
geni kullanilarak ekstrakte edilmistir. SAFE ekstraksiyon
yontemi, aroma maddeleri analizi sirasinda istenmeyen yan
irlin olusumunu engelledigi i¢in son yillarda 6ne ¢ikan bir
yontemdir. Elde edilen sonuglara gore, ¢icek ve pamuk balla-
rinda sirasi ile 36 ve 33 aroma bilesigi belirlenmis ve toplam
miktarlar1 2043 pg/kg ve 1901 pg/kg olarak tespit edilmistir.
Ballarda miktar olarak 6ne ¢ikan kimyasal aroma gruplari,
asitler ve alkoller olurken bu gruplari ketonlar, aldehitler, ter-
penler ve laktonlar takip etmistir. Ayrica, ¢alismada tespit
edilen feniletil alkol ve sinnamaldehit bilesiklerinin pamuk
ballar i¢in biyoisaretleyici aroma maddeleri olduklar1 da dii-
stinlilmektedir.

Anahtar Kelimeler: Cigek bali, Pamuk bal1, SAFE,
Aroma bilesikleri

Abstract:

CHARACTERIZATION OF FLOWER AND
COTTON HONEY VOLATILE COMPOUNDS
USING SOLVENT ASSISTED FLAVOR
EVAPORATION

In the present study, the composition of aroma compounds of
flower and cotton honey from Gaziantep province investi-
gated by gas chromatography-mass spectrometry (GC-MS).
Aroma compounds of honey extracted using solvent-assisted
flavor evaporation (SAFE) with dichloromethane for the first
time in Turkey. The SAFE extraction method is a prominent
method in recent years because it prevents the formation of
unwanted by-products during the analysis of aroma com-
pounds. As consequences of results, respectively 36 and 33
aromatic compounds identified and the total concentration of
volatile compounds detected 2043 pg/kg and 1901 pg/kg in
flower and cotton honey, respectively. Of all aroma com-
pounds detected in the samples, acids, and alcohols were pre-
sent at the highest level, followed by ketones, aldehydes, ter-
penes and lactones. Furthermore, phenylethyl alcohol and
cinnamaldehyde identified in the study, considered to be main
aroma markers of cotton honey.

Keywords: Flower honey, Cotton honey, SAFE, Aroma
compoun
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Giris

Bal kendine has aromasi olan ve organoleptik
oneme sahip besleyici bir iiriindiir. Giiniimiizde
bal tiiketimine olan ilgi, sahip oldugu yiiksek
enerji icerigi ve yapisinda bulunan biyoaktif bile-
sikler nedeni ile giderek artmaktadir. Bu artista tii-
keticinin tercihini etkileyen en 6nemli 6zelliklerin
basinda iiriiniin tad1 ve aromasi gelmektedir. Balin
tadi, yapisinin %80’ini olusturan seker, ayrica asit
ve yakicilik veren bilesikler sayesinde olugmakta-
dir (Tananaki vd., 2009). Aromasi ise, oldukga dii-
stik bir konsantrasyondadir ve farkli kimyasal
gruplara dahil olan bir¢ok aroma maddesi tarafin-
dan olusturulmaktadir. Balin genel yapisini olus-
turan aroma maddeleri monopterpenler, C13 nori-
soprenoidler, seskuiterpenoitler, benzen tiirevleri,
alkoller, esterler, yag asitleri, ketonlar ve aldehit-
lerdir. Bu aroma maddeleri, elde edildigi nektar
kaynagina, botanik orijinine, armin yasina, bala
uygulanan 1s1l isleme, toplama prosesine, depo-
lama kosullarina, mikrobiyal ve g¢evresel faktor-
lere bagli olarak onemli Olglide degismektedir
(Zhou vd., 2002; Tananaki vd., 2009; Amtmann,
2010).

Onceki calismalarda, ballarda bulunan aroma
maddeleri tayini, ¢ozgen ekstraksiyonu (Darcy
vd., 1997), simultane buharli distilasyon/ekstrak-
siyon (Alissandrakis vd., 2005), kat1 faz ekstraksi-
yon (Castro-Vazquez vd. 2003), statik tepe bos-
lugu (Rowland vd. 1995), kat1 faz dinamik ekst-
raksiyon (Ampuero vd., 2004), kat1 faz mikro-
ektraksiyon (Alissandrakis vd., 2007; Senyuva
vd., 2009) ve mikro-skala simultane distilas-
yon/ekstraksiyon (Castro-Vazquez vd., 2007) te-
kinleri ile gaz kromotografisi cihazi kullanilarak
yapilmistir.

SAFE yontemi (¢ozgen yardimu ile aroma ekstrak-
siyon sistemi) son yillarda aroma ekstraksiyo-
nunda kullanilan en gelismis yontemlerden biridir.
Bu sistemde, aroma maddeleri 6rnekten yiiksek
vakum (102 Pa) altinda ve diisiik sicaklikta (siv1
nitrojen altinda) ekstrakte edilmektedir (Engel vd.,
1999). Bu sayede aroma maddelerin ekstraksiyonu
sirasinda veya iiriiniin 1sitilmasiyla olusan aroma-
tik degisimlerin 6niine gegilebilmektedir. Ruisin-
ger ve Schieberle (2012) calismalarda SAFE me-
todunun ballarda da oldukga etkili bir ekstraksiyon
metodu oldugunu bildirmistir.

Bu ¢aligsmada, 2015 yili ¢igek ve pamuk ballarinda
bulunan aroma maddeleri SAFE sistemi ile ekst-
rakte edilip, gaz kromatografisi (GC) ve Kkiitle
spektrofotometresi (MS) yardimu ile belirlenmis-
tir.

Materyal ve Metot
Materyal

Calismada, 2015 yilinda Gaziantep ilinden elde
edilen multifloral ¢i¢cek ve pamuk ballar1 kullanil-
mistir. Ornekler yerel iiretim yapan firmadan te-
min edilmis ve drneklerin botanik orijini firma ta-
rafindan yapinan polen analizi ile tespit edilmistir.
Yapilan analizlerde, pamuk balinda Gossypium
hirsutum L. polen oraninin %60’dan az olmadigi,
multifloral balin ise Gaziantep bdlgesinde yetisen
bitkilerin polenlerinden elde edildigi tespit edil-
mistir. Bal 6rnekleri tek donemde (Eyliil ay1), her
bir ¢esitten ii¢ 6rnek (2 kg) olmak tizere hasat edil-
mis ve biitiin 6rnekler siizme islemi uygulandiktan
sonra 1s1l islem uygulanmadan aroma maddeleri
analizine kadar 4°C’ de depolanmustir.

Kimyasallar

Analizlerde Millipore Q (Millipore Corp., Saint-
Quentin, Fransa) saf su cihazi ile elde edilen dei-
yonize su kullanilmigtir. Aroma analizinde kulla-
nilan standart maddeler Sigma-Aldrich (St Louis,
Missouri, USA) firmasindan temin edilmistir.

Aroma Maddelerinin Ekstraksiyonu ve Analizi

SAFE ekstraksiyon yoOntemi, aroma maddeleri
analizi sirasinda istenmeyen yan {irlin olusumunu
engelledigi i¢in son yillarda tercih edilen bir yon-
temdir (Engel vd., 1999). SAFE sistemi, sivi nit-
rojen yardimi ile sogutulan iki boliimden (atik ve
iirtin) (Sekil 1 no 1, 2) olugsmaktadir ve sisteme
aroma maddeleri ekstraksiyonu sirasinda yiiksek
vakum (107 Pa) uygulamas1 yapilmaktadir (no 3).
Aroma maddelerinin ekstraksiyonunda 40 g bal
ornegi kullanilmis ve ekstraksiyon islemi ii¢ kez
tekrarlanmistir. Ornege i¢ standart olarak 5 pl 4-
nonanol ve 80 ml diklorometan ¢ézgeni ilave edil-
mistir. Olusturulan karigim 500 ml’lik erlene ko-
yulmus ve 4°C’de 30 dakika azot gazi altinda ka-
ristirtlmistir.  Aroma maddeleri ekstraksiyonu si-
rasinda Sekil 1°deki diizenegin sol iist boliimiin-
deki cam hazneye bal 6rnekleri ve ¢dzgen karisimi
ilave edilmistir (no:4). Sonra, SAFE aparatinin sag
altinda bulunan hazneye yiiksek vakum altinda
aroma maddelerini igeren ¢6zgen ¢ok yavas bir ge-
kilde alinmigtir (no 2). Bu hazne ¢6zgenin hemen
yogunlagmasi i¢in sivi azot ile sogutulmus (no: 5)
ve bu sekilde aroma maddesi kayiplar1 engellen-
migtir. Ayirma islemi tamamlandiktan sonra {irii-
niin bulundugu tiip oda sicakliginda 30 dakika
bekletilerek donmus ekstrakt ¢ozdiiriilmiistiir.
Daha sonra ekstrakt, Vigreux konsantrator ile
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45°C’ de 0,5 ml kalincaya kadar konsantre edil-
mistir. Konsantre edilen ekstrakt dogrudan GC-
FID ve GC-MS sistemlerine enjekte edilmis ve
aroma maddeleri belirlenmistir.

GC-MS Kosullar

Aroma maddelerinin miktar1 ve tanimlanmasinda
"Agilent 6890N" marka GC ve buna bagli "Agi-
lent 5975B" MS kullanilmigtir. Aroma maddeleri-
nin ayrimi DB-Wax kolon (30 m x 0.25mm i.dx
0.5 pum, J&W Scientific-Folsom, USA) kullanila-
rak gergeklestirilmistir. Kolon sicakligi 40°C’de
10 dakika bekletildikten sonra her bir dakikada 4
°C artirilarak 220 °C’ye ayarlanmistir. Tastyici
gaz olarak Helyum kullanilmigtir. Helyumun akis

[

hiz1 3 ml/dakikadir. Piklerin tanisi, standardi bulu-
nan bilesikler i¢in standart madde enjekte edile-
rek, standardi olmayan bilesikler i¢in kiitle spekt-
rumunun bilgisayar hafizasindaki kiitle spektrum-
lariyla (Wiley 7.0, Nist ve Flavor 2L) karsilastiri-
larak yapilmistir. Piklerin tanisindan sonra aroma
maddelerinin konsantrasyonlari i¢ standart (kon-
santrasyon: 43,27 mg L™) yéntemiyle hesaplan-
mistir.

Sonuglarin Degerlendirilmesi ve Istatistiksel
Analizler

Calisma sonucunda elde edilen veriler istatistiksel
olarak degerlendirilirken SPSS (versiyon 22.0)
programi kullanilmaistir.

Sekil 1. Cozgen yardimi ile aroma ekstraksiyon diizenegi (SAFE)
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Bulgular ve Tartisma

Bal 6rneklerinde bulunan aroma maddeleri ve bu
maddelerin alikonma indisleri Tablo 1°de veril-
mistir. Aroma maddelerinin tanimlanmasinda, ali-
konma indis degerleri, kiitle spektrometresi kiitiip-
hanesi ve aroma maddelerinin standart bilegikleri
kullanilmigtir. Tablo 1’ de goriildiigi tizere ¢igek
bal1 6rneginde 36, pamuk bal1 6rneginde 33 aroma
maddesi belirlenmistir. Aroma maddelerinin top-
lam miktar ise ¢igek bali ve pamuk balinda sirasi
ile 2043 ng/kg ve 1901 pg/kg olarak tespit edil-
mistir.

Caligmada, bal orneklerinde tespit edilen aroma
maddelerinin biiyiik kismin1 aromatik alkol bile-
siklerinin olusturdugu belirlenmistir. Aromatik al-
kol bilesikleri balin gii¢lii aromatik isaretleyicile-
rindendir (Alissandrakis vd., 2005). Bu ¢aligmada,
cicek bali 6rneginde 11 adet alkol bilesigi tespit
edilmis ve miktar1 573 pg/kg olarak belirlenirken,
pamuk balinda 9 adet alkol bilesigi tespit edilmis
olup, toplam miktar1 1106 pg/kg’dir. Orneklerde
bulunan aromatik alkol bilesiklerinin toplam mik-
tarlar1 arasindaki fark istatistiksel olarak onemli
bulunmugtur (P<0.05). Bal 6rneklerinde 6ne ¢i1-
kan alkol bilesigi feniletil alkoldiir. Bu bilesik ¢i-
cek balinda 171 pg/kg, pamuk bali drneginde ise
744 pg/kg olarak tespit edilmistir ve toplam aroma
maddelerinin sirasiyla %8-39’luk kismim olustur-
maktadir. Onceki calismalarda feniletil alkol bile-
sigi, cam, nektar, biberiye ve kekik gibi kaynak-
lardan elde edilen birgok bal tiiriinde tespit edilmis
olup miktar1 toplam aroma maddelerinin %1.84-
10’u kadar oldugu tespit edilmistir (Alissandrakis
vd., 2007; Castro-Vazquez vd., 2007; Pontes vd.,
2007; Karabagias vd., 2014). Ozellikle pamuk ba-
linda bu bilesigin yilizde oraninin literatiirle kiyas-
landiginda yiiksek oldugu gozlemlenmektedir.
Vazquez vd. (2007) bu bilesigin ballara ¢igeksi,
giilsti kokular kazandirdigin1 bildirmislerdir. Bu
aromatik bilesik gida, parfiim ve kozmetik sanayi-
inde sahip oldugu giilsii kokular nedeniyle ol-
dukca talep gérmektedir. Ayrica, Yunanistan’da
iiretilen pamuk balllariin aroma maddelerinin in-
celendigi caligmada ise feniletil alkol bilesiginin,
major bilesikler arasinda yer aldig1 belirlenmistir
(Alissandrakis vd., 2005). Calismamizda feniletil
alkol bilesigi pamuk bal1 i¢in 6nemli bir isaretle-
yici aroma maddesi oldugu diisliniilmektedir. 2-
Hekzanol ve benzen metanol bal dérneklerinde 6ne
¢ikan diger aromatik alkol bilesikleridir. Onceki
caligmalarda, bu iki bilesigin fakli bal cesitlerinde
de tespit edildigi goézlemlenmistir (Soria vd.,

2009; Moreira 2010; Karabagias vd., 2014). Mo-
reira ve ark. (2010) benzen metanol bilesiginin
ballara yesil, ¢cimen kokusu kazandirdigini tespit
etmislerdir.

Bal 6rneklerinde 6ne ¢ikan diger grup aromatik
asit bilesikleridir. Bu bilesiklerinin toplam miktar1
cicek bali 6rneginde 638 pg/kg iken, pamuk ba-
linda 245 pg/kg olarak tespit edilmistir. Aromatik
asit bilesiklerinin toplam miktarlar1 arasindaki
fark istatistiksel olarak Onemli bulunmustur
(P<0.05). Onceki ¢alismalarda, asit bilesiklerinin
ballarin aroma karakterizasyonunu 6nemli bir se-
kilde etkiledigi tespit edilmistir (Plutowska vd.,
2011). Asit bilesikleri igerisinde, benzoik asit (228
ug/kg) bilesigi, ¢icek balinda en yiiksek konsant-
rasyona sahip aromatik asit bilesigi olarak tespit
edilirken, pamuk balinda nonanoik asit (68.1
ng/kg) bilesigi 6ne ¢ikmistir. Bu bilesikler toplam
aroma maddelerinin sirasi ile %13-3{inii olustur-
maktadir. Moreira ve ark. (2002), kaju ve kroton
bitkisinden elde edilen balllar {izerine yaptiklari
calismada, aroma ekstrakt diliisyon analizi yonte-
mini kullanmis ve her iki bal ¢esidinde de benzoik
asit bilesigini tespit etmistir. Ayrica calismada,
benzoik asit bilesiginin ballara hos, tath koku ka-
zandirdig1 belirlenmistir. Ayni aragtirmacilar, yap-
mis oldugu baska bir ¢alismada ise benzoik asit bi-
lesiginin genel bal aromasina pozitif katki sagladi-
gin1 bildirmislerdir (Moreira vd., 2010). Bu bilesik
¢am, biberiye, lavanta, peygambercicegi, kaju,
kroton ve kekik bitkilerinden elde edilen bal 6r-
neklerinde de tespit edilmis olup, miktar1 toplam
aroma maddelerinin  %0.3-1.53’i  kadardir.
(Castro-Vazquez vd., 2003; Alissandrakis vd.,
2007; Jerkovic ve Marijanovic, 2010; Plutowska
vd., 2011, Silici, 2011). Nonanoik asit bilesigi, 6r-
neklerimizde tespit edilen 6nemli aromatik asit bi-
lesiklerindendir. Bu bilesik, Erica arborea bal ge-
sidinin kimyasal igaretleyicilerinden bir tanesi ola-
rak tespit edilmistir. (Jerkovic vd., 2009). izovale-
rik asit ve hekzadekanoik asit bilesikleri bal or-
neklerinde bulunan diger aromatik asitlerdir. izo-
valerik asit ballarin genel aromasina negatif etkide
bulunan bir bilesiktir (Moreira vd., 2010). Bu bi-
lesik, ballarda ayak kokusu veren kotii koku bile-
siklerinin arasinda yer almaktadir. Onceki ¢alis-
malarda, hekzadekanoik asit bilesigi Hedysarum
coronarium L. bitkisinden elde edilen ballarin aro-
matik yapisini olusturan énemli alifatik bilesikle-
rinden bir tanesi olarak tanimlanmistir (Jerkovic
vd., 2010).
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Tablo 1. Ci¢ek ve pamuk ballar1 aroma maddeleri bilesimi

Konsantrasyon (ng/kg)

Kimyasal CAS )
No LRI . Molekiil Formiili Aroma Maddeleri F Tammmlama
Formiil Numarasi Cigek Pamuk
1 1137 CsH1o Hﬁ@—CHs 106-42-3 p-Ksilen 11.9+0.22 - LRI, MS, Std
OH
2 1182  CsH1O 3899-34-1 3-Penten-2-ol 79.442.78 73.940.6 5.d. LRI, MS, Std
oo HBC/I\/\CH3 ©
3 1206 CsHao ch QCHs 108-38-3 m-Ksilen 12.0+0.45 5.79+0.12 * LRI, MS, Std
3
4 1243  CgHisO  CHz" ™>"~"~"0H 111-87-5 1-Oktanol 9.7140.03 35.841.18 * LRI, MS, Std
5 1261  CsH1,0O CH3>—<OH 6032-29-7 3-Metil-2-biitenol 27.74+0.39 LRI, MS, Tent
5H12 CHa CHs -29- -Metil-2-buteno . . - , , len

HsC 0

6 1272  C4HsO» >—/< 513-86-0 Asetoin 85.6+3.85 68.242.56 * LRI, MS, Std
OH CHs
HsC CHj .

7 1300  CeHwuO /\/;g 626-93-7  2-Hekzanol 77.943.75 66.842.4  6.d. LRI, MS, Std

8 1372  CeHuO: H3C~o~ O ~\OH 111-76-2 2-Biitoksietanol 2.2840.00 11.7+0.51 * LRI, MS, Std
(\/\/\/\CHS

9 1398  CgHis0O 6 124-19-6 Nonanal 6.54+0.11 11.9+0.55 * LRI, MS, Std

0
10 1414  C:H.O P 64-19-7 Asetik asit 15.9+0.79 10.0+0.25 * LRI, MS, Std

HsC™ OH
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11

12

13

14

15

16

17

18

19

20

21

1420

1468

1493

1501

1515

1521

1563

1598

1615

1659

1712

CsH402

CeHsO2

C7HeO

C4HsO2

CsHsO2

CsHgO

CsH100:

CoH200

CsH100,

CgHsO3

C1oH180

OH -~ ~~~CH3

0]
H3C\/\)I\

/\:\< zo
op OCHs
07 7 “CH,

OH

98-01-1

1192-62-7

100-52-7

107-92-6

98-00-0

98-86-2

503-74-2

28473-21-4

109-52-4

119-36-8

16409-43-1

Furfural

2-Asetil furan

Benzaldehit

Biitirik asit

Furfuril alkol

Asetofenon

[zovalerik asit

1-Nonanol

Pentanoik asit

Metil salisiklat

Rozoksit

72.7+3.21

77.9£3.28

30.4+0.21

21.3+0.82

73.4+1.76

19.8+0.88

76.4+2.98

12.3+£0.08

17.6+£0.39

7.20+0.03

250+8.14

73.1£3.55

9.75+0.15

20.1+0.77

12.9+0.63

36.4+1.29

62.7+2.82

11.2+0.33

6.81+0.12

4.19+0.07

2.81+0.01

o.d.

0.d.

o.d.

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Tent
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22

23

24

25

26

27

28

29

30

31

32

33

1748

1863

1877

1899

1943

1985

2002

2028

2039

2050

2089

2148

C10H180:

CeH120,

C7HgO

CgH100

CoH180

CeHsO3

CsHsOH

CeH1003

CoHsO

CsH160-

CsH100-

C20H400

HyC

H,C™” CHs

0
HO CHs,

HaC~~~~0H

CH3(CH>)5CHz

(%
O
OH

0
PN

CHs

CHy

-

CH3 CHz CHa

CHs/ \OH
@—OH
HC o on
o =0
o)
Q-\\_/(
H
(0]
(0]
\OH
=

OH

60047-17-8

142-62-1

100-51-6

60-12-8

821-55-6

118-71-8

18-95-2

599-04-02

104-55-2

124-07-2

122-99-6

7541-49-3

Linalol oksit

Hekzanoik asit

Benzen metanol

Feniletil alkol

2-Nonanon

Maltol

Fenol

Pentolakton

Sinnamaldehit

Oktanoik asit

2-Fenoksi ethanol

Piytol

38.1£1.03

48.1+£2.06

72.3£2.86

171£5.22

22.5+0.85

17.5+0.52

16.9+0.54

66.1+3.24

60.84+2.34

19.5+0.92

28.0+1.33

4.214+0.02

32.1+1.08

115+£5.1

744+11.00

25.6+1.21

17.4+0.63

73.3£2.21

219.8+1.14

21.6+£0.41

11.5+0.34

0.d.

o.d.

0.d.

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Tent

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Std
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34

35

36

37

2202

2293

2351

2444

0
CoHis0, NN
OH
0
C10H200 /\/\/\/\)‘L
OH
CHz OH
C10H1580; Ho\)\/\)I\/CHQ
CHs
C7/HsO °
e @4014

112-05-0 Nonanoik asit
334-48-05 Dekanoik asit
64142-78-5  8-Hidroksi linalol
65-85-0 Benzoik asit
Genel Toplam

88.5+3.74

81.443.78

96.7+4.77

228+6.36

2043

68.1+3.19

6.27+0.05

12.8+0.13

25.3+0.67

1901

0.d.

LRI, MS, Std

LRI, MS, Std

LRI, MS, Tent

LRI, MS, Std

LRI : Linear alikonma indeksi DB-WAX kapilar kolon iizerinde hesaplanmistir; Konsantrasyon: pg/kg olarak 3 farkli enjeksiyon sonuglari ortalamasidir; Tanimlama: LRI
(Linear alikonma indeksi), MS (Kiitle spektrometresi kiitiiphanesi), Std (Standart kimyasal madde), MS tent.(MS ile tentatif tanimlama); Aroma maddelerinin standart sapma
degerleri % 5’in altindadir.
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Cicek balinda 4 adet keton bilesigi belirlenmis
olup toplam miktar1 378 pg/kg, pamuk balinda ise
2 adet keton bilesigi belirlenmis olup toplam mik-
tar1 71 pg/kg olarak tespit edilmistir. Keton bile-
siklerinin ballarda diisikk konsantrasyonlarda ol-
dugu ve bu bilesiklerin miktarinin depolama sure-
sine bagli olarak azaldig: bildirilmistir (Morrison
ve Boyd, 1992). Asetoin bilesigi iki bal ¢esidinde
de ortak olarak tespit edilmistir. Bu bilesik, Po-
lonya, Danimarka, Almanya, italya, Fransa, Hol-
landa, ispanya, Portekiz ve Ingiltere’de yetistirici-
ligi yapilan ballar {izerine yapilan arastirmalarda
da belirlenmistir (Radovic vd., 2001; Plutowska
vd., 2011). Cigek ballarinda tespit edilen diger ke-
ton bilesikleri ise asetofenon, rozoksit ve 2-nona-
nol bilegikleridir. Alissandrakis vd. (2007) Yuna-
nistan’m farkli bolgelerinde yetistiriciligi yapi-
lan kekik ballarinda asetofenon bilesiginin bolge-
sel bir biyoisaretleyici oldugu belirlemislerdir.

Benzaldehit, furfural ve nonanal bilesikleri ¢igek
ve pamuk ballarinda ortak olarak belirlenen alde-
hit bilesikleri iken, sinnamaldehit bilesigi sadece
pamuk balinda belirlenmistir. Bu bilesikler sahip
olduklar: disiik koku esik degerlerinden dolayz,
diisiik konsantrasyonlarda bile aromaya katkilar
onemli diizeydedir. Benzaldehit ballarda bulunan
ana aroma maddelerinden bir tanesidir ve ballara
karakteristik “bal” aromasi kazandirmaktadir (Kus
vd., 2013; Karabagias vd., 2014). Bu bilesik na-
renciye, kambara, okaliptiis, devedikeni gibi bir-
¢ok bal ¢esidinde belirlenmistir (Moreira vd.,
2005; Castro-Vazquez vd., 2006; Castro-Vazquez
vd., 2007; Bianchi vd., 2011). Benzaldehit, genel-
likle linalol bilesigin par¢alanmasi ile olusmakta-
dir (Castro-Vazquez vd., 2007). Sinnamaldehit bi-
lesiginin konsantrastonu pamuk balinda 218 pg/kg
olarak tespit edilmistir. Alissandrakis vd. (2005)
sinnamaldehit bilesiginin pamuk balin1 karakte-
rize eden ana aroma maddelerinden oldugunu bil-
dirmiglerdir ve bu bilesigin miktari1 20-216
ng/kg olarak tespit etmiglerdir. Benzer sekilde
yaptigimiz ¢aligmada da bu bilesik, pamuk balla-
rin1 karakterize eden en 6nemli bilesiklerden bir
tanesi olarak belirlenmistir.

Calismamizda belirlenen benzen bilesiklerinden
m-ksilen her iki bal ¢esidinde de belirlenirken, p-
ksilen bilesigi sadece ¢icek bali cesidinde belirlen-
mistir. Benzen bilesiklerinin toplam miktar1 ¢igek
bali 6rneklerinde daha yiiksek bulunmustur. Bu
bilesikler, bal aromasi lizerine yapilan dnceki ¢a-
lismada da tanimlanmistir (Tananaki vd., 2007,
Pino, 2012). Wardencki vd. (2009) GC-MS olfak-

tometri yontemi ile farkli bal ¢esitlerinin kalite de-
gerlendirmelerini  yapmuslardir. Arastirmacilar,
ksilen grubu bilesiklerin ballarda diisiik kaliteye
yol agan bilesiklerden oldugunu belirlemislerdir.

Linalol oksit ve 8-hidroksi linalol bal 6rneklerinde
belirlenen terpen bilesikleridir. Terpen bilesikleri-
nin toplam miktar1 ¢igcek balinda (135 pg/kg), pa-
muk balina (17.0 pg/kg) gore daha yiiksek bulun-
mustur. Bitkilerin terpen bilesiklerini tiretme se-
beplerinin; tozlagmay1 ve zararli hayvanlardan ko-
runmay1 saglamak oldugu one siiriilmektedir. Bu
bilesikler, bitki polenlerinden gelen ve bitkiyi an-
diran hos cicek aromasina sahiptir ve 6zellikle ¢i-
¢ek ballarinda bulunmaktadir (Castro-Vazquez
vd., 2003). Terpen bilesiklerinden 8-hidroksi li-
nalol bilesigi, sahip oldugu yiiksek konsantrasyon-
larla 6ne ¢ikan linalol tiirevi olmustur. Bu bilesi-
gin, kat1 faz mikro ekstraksiyon yontemi uygula-
narak belirlenen Yunan narenciye ballarindaki ka-
rakteristik aroma maddelerinden biri oldugu belir-
lenmistir (Plutowska vd., 2011). Ayrica bu bilesik,
ballarda yapilan diger ¢aligmalarda da farkli aras-
tirmacilar tarafindan da tespit edilmistir (Alis-
sandrakis vd., 2007; Bianchi vd., 2011).

Bal orneklerinde furan bilesigi olarak sadece 2-
asetil furan belirlenmistir. Bu bilesigin miktar1 ¢i-
¢ek balinda (77.9 pg/kg), pamuk balina (9.75
ug/kg) gore daha yiiksek bulunmustur. Literatiir
incelendiginde, bu bilesiginin ballara “bademsi”
bir koku kazandirdigi bildirilmistir (Pino, 2012).
Bu bilesik yine ballar {izerine yapilan cesitli calis-
malarda da tespit edilmistir (Jerkovic ve Marija-
novic, 2010; Speziale vd., 2010; Verzera vd.,
2014). Piran bilesikleri balda, 1s1l iglem uygulan-
mast veya depolama sirasinda olusan bilesiklerdir.
Bu bilesikler, Maillard reaksiyonu veya Strecter
bozulmas sirasinda olusan yan {iriinlerden bir ta-
nesidir (Escriche vd., 2009). Bal 6rneklerinde pi-
ran bilesigi miktar1 pamuk balinda (25.6 pg/kg),
¢igek balma (17.5 pg/kg) gore daha yiiksek bulun-
mustur. Orneklerde, maltol tespit edilen tek piran
bilesigidir. Onceki calismalarda maltol bilesigi-
nin, karabugday balinda yanik-seker benzeri aro-
madan sorumlu oldugu bildirilmistir. (Zhou vd.,
2002). Fenol bal 6rneklerinde belirlenen tek ugucu
fenol bilesigidir. Bu bilesigin toplam miktar1 17.4
ng/kg ile cicek balinda, 16.9 pg/kg olarak tespit
edilen pamuk balindan daha yiiksektir. Caligma-
mizda tespit edilen ugucu fenol bilesigi farkl bal-
larda da tanimlanmustir (Moreira vd., 2002; Odeh
vd., 2007). Ester bilesigi olarak bal orneklerinde
rozoksit belirlenmistir. Bu bilesigin toplam mik-
tar ¢igek balinda 7.20 pg/kg olarak belirlenirken,
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pamuk balinda 4.18 pg/kg bulunmustur. Bu bile-
sik, sicak yiizey kat1 faz mikro ekstraksiyon yon-
teminin ballardaki uygulamalarini incelemek igin
yapilan ¢aligmada da tespit edilmistir (Plutowska
vd., 2011). Pantolakton bilesigi bal 6rneklerinde
tespit edilen tek lakton bilesigidir. Bu bilesik ¢igek
ve pamuk ballarinda sirasi ile 66.1 pg/kg ve 73.3
pg/kg bulunmustur. Castro-Vazquez vd. (2014),
lakton bilesiklerinin lavanta ballarinda isaretleyici
aroma maddeleri oldugunu belirlemigtir. Ayrica
baska bir ¢alismada ise, pentolakton bilesiginin
Maillard reaksiyonu yan iiriinlerinden biri olabile-
cegi vurgulanmustir (Castro-Vazquez vd., 2006).

Sonuc¢

Bu calisma, Gaziantep ilinden elde edilen ¢icek ve
pamuk ballarinin aroma maddeleri bilesimlerini
belirlemek amaciyla ele alinmigtir. Elde edilen
bulgular sonucunda ¢igek balinda 36, pamuk ba-
linda ise 33 adet aroma bilesigi belirlenmistir. Ci-
¢ek ve pamuk ballarinda bulunan aroma maddeleri
miktart sirast ile 2043 pg/kg ve 1901 pg/kg olarak
tespit edilmistir. Ballarda miktar olarak en fazla
bulunan aroma maddeleri asitler ve alkoller olur-
ken bu bilesikleri ketonlar, aldehitler, benzenler ve
esterler takip etmistir. Ayrica, ¢alismada tespit
edilen feniletil alkol ve sinnamaldehit bilesikleri-
nin pamuk ballar1 i¢in biyoisaretleyici aroma mad-
deleri olduklar diisiiniilmektedir.
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Onemli tibbi-aromatik bitkilerden birisi olan defnenin yap-
raklar1 baharat olarak kullanilmasinin yaninda ugucu yag iire-
timinde de yaygin bir sekilde kullanilmaktadir. Defne ugucu
yagimin kalitesi bilesimi ile dogrudan iliskilidir. Ugucu yag
bilesimi, kullanilan materyalin tiir veya ¢esidi olmak {izere,
yetistirildigi bolge, hasat zamani, uygulanan proses gibi degi-
sik faktorlerden etkilenebilmektedir. Calisma kapsaminda
hidro-distilasyon siiresinin defne ugucu yag bilesimi iizerine
olan etkisi arastirilmistir. Bu amagla bes farkli distilasyon sii-
resinin (10, 20, 30, 60 ve 120 dakika) etkisi incelenmistir.
Aragtirma bulgular distilasyon siiresinin defne ugucu yag bi-
lesiminde oldukga etkili oldugunu gostermistir. Defne yaprak
ugucu yaginin en 6nemli bileseni olan 1,8-sineol uygulama
stiresine bagli olarak %57.7-79.4 araliginda degisim goster-
mistir. Bulgular distilasyon siiresi dikkate alinarak pazar ta-
lebi ve uygulama alanina gore farkli bilesimlere sahip defne
yaprak ugucu yagi iiretilebilecegini ortaya koymustur.

Anahtar Kelimeler: Defne, Laurus nobilis, Distilasyon
stiresi, Ugucu yag bilesimi

Abstract:

EFFECT OF DISTILLATION TIME ON
ESSENTIAL OIL COMPOSITIONS OF BAY
LEAF (Laurus nobilis L.)

Bay leaf is an important medicinal and aromatic plant. It is
used as spice and also in essential oil production. Leaf essen-
tial oil quality is related with its composition. Its composition
could be affected from plant species or cultivar, growing area,
harvesting time, processing methods. In this study, the effect
of hydro-distillation time on essential composition of bay leaf
was investigated. For this purpose, essential oil composition
of bay leaf was determined during five different distillation
periods (10, 20, 30, 60 and 120 minutes). The research find-
ings showed that significant differences were observed in es-
sential oil composition with respect to distillation time. Main
component of bay leaf essential oil is 1,8-cineole and ranged
between 57.7-79.4% according to distillation time. Results
showed that it is possible to produce varied composition bay
leaf essential oil by taking in consideration distillation time.

Keywords: Bay leaf, Laurus nobilis, Distillation time,
Essential oil composition
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Giris

Ulkemizin énemli tibbi-aromatik bitkilerinden bi-
risi olan defne (Laurus nobilis L.) herdem yesil,
cali veya aga¢c formunda bulunabilmektedir.
Diinya tiretiminin yaklasik %901 iilkemizde bu-
lunmakta olan defne, 06zellikle Akdeniz Bo6I-
gesi’nde oldukga yaygindir (Erden, 2005).

Defne yapraklar1 baharat olarak kullanilmasinin
yaninda ugucu yag iiretiminde de yaygin bir se-
kilde kullanilmaktadir (Acar, 1985; Polat vd,
2009). Defne yaprak ugucu yagi gida endiistri-
sinde koruyucu ve aroma verici olarak kullanil-
maktadir. Bunun yaninda defne yapraklarinda elde
edilen ugucu yag melanom inhibisyonunda, eklem
ve kas agrilarin1 gidermede, kozmetik iirlinlerde
koruyucu olarak, sindirim sistemi ve cilt problem-
lerinin tedavilerinde, aromaterapide, masaj {irlin-
lerinde, bocek kovucu olarak da kullanilmaktadir
(Kaurinovic vd, 2010; Marques vd, 2016). Defne
yapragi basta genotip olmak tizere, yetistirildigi
bolge, hasat zamani gibi faktorlere gore degisiklik
gosterebilmekte olup, %0.20 ile %2.51 araliginda
ucucu yag igermektedir (Acar, 1985; Quijano ve
Pino, 2007). Defne yaprak ugucu yaginin bilesimi,
kaliteyi belirleyen 6nemli kriterlerinin basinda
gelmektedir. Ugucu yag bilesiminde; 1,8-sineol,
sabinen, a-terpinil asetat, a-pinen, 3-pinen gibi bi-
lesenler 6nemli yer tutmaktadir (Fiorini vd 1997,
Bouzouita vd 2001, Karadeniz, 2001; Dadalioglu
ve Evrendilek, 2004; Ozcan ve Chalchat, 2005;
Sangun vd, 2007; Derwich vd 2009). Ugucu yag
miktar ve bilesimi, bitki tiir ve ¢esidi, hasat za-
mani, yetistigi bolge, kurutma sekli, liretim yon-
temi, depolama yontemi ve siiresi gibi parametre-
lere gore farkliliklar gosterebilmektedir (Diaz-
Maroto vd 2002, Sangun vd 2007, Sekeroglu vd
2007, Bager ve Buchbauer, 2010, Tugrul Ay vd
2011, Sellami vd 2011). Uretim yontemi olarak
da, distilasyon metodu, cihaz dizayn sekli, cihaz
tretim materyali, ham maddenin durumu, distilas-
yon siiresi, hammadde yiikleme sekli, calisma pa-
rametreleri, ekstraksiyon tankinin durumu gibi
faktorlere gore farkliliklar gosterebilmektedir (Ca-
redda vd 2002, Flamini vd 2007, Handa vd 2008,
Baser ve Buchbauer, 2010, Ozek 2012, Cannon vd
2013). Nitekim baz1 tibbi ve aromatik bitkilerden
ucucu yag lretiminde distilasyon siiresine baglh
olarak farkli kompozisyonlara sahip iiriinler elde
edilebilecegi belirtilmektedir (Cannon vd 2013).
Kekik ugucu yagi iizerine yapilan bir ¢aligmada
farkli distilasyon siiresi uygulamalart ile baskin bi-
lesen olan karvakrolde %62.60 ile %86.40 gibi ge-

nis bir aralifa sahip iiriin portfoyii olusturulabile-
cegi tespit edilmistir (Toker vd 2017). Lavanta
tizerine gergeklestirilen bir ¢aligmada da distilas-
yon siiresini dikkate alarak lavanta ugucu yaginin
hakim bilesenleri olan linalol asetat ve sineol
oranlarinda sirasiyla %6.37-34.52, %15.0-37.8
araliklarinda iiriinler olusturulabilecegi ortaya ko-
nulmustur (Zheljazkov vd 2013a). Rezene lizerine
yapilan bir diger ¢alismada da 1.25-160 dakika
araliginda 8 farkli distilasyon siiresi uygulamasi
ile oransal olarak en yiliksek diizeyde bulunan
trans-anetol oraninda %32.6-59.4 gibi genis bir
araliga sahip alternatif tirlinler iiretilebilecegi so-
nucuna ulagilmigtir (Zheljazkov vd 2013b). Diinya
iiretiminde oldukca 6nemli bir konuma sahip iilke-
mizde defne yaprak ugucu yag bilesimi iizerine
distilasyon siiresinin etkisini ortaya koyan bir ca-
lismaya rastlanilamamustir.

Arastirmanin amaci hidro-distilasyon yontemi ile
ucucu yag Uretiminde; farkli distilasyon siireleri-
nin defne yaprak ugucu yag verim ve bilesimi iize-
rine olan etkisini ortaya koymaktir.

Materyal ve Metot

Arastirmada materyal olarak taze (Laurus nobilis
L) defne yapragi kullamlmistir. Ornekler
26.01.2016 tarihinde Bati Akdeniz Tarimsal Aras-
tirma Enstitiisii Aksu biriminde yer alan defne
agaclarindan alinmustir. Ornekler hasat edildikten
sonra analiz edilmek iizere Bat1 Akdeniz Tarimsal
Arastirma Enstitiisti Tibbi Aromatik Bitkiler Mer-
kezi laboratuvarina sevk edilmistir.

Orneklerin ugucu yag miktarlar1 Clevenger ciha-
zinda hidro-distilasyon yontemi ile belirlenmistir
(Anonim, 2011). Distilasyon taze 6rneklerde ger-
¢eklestirilmigtir. Bu amagla, distilasyon oncesi or-
talama 0.5 cm boyutlarinda olacak sekilde parga-
lama iglemine tabi tutulmus 20 g 6rnek kullanil-
mustir. Distilasyon siireleri; 0-10 dakika, 0-20 da-
kika, 0-30 dakika, 0-60 dakika, 0-120 dakika ola-
cak sekilde ayarlanmistir. Belirlenen distilasyon
stireleri kaynamaya baglama noktas1 dikkate alina-
rak verilmistir.

Farkli distilasyon siireleri sonucu elde edilen
defne yaprak ucucu yaglarinin bilesen analizi FID-
GC/MS (Gaz kromatografisi (Agilent 7890A)-
kiitle detektor (Agilent 5975C)) cihazi kullanila-
rak belirlenmistir. Bu amagla kapiler kolon (HP
Innowax Capillary; 60.0 m x 0.25 mm x 0.25 um)
kullanilmis ve Ozek vd (2010) tarafindan kullani-
lan metot referans alinmistir. Oncelikle ugucu yag
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ornekleri analiz edilmek iizere 1:50 oraninda hek-
zan ile seyreltme islemine tabi tutulmustur. Kro-
matografik analizde mobil faz olarak 0.8 mL/dk
akis hizinda helyum gazi kullanilmistir. Hekzan
ile seyreltilmis ugucu yaglar cihaza 1 pL olarak
1:40 split oran1 ile verilmistir. Cihaz enjeksiyon
blogu sicakligi 250°C’ye ayarlanmistir. Ugucu
yag bilesen ayrimim gergeklestirmek iizere kolon
sicaklik programi 60°C (10 dakika), 60°C’den
220°C’ye 4°C/dakika ve 220°C (10 dakika) olacak
seklinde ayarlanmistir. Kiitle detektorii icin ta-
rama aralig1 (m/z) 35-450 amu ve iyonizasyon igin
70 eV kullanilmustir. Orneklerin ugucu yagn bile-
senlerinin teshisinde Wiley7n, Oil Adams ve
Nist05 kiitliphanelerinin verileri esas alinmustir.
Elde edilen bilesenlerin yiizdeleri FID dedektor
kullanilarak, tanimlamasi ise MS dedektor kulla-
nilarak yapilmigtir.

Aragtirma tesadiif parselleri deneme diizeninde {i¢
tekerriirlii olarak gergeklestirilmistir. Ugucu yag
bilesen analizleri ise her tekerriirde iki enjeksiyon
seklinde yapilmistir. Calisma sonucunda elde edi-
len veriler SAS paket programu kullanilarak Dun-
can Coklu Karsilastirma testine tabi tutulmustur.
Elde edilen istatistiki veriler ortalama+standart
hata seklinde sunulmustur.

Bulgular ve Tartisma

Calisma kapsaminda uygulanan bes farkli distilas-
yon siiresi sonucu elde edilen ucucu yag oranlari
ve bu verilerin toplam ugucu yag miktarina oran-
lar1 (verim) Cizelge 1’de verilmistir. Arastirma
bulgular1 distilasyon siiresine bagli olarak elde
edilen ugucu yag oranlarinda 6nemli farkliliklar
oldugunu gostermistir. Toplam ugucu yagin ilk on
dakikalik distilasyon siiresinde yaridan fazlasinin
elde edildigini gostermektedir. Bu veriler distilas-
yon siiresinin ilerleyen asamalarinda esit zaman
aralig1 i¢in elde edilen ugucu yag miktarinda oran-
sal bir azalma oldugu gostermektedir. Nitekim, ilk
30 dakikalik siirede bitkisel materyalde bulunan
ucucu yagin %801, ikinci 30 dakikalik siirede ise
toplam ugucu yagin %?20’si distilasyon yoluyla
alinmistir. Distilasyonun son agamasi olan 60-120
dakikalik aralikta ise toplam ugucu yag miktarinda
oransal olarak herhangi bir artig olmamistir. Yapi-
lan bir arastirmada defne yapraklarinin hasat do-
nemi ve siirglin yasina gore ugucu yag miktarinda
%0.68-2.51 gibi 6nemli farkliliklar olustugu bildi-
rilmektedir. Geng siirgiinlerin yasl siirgiinlere, kis
aylarinda temin edilenlerinde yaz aylarinda temin
edilenlere oranla daha yiiksek oranda ugucu yag
icerdigi bildirilmektedir (Acar, 1985). Ulkemizde
farkli bolgelerden toplanan defne Orneklerinin

yaprak ugucu yag miktarinin da %0.4-4.45 arali-
ginda dagilim gosterdigi tespit edilmistir (Karik
vd 2015). Bulgularimiz literatiir degerleri ile ben-
zerlik gdstermektedir. Distilasyon siiresinin ugucu
yag verim ve bilesimine etkisini belirlemek ama-
ciyla kekik yagi iizerine yapilan bir ¢alismada da
10 dakikalik bir siirede ugucu yagin %53.19’unun
alindig1 rapor edilmistir (Toker vd 2017). Bu an-
lamda da bulgularimiz literatiir bulgulari ile ben-
zerlik gdstermektedir.

Arastirma kapsaminda farkli siirelerde elde edilen
ucucu yaglarin bilesen analizleri de gerceklestiril-
mistir (Cizelge 2). Elde edilen veriler 6rneklerin
ucucu yag bilesen konsantrasyonlar1 arasinda da
stireye bagli olarak onemli farkliliklar oldugunu
ortaya koymaktadir. Orneklerin tamaminda defne
ucucu yag bilesiminin oransal olarak en 6nemli
kismmi 1,8-sineol olusturmaktadir. Okaliptiis
(Baser vd 1998), biberiye (Takayama vd 2016),
adacay1 (Bernotiene vd 2007) gibi bazi bitkisel
kaynaklarda da 6nemli oranda 1,8-sineol bulun-
dugu bildirilmektedir. Okaliptol olarak da bilinen
1,8-sineol gida, kozmetik, ilag gibi bir¢ok iiriinde
farkli amaglarla kullanilmaktadir. Defne yaprak
ucucu yag Orneklerinin 1,8-sineol igerikleri
%57.7-79.4 gibi genis bir aralikta dagilim gdster-
mektedir. Distilasyonun ilk 10 dakikalik periyo-
dunda elde edilen ugucu yagin bilesiminde bulu-
nan 1,8-sineol oran1 %79.4 ile en yliksek diizeyde-
dir. Bu siirecteki ugucu yag oraninin %57 oldugu
g0z Oniine alindiginda toplam iiriinde bulunan 1,8-
sineol’iin %61.6’s1min bu asamada elde edilecegi
goriilecektir. Ik 20 dakikalik distilasyon uygula-
masi sonucunda elde edilen tiriinde ise 1,8-sineol
oran1 %71.8 e diismiistiir. Ilerleyen asamalarda bu
oran daha da azalarak %60’lar seviyesine kadar
inmektedir. Bu bilesende oldugu gibi trans-sabi-
nen hidrat, cis-sabinen hidrat, pinokarvon ve
trans-pinokarveol oranlarinda da distilasyon stire-
sindeki artigla birlikte bir azalma meydana gelmis-
tir. Yapilan bir ¢alismada defne yaprak ucucu ya-
ginda 1,8-sineol igeriginin %43.37-59.94 arali-
ginda dagilim gosterdigi bildirilmektedir (Karade-
niz 2001). Karik vd (2015) tarafindan yapilan ¢a-
lismada da Ornegin alindig1 bolgeye gore defne
yaprak ucucu yag bilesiminde énemli farkliliklar
oldugu tespit edilmistir. Yapilan bu ¢alismada 1,8-
sineol oraninin %36.93-66.90 araliginda oldugu
saptanmistir. Bir diger ¢calismada da bu bilesenin
oraninin %57.8 oldugu tespit edilmistir (Ozek,
2012). Dadalioglu ve Evrendilek (2004) tarafin-
dan yapilan ¢aligmada da defne yaprak ugucu ya-
ginda 1,8-sineol orant %60.72 olarak bildirilmis-
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tir. Arastirma bulgularimiz iizerinden degerlen-
dirme yapildiginda 120 dakikalik distilasyon uy-
gulamasi sonucu elde edilen ugucu yagin bilesi-
minde tespit edilen 1,8-sineol oranmi ile Ozek
(2012) ve Dadalioglu ve Evrendilek (2004 deger-
lerinin benzerlik gosterdigi goriilecektir. Ancak
Karadeniz (2001) ve Karik vd (2015) tarafindan

yapilan ¢aligsmalarda oldugu gibi 6zellikle hasat
zamani ve Ornek temin yerine gore defne yaprak
ucucu yagi bilesiminde dnemli varyasyonlar olu-
sabilmektedir. Elde edilen tiriinlerdeki bu farklilik
distilasyon siiresini dikkate alarak giderilebilecegi
diistiniilmektedir.

Tablo 1. Distilasyon siirelerine gore elde edilen ugucu yag oranlari (ortalama+standart hata).

Table 1. Essential oil content with respect to distillation time (mean+standard error).

Distilasyon siiresi (dakika) Ucucu yag miktari (%) Verim (%)
0-10 1.00°+0.038 57
0-20 1.25°+0.046 71
0-30 1.40°+0.064 80
0-60 1.75%40.052 100
0-120 1.75%+0.069 100

Aynu stitundaki farkli harfler ortalamalar arasinda P<0.05 seviyesinde fark oldugunu gostermektedir.

Tablo 2. Distilasyon siirelerine gore elde edilen ugucu yaglarin bilesen oranlari (%, ortalamatstandart hata).

Table 2. Essential oil composition of the volatile oil with respect to distillation time (%, mean+standard error).

RT 0-10 dak 0-20 dak 0-30 dak 0-60 dak 0-120 dak
a-pinen 12,58 1.45%+0.049 2.77°+0.095 3.28°+£0.055 4.59%+0.118  4.59%+0.162
B-pinen 16,32  1.719£0.090 2.75°+0.072  3.21°+0.046  4.16+0.107  4.21%+0.092
Sabinen 16,91 6.04%+0.058  9.41°%£0.150  10.5°+0.113  12.6%0.193  12.7%+0.124
Limonen 20,45 te 0.95°+0.075  0.84°+0.072  1.14%+0.055 1.14%+0.026
1,8-sineol 20,96 79.4%0.456  71.8°+0.938  64.9°40.624 61.4%t0.214 57.7°+0.915
p-simen 23,61 te te te te 0.70+0.029
trans-sabinen hidrat 30,85 1.22%0.055 0.96°+0.066 0.98°+0.078  0.91°+0.066  0.82°+0.035
Linalool 33,42 0.43%+0.026 0.52%+0.038  0.443%+0.017 te 0.41°+0.049
cis-sabinen hidrat 33,69 1.01%£0.064 0.81°°+0.035 0.89%+0.035 te 0.72°40.043
Pinokarvon 34,80 0.63%0.017 0.45°+0.038  0.43°+0.052 te 0.35%+0.055
Terpinen-4-ol 3552 1.40°+0.101  1.38°+£0.064 1.58%+0.052 1.69%0.032  1.66%0.095
trans-pinokarveol 37,20 0.61%:0.046  0.44°+0.046  0.48°+0.009 te 0.41°+0.046
a-terpineol 38,27 0.52%+0.026  0.46*+0.049  0.57%+0.015 te 0.51%+:0.049
a-terpinil asetat 38,39 5.00%:0.167 6.53%:0.098  9.80°+0.061  11.5%0.049  11.8%:0.162
Metil 6jenol 46,71 te te 1.04%+0.075 0.96°+0.078  1.22%+0.066
Tanimlanamayan - 0.58+0.038 0.75+0.055 1.02+0.064 1.05+0.069 1.11+£0.026

RT: Alikonma zamani (Retention time, dakika), te: tespit edilemedi.
Her satirdaki farkl: harfler ortalamalar arasinda P<0.05 seviyesinde fark oldugunu gostermektedir.

Bunun yaninda distilasyon siiresindeki ilerle-
meyle birlikte bazi bilesenlerin oraninda da istatis-
tiksel olarak 6nemli diizeyde artiglar meydana gel-
mistir. Bu anlamda oransal olarak en yiiksek artis
3.2 kat ile a-pinen ve 2.5 kat ile B-pinen’de olmus-
tur. Bu iki bileseni sirasiyla a-terpinil asetat ve sa-
binen takip etmistir. Bunun yaninda limonen, ter-
pinen-4-ol, metil 6jenol ve p-simen oranlarinda da
kismi artislar olmustur. Linalool ve a-terpineol
gibi baz1 bilesenlerin oranlarinda ise belirgin bir
yonde degisim gozlenmemistir. Bu degisimler
tizerine her bir bilesenin kaynama noktasi, polarite
gibi parametreler etkin olabilmektedir (Handa vd

2008). Elde edilen veriler her bir bilesen i¢in dis-
tilasyon siiresinin farkli diizeyde ve yonde etkisi-
nin olabilecegini gostermektedir.

Sonuc¢

Farkli amaglarla dogadan ve kiiltiirel iiretimle te-
min edilen bitkisel hammaddelerin bilesimleri,
basta tiir, ¢esit ve genotip olmak {izere, bitkinin
yas1, kullanilan kismi, hasat zamani, hasat sekli,
kurutma yontemi gibi faktoérlerden 6nemli oranda
etkilenebilmektedir. Ancak genel olarak 6nemli
ekonomik pazarlar standart 6zelliklere sahip {iriin-
ler talep etmektedir. Ugucu yag pazarinda da bu
durum s6z konusudur. Arastirma kapsaminda bu
anlamda distilasyon siiresinden bu anlamda yarar-
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lanilip yararlanilamayacagi aragtirilmistir. Bulgu-
lar distilasyon siiresi dikkate alinarak pazar talebi
ve uygulama alanina gore farkli bilesimlere sahip
defne yaprak ucgucu yag lretilebilecegini ortaya
koymustur. Bu veriler bu anlamda iiriin ¢esitliligi
olusturulabilecegini de gostermektedir. Bu an-
lamda distilasyonun ilk asamasinda alinan ugucu
yagin 1,8-cineol agisindan zengin oldugu goriil-
miistiir. Elde edilen veriler ugucu yag iiretiminde
her bir bitkisel materyal ve tiretim sistemi igin dis-
tilasyon siiresinde bir optimizasyon isleminin fay-
dali olabilecegini gostermektedir.

Kaynaklar

Acar, 1. (1985). Define (Laurus nobilis L.) yaprag
ve yaprak eterik yaginin tiretilmesi ve deger-
lendirilmesi. Ormancilik Aragtirma Enstitlisi
Yaynlari, Teknik Biilten Serisi No: 186. 89
s. Ankara.

Anonim, (2011). TSE EN ISO 6571-Baharatlar,
Cesniler ve Tibbi Bitkiler - Ugucu Yag
Muhtevasinin  Tayini  (hidrodistilasyon
yontemi). Tiirk Standartlar1 Enstitiisi,
Ankara.

Bager, K.H.C. & Buchbauer, G. (2010). Handbook
of essential oils: science technology and
applications. CRC Press, New York, 975 pp.
ISBN: 978-1-4200-6315-8.

Baser, K.H., Giilbaba, A.G., Azcan, N., Kara, M.,
Kirimer, N. & Kiirkc¢tioglu M. (1998). Tiir-
kiye’de yetistirilen bazi okaliptiis (Eucalyp-
tus) tiirlerinin u¢ucu yag verim ve bilesimle-
rinin ve tiretim teknolojilerinin belirlenmesi.
Tarsus: Dogu Akdeniz 160 Ormancilik Aras-
tirma Miidiirligii, Cevre ve Orman Bakanlig
Yayin No: 84, DOA Yaym No:11, Teknik
Biilten No:7.

Bernotiene, G., Nivinskiene, O., Butkiene, R., &
Mockute, D. (2007). Essential oil
composition variability in sage (Salvia
officinalis L.). Chemija, 18(4), 38-43.

Bouzouita, N., Nafti, A., Chaabouni, M.M., Log-
nay, G.C., Marlier, M., Zghoulli, S. & Tho-
nart, P. (2001). Chemical composition of La-
urus nobilis oil from Tunisia. Journal of Es-
sential Oil Research, 13, 116-117.

Cannon, J.B., Cantrell, C.L., Astatkie, T. & Zhel-
jazkov, V.D. (2013). Modification of yield
and composition of essential oils by distilla-
tion time. Industrial Crops and Products, 41,
214-220.

Caredda, A., Marongiu, B., Porcedda, S. & Soro,
C. (2002). Supercritical carbon dioxide
extraction and characterization of Laurus
nobilis essential oil. Journal of Agricultural
and Food Chemistry, 50, 1492-1496

Dadalioglu, I. & Evrendilek, G.A. (2004). Chemi-
cal compositions and antibacterial ef-
fects of essential oils of Turkish ore-
gano (Origanum  minutiflorum), bay lau-
rel (Laurus nobilis), Spanish lavender (La-
vandula stoechas L.), and fennel (Foenicu-
lum vulgare) on common foodborne patho-
gens. Journal of Agricultural and Food Che-
mistry, 52(26), 8255-8260.

Derwich, E., Benziane, Z., & Boukir, A. (2009).
Chemical composition and antibacterial acti-
vity of leaves essental oil of Laurus nobilis
from Morocco. Australian Journal of Basic
and applied Sciences, 3(4), 3818-3824.

Diaz-Maroto, M.C., Perez-Coello, M.S., & Cabe-
zudo, M.D. (2002). Effect of drying method
on the volatiles in bay leaf (Laurus nobilis
L.). Journal of Agricultural and Food Che-
mistry, 50, 4520-4524.

Erden, U. (2005). Akdeniz Defnesi (Laurus nobilis
L.)’nde Mevsimsel Varyabilite Ve Optimal
Kurutma Yontemlerinin Arastirtimasi. Cuku-
rova Universitesi, Fen Bilimleri Enstitiisii,
Tarla Bitkileri Anabilim Dal1, 47 s. Adana.

Fiorini, C., Fouraste, |., David, B., & Bessiere, J.
(1997). Composition of the flower, leaf and
stem essential oils from Laurus nobilis. Fla-
vour and Fragrance Journal, 12(2), 91-93.

Flamini, G., Tebano, M., Cioni, P.L., Ceccarini,
L., Ricci, AS. & Longo, I. (2007).
Comparison between the conventional
method of extraction of essential oil of
Laurus nobilis L. and a novel method which
uses microwaves applied in situ, without
resorting to an oven. Journal of
Chromatography A, 1143, 36-40.

Handa, S.S., Khanuja, S.P.S., Longo, G. &

Rakesh, D.D. (2008). Extraction
technologies for medicinal and aromatic
plants. United Nations Industrial
Development  Organization and the

International Centre for Science and High
Technology, 260 pp. Trieste, Italy.

Karadeniz, H. (2001). Hatay Boélgesi defne yap-
ragr ve meyvast ugucu yagimn ozelliklerinin
belirlenmesi. Mustafa Kemal Universitesi,



Food and Health, 4(1), 37-42 (2018)

Journal abbreviation: Food Health

Fen Bilimleri Enstitiisii, Kimya Anabilim
Dali, 89 s. Hatay.

Karik, U., Cigek, F., Ogur, E., Tutar, M. & Ayas,
F. (2015). Tiirkiye defne (Laurus nobilis L.)
popiilasyonlarinin ugucu yag bilesenleri.
Anadolu, 25(1), 1-16.

Kaurinovic, B., Popovic, M. & Vlaisavljevic, S.
(2010). In vitro and in vivo effects of Laurus
nobilis L. leaf extracts. Molecules, 15, 3378-
3390.

Marques, A., Teixeira, B. & Nunes, M.L. (2016).
Bay laurel (Laurus nobilis) oils. Chapter 26,
p: 239- 246. (Editor, Preedy, V.R.: Essential
Oils in Food Preservation, Flavor and Safety,
Academic Press, 896 pp. London, UK.

Ozek, T. (2012). Distillation parameters for pilot
plant production of Laurus nobilis essential
oil. Records of Natural Products, 6, 135-143.

Ozcan, M. & Chalchat, J.C. (2005). Effect of
different locations on the chemical
composition of essential oils of laurel (Laurus
nobilis L.) leaves growing wild in Turkey.
Journal of Medicinal Food, 8, 408-411.

Ozek, G., Demirci, F., Ozek, T., Tabanca, N.,
Wedge, D.E., Khan, S.l.,, Baser, K.H.C,,
Duran, A. & Hamzaoglu, E. (2010). Gas
chromatographic—mass spectrometric
analysis of volatiles obtained by four
different techniques from Salvia rosifolia
Sm., and evaluation for biological activity.
Journal of Chromatography A, 1217, 741-
748.

Polat, S., Giilbaba, A.G. & Tiifek¢i, S. (2009).
Defne (Laurus nobilis L.) alanlarinda en uy-
gun yaprak isletme sekli ve maliyetlerinin be-

lirlenmesi (Tarsus Ornegi). Cevre ve Orman
Bakanlig1 Yaym no: 391. 55 s.

Quijano, C.E. & Pino, J.A. (2007). Characteriza-
tion of the leaf essential oil from laurel (Lau-
rus nobilis L.) grown in Colombia. Revista
CENIC Ciencias Quimicas, 38, 371-374.

Sangun, M.K., Aydin, E., Timur, M., Karadeniz,
H., Caliskan, M. & Ozkan, A. (2007). Com-
parision of chemical composition of the es-
sential oil of Laurus nobilis L. leaves and fru-
its from different regions of Hatay. Journal of
Environmental Biology, 28(4), 731-733.

Sellami, I.H., Wannes, W.A., Bettaieb, I.,
Berrima, S., Chahed, T., Marzouk, B. &
Limam, F. (2011). Qualitative and

quantitative changes in the essential oil of
Laurus nobilis L. leaves as affected by
different drying methods. Food Chemistry,
126, 691-697

Sekeroglu, N., Ozgiiven, M. & Erden, U. (2007).
Effects of the drying temperature on essential
oil content of bay leaf (Laurus nobilis L.)
harvested at different times. International
Symposium on Medicinal and Nutraceutical
Plants, 756: 315-320

Takayama, C., de Faria, F.M., de Almeida,
A.C.A., Dunder, R.J., Manzo, L.P., Socca,
E.A.R., Batista, L.M., Salvador, M.J., Souza-
Brito, A.R.M. & Luiz-Ferreira, A. (2016).
Chemical  composition  of Rosmarinus
officinalis essential oil and antioxidant action
against gastric damage induced by absolute
ethanol in the rat. Asian Pacific Journal of
Tropical Biomedicine, 6(8), 677-681.

Toker, R., Goliikkcii, M. & Tokgéz, H. (2017). Ef-
fects of distillation times on essential oil com-
positions of Origanum minutiflorum O.
Schwarz Et. And P.H. Davis. Journal of Es-
sential Oil Research, 29(4), 330-335.

Tugrul Ay, S., Goliik¢li, M., Toker, R. & Turgut,
K. (2011). Farkl yiiksekligin ve uygulamala-
rin defne bitkisin kalite 6zellikleri lizerine et-
Kilerinin belirlenmesi. IX. Tarla Bitkileri
Kongresi, 2. Cilt (Endiistri Bitkileri ve Biyo-
teknoloji), s: 1398-1403.

Zheljazkov, V.D., Cantrell, C.L., Astatkie, T. &
Jeliazkova, E. (2013a). Distillaton time ef-
fects on lavender essential oil yield and com-
position. Journal of Oleo Science, 62, 195—
199.

Zheljazkov, V.D., Horgan, T., Astatkie, T. & Sch-
legel, V. (2013b). Distillaton time modifies
essential oil yield, composition, and antioxi-
dant capacity of fennel (Foeniculum vulgare
Mill). Jornal of Oleo Science, 62, 665-672.



REVIEW ARTICLE

DERLEME MAKALESI

YASAM BOYU SAGLIKLI VE DENGELI BESLENME ICiN

BALIK TUKETIMININ ONEMI

oRCiD

ORCID ORCID

Abdullah Oksiiz™®, Senay Burcin Alkan '®, Havvanur Taskin '®, Meryem Ayranci IC

Necmettin Erbakan Universitesi, Saghik Bilimleri Fakiiltesi, Beslenme ve Diyetetik Boliimii, Konya, Tiirkiye

Received: 19.06.2017
Accepted: 17.10.2017
Published online: 22.11.2017

Corresponding author:

Abdullah Oksiiz, 15 Temmuz Yerleskesi, Meram Yeni Yol,
Kiirden Mahallesi Kasim Halife Sokak Meram, Konya, Tiir-
kiye

E-mail: aoksuz@konya.edu.tr

(")ZZ

Balik, yasamin her doneminde sagligin korunmasi ve gelismesine
katkida bulunan bir besindir. Iyi kalitede protein, uzun zincirli
¢oklu doymamus n-3 yag asitleri (n-3 LCPUFA), D vitamini, iyot
gibi besin 6gelerini igermesi nedeniyle baliketinin diizenli ve ye-
terli miktarda tiiketimi 6nerilmektedir. Ozellikle fetiisiin bilissel
ve gorsel gelisimi i¢in gerekli olan dokosahexaenoik asit (DHA)
gebelik doneminde annenin balik tiiketimine baghdir. Yasamin
ilk doneminde bebek icin en iyi besin olan anne siitiiniin DHA
icerigi de biiylime ve gelisimin tamamlanmasi agisindan dnemli-
dir. Cocukluk ¢aginda diizenli balik tilketim aligkanlhig1 kazandi-
rilmasmin kronik hastaliklarin dnlenmesine katkida bulundugu
bildirilmektedir. Yetiskinlik ve yaslilik doneminde de baliketi
sagligin korunmasi igin yeterli ve dengeli bir diyetin vazgegilmez
bir pargasidir. Genel olarak haftada iki porsiyon yaglh balik tiike-
timi onerilmektedir. Ancak balikta dogal olarak bulunmayan ve
baligin avlandigy/yetistirildigi su kaynaklarindan baliga gecen
metilciva (MeHg) ve dioksin benzeri bilesikler sagligi olumsuz
etkilemektedir. MeHg nin 6zellikle fetiis ve yeni dogan i¢in no-
rotoksik oldugu bildirilmektedir. MeHg icerigi yiiksek olan cey-
lan palamutu Scomberomorus commerson (Lacepéde, 1800), ko-
pek baligy, kilig baligy, irigdz ton baliklarinin tikketilmemesi 6ne-
rilmektedir. Yarar risk analizi yapildiginda balik tiikketimin yarar-
larinin daha agir bastig1 bildirilmektedir, yasamin her déneminde
diizenli olarak balik titketimi optimal beslenme i¢in 6nemlidir.

Anahtar Kelimeler: Balik tiiketimi, Omega-3 yagasitleri,
Optimal beslenme

Abstract:

BENEFITS OF FISH CONSUMPTION FOR
HEALTHY AND BALANCED NUTRITION
DURING LIFELONG TIME

Seafood contributes significant nutrient to maintain and develop-
ment of health in every stage of human life. Regular and adequate
fish consumption is recommended in terms of its high quality
protein, long chain polyunsaturated n-3 fatty acids (LC-PUFA
n-3), vitamin D, and essential macro and microelements minerals
such as phosphorus, zinc iodine etc. contents. DHA is necessary
for foetus cognitive and visual development, and rely on mother’s
fish consumption. DHA content of human milk, the best source
for infant in the first period of life, and it is vital in terms of
growth and development completion. It’s reported that gaining
regular fish consumption habit in childhood help to protect some
of chronic diseases. Seafood is an indispensable part of adequate
and balanced diet for adults and elderly people. Generally, it’s
advised to consume at least two servings’ oily fish per week.
However, methyl mercury and dioxin-like compounds, which
aren’t naturally present in fish, have negative effects but they can
accumulate in fish because of their polluted environment. It is
well-known phenomenon that methyl mercury has neurotoxic ef-
fect especially on foetus and new-borns. Consumption of fish
species containing high methyl mercury such as marlin, shark,
swordfish, and big eyed tuna should be limited. However, con-
sidering risk/benefit balance, fish consumption has more ad-
vantages because it’s positive health contribution. In every stage
of life, fish consumption is essential for optimal nutrition.

Keywords: Fish consumption, Omega-3 fatty acids,
Optimal nutrition
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Beslenme, ¢evreyle insanlari iliskisini belirleyen
onemli faktorlerden birisidir. Insanin tikketmis ol-
dugu besin, onun davranigini, diigiinme seklini, ig
verimini, neslinin devamini ve en dnemlisi de sag-
ligin1 6nemli derecede etkiler. Tiiketilen besinlerin
metabolik gereksinimleri karsilamasi ve viicudun
caligmasi icin gerekli enerji ve besin dgelerini ye-
terli miktarda saglamasi optimal beslenme olarak
tanimlanmaktadir. Minimum hastalik riski ve
maksimum sagligin hedeflendigi optimal bes-
lenme i¢in bireylerin farkli besin gruplarindan ye-
terli ve dengeli bir sekilde beslenmeleri Onerilir.
Bu besin gruplar1 dort ana baglik altinda toplanip;
et, siit, tahil ve sebze-meyve grubu olarak bilinir.
Et grubu icerisinde karasal hayvanlarin etleri (bii-
ylikbas ve kiiclikbas hayvan), kanath etleri, av
hayvanlarinin etleri ve biiyiik bir ¢esitlilik arzeden
su iirinlerinden balik, kabuklu ve yumusakc¢alarin
etleri sayilabilir. Su iirlinleri igerisinde balik kali-
teli ve biyolojik degeri yiiksek bir besindir; pek
cok iilkede 6nemli bir istthdam, gelir ve besin kay-
nagidir. Avceilik yolu ile 2014°te 93.4 milyon ton,
yetistiricilikle ise 73.8 milyon ton balik elde
edilmistir. Igsulardan 11.9 milyon ton balik avla-
mugstir. Elde edilen baliklarin 146.3 milyon tonu in-
san tiikketimi i¢in, 20.9 milyon tonu ise gida
disinda kullanilmistir. Diinya genelinde balik bi-
reylerin hayvansal protein alimmnin %17’sini ve
bazi iilkelerde ise %25’ini olusturur. Toplam pro-
tein aliminin ise %6.7°lik dilimini olusturmak-
tadir. 150 g baliketi yetigkin bir bireyin giinliik
protein gereksiniminin %60°m1 karsilamaktadir.
Gelismekte olan iilkelerde yillik balik tiiketimi
1961-2013 yillant arasinda 5.2 kg/kisi’den 18.8
kg/kisi’ye, gelir diizeyi diisiik iilkelerde ise 3.5
kg/kisi’den 7.6 kg/kisi’e ylikselmistir. 2013 ver-
ilerine gore geligmis lilkelerde yillik kisi bagi tii-
ketilen balik miktar1 26.8 kg’dir. Diinyada baligin
besin olarak tiiketimi yillik ortalama 20.1
kg/kisidir. Bu verilere sucul bitkiler dahil
edilmemistir (FAO, 2016).

Tiirkiye’de 2015’te avcilik yoluyla 431 bin ton,
yetistiricilikle ise 240 bin ton balik elde edilmistir.
2000-2015 yillar1 arasinda iilkemizde balik tii-
ketim miktar1 incelendiginde dalgalanmalar
oldugu gozlemlenmektedir. 2000 yilinda kisi
basina tiiketilen balik miktar1 8.0 kg iken 2015°te
6.1 kg olugu tespit edilmistir (TUIK, 2016). Bu
miktarin gelismekte olan ve gelismis tilkelerde tii-
ketilen balik miktarinin ¢ok daha altinda oldugu
goriilmektedir.

Balik, protein, uzun zincirli ¢oklu doymamis n-3
yag asitleri (LC-PUFA), vitamin ve mineral
igeriginden dolay1 6nemli bir besindir; bireyler
yasamin her doneminde tiiketebilir. Baliketi
genellikle %15-20 oraninda protein igermektedir.
Bu oran balik tiirline gore degisiklik gostermekte-
dir. Bazi tiirlerde %15°ten az, baz tiirlerde ise
%20’den fazla olabilmektedir (Murray & Burt,
1969). Balik proteininin  sindirilebilirligi
yuksektir. Metionin ve lizin basta olmak iizere
diger elzem amino asitleri de icermektedir. Bu 6-
zelliklerinden dolayr baliketi yiiksek biyo-
yararliliga sahiptir ( Tacon & M. Metian, 2013).

Baliklar yag icerigine gore 4 grupta incelen-
mektedir: yagsiz baliklar (yag icerigi <%?2)
:mezgit, komiir balig1; diisik yagh baliklar (yag
icerigi %2-4): dil baligi, pisi baligi, kizil kaya
balig1; orta yagli baliklar (yag igerigi %4-8): dogal
salmon; yiiksek yagli baliklar (yag icerigi %8-20):
sardalya, uskumru, Kkiiltir salmonu (Ackman,
1994). Balik, ozellikle uzun zincirli ¢oklu do-
ymamis n-3 yag asitleri olan eikosapentaenoik asit
(Ca0:5n-3 EPA) ve dokosahekzaenoik asit (Czz:6 n-
3, DHA) agisindan 6nemli bir kaynaktir. Beslen-
mede n-6 ve n-3 yag asitlerinin orani inflamatuari
onlemek i¢in olduk¢a Onemlidir. Diyetle alinan
uzun zincirli ¢oklu doymamis n-6 yag asidi olan
linoleik asit (Cis:2 N-6 LA) organizmada arasido-
nik aside (Czo.4 N-6 AA) doniismektedir. AA, in-
flamatuara neden olan prostaglandin-2, trombo-
ksan-2 ve lokotrien-4 serilerinin artigina neden o-
lur. EPA’dan sentezlenen prostaglandin-3, trom-
boksan-3 ve 16kotrien-5 serilerinin ise olusan bu
inflamatuari 6nleyici etkisi vardir (Grosso et al.,
2014). Paleoletik ¢agda n-6/n-3 orami 1:1 iken,
giliniimiizde bat1 tipi beslenme nedeniyle bu oran
20:1’e kadar ¢ikmaktadir. Yagasitlerinden n-6/n-3
oraninin artigt, inflamasyonla ilgili olan kardi-
yovaskiiler hastaliklar, obezite, diyabet gibi saglik
sorunlarinin  artisina da  neden  olmaktadir
(Simopoulos, 2016).

Balik mikro besin 6geleri agisindan zengin bir be-
sindir. Bununla birlikte mikro besin 6gesi kompo-
zisyonu baligin tir ve beslenmesine gore
farkliliklar gostermektedir. Yagli baliklarin A vi-
tamini (retinol) ve D vitamini igerigi yiiksektir.
Yagda ¢oziinen diger bir vitamin olan E vitamini
(tokoferol) baliklarda yiiksek miktarda bulun-
masina ragmen biyiikk bir bolimi yaglarin
oksidasyonunu 6nlemek amactyla kullanildigi igin
balik tiiketimiyle alinan E vitamini miktar1 diigiik-
tiir (Arifio, Beltran, Herrera, & Roncalés, 2013).
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Baliketi B (tiamin), B2 (riboflavin), Bs (niasin),
Bs (pridoksin) ve ozellikle Bi2 (kobalamin) vita-

minleri agisindan zengin bir kaynaktir (Gil & Gil,
2015).

Mineral bakimindan da zengin olan baliketi fos-
for, selenyum, potasyum, iyot, ¢inko, demir ve
magnezyum igerigi agisindan dnemli bir besindir
(Arifio et al., 2013). Biitiin halde konserve edilen
baliklarin tiiketimi ise giinliik kalsiyum alimina
onemli katkilar saglamaktadir. Taze baligmm
sodyum igerigi diisiiktlir ancak tiitsiileme, sala-
mura ve surimi (kiyma haline getirilen balik file-
tolarin 6nce suyla sonra da tuzlu suyla yikanarak
sekil verilip pisirilmesiyle elde edilir) gibi islemler
baligin sodyum igerigini artirmaktadir (Alasalvar,
2011).

Ulusal Gida Kompozisyonu Veri Tabani’nda
(TiirKomp) yer alan balik tiirlerinin enerji, makro
ve mikro besin 6gesi kompozisyonu Tablo 1°de
verilmistir (TirKomp, 2014).

Diinya’da 2 milyar bireyde (6zellikle dogurganlik
cag1 ve laktasyon donemindeki kadinlar, cocuklar)
demir, iyot, A vitamini ve ¢inko gibi mikro besin
ogelerinin yetersizligi goriildiigi bildirilmektedir
(Tacon & Metian, 2013). Balik mikro besin 6ge-
leri yetersizliklerini onlemede kullanilabilecek
uygun bir besindir.

Balikta bulunan besin 6gelerinin biyoyararliligini
etkileyen bazi faktorler (kiiltiir, aliskanliklar,
baligin yanlis pisirilmesi vb.) vardir. Ornegin baz1
tilkelerde baligin alkol ile birlikte tiiketilmesi bu
biyoyararlilig1 olumsuz yonde etkileyen faktorler
arasindadir. Alkoliin hem besin 6gesi emilimini
hem de diyet kalitesini olumsuz yonde etkiledigi
bilinmektedir (Schroeder & Higgins, 2016). Bu
durum uzun dénemde besin 6geleri eksikliklerine
bagli klinik bulgularin ortaya ¢ikmasina neden o-
lacaktir. Ozellikle folat, demir, B1> ve Bg vitamini-
nin yetersizligine bagli anemi goriilebilmektedir
(Halsted & Medici, 2013). Ayrica alkol bireyin
yalnizca beden sagligimi degil ayn1 zamanda zihin
sagligini ve sosyal cevresini de etkileyerek yagam
kalitesini olumsuz etkileyebilmektedir.

Bu derleme bireyin tamamlayici besin alimina
baglamasindan itibaren yasamin her déneminde
pekgok makro ve mikro besin 6gesini biinyesinde
bulunduran balik tiiketimin insan beslenmesindeki
onemi ve saglik iizerine etkisi irdelenecektir.

Gebelik Doneminde Balik Tiiketimi

Gebelik donemi kadin sagligi i¢in hassas bir
stirectir. Bu dénemde yeterli ve dengeli beslenme

anne ve fetiis saglig1 agisindan oldukca 6nemlidir.
Fetiisiin biliylime ve gelismesi annenin beslenme-
sine baglidir. Gebelik doneminde bireyin yeterli
enerji, karbonhidrat, protein, yag, posa, vitamin ve
mineral alimi 6nemlidir. Bununla birlikte yapilan
caligmalar spesifik besin 6gelerinin fetiis sagligina
etkisini vurgulamaktadir. Bu besin 6gelerinden
biri de n-3 uzun zincirli ¢oklu doymamus yag asit-
leridir (PUFA). Omega-3 yag asitleri, 6zellikle
DHA,; fetiisiin retina ve beyin hiicrelerinin yap1
tasidir. Hiicre membraninin yag asidi kompozisy-
onu, gen ekspresyonu ve doku farklilasmasi yo-
luyla ¢cogu hiicrenin stabilitesini, gegirgenligini ve
fonksiyonunu etkilemektedir. Bu nedenle gebelik
doneminde yeterli miktarda n-3 yag asidi aliminin
bebegin optimal biligsel, gz ve beyin gelisimi i¢in
onemli oldugu vurgulanmaktadir. Diyette n-3
PUFA’nn en iyi kaynagi balik ve diger deniz {ir-
iinleridir. Bununla birlikte balikta bulunan D vita-
mini, iyot, demir ve kolin gibi mikro besin dgeleri
de fetiisiin motor ve bilissel gelisiminde 6nemli rol
oynamaktadir (Starling, Charlton, McMahon, &
Lucas, 2015).

Balik gebelik doneminde ve sonrasinda anne ve
bebek icin bir ¢ok besleyici 6zellige sahiptir ancak
her canli gibi balik ve diger deniz canlilar1 da
yasadiklar1 ¢evreden bagimsiz degildir. Cevrede
dogal olarak bulunan veya endiistriyel faaliyet
nedeniyle olusan metaller, poliklorlu bifeniller
(PCB), dioksinler, diger poliklorlu bilesikler bu
canlilarin biinyesinde birikebilir (Bosch, O'Neill,
Sigge, Kerwath, & Hoffman, 2016). Belirli
diizeyde organik civa igeren bazi balik tiirlerinin
fazla tiiketiminin fetiis gelisiminde olumsuz etki-
lere neden olmasi gebelerde balik tiiketiminin
dezavantaji  olarak  degerlendirilebilir  (;
Dovydaitis, 2008). insanlar i¢in en zararl gevresel
civa formlarindan olan metilciva (MeHg), su
ortaminda yasayan anaerobik organizmalar ara-
cihigtyla  inorganik  civadan  dondstiiriiliir
(Clarkson & Magos, 2006). MeHg yagda ¢oziine-
bilir 6zelligi ile plasenta bariyerini kolayca gege-
bildiginden fetiis i¢in risk olusturabilmektedir
(McKean et al., 2015). Dogum 6ncesinde annenin
balik tiiketimiyle kii¢lik miktarlarda MeHg’ya ma-
ruziyeti ile dogum sonrast ndrogelisim arasinda
iligki hakkinda belirsizlik olmasina ragmen Ame-
rika Birlesik Devletleri Gida ve lag Dairesi (FDA)
gebelik sirasinda  balik tiiketiminin  6zellikle
yiksek seviyelerde MeHg i¢erenlerin sinirlandiril-
masmi1  tavsiye  etmektedir  (Food &
Administration, 2004). Diinya Saglik Orgiitii
(DSO) tolere edilebilir giinliik civa miktarin1 2.5
pg/g olarak onermistir (Marques et al., 2013).
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Gebelik Déoneminde Balik Tiiketimi Onerileri

Son yillarda yasam tarzinin degismesi ile beslen-
mede de degisiklikler olmustur. Doymus
hayvansal yag tiiketimi artmis ve doymamis yag
(bitki ve deniz diriinleri yaglari) tiiketimi ise
azalmistir. Yag tiiketiminin toplam enerji alimima
katkisinin 6-12 aylik bebeklerde %40 ve 2-3 yas
¢ocuklarda ise %35-40 olmasi Onerilmektedir.
Bununla birlikte doymus yagin toplam enetji
alimina katkisinin %10’un altinda, trans yagin kat-
kisinin ise %1-2’nin altinda olmas1 gerektigi vur-
gulanmaktadir. Avrupa Gida Giivenligi Otoritesi
(EFSA) ve DSO, gebelik sirasinda n-3 PUFA’nin
yeterli alimina ek olarak gilinlik DHA aliminin
yaklasik 100-200 mg kadar artirilmasini tavsiye
etmektedir. Ayrica glinliik DHA aliminin dogurg-
anlik cagindaki kadmlarda ve gebelerde 200
mg/giin olmasi tavsiye edilmektedir. Dogurganlik
cagindaki kadinlarin ve gebelerin, yagl balik ve
konserve ton baligini, yiiksek seviyede civa ve
diger kontaminantlar1 igerebilecegi igin haftada 2
porsiyondan fazla tiiketmemeleri onerilmektedir.
Balik tiiketimi ve alinan kontaminantlarin saglik
tizerine etkisini inceleyen bir derlemede, yarar-
zarar dengesi agisindan balik tiikketiminin sagliga
olan yararlarinin, MeHg, dioksin ve PCB’nin
neden oldugu riskten daha fazla oldugu sonucuna
varilmislar (Mozaffarian & Rimm, 2006). FDA
baliklar1 li¢ gruba ayirmisve tiiketim Onerilerinde
bulunmustur (Tablo 2).

ABD’de dogurganlik donemindeki kadinlarin
yaklasik %10’unda civa seviyesi, kanda onerilen
deger olan 5.8 ug Hg/L‘dan ya da sagta Onerilen
deger olan 1.2 ug Hg/g’ dan daha yiiksek oldugu
bildirilmistir (Mahaffey, Clickner, & Bodurow,
2004). Bazi uzmanlar zararlara karst maksimum
korumay1 saglamak i¢in kanda esik degeri 3.5 pg
Hg/L ‘dan daha az olmasi gerektigini bildir-
mektedir (Mahaffey, Clickner, & Jeffries, 2009).
MeHg’nin norotoksik etki gostermesi ve diisiik
miktariin bile gelismekte olan beyni etkilemesi
nedeniyle, FDA ve Cevre Koruma Ajansi (EPA),
gebe kadinlarin balik tiiketimlerini sinirlandir-
malar1 ve daha diisiik civa seviyesine sahip balik
tirlerini tercih etmeleriyle ilgili Oneriler yayin-
lamigtir. Bu Oneriden sonra gebe kadinlarin ve
diger ABD’li yetiskinlerin daha az balik tiikettigi
bildirilmektedir. (Oken et al., 2003).

Fetiislin beyin gelisimi i¢in elzem olan n-3 yag a-
sitleri icermesi nedeniyle gebelik doneminde balik
tiiketimi 6nemlidir (Koren & Bend, 2010). Gebe-
lerin EPA ve DHA ile desteklenmesinin fetiisiin
bagisiklik sisteminin gelismesinde etkili olacagi
diisiintilmektedir. Son  ¢alismalarda, gebe
kadinlarin balik ve su riinlerinde bulunan iyot ve
n-3 yag asitlerinin 6nemini yeterli diizeyde
bilmediklerini  belirtilmektedir (R. Emmett,
Akkersdyk, Yeatman, & Meyer, 2013). Bu durum
dogurganlik ¢agindaki kadinlara gebelikte balik
tikketimi ve yararlari ile ilgili beslenme egitiminin
verilmesi gerektigini gostermektedir. 2009-2010
yillart arasinda haftada 2 porsiyon balik tiiketen
Boston bolgesinde yasayan 22 gebe kadinla
yapilan bir caligmada gebe kadinlarin 10’u baligin
civa igerebilecegini,16’s1 ise civanin tehlikeli
oldugunu ve norolojik gelisimi etkileyebilecegini
belirtmistir. Kadinlar, giivenilir olarak tiiketebile-
cekleri baliklarin tiiri ve ne kadar tiiketebile-
cekleri konularinda eger tavsiye almis olsalardi bu
durumda daha fazla balik tiiketebileceklerini bil-
dirmiglerdir. (Bloomingdale et al., 2010).

Gebelik sirasinda su iiriinleri tiiketiminin riskleri
ve yararlart hakkinda gesitli Oneriler yayinlan-
mistir, fakat su tiriinlerinin farkl tiirlerinin saglik
tizerine etkileri bilinmemektedir. Balik ve kabuklu
su Urlinlerinin yag asidi, kimyasal kirletici ve to-
ksin igerikleri farkli olabilmektedir. Dikkate alin-
mayan bu farkliliklar, balik ve diger su iiriinleri tii-
ketiminin anne ve fetiis saglig1 lizerine etkisinin
tam olarak anlasilamamasina neden olmaktadir
(Guldner et al., 2007).

Baliketinin kirleticiler icermesi akla ilk olarak
balik yagi destegi kullanimimi getirmektedir. An-
cak randomize kontrollii ¢alismalarin yer aldigi
sistematik derlemelerde gebelikte besin destegi
olarak aliman n-3 PUFA’nin biligsel gelisim,
dogum agirligi, gestasyonel diyabet ve
preeklempsi {lizerine ¢ok az etkisinin oldugu ya da
hi¢ etkisinin olmadigini gostermektedir. Ancak n-
3 desteginin gebelik siiresini uzatmada ve prema-
tiire dogum riskini azaltmada yararli oldugu bildi-
rilmektedir (Ho et al., 2016).
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Tablo 1. Ulusal Gida Kompozisyon Veri Tabani’nda (TiirKomp) yer alan balik tiirlerinin yaklasik 1 porsiyonunun (150 g) enerji, makro ve mikro besin 6geleri
kompozisyonu (TirKomp, 2014)

Table 1. Energy, macro and micro nutrients compositions of fish species (1 portion, 150 g) in the National Food Composition Database (TirKomp, 2014)

~~ —_ — - — —~
2| 2| 5| 3| 3|E £ 1 8| E~ E|E £ | E| E &
.. . - L= c et =~ = s g = |8 |5 | >89 T £
Enerji, makro ve mikro besin ogeleri | .— o 0 < < S gL g 5|22 5 5| ¢ g 2 R -
= | 6 N o L |5 =3 E22ElI 2|85 2|28 E 8
|- © c‘:“ — | =1
oo m” | o gl [2|X |CG|@ 2 =
.. Al?bahk. . 182 | 28.17 | 7.69 | 0.209 | 0.724 | 0.527 | 6.02 46 7.2 459 41 178 | 256 1.08 19.65
(Gokkusagi, yetistirme)
Cipura (yetistirme) 195 | 28.59 | 897 | 0.327 | 0.370 | 0.767 | 437 | 39 | 389 | 402 | 36 |055| 198 | 0.37 17.21
Levrek 192 | 2022 | 833 | 0.375 | 0.714 | 0.607 | 560 | 119 | 57 | 324 | 55 |081| 205 | 047 | 1491
(yetistirme)
Palamut 324 | 30.25 | 22.60 | 1.525 | 3.832 | 0550 | 6.31 | 54 | 22.0 | 350 | 23 |0.74 | 58.8 1.50 50.55
Istavrit 234 | 27.93 | 13.61 | 0.780 | 1.829 | 0.712 | 11.08 | 86 | 194 | 368 | 158 | 2.15 | 46.8 1.23 38.94
Hamsi 296 | 25.42 | 21.54 | 2574 | 3.214 | 0.248 | 7.25 51 11.7 | 340 | 117 | 2.83 | 39.6 1.47 16.02
Hamsi, (konserve, aycicek yaginda) | 245 | 28.31 | 14.61 | 0.092 | 0.170 | 0.260 | 3.20 2 24 | 724 | 822 |4.28 | 70.0 411 -
Zargana 188 | 30.37 | 7.39 | 0.334 | 1.474 | 0.355 | 5.17 49 8.7 368 | 123 | 2.80 | 31.2 0.97 24.56
Liifer 323 | 26.39 | 24.16 | 1.064 | 2.507 | 0.682 | 3.76 72 7.4 294 51 117 | 432 0.88 37.83
Barbun 222 | 25.69 | 13.30 | 0.744 | 0.658 | 0.605 | 8.27 | 31 54 | 332 | 183 | 0.89 | 499 1.31 62.83
Kalkan 136 | 2467 | 414 | 0.213 | 0.607 | 0.304 | 2.55 20 2.2 362 47 2.09 | 56.6 1.38 45.11
Mezgit 105 | 22.90 | 146 | 0.062 | 0.211 | 0.380 | 1.96 | 26 19 [ 241 | 91 |061| 351 | 0.72 29.25
Kefal 156 | 28.55 | 4.61 | 0.287 | 0.281 | 0.778 | 5.31 27 19 325 27 1073 211 1.75 120.76
(sar1 kulak)
Kefal pasifik (Rus kefali) 121 | 27.79 | 1.09 | 0.050 | 0.043 | 0.624 | 5.89 21 - 311 | 217 | 7.28 | 224 3.73 44.47
Sardalya (konserve, aycicegi yagy) 262 | 31.03 | 1533 | 0.379 | 0.886 | 0.271 | 2.55 0 5.2 670 | 809 |3.16 | 713 3.91 -
Ton balig (konserve, aycicek yag) | 260 | 31.22 | 15.03 | 0.034 | 0.070 | 0.022 | 2.82 0 17 | 270 | 15 |0.70 | 65.8 1.65 -
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Tablo 2. FDA’in dogurganlik ¢agindaki ve gebe
kadinlar igin balik tiiketim Onerileri
(FDA, 2017)

Advices of FDA about fish consumption for
child-bearing and pregnant women (FDA,
2017)

Haftada 2-3 porsiyon* tiiketilebilen bazi
balik tiirleri
Hamsi, Atlantik Uskumru, Deniz Levregi, Mez-
git, Morina, Berlam, Pisi Balig1, Sardalya, Tirsi,
Kefal, Kolyos, Tatli Su Levregi, Dil Balig, Sal-
mon, Vatoz, Dil Baligi, Tilapia, Alabalik, Ba-
kalyaro
Haftada 1 porsiyon* tiiketilebilen bazi1 balik
tiirleri
Orfoz, Lagos, Mercan, Ton Baligi
Civa icerigi cok yiiksek olan ve tiiketilmesi
onerilmeyen balik tiirleri
Ceylan, Képek Baligi, Kilig Balig, Irigéz Ton
Balig1
*1 porsiyonun yaklasik 114 g oldugu belirtil-
mistir.

Table 2.

Laktasyon Doneminde Balik Tiiketimi

Kendi fizyolojik gereksinimlerini karsilamak, vii-
cuttaki besin depolarmi dengede tutmak ve anne
slitii i¢in gereken enerji ve besin dgelerini karsila-
mak, emziren annenin beslenmesinin temelini
olusturmaktadir. Emziklilik ddneminde anne stitii-
niin besin 6gesi kompozisyonu, annenin beslen-
mesinden etkilenmektedir (EImacioglu, 2008).

Anne Siitiiniin n-3 PUFA Acisindan Onemi

Anne siitli, yasamin ilk doneminde bebegin
biiyiime ve gelismesi i¢in gerekli enerji ve besin
Ogelerini igermektedir. Bebegin gdrme keskin-
ligini ve zeka diizeyini artiran DHA’nin en iyi
kaynagi anne siitiidiir (Quinn & Kuzawa, 2012).
Anne siitiiniin DHA diizeyi annenin beslenmesine
bagli olarak degiskenlik gdstermekte olup toplam
yag asidinin  %0.1-1’ini  olusturdugu bildi-
rilmektedir (Brenna et al., 2007). Yapilan
caligmalar degerlendirildiginde giiclii bir kanit
olmamasina ragmen anne siitiiniin DHA igeriginin
en az %0.3 olmas1 gerektigi vurgulanmaktadir
(Jackson & Harris, 2016).

Danimarka Ulusal Dogum Kohortu verilerinin %
30’u degerlendirilerek, gebelik déoneminin 6.-12.
haftalarinda ilk doktor kontrolii yapilmis kadinlar
balik tiiketimlerine gore ii¢ gruba ayrilmistir: 0
g/hafta, 1-2 porsiyon/hafta (1-340 g/hafta) ve >3
porsiyon/hafta (>340 g/hafta). Kadinlar tarafindan
en sik tiiketilen baliklar morina, yaldizli pisi

baligi, somon, ringa ve orkinos olarak belirlenmis
(Danimarka Besin izleme Programi’na gore bu
tiirlerin ortalama civa igerigi 0.034 ppm ile 0.049
ppm arasindadir.). Caligma popiilasyonunda top-
lam tiiketilen su iiriinlerinin %85’ini bu balik
tiirleri olusturmaktadir. Daha fazla balik tiiketen
annelerin  bebeklerinin dogum agirhigi  daha
yiiksek bulunmus ve bu anneler bebeklerini daha
uzun silire emzirmistir. Cocuklarin motor, sosyal
ya da biligsel ve toplam gelisim puanlar1 da an-
nenin balik tiiketimine gore degismistir. Daha az
balik tiikketen annelerin bebekleriyle
karsilastirildiginda, fazla balik tiiketen annelerin
bebeklerinin 18. aydaki gelisim puanlarinin daha
yiiksek oldugu bulunmustur (Oken et al., 2008).

Dogum sonrasi depresyon anne saglig1 ve ¢ocugun
bilissel ve duygusal gelisimi lizerine olumsuz et-
kilere neden olabilmektedir. PUFA aliminin de-
presyon iizerine yararli etkilere sahip oldugu
diistiniilmektedir. Hibbeln tarafindan yapilan bir
capraz ulusal ekolojik caligmada dogum sonrasi
depresyon prevalansinin, anne siitiindeki DHA
icerigi ve su irlinleri tiiketimiyle negatif iliskili
oldugu  gosterilmistir  (Strem, Mortensen,
Halldorsson, Thorsdottir, & Olsen, 2009).

Laktasyon Doneminde Balik Tiiketim Oneri-
leri

Bebegin optimal biiyiime ve gelismesi i¢in lak-
tasyon doneminde annenin haftada 1-2 porsiyon
yagl balik tiikketmesinin yeterli miktarda DHA ve
EPA saglayacagi belirtilmektedir (McCann &
Ames, 2005). Gebelikte oldugu gibi civa igerigi
yiiksek olan kral uskumru, kili¢ baligi, kdpek
balig1 ve derin deniz baliklarinin tiikketilmemesi 6-
nerilmektedir (Carlson, 2009).

Cocuklarda Balik Tiiketimi

Beslenmenin bir cocugun saglig1 i¢in gerekli olan
makro ve mikro besinleri, vitaminleri ve mineral-
leri tam ve diizenli olarak saglamada etkisi bilyiik-
tir (Nyankovskyy et al., 2014). Bebeklerde
baligin, tamamlayici besin olarak 6. aydan sonra,
buharda veya firinda pisirilip ayiklanarak ¢orba,
sebze pliresi vb. diger tamamlayici besinlerin igine
ilave edilerek haftada bir kez verilmesi One-
rilmektedir.

Tiirkiye’ye Ozgii Beslenme Rehberi’ne gore balik
icin bir porsiyon miktar1 150 gramdir (TOBR,
2015). Tiirkiye Beslenme Rehberi (TUBER)’nde
cocuk ve adolesanlara onerilen balik tiiketim por-
siyonlar1 Tablo 3’te verilmistir.
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Balik, n-3 PUFA’nin en 6nemli besin kaynagidir.
Avrupa iilkelerinde yapilmis iki caligmada, diyetle
tiketilen baliktaki n-3 PUFA alim ile
cocukluktaki biligsel diizey ve davranis arasindaki
iligki degerlendirilmistir. 584 ¢ocugun katildigi bu
caligmalarda balik tiiketimi besin tiiketim siklig1
ile belirlenmis ve norofizyolojik gelisim de noro-
fizyolojik testler ile degerlendirilmistir. Herhangi
bir norofizyolojik test ile DHA veya EPA alimi a-
rasinda bir iligki bulunamamastir. Yaglh balik dahil
haftada 2 kez balik tiikketen ¢ocuklarin biligsel
diizeylerinde hicbir farklilk g6zlenmemistir.
Bununla birlikte yagli balik tiiketimiyle sosyal
problemler, dikkat problemleri, kurallara uymama
problemleri ve agresif davramis problemleri a-
rasinda negatif bir iliski bulunmustur Haftada, 1’1
yagl balik olmak iizere 2 kez balik tiiketenlerin,
hi¢ tiiketmeyenlere gore daha az duygusal ve da-
vranigsal sorun gosterme egiliminde oldugu bildi-
rilmistir (Gispert-Llaurado et al., 2016).

Tablo 3. TUBER e gore cocuk ve adolesanlarda
oOnerilen balik tiiketim porsiyonlar1

Table 3. Fish consumption recommendations for chil-
dren and adolescents according to TUBER

Kiz - Erkek
Yas Grubu (porsiyon/hafta)

2-3 yas -1

4-6 yas 1-1%

7-10 yas 1%-2
11-14 yas 2

15-18 yag 2

Beslenme aliskanliklar1  6zellikle ¢ocuklarin

bliylime ve gelisme doneminde ¢ok Onemlidir.
Ciinkii fiziksel ve zihinsel gelisim yagamin bu do-
neminde olmaktadir (Arechavala et al., 2016).
Cocukluk ve ergenlik doneminde kazanilan
aligkanliklar hayatin diger agamalarin1 da etkile-
mektedir. (Wang, Bentley, Zhai, & Popkin, 2002).

Umman’da yasayan ¢ocuklarda balik tiiketimi
veya balik yagi destegi Oncesi ve sonrasindaki
yagda ¢oziinebilen besin Ogelerinin arastirildigi
bir ¢calismada randomize segilen 3 okuldan 9 ve 10
yaslarindaki 314 c¢ocuk alinmigtir. Bu okullar
deneme grubu olarak balik, balik yag1 ve kontrol
grubu olarak ayrilmistir. Balik  grubundaki
cocuklara okul giinlerinde 6gle yemeklerinde 12
hafta boyunca 100 g bazi sebzelerle hafif 1zgara
yapilmis yagh balik, balik yagi grubundakilere
403 mg DHA ve 53 mg EPA igeren balik yag:
kapsiilii, kontrol grubuna ise aligilmig her zamanki

besinler verilmistir. Balikk ve balik yagi gru-
plarinda uygulama sonrasi serum D vitamini
diizeyleri, kontrollere kiyasla yiikselmistir. Um-
man okul ¢ocuklarinda D vitamini eksikliginin
yaygin oldugu fakat bu durumun omega-3 yag
asidi takviyesiyle hafifletilebilecegi bildirilmistir
(Al-Ghannami et al., 2016).

Cocukluk ve Adolesan Donemde Bahk Tii-
ketiminin Saghk Uzerine Etkileri

Ana yemegin bir bolimiiniin balik olarak tii-
ketilmesinin genel olarak saglik iizerinde olumlu
etkisinin oldugu disiiniilmektedir (Mozaffarian &
Rimm, 2006). Bu nedenle Avrupa Halk Sagligi
Kurumu haftada tiiketilen tiim ana yemeklerden 2
ya da 3’iiniin balik olarak tercih edilmesini tavsiye
etmektedir (Altintzoglou et al., 2015). Bununla
birlikte pek ¢ok {iilkede balik tiiketimi yeterli
diizeyde degildir (FAO, 2009). Cocuklarda balik
ve su lriinlerini tiiketmeme nedenlerini tartisan ve
onlar1 balik tiketimi konusunda tesvik etmeyi
amaglayan caligsmalar bulunmaktadir
(Altintzoglou et al., 2010).

Aileler, cocuklarinin baligi sevmeme gibi bazi
nedenlerin balik tiiketimine engel oldugunu ve bu
durumun aile iginde catigmalarla sonuglandigin
bildirmistir. Siklikla g¢ocuklara tek ana yemek
secenegi servis edilmektedir. Bununla birlikte
¢ocuklara, baligin dahil oldugu 2 c¢esit yemek
arasindan se¢cim yapma hakki verildiginde balig
tercth  etme  egilimlerinin  artirilabilecegi
diistintilmektedir.

Cocuklarda besin se¢cim imkaninin balik tiiketi-
mini sevme Tlzerine etkisinin aragtirildigi bir
calismada 1.gruptaki (n=76) ¢ocuklara segme im-
kan1 verilmeden morina ya da salmon igeren balik
tabagr sunulmustur. Diger gruba ise (n=55)
morina ve salmon arasinda segme imkani verilerek
balik tabagi hazirlanmigtir. Sonug olarak hangi
balig: tiiketecegiyle ilgili segme imkam verilen
cocuklarin balik tiikketimini sevme degerlendir-
melerinin  pozitif yonde oldugu gorilmistiir
(Altintzoglou et al., 2015).

Cocuklarda baliga ve kabuklu su iiriinlerine karsi
baslangic reaksiyonlari 4 ve 6 yaglarinda olugmak-
tadir (Ben-Shoshan et al., 2010). Ancak su
iiriinleri kokenli allerjiler biitiin su {irlinleri kapsa-
mayip bir iirline olan allerji digerlerine de kapsa-
mayabilir. Uygun sartlarda depolanmayan bazi
baliklarda (uskumru, orkinoz vb.) bakteriyel ve
enzimatik faaliyetler sonucu {iretilen histamine
gibi bazi aminler belirli konsantrasyonun tizerinde
alindig1 takdirde tiiketicide allerjik reaksiyona



Food and Health, 4(1): 43-62 (2018)

Journal abbreviation: Food Health

neden olur. Bu allerji gecici olup siireklilik
gostermez. Ancak kisi belli bashi bazi balik tii-
rerine kars1 allerjik iken diger su iiriinlerine karsi
allerji olmayabilir. Bu durumda en saghkli
yapilacak is allerji testi yapilarak bireyin hangi tiir
baliga karsi allerji oldugunun ortaya konmasidir.
Boylece birey allerji olmadigi diger balik tiirlerini
rahatlikla tiiketebilir.

Bebeklik ve ¢ocukluk déneminde alerjenlere duy-
arlilik, alerji ve astim benzeri immiin islev bo-
zukluklarma ragmen erken donem balik ve n-3
PUFA tiiketiminin koruyucu etkisi olduguna dair
baz1 kanitlar bulunmaktadir. Ozellikle bebekler ve
2 yasindan kiigiik c¢ocuklarda giinliik DHA
alimimin 100 mg olmas1 6nerilmektedir. Balik yag1
takviyesi ¢aligsmalar1 bebeklik ve erken ¢ocukluk
doneminde goérme keskinligi ve Dbiligssel
fonksiyon arasinda anlaml pozitif bir korelasyon
gbstermesine ragmen bu konuda daha fazla
aragtirmaya ihtiya¢ duyulmaktadir. Cocuklardaki
dikkat eksikligi ve hiperaktivite bozukluklar ile
ilgili PUFA’nin etkileri heniiz net olmayip mevcut
kanitlar  yetersizdir  (Kremmyda, Tvrzicka,
Stankova, & Zak, 2011).

Yapilan bir caligmada diyetle alinan D vitamini,
n-3, n-6 yag asitleri ve balik tiiketimiyle 8-16
yaslar arasinda ortaya ¢ikan alerjik rinit (AR) ve
alerjik olmayan rinit arasindaki potansiyel
iliskilerin degerlendirilmesi amagclanmistir
(Magnusson et al., 2015). Rinit, ¢ocukluktaki en
yaygin hastaliklardan biridir. Balik, PUFA ve D
vitamini alimlarinin alerjik hastaliklan etkiledigi
varsayilmistir. Bununla birlikte rinitin gelisimiyle
bunlarin baglantili olup olmadigi da tam olarak
belli degildir. Dogumlarindan itibaren 1970
katilimer bu ¢aligmaya alinmistir. Diyet alimiyla
ilgili veriler, 8 yasa kadarki besin siklig1 anketler-
iyle elde edilmistir. Rinit tanim1 anketlere ve IgE
6l¢timlerine dayandirilmigtir. Calismanin sonunda
rinit semptomlar1 prevalansi 8 yasta % 19 olarak
tespit edilmistir. Diizenli olarak yagh balik
alimmin ve n-3 PUFA alimmin alerjik olmayan
rinitin daha az goriilmesi ile iliskili oldugu ve 8-
16 yaglar arasinda diizenli yagli balik tiikketimi ve
diyetle uzun zincirli n-3 alimimin 6zellikle alerjik
olmayan rinit olmak {izere rinit riskini azalttig
bulunmustur (Magnusson et al., 2015).

Misirin Nil deltasinda yasayan ve farkli yagam
tarzina sahip 3 topluluk iizerine yapilan bir
caligmada anneler bebeklerini 1. yastan itibaren
balik ile beslemeye baslamaktadir ve bebeklerin
balikla beslenmesinin onlarm hizli gelisimini
sagladigint diistinmektedirler. Bazi anneler ise

cocuklarmin balik kilgigindan bogulma oOykiileri
nedeniyle balik yemeyi reddettiklerinden
yakinmuslardir (Eltholth et al., 2015).

Balik tiiketiminin kardiyovaskiiler hastalik riskini
azaltigina dair pek c¢ok c¢alisma bulunmak-
tadir.Yaglar1 9-11 arasinda degisen 100 ¢ocukla
yapilan bir arastirmada balik tiiketen cocuklarda
lipid profillerinin kalp damar hastaliklarma kars1
koruyucu sekilde olustugu gozlenmistir (Gump et
al., 2012).

MeHg’ye maruz kalma Onemli bir saglik so-
runudur. Crva, dogada yaygin olarak bulunan bir
kirleticidir ve ¢esitli formlar1 mevcuttur. Civanin
ozellikle metillenmis formu olan MeHg insanlarda
norotoksisite ile iligkili olup fetiis ve c¢ocuklar
lizerinde ¢ok ciddi olumsuz etkileri mevcuttur
(Dong et al., 2015). MeHg nin kaynagi ¢ogun-
lukla sucul ortamdir. Kontamine olmus balik tii-
ketimi, insanlarin MeHg’ye maruz kalmalarinin
baslica gevresel kaynagidir. Toksik etkilere karsi
hassas gruplar icerisinde g¢ocuklar, gebeler ve
yashlar yer almaktadir. Esas endige ise yasamin
erken déneminde diisiik diizeyde MeHg’ye maruz
kalinmasimnin, kisinin néro gelisimini olumsuz
yonde etkilemesidir. Bundan dolay1 gebelerin,
cocuklarin ve dogurganlik cagindaki kadinlarin
miimkiin oldugunca MeHg etkisinden korunma-
lar1 gelecek neslin sagligi agisindan dnem arz et-
mektedir.

Oklahama’da yapilan bir ¢alismada gegimlerini
tatl su kaynaklarindan saglayan, kirsalda yasayan
diisiik gelirli toplumlarm balik tiiketimleri ve
MeHg’ye maruz kalmalar1 arasindaki iliski
incelenmistir. Buna goére katilimecilarin % 35’i
ayda 2-3 kez, % 29’u haftada 1 kez, % 20’si ise
haftada en az 2-3 kez balik tiketmistir.
Katilimeilarin - %4’liniin  saglarindaki ortalama
civa diizeyi, ABD’nin dogurganlik ¢agindaki
kadinlar ve ¢ocuklar i¢in 6nerdigi Cevre Kirliligi
Kurumu (EPA) rehberinin belirttigi limitler
tizerinde bulunmustur. (Dong et al., 2015).

Bir bagka toksik metal olan kadmiyum (Cd) ise
diinya genelinde yaygin c¢evresel bir kirleticidir.
Diinya Saghk Orgiitii’ne gore tolere edilebilir Cd
miktar1 7 pg/kg viicut agirlhigi/haftadir. Kadmiyum
kabuklu deniz hayvanlarinda, sakatatta, baz1 to-
humlarda ve yabani mantarlarda yiiksek konsant-
rasyonlarda bulunmaktadir.
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Yetiskinlik ve Yashhik Doneminde Balik Tiike-
timi

Yetigkinlik ve yaglilik doneminde balik tiiketimi
ile kardiyovaskiiler hastaliklar, metabolik send-

rom, kanser, depresyon, uyku kalitesi gibi konular
arasindaki iligkinin aragtirildig1 gortilmektedir.

Kardiyovaskiiler Hastaliklar (KVH)

Balik tiiketiminin kalp sagligi lizerine olumlu et-
kisi ilk kez balik tiiketimi fazla olan Eskimolarda
gbzlenmistir. Daha sonra yapilan biiyiik epidemi-
yolojik calismalardan elde edilen veriler haftada
1-2 porsiyon balik tiiketiminin giinliik yaklasik
250-500 mg EPA ve DHA sagladigi ve KVH ris-
Kini %20-30 azalttigim1 gostermektedir (Costa,
2007). Bir meta-analizde balik tiiketiminin kalp
yetmezligi riskini %15 azalttig1 sonucuna varil-
mistir (Djousse, Akinkuolie, Wu, Ding, &
Gaziano, 2012).

Endotel yapinin islevselligini yeterince yerine ge-
tirememesi KVH’1n gelisiminde 6nemli bir faktor-
diir. Sigara kullanimi, obezite, dislipidemi, hiper-
tansiyon ve tip 2 diyabetin endotel yapinin islev-
selligini yitirme riskini artirdig1, buna karsin uzun
zincirli ¢oklu doymamis omega-3 (n-3 PUFA)
desteginin ise lipid metabolizmasmi iyilestirerek
riski azalttig1 belirtilmektedir (Kondo et al., 2014).
Balikta bulunan besin 6gelerinin 6zellikle de n-3
yag asitlerinin damar direnci, kan basinci, infla-
masyon ve serum lipitlerine etki ederek kalp sag-
ligimn1 korudugu vurgulanmaktadir (Galli & Rise,
2009;).

Balik tiiketimi ve kalp saghgiyla ilgili yapilan 17
calismay1 igeren bir meta-analizde haftada 2-4
porsiyon balik tiiketiminin KVH’tan 6liim riskini
Oonlemede haftada 1 porsiyon balik tiiketimine
gore daha etkili oldugu bulunmustur. Haftada 5
porsiyondan fazla balik tiiketiminin ise riski onle-
mede etkisinin daha zayif oldugu, bunun nedeni-
nin ise baligin MeHg igeriginin olabilecegi belir-
tilmektedir (Zheng et al., 2012).

MeHg baliketinde proteine bagli olarak bulunur.
Baliga uygulanan hazirlama ve pisirme islemleri
MeHg igerigini azaltmamaktadir. Organizmada
MeHg kolayca emilebilmekte kan, beyin, ayak
tirnag1 ve sagta birikmektedir (Clarkson, 2002;
NRC, 2000). Civanin serbest radikal olusumuna
neden oldugu, glutatyonun antioksidan etkisini
onledigi ve lipid peroksidasyonunu artirdigi igin
kardiyovaskiiler hastaliklar acisindan risk o-
lusturdugu diistiniilmektedir (Virtanen, Rissanen,
Voutilainen, & Tuomainen, 2007). Cogu balikta

civa igerigi 0.5 mg/kg’dan diisliktiir ancak bazi
tiirdeki biiyiilk ve yagh baliklarda (kopek baligi,
turna baligi, kili¢ baligi, ton balig1 gibi) bu diizey
1 mg/kg’a kadar ¢ikabilmektedir (NRC, 2000).

Metabolik sendrom

Metabolik sendrom, abdominal obezite, dislipi-
demi, hiperglisemi ve hipertansiyon gibi metabo-
lik anormalliklerin birlikte goriildiigii saglik
sorunudur (Alberti, Zimmet, Shaw, & Group,
2005), kardiyovaskiiler hastalik riskini 2 kat, tip 2
diyabet riskini ise 5 kat artirmaktadir (Cornier et
al., 2008). Yapilan ¢aligsmalar balik tiiketen birey-
lerde tiiketmeyenlere gore metabolik sendrom ris-
kinin daha diisiik oldugunu gostermektedir (Kouki
et al., 2011; Ruidavets et al., 2007;). Ancak balik
tilketimi ve metabolik sendrom arasinda herhangi
bir iliski bulmayan arastirmalar da vardir (Lai et
al., 2013; Pasalic et al., 2011).

Avrupa Kanser Aragtirma Calismasi (EPIC)’nda
balik tiiketiminin bel c¢evresinde azalma sagla-
madig1 bulunmustur (Jakobsen et al., 2012). An-
cak randomize Kontrollii bir caligmada 8 hafta
boyunca balik tiikketen (haftada 3 kez 150 gram
yagli/yagsiz balikk) veya balik yag kapsiili
kullanan erkek bireylerin bel ¢evresinde anlamli
bir azalma oldugu gozlenmistir (Thorsdottir et al.,
2007). Benzer sekilde metabolik sendromlu 273
bireyde yapilan c¢alismada giinde 100 g yagsiz
balik tiiketiminin 8 hafta sonunda bel cevresi ve
diastolik kan basincinda anlamli bir azalma
sagladig1 bulunmustur (Vazquez et al., 2014).

EPA ve DHA’’nin metabolik sendroma karsi koru-
yucu etkisi oldugu bildirilmektedir (Noel, Newby,
Ordovas, & Tucker, 2010). EPA ve DHA nin yani
sira balikta bulunan D vitamini, kalsiyum ve
yiiksek kalitede proteinin de metabolik sendromu
onlemede rolii olabilecegi diisiiniilmektedir (Liu
etal., 2005). Bu konuda 6zellikle balik proteininin
yararl etkileri iizerinde durulmaktadir. Balik pro-
teinin diger hayvansal proteinlere goére daha kolay
sindirilebildigi, elzem aminoasitlerce zengin
oldugu ve tokluk hissi sagladig belirtilmektedir
(El Khoury & Anderson, 2013). Hayvan
calismalar1 balik proteininin hiperlipidemi ve hi-
perglisemi iizerine olumlu etkilerinin olabile-
cegini desteklemektedir (Madani, Louchami,
Sener, Malaisse, & Ait Yahia, 2012).

Kanser

Balikta bulunan n-3 PUFA’nin kanser olusumunu
ve gelisimini 6nledigine dair bazi1 kanitlar bulun-
maktadir (Stephenson et al., 2013). Yagh
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baliklarda bulunan D vitamininin meme, prostat,
kolorektum ve over kanserine karsi koruyucu
oldugu diisiiniilmektedir (Garland et al., 2006).
Amerika Kanser Arastirma Enstitlisii (AIRC)
giiclii bir kanit olmamakla birlikte balik tiiketimi-
nin karaciger kanserine karsi koruyucu olabile-
cegini bildirmistir. AIRC, balik yaginin kapsiil
olarak kullanilmasindan ziyade balik tiiketimini 6-
nermektedir (AIRC, 2015).

Balik tiiketimi ve kanserle ilgili celigkili
sonuglarin ¢iktig1 ¢aligmalar da bulunmaktadir.
22.494 kadin bireyin yer aldigi VITAL
calismasinda (VITamins and Lifestyle) balik tii-
ketimi veya besin destegi ile alman EPA ve
DHA’nin hafif sisman ve obez kadinlarda endo-
metriyal (rahim kanseri) kanser riskini artirdigi,
normal viicut agirligina sahip kadinlarda ise riski
azalttig1 sonucuna varilmstir (Brasky, Neuhouser,
Cohn, & White, 2014). Deniz iiriinleri tiikketimi ve
prostat kanser gelisimi arasindaki iligkinin
incelendigi bir meta-analizde 31 c¢alismanin
17°sinde herhangi bir iliski bulunmazken, 6’sinda
riskin azaldig1, 2’sinde ise riskin arttig1 gosteril-
mis, geriye kalanlarda ise net bir sonug¢ elde
edilmemistir (Lovegrove et al., 2015).

Balik tiiketimi ve kanser riski arasinda iliskiyi
incelerken hazirlama ve pisirme islemlerinin de 6-
nemli oldugu anlasilmaktadir. Baligin yiiksek
sicaklikta pisirilmesiyle olusan heterosiklik amin-
ler ve polisiklik aromatik hidrokarbonlarin (PAH)
deney hayvanlarinda kansere neden oldugu goste-
rilmistir, bu bilesiklerin insanlar i¢in de zararl
olabilecegi vurgulanmigtir (Sugimura,
Wakabayashi, Nakagama, & Nagao, 2004). Ben-
zer sekilde epidemiyolojik caligmalar da yiiksek
miktarda dumanlanmis ve tuzlanmis balik tiiketi-
minin kolorektal kanser riskini artirdigin1 goster-
migtir (Chiu et al., 2003).

Balik tiiketimi ve kanser riski degerlendirilirken
ele alinmasi gereken bir diger 6nemli konu ¢evre
kirliliginin neden oldugu dioksin ve dioksin ben-
zeri bilesiklerdir. Bu bilesiklerin kanser riskini
artirdigl, endokrin bozucu, norotoksik, im-
miinotoksik gibi yan etkilerinin oldugu vurgulan-
maktadir. Bu bilesikler lipofilik olup 6zellikle so-
mon ve ringa gibi yagl baliklarda bulunmaktadir
(Charnley & Doull, 2005). 2,3,7,8-tetraklorodi-
benzo-para-dioksin, Uluslararasi Kanser
Arastirma Ajansi (IARC) tarafindan “insanlar i¢in
karsinojen” grubuna dahil edilmistir (IARC,
2012).

Kanser riskini arastirirken tek bir besinden ziyade
toplamda diyet ve yasam bi¢iminin géz Oniine
alinmas1 gerekmektedir (Engeset, Andersen,
Hjartéker, & Lund, 2007).

Depresyon

Genetik ve biyolojik risklerin yan1 sira sagliksiz
beslenme gibi ¢evresel faktorlerin de psikiyatrik
hastaliklara neden oldugu belirtilmektedir.
Yapilan arastirmalar 6zellikle balik tiikketimi ve
depresyon arasindaki iligskiyi incelemistir. Balik
titketimi ve depresyon goriilme riski arasinda ne-
gatif iliskinin oldugunu gdsteren ¢aligmalar bulun-
maktadir (Li, Liu, & Zhang, 2016; Timonen et al.,
2004). Klinik ¢alismalarda psikolojik stres
gbzlemlenen bireylerin plazma ve alyuvar hiicre
zarinin n-3 PUFA iceriginin daha diisiik oldugu te-
spit edilmistir (Lucas, Dewailly, Blanchet,
Gingras, & Holub 2009).

Omega-3 PUFA, norotransmitterlerin (dopamin,
epinefrin, norepinefrin vb.) sentezi, yikimi,
salgilanmasi, geri alim1 vb. gibi biyolojik
yolaklarda gorev alir. Norotransmitterler, duygu
ve davranislarin diizenlenmesinde gorev yapmak-
tadir. Omega-3 PUFA’nin ndron biiyiimesi ve
varligim siirdiirmesi, beyin hiicrelerinin akiskan-
ligin1 ve esnekligi, kan akis1 ve kan beyin bariyer
biitlinliigiinii saglama, nérodejenerasyonu énleme
gibi Onemli mekanizmalarda rol oynadigi
diistiniilmektedir (Parletta, Milte, & Meyer, 2013).
Omega-3 PUFA’nin antiinflamatuar 6zelliginin de
davranislar tizerinde etkili oldugu belirtilmektedir
(Appleton, Rogers, & Ness, 2008). Omega-3
PUFA’nin yan sira balikta yiiksek miktarda bulu-
nan tirozinin de depresyonu 6nlemede yararli etki-
lerinin oldugu diigiiniilmektedir. Tirozin dopamin,
epinefrin ve norepinefrinin biyolojik dnciisii olan
ve depresyonda yetersizligi belirlenen bir amino
asittir (Lang, Beglinger, Schweinfurth, Walter, &
Borgwardt, 2015). Tromse calismasindan elde
edilen sonuglara gdére serum D vitamini diizeyi
disik  olan  bireylerde  depresyon  sik
goriilmektedir (Jorde, Waterloo, Saleh, Haug, &
Svartberg, 2006). Bu durum D vitamini kaynagi
olan yagh balik tiiketiminin depresyon riskini
azalttigina dair bir bulgu olabilir. Amerikan
Psikiyatri Birligi (APA) haftada 2 kez balik tii-
ketilmesini dnermektedir (Freeman et al., 2006).

Bununla birlikte balik tiiketimi/n-3 PUFA alim1 ve
depresyon arasinda herhangi bir iliski saptanma-
yan ¢alismalar da bulunmaktadir (Albanese et al.,
2012). Cochrane derlemesinde n-3 PUFA’nin ma-
jor depresyon tedavisinde kullanimi igin yeterli
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kanitin olmadig1 sonucuna varilmistir (Appleton,
Sallis, Perry, Ness, & Churchill, 2016).

Uyku kalitesi

Yagl baliklarda bulunan EPA ve DHA, bir biyo-
jenik amin olan ve uykunun diizenlenmesini
saglayan serotoninin sekresyonunda onemli rol
oynar (Monti, 2011). Ayrica D vitamininin uyku-
uyaniklik dongiisiinde yer aldig1 bu nedenle balik
titketiminin daha iyi uyku ile iliskili oldugu belir-
tilmekte ve haftada 1-2 kez yagl balik tiikketiminin
uyku kalitesini olumlu yonde etkileyecegi bildi-
rilmektedir (Del Brutto et al., 2016).

Yasa Bagh Makula Dejenerasyon (YBMD)

YBMD, 60 yas iizeri populasyonda en Onemli
gorme kaybi nedenlerindendir (Batioglu, 2007).
Amerika’da yagl bireylerde yapilan bir ¢alismada
haftada iki kez balik tiikketiminin YBMD riskini
%36 oraninda azalttig1 gosterilmistir (Seddon,
George, & Rosner, 2006). Benzer sekilde Yasa
Bagli Goz Hastaliklar1 Calismasi’nin (AREDS)
sonuglar1 n-3 yag asidinin YBMD’yi 6nledigini
desteklemektedir (Sangiovanni et al., 2009). An-
cak randomize kontrollii ¢alismalarin yer aldig:
giincel Cochrane derlemesinde diyetle alinan n-3
PUFA’nin YBMD gelisimini 6nlemedigi veya
yavaglatmadigi  gosterilmistir  (Lawrenson &
Evans, 2015).

Tiirkiye’de Yetiskin Bireylerin Balik Tiiketim
Durumu ve Oneriler

Ulkemizin beslenme, saglik durumu ve sorun-
larinin aragtirildig: “Tiirkiye Beslenme ve Saglik
Arastirmasi-2010” (TBSA-2010) verilerine gore
20 yas ve lzeri yetiskin bireylerin %17.2’sinin
haftada 1-2 kez, %14.8’inin ayda 2 kez,
%25.6’sinm ayda 1 kez balik tiikettigi, %39.1inin
ise hi¢ balik tiiketmedigi belirlenmistir (TBSA,
2014).

Tiirkiye’ye Ozgii Besin ve Beslenme Rehberi’nde
baligin yiiksek omega—3 yag asidi igerigi
nedeniyle haftada en az 2-3 kez (1 porsiyon 150
gram) 1zgara, firin ve bugulama seklinde pisirile-
rek tiiketilmesi dnerilmektedir (TOBR, 2015).

EPA ve DHA Alim Onerileri

EPA ve DHA alimiyla ilgili her otoritenin farkli
oOnerisi bulunmaktadir. Tablo 4’te bu 6nerilere yer
verilmistir.

Balik Tiiketimi Yarar & Risk Analizi

Balik enerji, protein ve bazi elzem besin dgelerini
icermesi nedeniyle saglikli beslenmenin 6nemli
bir pargasidir. Ancak ¢evresel etmenlerden dolay1
balik tiikketimi ile ilgili olusabilecek bazi riskler (6-
zellikle MeHg ve dioksin benzeri bilesikler)
yapilan ¢alismalarda gosterilmekte, bu durum
bireylerde kafa kangsikligina yol ac¢maktadir.
Yarar-risk analizinin iyi degerlendirilip tiiketicile-
rin bilgilendirilmesi olduk¢a ©nemlidir. Bu
konuda yapilan bir ¢aligmada haftada 2 por-
siyondan fazla (1 porsiyon yaklasik 150 gram)
yagli balik tiikketiminin dioksin benzeri bilesiklere
maruziyeti artirdig1 ancak MeHg agisindan 6nemli
bir sorun olusturmadig1 saptanmustir (Sioen et al.,
2008).

Gida ve Tarmm Orgiti (FAO), 2010’da
yaymladig1 raporunda balik tiikketiminin ve EPA &
DHA aliminin koroner kalp hastalik 6liim riskini
azalttigina dair giiclii kanitlarin oldugunu, MeHg
maruziyetinin ise riski artirdigina dair yeterli kanit
bulunmadigini belirtmektedir. Fazla dioksin ma-
ruziyetinin kansere neden olacagi ancak diyetle
(balik ve diger besinler) alinan daha diigiik
seviyedeki dioksinin kansere neden olduguna dair
yeterli kanit olmadig1 yine FAO tarafindan bildi-
rilmektedir (FAO, 2010). EFSA, iilkelerde farkli
tiir balik tiiketildigi i¢in genel bir 6neri yapmama-
ktadir. EFSA, civa igerigi yiiksek balik tiiketimi-
nin smirlandirilmas: gerektigini, ayrica her {il-
kenin kendi balik tiiketimini g6z Oniine alarak risk
degerlendirmesi yapmasini 6nermektedir (EFSA,
2015).

Balikla ilgili tiiketicileri endiselendiren diger bir
sorun zehirlenme riskidir. Su Uriinleri kokenli to-
ksik enfeksiyolarin %30-40°n1 histamin zehirlen-
mesi ousturur. Histamin zehirlenmesi genellikle
viicudunda bol miktarda serbest histidin
bulunduran uskumru, ton gibi baliklarda soguk
muhafazanin yeterli yapilmadigi durumlarda
ortaya ¢ikmaktadir. Baligin uygun kosullarda sak-
lanmadigr durumlarda (6rnegin; soguk zincirin

kirilmast  gibi) bakteriyel dekarboksilasyon
sonucu bir amino asit olan histidinin histamine
doniislir.  Zehirlenmenin  belirtileri  ylizde

kizariklik, bas ve karin agris1 ve ishaldir (Feng,
Teuber, & Gershwin, 2016). Histamin bakteriler
nedeniyle olusan bir biyolojik amin olmasina
ragmen tliketiciler tarafindan fark edile-
memektedir. Yiiksek diizeyde histamin igeren bir
balik taze gibi goriinebilmektedir. Bu nedenle be-
sin giivenligini saglamada balikgilar, isletmeciler,
dagitict firmalara ve marketlere biiyiikk gorev
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diismektedir (Visciano, Schirone, Tofalo, &
Suzzi, 2012). Baliklarda kabul edilebilir histamin
limitleri ile ilgili iilkeler aras1 farklilik olsa da,
Avrupa Birligi Komisyonunun histamin ile ilgili
(EC) No 2073/2005 sayili diizenleme ile koymus
oldugu limitler, 23.10.2013 tarihli degisiklik ile
bir partiden alinan (n) 9 numunede ortalama (m)
200 mg/kg’nin altinda olmas1 ve en fazla 2 nu-
munenin ise (m) 200-(M) 400 mg/kg aras1 kabul

edilebildigi ve hi¢bir numunenin ise 400 mg/kg ve
iizeri olamamas1 istenmektedir. Balik ezme ve
soslarinda ise histaminin 400 mg/kg altinda olmast
istenmektedir. FDA ise histaminin toksik
seviyesini 500 mg/kg olarak kabul etmekte ve his-
tamin ile ilgili yasal sinir 50 mg/kg’in altindaki
degerler kabul edilmektedir.

Tablo 4. Farkli otoritelerin EPA ve DHA alim ve balik tiiketim onerileri (Flock, Harris, & Kris-Etherton,
2013; Kris-Etherton, Grieger, & Etherton, 2009)

Table 4. Recommendations of different authorities for EPA and DHA intakes and fish consumption (Flock,
Harris, & Kris-Etherton, 2013; P. M. Kris-Etherton, Grieger, & Etherton, 2009)

Kurulus Grup ketim Onerileri
. A >500 mg/giin EPA+DHA
Amerikan D I.thlsyenler Yetisgkin bireyler Haftada 2 porsiyon (1 porsiyon=224 g) yagh
Birligi .
balik tliketimi
Saglikli bireyler =500 mg/giin EPA*DHA
. Koroner kalp hastalari (haftada en az 2 giin yagli balik tiikketimi)
Amerikan Kalp Vakfi Serum trigliserit diizeyi 1 g/giin EPA+DHA

Cocuk Saglig1 Vakfi

yiiksek hastalar 2-4 g/giin EPA+DHA
Amerikan Tarim Bakanlig1 | Yetiskin bireyler >250 mg/giin
Uluslararas1 Yag Asitleri | Yetiskin bireyler >500 mg/giin
ve Lipidler Arastirma Gebe/emzikli kadin >500 mg/giin (DHA alimi: >300 mg/giin
Dernegi
Avrupa Besin Giivenligi | Yetiskin bireyler >250 mg/giin
Otoritesi Gebe/emzikli kadin >250 mg/giin (DHA alimi: 100-200 mg/giin
Diinya Saglik Orgiitii Yetiskin bireyler >250 mg/giin
Diinya Perinatal Tip
Birligi, Erken_B_eslenrne Gebe/emzikli kadin >200 mg/giin DHA
Akademisi ve

EPA ve DHA Alim Onerileri&Balik Tii-
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Balik tiiketimi saglik agisindan 6nemlidir ancak
temiz olmayan ve endiistriyel kirleticilere maruz
kalmig ortamlardan avlanilan baliklarin fazla tii-
ketimi nedeniyle organizmaya alinan kursun, kad-
miyum, arsenik ve civa gibi toksik metaller saglik
acisindan risk olusturabilmektedir. Bu nedenle
baliketindeki metal diizeylerinin takip edilmesi
besin giivenligi diizenlemelerine (ve bunun sonu-
cunda tiikketicinin korunmasi) uyumlulugu sagla-
mak i¢in 6nemlidir (Bosch et al., 2016).

Sonuc¢ ve Oneriler

Diinya su iiriinleri tiiketiminin 2016 yilinda
ortalama kigi basina 20 kg’a ulastig1 bir zamanda
Tiirkiyedeki su friinleri tiketimi 6.1 kg/kisi
(TUIK, 2016) ile diinya ortalamasinin ¢ok altinda
bulunmaktadir. Bu durum goz 6niinde bulunduru-
larak, balik tiiketiminin tesvik edilmesi Onem
tasimaktadir. Balik diyetin O6nemli bir pargasi
olarak goriilmeli ve balik tiiketiminde dikkat
edilmesi gereken konu yarar-risk dengesini gozet-
mektir. Taze, temiz sulardan avlanmis baliklar ve
izlenebilirligi olan kiiltiir baliklarinin tiiketimi in-
san saglig1 acisindan bir risk tegkil etmemektedir.
Cignenmesi ve sindirimi kolay olan baliketi, kat1
gida almaya baglamis bebeklerden yash bireylere
kadar toplum biitiin kesimlerinin rahatlikla tii-
keteilecegi iyi bir besin olmasinin yani sira birey-
lerin beslenmesinde elzem olan iyi kaliteli protein,
mineral ve n-3 yag asitlerini igerir. Diizenli ve
yeterli miktarda tiiketilen balikk aymi zamanda
yagda ¢Oziinen vitaminlerden A, D, E, K vitamini
ve iyot gibi besin Ogelerinin alimina da katki
saglamaktadir. Cogu kurulug yeterli ve dengeli
beslenmenin bir parcasi olarak diizenli olarak
haftada 2 porsiyon balik tiikketimini 6nermektedir.
Yapilan ¢aligmalar 6zellikle gebelik ve laktasyon
stiresince diizenli olarak balik tiiketiminin bebegin
gorsel ve biligsel gelisimine 6nemli katkilarinin
oldugunu vurgulamaktadir. n-3 yag asidinin insan
sagligma olumlu etkileri ile ilgili bilimsel
kanitlarin  artmasiyla  birlikte balik  yagi
preparatlarinin kullanimi da artmistir. Ancak balik
n-3 yag asidinin yani sira iyi kaliteli protein, vita-
min ve mineral kaynagi oldugu icin tek basina
balik yagi preparatlarin1 kullanmak yerine balik
tilkketmek yeterli ve dengeli beslenme agisindan
daha uygun ve dogrudur. Bu bilgiler 1s18inda
beslenme ve diyet uzmanlar1 topluma baligin
beslenme agisindan 6nemini anlatmali ve bireyleri
balik tiiketimi igin tesvik etmelidir.

Yasamin her doneminde tiiketilebilen bir besin
olan baligin metal ve diger kontaminantlari icerme
riski tiiketicileri olumsuz etkileyebilmektedir. Bu

nedenle farkli bolgelerde avlanan ve yetistirilen
balik tiirlerinin metal ve kontaminant igerigi analiz

edilmeli, tiikketiciler bu konuda
bilinglendirilmelidir.
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Active packaging technology is one of the innovative
methods for preserving of food products, and antimi-
crobial packaging films is a major branch and promis-
ing application of this technology. In order to control
microbial spoilage and also contamination of pathogen
onto processed or fresh food, antimicrobial agent(s)
is/are incorporated into food packaging structure. Poly-
mer type as a carrier of antimicrobial can be petroleum-
based plastic or biopolymer: because of environmental
concerns researchers have lean to development of bio-
degradable antimicrobial films. Antimicrobial sub-
stances can be organic acids, parabens, sulfites, nitrites,
phosphates, alcohols, antibiotics and bacteriocins. Suc-
ceed of antimicrobial film mainly depends on antimi-
crobial agent selection that antimicrobial should be
chosen according to the food type packed, and deterio-
rative microbial flora of it. This review discussed the
recent application of antimicrobial-active films for food
protection. Also, their activity mechanisms against mi-
croorganisms, the effects of antimicrobials on food
quality and of the film properties were presented.
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Introduction

Food products have different deterioration mech-
anisms; microbial, biochemical, physical, textural
and chemical based on their ingredients, produc-
tion techniques used, packaging type applied, etc.
However, microbial deterioration mechanism is
accepted that is dominant over the others. There
are various food process technologies to prolong
the shelf life of the products such as heat treat-
ment, canning, and dehydration. However, there
are certain needs for packaging to protect foods
during handling, distribution or storage whatever
processes applied since the main focus of food
packaging is to protect the product from environ-
mental hazards (for examples, moisture lost or
gain, possible dust and insect contact) which may
adversely affect its quality.

In recent years, the tendency is to decrease as
much as possible amount of chemical used in food
products whether they are harmful or not to human
body. The consumers demand fresh-like (mini-
mally processed), rich in nutritional value, whole-
some and also shelf-stable, and easily prepared
foods. According to European Food Safety Au-
thority (EFSA) reports (2011), during 2009, 5550
foodborne outbreaks were reported resulting 46
deaths (Sohaib, Anjum, Arshad, & Rahman,
2016). Additionally, the world population is in-
creasing faster than food supply sources. Yet, it
was reported that, in Turkey, the edible food
wastes in a single household were 298 kg/year
(Pekcan, Koksal, Kiiglikerdonmez, & Ozel, 2006).
Wasting food products (post or pre-harvest), and
new marketing trend have led to emerge new tech-
nologies in packaging such as modified atmos-
phere packaging, intelligent and/or active packag-
ing. Active packaging technology containing suit-
able additives is capable of adsorbing moisture
and carbon dioxide or releasing of preservative
substances such as antimicrobials or antioxidants
(Brennan & Grandison, 2012).

Since the microbial deterioration is mainly respon-
sible for spoiling the foods, packaging films incor-
porated with antimicrobial agent is one of the
promising application areas of active packaging
technologies. Antimicrobial agents (such as
imazalil, silver or potassium sorbate) can be dif-
fused in small amount from films into the food sur-
face where the most microbial contamination oc-
curs. In this way, the microbial safety and shelf life
of food product is significantly improved without
using any additives directly by means of dipping,

spraying etc. The direct usage of antimicrobial
agents in food system is restricted due to the pos-
sible diffusion of agents into food bulks, and con-
centration of antimicrobials at food surface re-
duces and eventually, resulting in microbial
growth and spoilage at surface. The antimicrobial
effectiveness of these agents depends on diffusion
of agents into the food surface from packaging
material. Antimicrobial effect or microbial inhibi-
tion can be achieved by slow diffusion into food
surface by a carrier which is a package material.
By this way, the diffusion of antimicrobial agent
into food core is prevented and the agents diffuse
into food surface where the main place for micro-
bial growth is (Teerakarn, Hirt, Acton, Rieck, &
Dawson, 2002).

The active packaging researches have deal with
antimicrobial effects of antimicrobial agent and
diffusion of antimicrobial agent into model system
mostly. This review mainly focused on types and
activity mechanisms of antimicrobial-active films
suggested for food protection and the effects of
them on food quality parameters and film proper-
ties.

Active Packaging

Active packaging technology can be defined as a
packaging technique adds antimicrobial, antioxi-
dants or other quality enhancer agents via coating
packaging materials and let the active packaging
agent released into the packed food in small
amount to ensure the safety of foods. Among var-
ious types of active packaging application, the at-
tention in active packaging with antimicrobial
substances has been increased considerably
(Imran, Klouj, Revol-Junelles, & Desobry, 2014;
Mauriello, De Luca, La Storia, Villani, & Ercolini,
2005). Table 1 summarizes the recent active
chemicals used in active packaging with the aim
of their applications, and lists the possible carrier
medium of the agents and applied food products.

The factors that should be considered while choos-
ing antimicrobial agent are antimicrobial spectrum
and mode of action of the agent, chemical compo-
sition of food and the agent, diffusion kinetics of
agents from polymers, the concentration of anti-
microbial agents in polymer, polymer type se-
lected and agent, polymer and food interactions.
For example nutrient rich media of foods can re-
duce the activity of silver zeolite, also emulsifier
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or fatty acids can affect nisin activity (Appendini
& Hotchkiss, 2002).

Types of antimicrobial packaging can be divided
into five basic applications (Appendini & Hotch-
kiss, 2002):

- Volatile antimicrobial agent addition into sachet
and pads: Chlorine dioxide, ethanol and sulfur di-
oxide or volatile essential oils are the volatile an-
timicrobial agents which are often enclosed sepa-
rately in sachets/pads attached to the internal part
of the package. These agents will be vaporizing to
the headspace of packaging and vapor-gas form of
antimicrobial agent can contact with food products
(Sung et al. 2013). Also, because of the ability of
oxygen reduction, oxygen absorbers may be in this
class. Oxygen absorbers (e.g. iron powder) are
able to inhibit the growth of aerobic microorgan-
isms and mold. Moisture absorbers (e.g. silica
gels) can also affect the microbial growth due to
reduction in water activity.

- Antimicrobial agents incorporated into polymer:
Antimicrobial agents can be incorporated into pol-
ymers such as edible films, LDPE and various pol-
yolefin. Especially in Japan, silver substituted ze-
olites are widely used with polymers (1-3%) (Ap-
pendini & Hotchkiss, 2002). There is another
method known as solution-casting method. It in-
cludes preparation of a film blend containing anti-
microbial agent, then, film can be casted above a
suitable and smooth ground. Especially this cast-
ing method is used with production of active edi-
ble or biodegradable films. Film forming can be
done using an extruder also.

- Coating polymer surfaces with antimicrobials: If
the antimicrobial is heat sensitive, forming meth-
ods of active packaging film destructs its activity,
the antimicrobial agents can be coated right onto
the film material before applying to foods. In this
technique, after blending of film solution, casting
is done without antimicrobial agent. Then, another
solution including antimicrobial is prepared and
film will be covered by this solution and dried.

- Antimicrobials immobilized by ionic or covalent
linkages to polymers: For this type of application
there are a lot of required criteria: Polymer should
be good properties of elasticity, stretch and con-
ductivity; immobilization technigque, non-covalent
or covalent, should be selected according to the
purpose of antimicrobial packaging system. For
instance, if slow antimicrobial release is desired,
covalent linkages should be preferred. This is why

covalent linkages are mostly applied in antimicro-
bial packaging (Goddard & Hotchkiss, 2007). Sur-
face should be modified using a suitable technique
in order to attach antimicrobial agent. After this
process steps, the releasing rate of the antimicro-
bials to protect its activity over a time period
which is an important parameter, can be con-
trolled.

- Use of polymers which are inherently antimicro-
bial: Polymers that have antimicrobial effects are
used such as chitosan or poly-L-lysine. Also, UV-
treated nylon films show bactericidal effects.

Properties and Activity Mechanism of
Antimicrobials

Antimicrobial agents used in films can be organic
acids, metals, antibiotics, bacteriocins, enzymes,
chelating agents, spices etc. (Ozdemir & Floros,
2004). Table 1 represents brief information about
studies focused on antimicrobial food packaging
applications. Since the antimicrobial agent used in
active films can be migrated into the food bulks,
they should be considered as food additives and
must meet the food additives standards
(Appendini & Hotchkiss, 2002).

Organic acids

Organic acids are used in food industry as acidu-
lates and antimicrobials widely because of their
solubility, flavor, and low toxicity. Organic acids
such as sorbic acid, acetic acid, lactic acid and
benzoic acids have long usage history in food in-
dustry and they are recognized as safe (GRAS)
(Cruz-Romero, Murphy, Morris, Cummins, &
Kerry, 2013; Sohaib et al., 2016).

Sorbic acid that is an organic acid has been used
as antimicrobial agent in food technology in recent
years. The direct usage methods of sorbates in
foods are varied that are dipping, spraying or dust-
ing. Sorbic acid and its potassium, calcium or so-
dium salts are called as sorbates. Sorbic acid (pKa
= 4.75) is a trans-trans, unsaturated monocarbox-
ylic acid (CH3-CH=CH-CH=CH-COOQOH). This
acid has low solubility in water (15 g/ 100 mL)
while salt forms are highly soluble in water (58.2
g/ 100 mL at 20°C) (Branen, Davidson, Salminen,
& Thorngate, 2001), therefore in food industry
sorbates are widely preferred as preservatives.

Some yeast such as Brettanomyces, Candida, De-
baryomyces, Hansenula, Torulopsis and the molds
such as Alternaria, Aspergillus, Botrytis,
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Fusarium, Mucor, and Penicillium can be inhib-
ited by sorbates. Also, in literature, antimicrobial
activity of sorbic acid has been evaluated against
yeast and mold generally (Table 1). However, an-
tibacterial activity has also been observed against
some bacteria such as Staphylococcus, Esche-
richia coli and Listeria monocytogenes.

The mechanism of sorbic acids against microbial
growth lethally is partly due to the effects on en-
zymes such as dehydrogenases. Sorbate can turn
the enzymes into the more stable forms such as
thiohexenoic acid derivate and inhibit the enzyme
activity in microorganism cell (Branen et al.,
2001). The efficiency of sorbic acid is dependent
on pH of the environment, with increasing pH the
efficiency is decreased and after pH 6.5, sorbic
acid loses its antimicrobial properties, that is why
the pH level is very important for such kind of the
films (Perez, Soazo, Balague, Rubiolo, & Verdini,
2014; Rodriguez-Martinez et al., 2016).

It had been reported that sorbic acid is one of least
harmful antimicrobial agent used in food product:
LDso: 7.4- 10.5 g/kg body weight. Sorbic acid is
used as preservatives with different concentrations
into various food types such as drinks, dough,
cakes, cake mixes, sausages casing.

Sorbic acid and its derivatives can be incorporated
into any type of packaging materials (biodegrada-
ble or petroleum polymer) by mixing in solution
and casting mostly. There are some articles show-
ing application of sorbate containing active pack-
aging films for food protection instead of adding
sorbates into food itself: Hauser and Wunderlich
(2011) proposed using sorbic acid incorporated
packaging films (PVA) to inhibit the growth of
contaminated microorganism that are Escherichia
coli, Listeria monocytogenes, Saccharomyces
cerevisiae on the surfaces of Gouda cheese and
pork loin (Hauser & Wunderlich, 2011) and they
had suggested that antimicrobial film containing
sorbic acid is able to prevent and reduce the grow-
ing of pathogens on food surfaces. Silveira,
Soares, Geraldine, Andrade, and Goncalves
(2007) had studied antimicrobial efficiency of po-
tassium sorbate and its migration from active film
into pastry dough. They found that there was not
any statistical difference between films containing
3 or 7% potassium sorbate with respect to diffu-
sion rate. It had been stated that Stapylococcus
spp. could not be inhibited while there was 2log
reduction in aerobic mesophilic count in dough
wrapped with 7% film.

Benzoic acid and its derivate was the first antimi-
crobial agent approved and permitted by Food and
Drug Administration (FDA). This organic acid
can be found in many fruit and vegetables natu-
rally. The maximum usage concentration of ben-
zoic acids is between 0.15- 0.25% in many coun-
tries (Dobias, Chudackova, Voldrich, & Marek,
2000). Benzoic acid is used for its antimycotic ac-
tivity. Same as sorbic acid, the salts form of ben-
zoic acid such as sodium benzoate is more soluble
in water than benzoic acid itself. Most yeast and
molds can be inhibited by benzoic acid (20-2000
ug/mL) (Branen et al., 2001). The inhibition
mechanism of microorganisms by benzoic acid
has not been clear.

The addition of benzoic acids and its derivate into
a polymer matrix such as LDPE can lead to signif-
icant changes into polymer film properties such as
oxygen, water vapor or carbon dioxide permeabil-
ity, tensile or sealing strength. On the other hand
it was reported that the shelf life of bread and
cheese wrapped with LDPE films containing ben-
zoic acid had been improved due to the antifun-
gustic efficiency of benzoic acids (Dobias et al.,
2000). Benzoic acids are also effective against
bacteria such as Bacillus cereus, Staphylococcus
aureus, Pseudomonas fluorescens, and Esche-
richia coli (Cruz-Romero et al., 2013).

Lactic, tartaric, malic, and acetic acids are other
organic acids used in food industry. Acetic acids
can be lethal for Salmonella and its strains, espe-
cially with another antimicrobial i.e. combining
with carvacrol, acetic acid can inhibit S. typhi-
murium growth on the poultry meat without af-
fecting the flavor (Zhou et al., 2007). Tartaric and
malic acids are found in fruits mostly and their an-
timicrobial capacities are not strong as other or-
ganic acids mentioned above. However, some re-
searchers had reported they can suppress the
growth of Salmonella if just together with under
vacuum condition (Sohaib et al., 2016).

Natural Microbial Metabolic Compounds

Food consumer preference tendency has been
changing to natural and additive-free food prod-
uct; therefore scientists have been looking for
some natural additives such as essential oil from
plants or nisin from bacteria for providing whole-
someness and safety of foods. Bacteriocins are an-
timicrobial peptides that are metabolic products of
different bacterial strains (Sohaib et al., 2016).
Among bacteriocins, nisin is one of the most pre-
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ferred bacteriocin as an antimicrobial agent. Lac-
tic acid bacteria (LAB) bacteriocins such as nisin
are heat-stable small peptides and can be divided
basically into two classes: Class I and Il. Class |
bacteriocins is also called as lantibiotics that con-
tain amino acids such as lanthionine in their struc-
ture (Zendo, Nakayama, Fujita, & Sonomoto,
2008). Nisin is a 34 polypeptide bacteriocin, con-
tains dehydroalanine and dehydrobutyrine resi-
dues and it is produced by Lactococcus lactis
subsp. lactis (Liu & Hansen, 1990).

Nisin has been approved as non-toxic and recog-
nized as E234 by FDA and widely used in food
industry. In France, the use of nisin in preservation
of cheese was allowed without any limitation
(Ripoche, Chollet, Peyrol, & Sebti, 2006). The ac-
tivity of nisin is against of Listeria monocytogenes
and Staphylococcus aureus that are gram positive
bacteria (Imran et al., 2014; Sebti, Carnet, Blanc,
Saurel, & Coma, 2003) and also it can combine
with a chelator agent resulting activated against
gram negative bacteria (Teerakarn et al., 2002).
The cytoplasmic membrane of gram positive bac-
teria is the target of nisin; this antimicrobial agent
causes the pores onto the membrane of microor-
ganism’s cell wall resulting in degradation of pro-
ton motive force and loss cellular ions, amino ac-
ids and ATP. Because of the outer membrane of
gram negative bacteria which perform as barrier
against hydrophobic solutes and macromolecules,
gram negative bacteria is resistant to antimicrobial
effects of nisin (Olasupo, Fitzgerald, Gasson, &
Narbad, 2003). As mentioned above, nisin has
known antibacterial activity against gram positive
bacteria and with a chelating agent also against
gram negatives. This has been shown by Bhatia
and Bharti (2015); they have reported that antibac-
tericidal attacks against gram negative bacteria in-
creased with increasing EDTA concentration into
film blend (Table 1).

Nisin solubility is affected with pH changes result-
ing in antimicrobial activity loss (Liu & Hansen,
1990). It was reported that the solubility is higher
at low pH (57 mg/mL at pH 2) and is significantly
lower at high pH (0.25 mg/mL at pH 8 to 12). In a
study, it was reported that the effectiveness onto
the Micrococcus luteus and release mechanism of
nisin was pH and temperature dependent
(Mauriello et al., 2005). Nisin efficiency in food
product is related with the diffusion rate of nisin
from films into food surface. However, in order to
enhance antimicrobial efficiency, some researches

have preferred coating techniques considering na-
ture of nisin. The diffusion of nisin can be affected
with possible factors such as nisin concentration,
storage conditions, and film types used (edible or
biopolymer etc.) (Ripoche et al., 2006).

Natamycin, also known as primaricin or pimari-
cin, is another metabolic product used as preserv-
ative in foods and produced by Streptomyces na-
talensis. Natamycin was approved by FDA as
GRAS and by European Union as natural preserv-
ative as E235 (Bierhalz, da Silva, & Kieckbusch,
2012; Fucinos et al., 2015). Natamycin can inhibit
fungal growth and causes cell lyses of binding to
cell membrane sterols (Duran et al., 2016). The
most popular usage of natamycin is as spray, ap-
plied directly over cheese and sausages up to level
of 1 mg/dm? (Lantano et al., 2014). In a study,
fresh strawberry had been coated using chitosan
edible films with natamycin for the purpose to ex-
tend shelf life of fruit and it had been reported that
compared with uncoated fresh fruits, the shelf life
of fresh strawberry had been increased (Duran et
al., 2016).

Volatile Substances and Essential Oils

Volatile antimicrobial agent addition into sachet
and pads is another application of active packag-
ing technology which gets attention due to no need
for contact between food and antimicrobial agent
resulting no impact the sensorial properties of
food product (Kapetanakou, Agathaggelou, &
Skandamis, 2014). The volatile antimicrobial sub-
stances can be produced mainly from natural
plants such as essential oils or it may be food-
grade ethanol.

Essential oils extracted from plants have become
popular due to their natural sources such as rose-
mary, lemongrass, ginger and curcumin extracts
and their non-toxicity, inherent antimicrobial and
antioxidant activities (Klangmuang & Sothornvit,
2016; O' Callaghan & Kerry, 2014; Takala, Vu,
Salmieri, Khan, & Lacroix, 2013; Wang et al.,
2017). Herbal oils generally are considered to be
replacement of organic acids due to their antibac-
terial, antifungal and antioxidant properties
(Klangmuang & Sothornvit, 2016).

The most important limitation of usage of essen-
tial oils to produce active films is their volatility
and thermal degradation when incorporated dur-
ing the mechanical processing of the polymeric
films (Mulla et al., 2017). However, Kuorwel,
Cran, Sonneveld, Miltz, and Bigger (2013) have
impregnated carvacrol, linalool and thymol with
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hydroxypropyl methylcellulose (HPMC) film us-
ing both coating and solution- heat pressing tech-
niques. They have reported that diffusion coeffi-
cients of heat pressed film much higher than film
produced coating techniques. They have con-
cluded that this antimicrobial agents show a poten-
tial for use in antimicrobial packaging materials
produced using this two methods.

Klangmuang and Sothornvit (2016) had produced
antimicrobial active edible films containing Thai
essential oil and reported the films were effective
against to E. coli (gram negative) and S. aureus
(gram positive) (Table 1). Same as Thai, another
effective natural spice on the E. coli and S. aureus
is curcumin which is extracted from Curcuma
longa and have anti-inflammation, antiviral, and
antioxidant activities (Wang et al., 2017).

Food-grade alcohol can be used as antimicrobial
sachets into food packaging system. Kapetanakou
etal. (2014) had developed an packaging system
to observe the effect of some commercial alco-
holic beverages (whisky, brandy, tsipouro, raki,
and ouzo) vapors on microbial, physicochemical,
and sensory profile of pork meat stored in different
modified atmosphere packaging (MAP) condi-
tions. It had been reported that vapor action of al-
coholic beverages in combination with MAP may
offer a promising, antimicrobial packaging appli-
cation for extending the shelf-life of pork meat
(Kapetanakou et al., 2014).

Other Antimicrobial Substances

Metals: Among the antimicrobials used in active
packaging technology, silver takes the attention
mostly because of its suitable technological prop-
erties and broad antimicrobial spectrum. The us-
age of silver as antimicrobial has gone as far as to
the ancient times. The historic source reported that
silver spoon used in milk to prolong shelf life
(Duncan, 2011). From past to today, the silver ap-
plication has reached a wide range area. For exam-
ple, silver has been preferred as antimicrobial
agent into water which will be consumed by astro-
nauts and must be stored very long time. Moreo-
ver, in 2009, FDA has permitted direct addition of
silver nitrate to water if not to exceed 17 pg/kg
(Duncan, 2011).

Although there is no evidence for carcinogenic
and mutagenic effect of silver, since some re-
searchers claimed that silver can toxic for human
cells, alter usual function of mitochondria and ac-
celerate reactive oxygen generation, the usage of
silver in food production is in question

(Echegoyen & Nerin, 2013; Kumar & Munstedt,
2005; Song, Li, Lin, Wu, & Chen, 2011). Direct
usage of silver or to be in contact with food in
some countries is forbidden; EFSA says that silver
should be in list of suspicious additives. On the
contrary, in USA it is allowed and described as
GRAS by FDA (Azlin-Hasim, Cruz-Romero,
Morris, Cummins, & Kerry, 2015).

Besides to the other antimicrobials which have an-
timicrobial activity in specific microorganism
classes, silver has broad spectrum and inhibit to
unlimited strains of bacteria, fungi, algae and pos-
sibly some viruses (Duncan, 2011; Rhim, Wang,
& Hong, 2013). Since silver is easily incorporated
into many materials, the application to the packag-
ing technology has been expanded in a short time
especially in Japan (Duncan, 2011). Silver can be
applied to the food industry in three forms; (1) di-
rect addition of silver, (2) the form of silver nitrate
(generally direct addition), and (3) the form of sil-
ver substituted zeolite. Silver substituted zeolite is
mostly preferred for films for the reason that capa-
bility of slow release of silver to food surface
(Kaba & Duyar, 2008).

The mechanism of silver against the microorgan-
ism can be explained via following ways: (1) by
means of binding to sulfhydryl or disulfide func-
tional groups on the surface of membrane protein,
(2) disturbing DNA replication, (3) oxidative
stress through the catalysis of reactive oxygen
spices formation (Duncan, 2011). However, it has
been accepted that the mechanism of silver is
mainly based on electrostatic interaction The neg-
ative charge of silver ion can be adsorbed by the
microorganism cell membrane and silver inacti-
vate the enzymes in cytoplasm by binding them
(Kaba & Duyar, 2008). Silver ions react with thiol
group of enzymes and inactivate them, resulting in
ending of DNA replication (Matsumura,
Yoshikata, Kunisaki, & Tsuchido, 2003).

The effect of silver packaging films on chicken
breast meat quality was studied (Matsumura et al.,
2003), the meats were wrapped with Ag films
(5%-LDPE) and stored at cold condition during
storage up to 21 days. It was reported that the mi-
gration concentration of Ag on surface was
enough to inhibit microorganism and at the same
time it was below from maximum limit allowed by
legislation (25 mg/kg) for protection of quality of
the meat at the end of the storage period.

There are plenty of studies focused on antimicro-
bial packaging interested in silver especially in
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last five years (Table 1). Silver can be incorpo-
rated into both biodegradable and petroleum poly-
mer packaging systems. Currently, there are com-
mercial antimicrobial packaging systems with sil-
ver for instance Aglon and Noavaron in the pack-
aging marketing.

Copper can destroy microorganisms and viruses;
however it is not generally used in active packag-
ing technology since it is regarded as toxic to hu-
man body (Rhim, Park, & Ha, 2013). Metal oxides
such as titanium dioxide (TiOz), zinc oxide (ZnO)
and magnesium oxide (MgQO) are another strong
antimicrobial groups and used in food packaging
technology because of high stability compared
with organic acids. TiO; is an inert, non-toxic, in-
expensive antimicrobial agent with activity
against broad spectrum of microorganism. In or-
der to activate this metallic oxide, ultraviolet as an
excitation source is needed therefore the antimi-
crobial activity and photocatalyst of TiO; are en-
hances with metallic ions such as Fe*®, Ag or SnO;
(Rhim, Park, et al., 2013).

Chitosan: Chitosan is a functional natural poly-
mer that is non-toxic, biodegradable, has antimi-
crobial properties and is the most abundant carbo-
hydrate in nature after cellulose, its linear polymer
chain contains (1-4)-2-acetoamido-2-deoxy-B-D-
glucose. The polymer consists of an aminogluco-
pyranan of N-acethylglucosamine and glucoside
residues. Chitosan is obtained by chitin, which oc-
curs inherently the cuticle of arthropods and endo-
skeletons of cephalopods. The process steps
mostly involve deproteinization, deminarilization
and chemical deacetylation (Dotto, Buriol, &
Pinto, 2014; Dutta, Tripathi, Mehrotra, & Dultta,
2009; El-Saharty & Bary, 2002; Siripatrawan &
Noipha, 2012; Yoshida, Bastos, & Franco, 2010).

Because of inherent antimicrobial activity and
good film forming ability of chitosan, it has a po-
tential to be used in biodegradable active films
(Siripatrawan & Vitchayakitti, 2016). Chitosan
has been used as antimicrobial substances in films
owing to its effectiveness of inhibiting the growth
of not just gram negative but also gram positive
bacteria alongside the yeast and molds. The activ-
ity of chitosan comes from its positive charge so it
affects microorganisms electrostatically: chitosan
can incorporate the macromolecules present in cell
membrane cause linkages. Ouattara, Simard,
Piette, Bégin, and Holley (2000) have prepared the
films containing chitosan and observed the its in-
hibition ability against lactic acid bacteria, Enter-

obacteriaceae and Serratia liquefaciens inocu-
lated on meats (Ouattara et al., 2000). It had been
claimed that while lactic acid bacteria had not
been affected, the growth of Enterobacteriaceae
and Serratia liquefaciens had been delayed or
completely inhibited. The activity of chitosan is
affected by several factors that are pH of medium,
molecular weight and the degree of deacetylation
of chitosan. For example, at low pH, chitosan is
more effective due to “hurdle” effect (Aider, 2010;
Dutta et al., 2009). The molecular weight of chi-
tosan is another important factor in terms of anti-
microbial effects. The chitosan derivative having
low molecular weight is more effective because
that chitosan can enter the microbial cell more eas-
ily than its high molecule weight derivate (Cruz-
Romero etal., 2013; O' Callaghan & Kerry, 2014).

Soysal et al. (2015) had stored chicken drumstick
wrapped with multilayer LDPE active films con-
taining chitosan at 5°C during 6 days and they re-
ported that efficiency in inhibiting total aerobic
mesophilic bacteria (APC), total coliforms and to-
tal molds and yeasts had been evaluated by com-
parison with control bag (LDPE-polyamide-
LDPE). APC counts of samples packed 1.03 log
had been lower than those of samples packed in
control bags (Soysal et al., 2015). Also, Guo, Jin,
Wang, Scullen, and Sommers (2014) have pro-
duced poly(-lactic) acid (PLA) films coated chi-
tosan. They have observed that this antimicrobial
packaging system can inhibit the growth of Lis-
teria innocua from meat surface up to 0.8 log.

Others: There are many different antimicrobial
agents used in antimicrobial packaging system
such as lauric acid esters, cinnamaldehyde or ly-
sozyme (Table 1). And also antimicrobial agent
can be extracted from well-known plants such as
green tea extracts. Due to polyphenol content of
green tea, it can decelerate growth of Listeria mon-
ocytogenes, Escherichia coli O157:H7, Salmo-
nella typhimurium, Staphylococcus aureus, Shi-
gella flexneri, and Vibrio cholera (Siripatrawan &
Noipha, 2012). Siripatrawan and Noipha (2012)
have reported that edible active film containing
green tea extract have successful on microbial
growth inhibition and prolonged shelf life of pork
sausages.
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Table 1. Recent antimicrobial active packaging studies

Antimicrobial  Antimicrobial Polymer/Carrier Aim of the Applied food system Target Reference
Type name incorporation microorganism
Organic acids Potassium sorbate  LLDPE -Diffusion into  Food simulant :acetate buffer pH 4.2 Yeasts Kuplennik et al. (2015)
food simulant
-Antimicrobial
activity
Starch-clay composite -Diffusion into  Semisolid agar simulant Aspergillus niger Barzegar et al. (2014)
food simulant
-Antimicrobial
activity
Chitosan film -Diffusioninto  Water - Yoshida et al. (2010)
food simulant
Whey film -Diffusion into ~ Water-glycerol system - Ozdemir and Floros (2001)
food simulant
Sorbic acid LDPE -Antimicrobial Pastry dough -Aerobic mesophilic count Silveira et al. (2007)
activity -psychrophilic
-Stapylococcus aureus
-fungus
-yeast
PVA Antimicrobial Gouda cheese -Listeria monocytogenes Hauser and Wunderlich (2011)
activity -Saccharomyces cerevisiae
-Escherichia coli
Bacteriocin Nisin HPMC film Diffusion into Agarose gel - Sebti et al. (2003)

food simulant

-Sodium caseinate -Diffusion into  Water- ethanol solution -Listeria monocytogenes Imran et al. (2014)
-Poly (lactic) acid (PLA) food simulant -Staphylococcus aureus
-Chitosan -Antimicrobial
activity
PLA Antimicrobial Deli turkey meat Listeria innocua Guo et al. (2014)
activity
-Corn zein -Diffusioninto ~ Water Lactobacillus plantarum Teerakarn et al. (2002)
-Wheat gluten food simulant
-Antimicrobial

activity
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Chitosan/PVA

Starch based film

LDPE

Poly(butylene adipate-
co-terephthalate)

-Diffusion into
food simulant
-Antimicrobial
activity

Antimicrobial
activity

-Diffusion into
food simulant
-Antimicrobial
activity

Diffusion into
food simulant

Water

-Water
-PBS system

Water

Stapylococcus aureus

Gram negative cocci

Micrococcus luteus

Wang et al. (2015)

Bhatia and Bharti (2015)

Mauriello et al. (2005)

L. Bastarrachea, Dhawan, Sablani, and
Powers (2010)

Natural Essen- Carvacrol
tial oils

-Linalool
-Thymol

Clove

-Ginger
-Fingerroot
-Plai

Allyl iso-
thiocyanate

Starch based

LDPE/Clay

LDPE

Starch based

LLDPE

HPMC

PLA

Diffusion into
food simulant

Antimicrobial
activity

Diffusion into
food simulant
Diffusion into
food simulant
Antimicrobial
activity

Antimicrobial
activity

Fatty-food simulant

Food Simulants: class B

Fatty-food simulant

Chicken

-Escherichia coli
-Listeria innocua
-Alternaria alternata

-Salmonella enterica
-Listeria monocytogenes

-Stapylococcus aureus
- Escherichia coli

Kuorwel et al. (2013)

Shemesh et al. (2015)

Campos-Requena, Rivas, Perez,
Garrido-Miranda, and Pereira (2015)

Kuorwel et al. (2013)

Mulla et al. (2017)

Klangmuang and Sothornvit (2016)

Kurek et al. (2017)
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-Rosemary MC Antimicrobial Broccoli -Listeria monocytogenes Takala et al. (2013)
+Asian spices activity - Escherichia coli
-Rosemary -Salmonella
+italian spices
Metals Silver -LDPE -- -- -- Echegoyen and Nerin (2013)
-PP
-polyolefin
Composite film types Antimicrobial -- Gram negative and positive Rhim, Wang, et al. (2013)
activity bacteria
Cellulose based Antimicrobial -- -Escherichia coli de Moura, Mattoso, and Zucolotto
activity -Staphylococcus aureus (2012)
LDPE Antimicrobial Chicken breast -Total viable count Azlin-Hasim et al. (2015)
activity -psychrophilic bacteria

Silver-zinc

Commercial plastic con-

tainers

PLA

Polyamide

Polyamide

LDPE

Diffusion into
food simulant

-Diffusion into
food simulant
-Antimicrobial
activity
Diffusion into
food simulant

Antimicrobial
activity

Antimicrobial
activity

Simulant recommended by Euro-
pean commission 97/48/EC

HNO:s solution

Chicken and beef sausages

Chicken breast

-Pseudomonas spp.
-Brochothrix thermosphacta
-lactic acid bacteria

-total coliforms
-Escherichia coli

Salmonella spp.

-Salmonella
-Pseudomonas
-Penicillium
-Listeria

-Listeria
-Pseudomonas
-Escherichia coli

von Goetz et al. (2013)

Busolo, Fernandez, Ocio, and Lagaron

(2010)

Kumar and Munstedt (2005)

Patifio et al. (2014)

Panea, Ripoll, Gonzalez, Fernandez-
Cuello, and Alberti (2014)
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Silver-Titanium PLA -Diffusioninto  Simulant recommended by Euro- - Escherichia coli Lietal. (2017)

dioxide food simulant pean commission 85/572/EEC -Listeria monocytogenes
-Antimicrobial
activity
Polysaccharide  Chitosan Pectin based - - - Lorevice, Otoni, de Moura, and Mattoso
(2016)
PLA Antimicrobial Turkey meat Listeria innocue Guo et al. (2014)
activity
Other antimi- Lauric acid ester PLA Antimicrobial Turkey meat Listeria innocue Guo et al. (2014)
crobial agents activity
Chitosan -- -- -Lactobacillus sakei Ouattara et al. (2000)
-Serratia liquefaciens
-Enterobacteriaceae
-Total LAB
Cinnamaldehyde  Chitosan -- -- Lactobacillus sakei Ouattara et al. (2000)
-Serratia liquefaciens
-Enterobacteriaceae
-Total LAB
-Lysozyme Starch based film Antimicrobial -- Gram negative cocci Bhatia and Bharti (2015)
-Ethylenedia- activity
mine-tetraacetate
Green tea extract ~ Chitosan Antimicrobial Pork sausages -Total viable count Siripatrawan and Noipha (2012)
activity -Yeast

-Mold
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Influence of Antimicrobial Substances on
Engineering Properties of Films

Assessing engineering features of packaging ma-
terial is the first step for designing a packaging
material for foods. The engineering properties of
films are tensile and barrier properties. While ten-
sile values such as tensile strength, elastic modu-
lus and elongation at break are important for meas-
uring durability of polymers under a force, know-
ing barrier properties of a packaging material such
as water vapor and oxygen permeability is crucial
in terms of controlling food quality changes dur-
ing storage. These properties can be affected by
addition of antimicrobial which are mainly de-
pendent on the molecular weight of antimicrobial
agents, the interaction between polymer and anti-
microbials (Bastarrachea, Dhawan, & Sablani,
2011). Synthetic polymers include polyethylene
(PE), polypropylene (PP), polystyrene (PS), eth-
ylene-vinyl acetate (EVA), polyvinyl chloride
(PVC), polyamide (PA) and polybutyrate (PBAT)
have been preferred mostly in antimicrobial active
packaging technology along with some cellulose
or gelatin based biopolymers.

The changes in mechanical properties after addi-
tion of antimicrobial into film blend are mainly de-
pendent on the solubility of antimicrobial into
blend. Generally, if antimicrobial agents can cor-
porate with film matrix well, the tensile strength
and elongation at break either remain unchanged
or change positively (Clarke et al., 2016; Pires et
al., 2008).

Another important factor is the incorporation
method of antimicrobial into polymer, such as
lamination, blending using different techniques,
spraying onto film surface (Bastarrachea et al.,
2011). It had been reported that the mechanical
properties were not dependent on deposition meth-
ods of silver nanoparticles into multilayer PE
films via three deposition methods that were lam-
ination and extrusion, blending though sonication
and solution-casting method, and spraying
(Sanchez-Valdes, Ortega-Ortiz, Valle, Medellin-
Rodriguez, & Guedea-Miranda, 2009). Moreover
Pires et al. (2008) had stated that the incorporation
of antimicrobial compounds, nisin and natamycin,
had led to decrease the resistance and elongation
of the films and caused changes in their molecular
conformation. For example, the addition of nisin
into cellulose derivative polymers had affected the
elongation at break values adversely and de-
creased more than four times compared with con-
trol films (Pires et al., 2008).

The addition of antimicrobials into film blends
may affect the mechanical features in good ways.
In a study, commercial antimicrobial combina-
tions containing sodium citrate, sodium metabisul-
fite, citric, malic acids etc. had been corporate with
gelatin based films and resulted improvement in
tensile strength and elongation break due to inter-
fering of antimicrobials with film cross-linkages
(Clarke et al., 2016).

Gas barrier properties is crucial for food packag-
ing technology since insufficient barrier features
can lead to acceleration of food spoilage mecha-
nism such as lipid oxidation, microbial growth or/
and textural changes (Kashiri et al., 2016). Gas
barrier properties can be altered by addition of an-
timicrobial and it is not always negative. If poly-
mer films incorporated with a hydrophobic anti-
microbial agent, water vapor permeability prop-
erty may decrease which is a desirable result for
film production, yet it should not be generalized.
On the other hand, antimicrobial substances can
create pinhole though film matrix due to its solu-
bility into film blend and cause to increase gas per-
meability. For example addition of silver to the
films can change the physical properties; Rhim,
Park, et al. (2013) reported that silver incorpora-
tion had led to significant increase in water vapor
barrier properties and surface hydrophobicity
(Rhim, Wang, et al., 2013). Also, in another re-
search it was notified that the addition of potas-
sium sorbate in films, it has caused to change wa-
ter permeability and elongation positively but not
in tensile strength (Barzegar, Azizi, Barzegar, &
Hamidi-Esfahani, 2014) indicating the effect of
antimicrobial type used in film on physical prop-
erties of films.

Bierhalz, da Silva, de Sousa, Braga, and
Kieckbusch (2013) had reported that nisin and na-
tamycin had been added into film matrix resulting
in enhancing the water vapor permeability of the
films since it might cause micro or macro hetero-
geneities in polymer structure due to the presence
of antimicrobial’s (Bierhalz et al., 2013). Unlike
tensile properties, it was reported that the loading
method of antimicrobial in active packaging films
influence the barrier properties of the films. The
new loading methods such as immersion or super-
critical solvent impregnation help to incorporate
especially hydrophobic antimicrobial in film ho-
mogeneously resulting good barrier properties of
films (Bierhalz et al., 2013).

The final barrier properties of improved films
were dependent on type of antimicrobial added
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and polymer structure of the film. For designing
an antimicrobial active packaging this point was
also investigated due improper packaging material
with low mechanical property may not be helpful
for packaging purposes.

Conclusion

Antimicrobial active packaging technology has
gained great interest because of the high potential
to inhibit microbial growth without addition a
chemical in food system or minimizing concentra-
tion of the chemical used for. Up to now, there are
plenty of studies revealed that antimicrobial films
help to improve of shelf life of food products. In
literature, there is a tendency to look for new nat-
ural and/or harmless antimicrobial constituent that
are more efficient and durable than antimicrobial
used currently in active packaging technology
such as sorbic acid. Moreover, biopolymers as an-
timicrobial carrier has also get great interest due to
environmental concerns. However there are some
limitations to use biopolymers such as degradation
rates under various conditions, changes in me-
chanical properties and potential microbial
growth. On the other hand, petroleum-based plas-
tic materials are cheap, convenient and have ex-
cellent physicochemical properties that are why
plastic materials have been widely used since the
middle of twenty century. Therefore, studies must
be increased to develop bio-composite for food
packaging films with good mechanical, barrier
and thermal properties.

During designing antimicrobial active films some
analysis such as antimicrobial efficiency, the me-
chanical and barrier features of films should be
performed since even small quantities of corre-
sponding antimicrobial can alter film properties in
unpredictable ways. This information is needed to
understand practicability of designed film into in-
dustrial scale.
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