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ABSTRACT

In this study, FT-IR spectroscopy was applied for rapid characterization and discrimination of commonly
consumed legumes extracted by different solvents in combination with principal component analysis (PCA)
for the first time. Dried soy bean, white bean, chickpea, red lentil, and pinto bean were extracted by water
(W), ethanol (E), acetone/water (AW) and acetone/water/acetic acid (AA). The effect of each solvent on
different legume extracts was demonstrated by identifying the functional groups using FT-IR spectroscopy
at mid-infrared (mid-1R) range (4000-650 cm™*) and associated with the amount of total phenolics and other
oxidation substrates in the extracts determined by Folin-Ciocalteu method. PCA models with 2 principal
components were constructed to discriminate the different legume extracts based on FT-IR spectra and total
phenolic content (TPC). FT-IR spectra of each legume were quite different for different solvents but almost
the same for the same solvent. Each legume extracts had significantly different TPC from each other extracted
with the same or different solvents. The highest TPC was obtained by soybeans and pinto beans extracted
with W or E and AW or AA, respectively. PCA analysis of FT-IR spectra and TPC provided clear discrimi-
nation between the legume samples extracted with different solvents.

Keywords: Infrared spectroscopy, Legumes, Functional groups, PCA
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Introduction

Legumes are important sources of proteins, carbohydrates,
vitamins and minerals, constituting the significant part of
human diet. They are also good complement for cereal based
foods which are low in essential amino acids and phenolic
compounds. However, legumes may exert protective effects
on human health by showing antioxidant and anticanceroge-
nic activities. According to the studies, legumes may pre-
vent and control metabolic diseases, diabetes mellitus, colon
cancer, and cardiovascular diseases by providing anti-mic-
robial, cardioprotective, anti-allergenics and anti-inflamma-
tory activities (Chung & Liu, 2012; Hurtado-Fernandez,
Gomez-Romero, Carrasco-Pancorbo, &  Fernandez-
Gutiérrez Alberto, 2010; Koehnlein et al., 2016; Zhao, Du,
Wang, & Cai, 2014). In food production, phenolic compo-
unds extracted from legumes can be used as antioxidant ad-
ditives in the formulas to prevent oxidation of lipids and pro-
vide health promotion (Escarpa & Gonzalez, 2001). To use
phenolic compounds in food formulations is challenging in
some cases due to different solubility properties of these
compounds. According to the studies water and alcohol
were the most used solvents to extract phenolic compounds
from legumes followed by acetone and acidified acetone
(Koehnlein et al., 2016; B. J. Xu & Chang, 2007).

Infrared spectroscopy which is based on the interaction of
molecules or atoms with electromagnetic radiation, works
by passing a beam of IR radiation through a sample and
comparison of the radiation transmitted through the sample
with that transmitted without the sample. Fourier transform
infrared spectroscopy (FT-IR) is a simple, rapid and non-
destructive vibrational spectroscopic method that provides
molecular specific information for the complicated mixture
system (Graham Solomon, Craig Fryhle, 2014). Multivari-
ate statistical analysis methods such as principal component
analysis (PCA) could be used to generate information from
FT-IR data. PCA is an unsupervised discrimination method
generating principal components explaining variability in
the data set (Eriksson et al., 2001). Studies on FT-IR spect-
roscopic analyses were performed on discrimination of
edible oils (Javidnia, Parish, Karimi, & Hemmateenejad,
2013), prediction of geographical origins of butters
(Bassbasi, De Luca, loele, Oussama, & Ragno, 2014), clas-
sification of tea varieties (Cai, Wang, Xi, Li, & Wei, 2015),
detection of authentication and adulteration purposes
(Gurdeniz & Ozen, 2009; Li, Wang, Zhao, Ouyang, & Wu,
2015; Rohman, Riyanto, Sasi, & Yusof, 2014; L. Xu, Cai,
Cui, Ye, & Yu, 2012) and for differentiation of pea and oat
roots (Naumann, Heine, & Rauber, 2010). FT-IR analyses
have also potential to be applied to other food commaodities
to determine their functional groups found in their different

extracts also to discriminate the effects of different solvents
on these functional groups.

The aim of this study is to characterize different legumes
extracted by different solvents for the first time using their
FT-IR spectra and to differentiate the legume extracts de-
pending on their functional groups with PCA method in cor-
relation with their total phenolic contents.

Materials and Methods
Chemicals and Reagents

Folin Ciocalteu reagent, gallic acid, and sodium carbonate
were purchased from Merck (Darmstadt, Germany). All
solvents and chemicals used for analyses were analytical
grade.

Legume Samples

Five legume samples that were red lentil (RL), dry (white)
bean (DB), pinto bean (PB), chickpea (CP) and soy bean
(SB) were purchased from local market in Adana, Turkey.
Moisture content of the legumes was determined by drying
the sample in an oven at 105°C until a constant weight was
obtained (AOAC 2000). TPC of different extracts were
expressed on dry weight basis.

Extraction of Legume Samples

The legume samples were grounded with IKA grinder (IKA
Works Inc., Wilmington, N.C., U.S.A.). 1 g of legumes
powder was extracted in 10 mL of extraction solvent (water,
ethanol, acetone/water (50:50, v/v) or acetone/water/acetic
acid (70:29.5:0.5, v/viv) on an orbital shaker (IKA) (300
rpm, 25°C, 3h). The extracts were centrifuged at 3000 rpm
for 10 min at 4°C and supernatants were removed (Hettich,
Universal 320 R, Germany) and analyzed immediately wit-
hout any delay. Extractions were performed in 3 replicates
for all legume-solvent extraction mixture.

Determination of Total Phenolic Content

Total phenolic content (TPC) of the extracts was determined
by a Folin Ciocalteu assay (Singleton & Rossi, 1965) using
gallic acid (GA) as the standard. Firstly, 200 pL of the le-
gume extract and 1000 pL of Folin-Ciocalteu’s (10-fold di-
luted in distilled water) reagents solution were mixed and
reacted for 3 min and then 800 pL of 7.5% NaCOs (w/v) was
added into the solution and further incubated for 2 hours at
room temperature in the dark. The absorbance of the soluti-
ons was measured at 765 nm and TPC results were expres-
sed as gallic acid equivalents (ng of GAE/g dry seed).
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Fourier Transform Infrared (FT-IR) Spectroscopic Analysis

FT-IR spectroscopy was used to characterize the functional
groups in the legume extracts. The IR spectrum was obtai-
ned by using PerkinElmer Spectrum Two (Perkin Elmer
Inc., USA). One drop of each extract was added onto absor-
bance chamber and the samples were scanned at mid-infra-
red range from 4000 cm™ to 450 cm™ in triplicate.

Statistical Analysis

Statistical analysis was performed using Minitab17 (Mini-
tab Inc., State College, USA) software. Analysis of variance
(ANOVA) analysis method was applied to demonstrate the
significance of differences among the samples at P<0.05 le-
vel. PCA analysis was performed by using the spectral ran-
ges of 3750-2750 and 1800-750 cm™.

Results and Discussion

FT-IR Characterization of Legume Extracts

FT-IR spectroscopy was applied for evaluation of different
legume extracts obtained by four different solvents namely
water (W), ethanol (E), acetone/water (AW), and acidified
acetone/water (AA) in the mid-IR range and given in Figure
1. When the graphs were investigated, it was seen that all
legumes gave mostly similar spectra for the same solvent
type while completely different spectra for different solvent
type. As can be examined, along with small differences
between solvents, the bands between wavenumbers 3730-
830 cm™ revealed the presence of various phytochemical
compounds extracted with different solvents. The major
bands in mid-IR range showed that all legume extracts may
have distinct compounds such as alcohol, amides, amines,
fluoride, iodide, chloride, phosphine, bromide, sulfonates,
aliphatic organo halogens, aliphatic and aromatic nitro com-
pounds (Marimuthu & Gurumoorthi, 2013).

All different solvent extractions have led to various bands
from high to low wavenumbers; similar with total polyphe-
nol content results which pointed out the significance of sol-
vent type on extraction of bioactive compounds from legu-
mes. As shown in Figure 1, although peaks of DBW were
much larger whereas others were downstream or flat, all
samples gave similar spectra for water extraction as well as
other solvent extractions. The bands between 3730 and 3361
cm reflected O-H and N-H stretching for alcohol especially
in legumes extraction with ethanol, acetone and acidified
acetone. This band also characterizes amines that are found
in amino acids, peptides, proteins, alkaloids, DNA and RNA
because of amino (NH2) groups (Marimuthu &
Gurumoorthi, 2013). The spectrum of water soluble extract
of dry bean was the most different one from other extracts.

Original Article/Full Paper

It gave two negative peaks between 3600 and 3000 cm *and
1800 and 1500 cm " which were identical with the spectra
of ethanol and acetone solvent extracts of dry beans. These
showed that the dry bean had the functional groups which
were soluble in both water and organic solvents. Bands in
the region between 1800- 900 cm™ are mainly attributed to
fingerprints region for typical absorption of phenolic mole-
cules such as the stretching band of carbonyl (C=0) groups
(1712-1704 cm™). Especially in the spectra of acetone and
acidified acetone extraction of legumes, the peaks of 1702-
1704 cm™ were very high. Also, bands in the 1680-900 cm
! region correspond to phenols. The bands between 1448-
1444 cm™ are due to the asymmetric in-plane bending of —
CHs (Silva, Feliciano, Boas, & Bronze, 2014) which is also
the same spectral region reflecting to the phenyl nuclei
(C=C bonds) in ethanol extracts of legumes. The biochemi-
cal compositions, especially carbohydrate, lipid, protein
structures and polyphenols give absorption bands in the
1800 to 900 cm™ region (Silva et al., 2014). As shown in
Table 1, according to the solvent extraction methods, the
spectra collected by FT-IR were differed from each other.
For example, the 1295-1232 cm™ region corresponding to
O-C-H bending of phenolic compounds (Lu et al., 2011,
Singh et al., 2016) were obtained from all extracts except
water extracts of red lentil and dry bean. It was noteworthy
that the region between 1563 and 1551 cm™ which was cor-
responding to amide 1l C-N and N-H stretching of proteins
were found in water extracts of legumes. The absorption
bands that were attributed to C-C stretching vibration of
phenyl at 1657-1632 cm™ region were observed in all le-
gume extracts. However, the bands at 891-830 cm™ indica-
ted C-C-O in plane stretching of primary and secondary al-
cohols and CH deformation (polyphenols) and the band at
1338 cm™ referred to C-O stretching vibration of phenyl ob-
tained from legumes extracted with ethanol mainly (Lin-
Vien et al., 1991; Lu et al., 2011; Silva et al., 2014). In the
study reported by Marimuthu & Gurumoorthi (2013),
phytochemical and FT-IR spectroscopic analysis was per-
formed to determine the chemical constituents and to iden-
tify the functional groups in velvet bean, horse gram, lima
bean and jack bean. FT-IR analysis results revealed the pre-
sence of alcohol and hydroxyl groups, alkane groups, alke-
nes groups, nitrogen-oxy groups, sulfuroxy groups, aryl gro-
ups, aliphatic iodo groups in wild and common legumes.
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Table 1. Functional groups and modes of vibrations of legume extracts
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Frequency (cm™)

Functional group assignment

References

(Hu et al., 2016; Silva et al., 2014)
(Luetal., 2011)

(Sanati & Andersson, 1993)

(Silvaetal., 2014; Lu et al., 2011)

(Silva et al., 2014)

(Demir et al., 2015; Guerrero et al., 2014)

(Demir et al., 2015; Naumann et al., 2010)
(Guerrero et al., 2014)

(Silva et al., 2014; Singh et al., 2016)
(Demir et al., 2015; Guerrero et al., 2013;
Marimuthu & Gurumoorthi, 2013; Naumann
etal., 2010)

(Luetal., 2011; Silva et al., 2014)

(Luetal., 2011; Singh et al., 2016)

3712-2839 Hydroxyl compounds

2938 CH, from lipids

2341-2337 CO- group

1704-1702 Carbonyl groups; C=0 bonds for lipids

1657-1632 C=C stretching of phenyl

1657-1632 Amlde I (C=_O stretching): proteins and peptides,
native protein

1563-1551 Amide Il (C-N and N-H stretching): proteins

1551-1460 N-H bonds, proteins

1429-1411 C-H and O-H bending, -CHs

1385-1367 Cellulose, phosphine, sulfate groups

1338 C-O stretching (phenyl), C-H bending and CH>

12951232 O-C-H b_endlng (phenolic), O-H in-plane, Amide
I11 proteins, sulphates

1099-1074 Carbohydrate (Starc_:h, pectin), C-O stretching (es-
ter), ester sulfates rings
Flurides, -CH,OH (carbohydrate), -CHs; (poly-

1046 X
saccharide)

928-911 Starch

891-881 C-C-0 in phase stretching of primary and secon-
dary alcohols

830 C-H deformation (polyphenols)

(Guerrero et al., 2013; Singh et al., 2016)
(Luetal., 2011)

(Demir et al., 2015)
(Lin-Vien et al., 1991)

(Luetal., 2011)

PCA analysis was performed to aim at interpreting the FT-
IR results for discrimination of legume samples according
to the solvent types. PCA model was constructed with 2
principal components account for 98.1 % of total variance.
PC1 explained 78.6 % of the variance and PC2 explained
19.5% of total variance. PCA score plot for the first two
principal components of legume extracts’ FT-IR spectra was
shown in Fig. 2a. Samples were discriminated clearly accor-
ding to solvent types. A few numbers of studies were per-
formed on FT-IR analysis of legume extracts. In one of these
studies, different kidney bean and field pea line protein iso-
lates were investigated to determine their functional proper-
ties by FT-IR method in relation with PCA and it was repor-
ted that B-sheets, B-turns and a-helix were the major secon-
dary structures in kidney bean and field pea line (Shevkani,
Singh, Kaur, & Rana, 2015).

Total Phenolic Compounds of Legumes Extracted By
Different Solvents

Although detailed chromatographic characterization met-
hods are being applied to determine the phenolic content of
plant samples, Folin—Ciocalteu (F-C) method still has been
proposed as a standardized method for determination of to-
tal phenolic content of food products. Despite the method
allows some interactions with the results of phenolic con-
tents, it is still a point of origin for detailed characterizations
especially when the subject is antioxidant potential. Folin-
Ciocalteu method measures the phenolic acids also with so-
luble proteins and carbohydrates which are readily oxidi-
zable under test conditions in the sample. In literature, TPC
of different legumes were determined using different sol-
vents, pretreatments, or equivalents which reports different
results causing the inconsistency. Thus, there was a need for
comparison of TPCs obtained from different extraction sys-
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tems applied to different legume types. According to the me-
asurements, TPC of different legume samples varied from
1704 to 3095 pg GA/g, from 560 to 2973 pg GA/g, from
875 to 1692 ng GA/g, and from 535 to 6055 pg GA/g in
their water soluble, ethanol soluble, acetone/water soluble,
and acidified acetone/water soluble extracts, respectively
(Table 2). Soybean had the highest TPC values in its W and
E extracts, while pinto bean had the highest TPC in its AW
and AA extracts. The significant differences were determi-
ned between TPC values of different solvent extracts of each
legume (P<0.05). The similar significant differences were
also demonstrated between the TPC values of different le-
gumes extracted with the same solvent. TPCs of ethanol so-
luble extracts of each legume were significantly lower than
those of water soluble extracts indicating that water soluble
proteins also contributed to the TPC. This situation was cle-
arly seen in FT-IR spectra obtained for legumes extracted
with water and ethanol. FT-IR spectrum of water extracts of
legumes had the C = O stretching amide I, N-H bending and
C-N stretching amide 11, and N-H bending and C-H stretc-
hing amide Ill bands belonging to proteins while these
bands were absent in the FT-IR spectrum of ethanol extracts
of legumes. In plants, total phenolic compounds were ma-
inly evaluated by summation of water soluble and alcohol
soluble extracts of sample. In this respect, soybean had the
highest total phenolic content followed by in order of pinto
bean, chickpea, red lentil and dry bean. Acetone extractions
of legume samples contained both acetone and water soluble
fragments of legumes and acidification of this solvent signi-
ficantly increased or decreased the total phenolic content of
legume extracts (P<0.05). The similar extraction methods
were applied by Xu and Chang (2007) who compared the
total phenolic content, total flavonoid content and conden-
sed tannin content in different legume extracts by different

solvent systems. The TPCs of soybean extracts obtained by
AW and AA were comparable however total phenolic con-
tent of ethanolic extracts of chickpea and yellow soybean
could not be determined. TPCs of acetone and acidified ace-
tone extracts of chickpea and lentil were almost 2 and 5 fold
higher than those obtained in this study. Similar to our fin-
dings, Oomah et al. (2011) determined the highest TPC in
red lentils extracted with water followed by acetone and et-
hanol solvents. Koehnlein et al. (2016) found significant but
low positive correlation between TPC and antioxidant acti-
vities of different legume extracts obtained by water as a
solvent. For this reason, the legume samples could be used
as antioxidant additive in functional foods after suitable sol-
vent extractions compatible with the process of food pro-
duct. Strong and positive correlation was also determined
between the acetone extracts and acidified acetone extracts
of legumes with Pearson correlation coefficient (r) of 0.937
while positive correlations were observed between water
extracts and ethanol extracts (r=0.703) and acidified acetone
extracts (r=0.748) (Data not shown) (P<0.05). PCA score
plots for the first two principal components of legume
extracts’ FT-IR spectra and total phenolic contents accor-
ding to legume type and solvent system were given in Fig.
2b and 2c. PCA models according to legume types were
constructed with 2 principal components account for 92 %
of total variance. PC1 explained 82 % of the variance and
PC2 explained 10 % of total variance. PCA models accor-
ding to solvent types were constructed with 2 principal com-
ponents account for 99 % of total variance. PC1 explained
88 % of the variance and PC2 explained 11 % of total vari-
ance. PCA score plots demonstrated the clear discrimination
among the samples according to legume types and solvent
systems in correlation with FT-IR data.

Table 2. Total phenolic content of legume samples extracted with different solvents (ug GA/g dry legume)

Red lentil Dry bean Pinto bean Chickpea Soybean
Water extraction 22544313 1704+19%€ 2721421 1829+122P 3095+21%A
Ethanol extraction 853+£120CP 560+42°° 1319+498C 1478+79"8 29734214
Acetone extraction 1307+23°P 1384+12°¢ 5465+49°A 875421 1692+18°8
Acidified acetone extraction 1428+16°¢ 535+31°F 6055+45%A 72942490 3104+32%®

* Different superscript lower-case letters in each column show significant difference at P < 0.05. Different superscript capital letters in each row

show significant difference at P < 0.05
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Figure 1. FT-IR spectra of legumes extracted with A) water (W) B) ethanol (E) C) acetone/water (50:50%) (AW) D)
acetone/water/acetic acid (70:29.5:0.5 %) (AA). RL: Red lentil, DB: Dry (white) bean, PB: Pinto bean, CP:
Chickpea, SB: Soybean.

85



Food and Health, 4(2), 80-88 (2018) * DOI: 10.3153/FH18008 E-ISSN: 2602-2834 Original Article/Full Paper

a)
3
o)
=
£
2
g
£
(=]
L]
=
=
o
o
v
b)
=
=
=
=
(=]
g
(=]
L)
=
]
2
vy
<)
3
=
=
E
(=]
L)
=
s
3
v
Figure 2.

20

10

Ethanol extracts

-10
Acetone extracts

-20 Acidified acetone extracts

-40 -30 20 10 o 10 20 30 40 50
First Component (78.6%)

2.5 Red Bean

Dry (white) bean
Red lentil
Chickpea
Soy bean

2,0 |

v
Yhéloe

15
L0

0,5 | &

o0 |

-10

-1,5-

-2 a 0 1 2
First Component (82%)

15 e

béme
E”g%

10

b

s

-15 -10 -0,5 0,0 0.5 10 15 2,0 2,5
First Component (88%)

PCA score plot for the first two principal components of legume extracts’ a) FT-IR spectra b) phenolic contents
according to legume type c) phenolic contents according to solvent system



Food and Health, 4(2), 80-88 (2018)  DOI: 10.3153/FH18008

E-ISSN: 2602-2834

Conclusion

In this study, the effect of solvent type on legume extracts
was clearly demonstrated in a rapid way using FT-IR spect-
roscopic analysis in combination with chemometrics for the
first time. The main functional groups were determined with
FT-IR spectra of different legume extracts. Legume samples
were successfully classified with PCA model constructed
with two principal components according to the extraction
method with different solvents. TPC analysis also showed
that there were great variations in TPC of different solvent
extracts in each legume based on legume type and solvent
system in correlation with the FT-IR spectra of legume
extracts. Moreover, the more practical comparison between
the functional groups of different legumes obtained by dif-
ferent solvents was provided. This study revealed that FT-
IR could be used potentially for rapid characterization of
functional groups in legume samples to generate a general
perspective based on different extraction systems in relation
with phenolic content analysis.
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Introduction

Scientific studies in recent years have clearly demonstrated
the relationship between diets and diseases, and epidemio-
logical studies indicate the effect of diet on the prevention
of chronic diseases (Mete, 2008). Changing eating habits to
more fruit, vegetables, and grains is an effective and practi-
cal approach to the prevention of chronic diseases
(BozhiyUlk et al., 2012). It is a known fact that more preva-
lent approaches to treatment are supposed to be superior. In
recent years, it has been scientifically proven that some
foods are prevented from taking some "natural" pathways
into the body, or some diseases are treated partly, which has
increased the importance of nutritional support in protecting
our health. For this reason, functional foods and natural
health products have become more consumed in daily diets
(Coskun, 2005). The food industry develops day by day in
order to offer more variety of products and to produce
healthy foods (Malek, 2013). Emerging technology, intense
participation in business life and urbanization, and people's
preferences for food consumption are changing rapidly.
Products such as muffins, biscuits, crackers, and wafers
(easy-to-carry, long shelf-life) are often confused as prod-
ucts consumed by individuals who have to devote less time
to feeding (Secen, 2016). Muffin is a bakery product which
is produced almost everywhere in the world and which is
highly preferred due to its soft texture and high quality, easy
to produce and appeal to consumers (Dizlek, 2008;
Martinez-Cervera, Salvador, & Sanz, 2014). Muffin prod-
ucts are an important part of the bakery industry (Martinez-
Cervera, Salvador, & Sanz, 2015). Muffin; have high nutri-
tional value (due to the high carbohydrate, protein, and fat
in them) but it is not rich enough in terms of vitamins, die-
tary fiber, and minerals necessary for body mechanics
(Malek, 2013). Grape (Vitis vinifera L.) is one of the most
produced fruits of the world (Wang et al., 2017). Grape
seeds are rich sources of monomeric phenolic compounds
and procyanidins (Arvanitoyannis, Ladas, & Mavromatis,
2006; Lopez-Miranda et al., 2016). It is known that these
compounds act as antimutagenic and antiviral agents (Saito,
Hosoyama, Ariga, Kataoka, & Yamaji, 1998). By using
components that have functional characteristics in the pro-
duction of baked goods, consumption of these foods and
components that have beneficial effects on human health
can be provided to participate in the human diet. By using
components that have functional characteristics in the pro-
duction of baked goods, consumption of these foods and
components that have beneficial effects on human health
can be provided to participate in the human diet. With die-
tary fiber additives, the functional properties of the products
are increased and the intestinal system is regulated to pro-
vide health benefits (Ekici & Ercoskun, 2007). In recent

years, functional properties of products have been improved
with the addition of dietary fiber additives as well as natural
foodstuffs with antimicrobial and antioxidant properties
(Meral & Dogan, 2009). Grape seed, a by-product of the
wine industry, has a significant level of antioxidant activity.
This study aimed to produce calorie reduced cacao muffins
by using grape seed powder which is a natural antioxidant
and fiber source in cocoa muffin formulas. It is thought that
the grape seed is transformed into a product which is the en-
try into the economy. Another goal is to reduce the calories
of the products by making changes in the prescriptions of
the cacao muffins.

Materials and Methods
Materials

The basic ingredients (wheat flour, sunflower oil, sugar,
eggs, milk, baking soda, salt, and cocoa) used for making
muffins were obtained from the local market. Grape seeds
to be substituted for flour, sugar, and oil used in the produc-
tion of cacao muffins were obtained from grapes (Dimrit)
supplied from the farm in the year 2016 harvest.

Methods

Grape seeds were milled for 4 minutes at 400 rpm in ball
mills and the particle size is reduced to less than 1 micron.
In the experiment, grape seed powder has been substituted
(2.5%, 5%, and 10%) for flour, oil, and sugar (total weight).
Baking losses, specific volumes, volume, symmetry and
uniformity index, cacao muffin crust and crumb colours
were determined for products cooked in equal conditions.
The products were stored for 1, 3 and 5 days and subjected
to textural analyses in order to measure their structural prop-
erties.

Cacao Muffin Cooking Experiments

Baking times and formulations of cacao muffins were taken
from one of the previous studies and revised (Karaoglu,
Kotancilar, & Gercekaslan, 2008). The cacao muffin
formulations are given in Table 1, the sequence and the tim-
ing given in Table 2 were used in the Laboratory of Food
Engineering Department of Hacit Bektas Veli University.
Theoretical calorific values of the cacao muffins are also
given in the calculated Table 1. Accordingly, Table 1, the
decline of 2.5% in prescription led to a 0,98% decrease, the
decline of 5% in prescription led to a 2,06% decrease, the
decline of 10% in prescription led to a 4,12% decrease in the
theoretical caloric value of cacao muffins. Cacao muffin
dough was obtained in the mixer (Kenwood KM-242 Pros-
pero) in accordance with the stated order and period. Cacao
muffin mixture was poured 60 grams per gram of Teflon
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muffin molds (Kaiser Gourmet Muffin Pan-Germany) and
cooked (Arcelik MF44) for 35 minutes at 175 ° C.

Analyses Made in Cacao Muffins

Specific volume, baking loss, volume, symmetry, uni-
formity (index of homogeneity), crust and crumb colour
measurements were started 1 hour after the product was re-
moved from the oven. In addition, texture profile analysis,
and sensory analysis were performed on the produced cacao
muffins.

Specific Volume, Baking Loss

The produced cacao muffins were weighed on an analytical
scale (BEL, S1002-South Korea) with a weighing accuracy
of 0.01 g and the volume was determined according to the
method of displacement with rapeseed.

Volume, symmetry, uniformity (homogeneity) index

Volume, symmetry, uniformity index was determined in
millimetres from the ruler (5cm) according to AACC 10-91
method (Committee, 1983). Although the volume index
does not measure the actual volumes of the cacao muffins,
it gives an idea of the volume of the cacao muffins and there
is a correct relationship between volume index and volumes.
In the cacao muffin industry, the symmetry index is used to
determine the profile of the outlines of the cacao muffins,
the increase in the symmetry index indicates the swelling,
while the decrease indicates that the cacao muffin has a flat

Table 1. Rate of Cacao Muffins Ingredients

upper surface. The uniformity index represents the sym-
metry of the cacao muffin laterally, and it is desirable that
this value is as close to zero as possible. It is stated that the
negative or positive value of this index value is an undesir-
able condition in cacao muffins (Ozer, 2004).

Cacao muffin crust and interior colour measurements

The crust and crumb of cacao muffins; lightness (L*), red-
ness (a*), and yellowness (b*) values of samples were meas-
ured by a CR-400 Minolta colorimeter (Konica Minolta
Sensing Americas Inc., Ramsey, NJ). Calibration was per-
formed prior to colour measurement using a white plate
(Y =87.0,x=0.3180, andy=0.3355) provided by the
manufacturer. Each sample was evaluated at six locations
on the cacao muffin crust and crumb surface (i. Celik,
Kotancilar, H.G.,, 1995).

Textile profile analysis (TPA)

Texture Analyzer (TA-XT Plus Stable Micro Systems, UK)
was used to determine the textural properties of the cacao
muffins. Cylindrical probes (P / 36) with a diameter of 36
mm were used for TPA tests in the samples taken with 30
mm diameter and 30 mm height probes. The test parameters
are set as follows; pre-test speed 1 mm / sec, test speed 2
mm / sec, post-test speed 1 mm / sec, waiting time 5 sec and
trigger force 5 g. Hardness, adhesiveness, elasticity values
were obtained from the obtained TPA curve and other pa-
rameters were derived from these values.

Theoretical
Control 2.5% 5% 10% .
Compounds % Group Reduced Reduced Reduced Caltl)(ré;)galue
Egg White (g) 11.4 114 114 114 114 17
Salt (g) 0.05 0.5 0.5 0.5 0.5 0
Sugar (g) 25.6 256 249.6 243.2 230.4 4
Whole Milk (g) 17 170 170 170 170 6.4
Sunflower Qil (g) 11.36  113.6 110.76 107.92 102.24 9
Egg Yolk (g) 2.3 23 23 23 23 55
Cocoa (g) 2.89 28.9 28.9 28.9 28.9 4.3
Grape Seed Powder (Q) 0 0 16.46 32.93 65.86 0
Baking powder (g) 0.5 5 5 5 5 0.97
Flour (g) 28.9 289 281.78 274.55 260.1 3.64
Total Theoretical Calorie Value (kcal) - 7518 7444 7363 7208 -
Percentage Decrease in Calorie (%) - - 0.98 2.06 4.12 -
Total 100% 1000 g 1000 g 1000 g 1000 g -

Percentage based on the total weight of flour, sugar, and oil (2,5, 5 and 10%) from the cacao muffin components, instead of the

reduced value added grape seed powder.
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Table 2. Cacao muffins Production Flow Chart

Compounds

Mixing time (min)

Egg White + Salt

Sugar

Milk

Sunflower Oil +Egg Yolk

Flour + Cocoa + Baking Powder + Grape S. Powder

ADNNNEFEP W

Sensory Analysis

The cacao muffins prepared with different formulations
were evaluated by sensory analysis by panelists. Crust
colour, crust thickness, crumb colour, porosity, elasticity,
humidity, taste, odour, swallowability, mouth feel and over-
all acceptability were determined separately, the scoring
form was prepared so that the panelists would understand
best. The study was made with single-blind; the panelists did
not know the content of the sensory analysis product. A
score was created according to the hedonic scale, thus dif-
ferences in taste between the products were determined
(Altug & Elmaci, 2005). All panelists participating in the
panel provided detailed information on the definition of
scale forms. The desired textural and sensory structures of
the cocoa muffins are described in detail in the panelists, the
scores and the responses given in the sensory analysis are as
follows; 0: absolutely unacceptable, 3: unacceptable, 5: nei-
ther acceptable nor unacceptable, 7: acceptable, 10: Abso-
lutely acceptable. Sensory evaluations were made at differ-
ent times and individually in a quiet and isolated environ-
ment. It is ensured that the panel area is a simple and airy
space. In order for panelists to be able to make independent
assessments, all conditions were met and water was pro-
vided in the panel area to neutralize the taste change be-
tween the products.

Statistical analyses

The research was carried out in 3 replicates according to the
research plan based on the full chance of 2x4 factorial re-
generation. the data obtained on the basis of the research
were subjected to analysis of variance using the SPSS pack-
age program. The averages for the variation sources were
compared using the Duncan Multiple Comparison Test. Ex-
perimental design: In the experiment, grape seed powder has
been substituted (2.5%, 5%, and 10%) for flour, oil, and
sugar (total weight), in this state, 4 groups of cacao muffins
were produced.

Results and Discussion

Volume, symmetry, uniformity index and specific volume,
baking loss results in the produced cacao muffins are given
in Table 3. It is stated that the cacao muffin structure desired
by the consumer is in a high volume, symmetrical and uni-
form structure. The volume index is a parameter that not
only measures the actual volumes of cacao muffins but also
gives an idea of volume. The symmetry index is used, in
particular, to determine the profile lines of the cacao muffins
in the muffin industry. The symmetry index increases when
the muffin is swollen from the center and decreases when
the muffin has a flat upper surface (Mercan, 2000). The uni-
formity index gives information about the lateral symmetry
of the muffins (Bath, Shelke, & Hoseney, 1992).

When Table 3 is examined, it is seen that replacing flour,
oil, and sugar used in cacao muffin production with grape
seed powder does not affect the volume, symmetry, uni-
formity indexes. The control group was found to have the
highest specific volume of cacao muffins. It has been found
that the grape seed powder reduces the specific volume, in
this respect it can be said that the changing rates signifi-
cantly affect the specific volume statistically. It can be said
that the control group of cacao muffins and 2.5% cacao muf-
fins are statistically more than the others of cooked losses.
The cooking loss is a criterion that must be determined from
the point of attachment of the final product weight, which
must be written on the packaging, especially in commercial
productions and it is not desirable to consumers. Parallel to
the increase in the cooking loss during the production of ca-
cao muffins, the undesirable dimensional downsizing of the
cacao muffin can also occur. In addition, depending on the
loss of cooking, the product may also be dry. Many uncon-
trollable factors (oven temperature, ambient temperature,
etc.) can affect cooking loss (Yildiz, 2010).

The most important factor affecting the taste of cacao muf-
fins is the outer appearance of the cacao muffin and the crust
colour, one of the most important criteria in cocoa muffins
is the outer crust and the crumb colour of the cacao muffin
(Karaoglu, 1998). The L *, a *, b * values of the produced
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cacao muffins were measured with a colorimeter and the re-
sults of these values are given in Table 4.

Table 3. Volume, symmetry, uniformity index and specific volume, baking loss results of cacao muffins produced with
grape seed powder

Volume Symmetry Uniformity Specific .
Index (mm.) Index (mm.) Index (mm.)  volume (cc/g) Baking loss (%)
Mix Ratio
Control 4 116.67+1.20*  25.33+0.33° 0.67+1.45° 2.21+0.31° 14.96+0.66°
2.5% Reduced 4 112.67+1.85*  26.00+0.00% 2.00£3.05% 2.04+0.01° 11.64+0.79°
5% Reduced 4 116.00+1.66° 22.00+1.52° 2.00£0.57% 1.97+0.01° 11.36+0.49"
10% Reduced 4 113.33+1.66*°  25.67+2.02° 1.00+2.02° 1.98+0.03° 13.530.33"
P - - - *% *%

Data were averages of three different samples + standard deviation. Values followed by different letters in each column indicated significant
differences (p < 0.05) among different treatments. Percentage based on the total weight of flour, sugar, and oil (2,5, 5 and 10%) from the cacao
muffin components, instead of the reduced value added grape seed powder.

Table 4. Crust and interior L, (+) a and (+) b colour values of cacao muffins produced with grape seed powder

Crust Crust Crust Crumb Crumb Crumb

L*value (+)a* Value (+)b*Value L*Value (+)a* Value (+)b* Value
Mix Ratio

Control 4 29.99+0.12¢ 11.48+0.10% 12.74+0.12¢ 27.83+0.28¢ 11.88+0.12* 15.42+0.12¢
2.5% Reduced 4 32.56+0.56° 12.34+0.09° 14.96+0.15° 30.54+0.29° 12.07+0.06* 16.88+0.02°
5% Reduced 4 34.73+0.15° 13.08+0.19° 17.93+0.02° 35.61+0.17° 11.58+0.05° 17.99+0.15°
10% Reduced 4 37.08+0.56* 13.93+0.25% 21.40+0.34* 41.97+0.21* 10.80+0.14° 18.44+0.172

P ** ** *%* ** ** *%*

Data were averages of three different samples + standard deviation. Values followed by different letters in each column indicated
significant differences (p < 0.05) among different treatments. Percentage based on the total weight of flour, sugar, and oil (2,5, 5
and 10%) from the cacao muffin components, instead of the reduced value added grape seed powder.

When Table 4 is examined, it was observed that adding
grape seed powder to the cacao muffins had a very signifi-
cant effect on the cacao muffin crust and crumb L, (+) a and
(+) b colour values (p<0,01). As the grape seed powder sub-
stitution rate increases, the cacao muffin crust, and interiors
colour are opened, reddish and yellowish. In addition, the
outer profiles of the cacao muffins produced are photo-
graphed and given in figure 1. the crumb profiles of the ca-
cao muffins produced are photographed and given in figure
2.

As can be seen from the photographs, the increase of the
grape seed powders in the cacao muffin mix caused the
product to open in colour.

It has been pointed out that the variation of basic ingredients
in food production greatly affects the textural properties of
the final product (Aguilera & Stanley, 1999). The resulting
cacao muffins were subjected to textural profile analyses
and the hardness, adhesiveness, resilience, cohesiveness,

gumminess and chewiness values were obtained. The aver-
age values of these values are given in Table 5.

When Table 5 was examined, it was observed that control
group cacao muffins became harder on day 1 storage, this
has not changed in storage for 3 and 5 days. On the other
hand, it has been determined that as the storage time in-
creases, the hardness increases, the hardest cacao muffins
are stored for 5 days. All baked goods have a series of phys-
ical and chemical changes called staling after the baking
phase. The most important parameter related to staling is the
gradual increase in the hardness of the product. It is known
that the retrogradation of starch together with staling hard-
ens the starch gel (Seyhun, 2004). The control group cacao
muffins showed 3 and 5 days’ storage result, chewiness and
chewiness values higher than the other group cacao muffins.
With the increase of storage period, the hardness and gum-
miness values of cacao muffins increased and cohesive and
elasticity (resilience) values decreased. The retrogradation
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of amylose from the starch components is faster than amy-
lopectin and the retrogradation is completed when the prod-
uct is cooled after baking. However, since the amylopectin
is retrograde at a lower rate, the product continues to retro-
grade after being cooled and is therefore considered to be
the main effect of staling (BeMiller, Whistler, &
Carbohydrates, 1996). Therefore, it is observed that the
hardness value increases as the product become stale. An-
other parameter that affects cacao muffin hardness is the
moisture loss of the cacao muffin along with storage. It is
stated in the literature that hardness value increases with
storage in cacao muffins (T. E. Celik, 2012; Kacar, 2010;
Malek, 2013). The stickiness parameter was not statistically
affected from either the groups nor from the storage period.
It has been reported that the value of stickiness and hardness
is related to the amount of starch and gelatinization of starch
(Sozer, Dalgic, & Kaya, 2007). It is known that there is a
strong relationship between the textural properties and
structure of food (Aguilera & Stanley, 1999).

The cacao muffins prepared with different formulations
were evaluated by sensory analysis by panelists. The data on
the sensory variability properties were determined sepa-
rately. Sensory analysis data of crust colour, crust thickness,

crumb colour, porosity, elasticity, humidity, taste, odour,
swallowability, mouthfeel and overall acceptability of the
products are given in Table 6.

Experienced panelists performing sensory analyses of the
produced cacao muffins indicated that the control group and
the 2.5% reduced products were acceptable, it has been seen
that with the increase of the substitution ratio, the outer crust
colour of caking has been removed from the acceptability,
the similar situation for the crumb colour of cacao muffins.
The mixing ratio affecting the taste of the crumb and outer
colours of the cacao muffins did not affect the thickness and
elasticity of the cacao muffins crust statistically. The
panelists could not detect a statistical difference in the po-
rosity of the products prepared with grape seed substitute,
the photographs of the interior of the cacao muffin in Figure
2 already support this situation. As well as the increase in
the substitution rate, the humidity, odour, mouth feel and
overall acceptability of the cacao muffins has moved away
from its acceptability, and even 10% substituted cacao muf-
fins are the least admissible in the mouth. Substitution ratio
did not statically effect of taste and swallowability in cacao
muffins.

Control

Figure 1. Outer profiles of cacao muffins

2,5% reduced 5% reduced 10% reduced
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Table 5. Hardness, adhesiveness, resilience, cohesiveness, gumminess and chewiness values of cacao muffins produced
with grape seed powder

Days Groups n Hardness (N) Ad::zz;ve- Resilience  Cohesiveness Gunzrlllw;ness Chewiness (J)
Control 3 10.59+0.28% 0.00+0.00* 0.92+0.00%* 0.60+0.01%*  6.43+0.15%  5.97+0.19%%

1  25%Reduced 3 9.80+0.15°  0.00+0.00* 0.92+0.00°* 0.61+0.00%*  6.01£0.07%  5.54+0.09%
day 5% Reduced 3 10.22+0.32%% 0.00£0.00°* 0.92+0.00% 0.58+0.00%  5.99+0.25%  5.52+0.23%
10% Reduced 3 10.80+0.23*  0.00+0.00* 0.91+0.00°* 0.59+0.00®  6.39+0.21%  5.88+0.20%"
Control 3 19.16+0.94%  0.00+0.00* 0.89+0.00%Y 0.56+0.00Y  10.86+0.54%Y  9.71+0.52%"

3  25%Reduced 3 15.48+0.43°Y 0.00£0.00™ 0.89+0.00 0.53+0.00®Y  8.35+0.19°Y  7.51+0.18""
days 5% Reduced 3 14.82+0.42°Y 0.00+0.00% 0.89+0.00°Y 0.52+0.02°Y  7.82+0.51°Y  6.97+0.42%
10% Reduced 3 15.76+0.53°Y  0.00+0.00* 0.88+0.00°" 0.50+0.00°Y  7.93+0.40°Y  7.00+0.34"
Control 3 23.89+0.71%  0.00£0.00% 0.86+0.00% 0.51+0.00%  12.28+0.42%*  10.64+0.40%"

5 25%Reduced 3 20.87+0.64°¢ 0.00£0.00% 0.87+0.00° 0.52+0.0%Y  10.93+0.25%%  9.52+0.18%%
days 5% Reduced 3 20.53+0.71°* 0.00£0.00™ 0.86+0.00% 0.48+0.00®  9.94+0.46°%  8.60+0.47%%
10% Reduced 3 22.32+0.67**%  0.00+0.00* 0.86+0.00°" 0.48+0.00°Y  10.86+0.49%%  9.44+0.46"*

Data were averages of three different samples * standard deviation. VValues followed by different letters in each column indicated significant differ-
ences (p < 0.05) among different treatments. Percentage based on the total weight of flour, sugar, and oil (2.5, 5 and 10%) from the cacao muffin
components. instead of the reduced value added grape seed powder. The letters X. Y. Z show the difference between the days. a. b. letters indicate
the difference between the groups.

Table 6a. Sensory analysis data of crust colour, crust thickness, crumb colour, porosity, elasticity, humidity, taste, odour,
swallowability, mouth feel and overall acceptability of the products.

n Crust colour  Crust thickness  Crumb colour Porosity Elasticity
Mix Ratio
Control 10 8.33+0.47° 7.00£0.40° 8.44+0.41° 6.55+0.44*  5.77+0.46°
2.5% Reduced 10  7.33%0.28% 6.66+0.47° 7.33+0.33° 5.89+0.53% 6.44+0.5%
5% Reduced 10 6.11+0.35" 6.55+0.64% 5.66+0.50" 5.77+0.70*  6.77+0.49°
10% Reduced 10 4.33+0.60° 6.33+0.74° 3.88+0.65° 5.00£0.97*  6.44+0.47%
P ** - *%* - -

Data were averages of three different samples + standard deviation. VValues followed by different letters in each column indicated
significant differences (p < 0.05) among different treatments. Percentage based on the total weight of flour. sugar. and oil (2.5, 5
and 10%) from the cacao muffin components. instead of the reduced value added grape seed powder.
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Table 6b. Sensory analysis data of crust colour, crust thickness, inner colour, porosity, elasticity, humid-
ity, taste, odour, swallowability, mouth feel and overall acceptability of the products.
Overall ac-

n  Humidity Taste Odour  Swallowability Mouthfeel 1
ceptability
Mix Ratio
Control 10 5.89+0.65" 6.55+0.72% 6.66x0.78°  5.66x0.62°  6.22+0.66° 7.00+0.68
2.5% Reduced 10 6.22+0.59° 6.77+0.68° 6.33+0.70°  6.33+0.44*  6.22+0.61* 7.000.37°
5% Reduced 10 6.66+0.62° 6.66+0.28% 5.88+0.61°  6.66+0.50°  5.66+0.66° 6.33+0.44"
10% Reduced 10 6.88+0.53* 6.55+0.41*° 5.77+0.64"  6.22+0.61°  4.77+0.77° 5.77+0.57"

P - - - - - -
Data were averages of three different samples + standard deviation. Values followed by different letters in each column indicated
significant differences (p < 0.05) among different treatments. Percentage based on the total weight of flour, sugar, and oil (2,5,

5 and 10%) from the cacao muffin components, instead of the reduced value added grape seed powder.

Conclusion

Cacao muffin is a bakery product widely produced and con-
sumed by consumers all over the world. but thanks to the
high sugar. fat. and flour it contains. it is in the class of high-
calorie foods. The aim of this study is to remove the oil.
sugar and flour content of the cacao muffin from the mixture
at varying proportions and replace the removed part with
grape seed powder. In some bakery products. it is not possi-
ble to completely remove oil. sugar and flour from the pre-
scription due to the function of the oil. By using components
that have functional characteristics in the production of
baked goods. consumption of these foods and components
that have beneficial effects on human health can be provided
to participate in the human diet. As a result of the study. it
was observed that the grape seed powder supplementation
did not affect the volume properties of the cacao muffins. on
the contrary. decreased the baking loss. and the products re-
placed with grape seeds powder have been opened in both
interior and exterior colours. It can be said that the product
group which is closest to the control in respect of the textural
properties is the products produced with 2.5% substitution.
Functionality has been added to the products produced at
this site. and calories are reduced. in addition. grape seeds.
which are the wine sector waste. are prevented from being
economically lost in this way. On the other hand. the theo-
retical calorie reduction between 0.98% and 4.12% was
achieved in cacao muffins.
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oz

Gida takviyeleri, bir insanin diyetinde desteklemek tizere kullanilan ve vitaminler, mineraller, amino asitler,
bitkiler ya da bitkisel diyet bilesenleri gibi besin 6gelerini igeren lirlinler olarak tanimlanmaktadir. Gida tak-
viyelerinin kullanimi basarili satig stratejileri, reklamlar ve internet nedeniyle yaygmdir. Gida takviyelerinin
iiretimi tablet ve kapsiil iiretimleri ile benzerlikler gostermektedir. Uretimdeki baslica basamaklar; regete
olusturma, karistirma, 6giitme, graniilasyon, kurutma, son karigtirma, tablet yapma, tableti presleme, kaplama
ve kapsiilleme asamalaridir. Gida takviyelerinin iiretiminde meyve ve sebzeler, bitkiler, mikroorganizmalar
ve hayvansal kaynakli hammaddeler kullanilmaktadir. Gidalarin insan sagligi tizerine faydali 6zellikleri (an-
tioksidan, besinsel lif vb.) bilindiginden dolay:1 giiniimiizde gida takviyelerinin tilketimi artmaktadir. Gida
takviyelerinde en fazla gdzlenen sorunlar kontaminasyon, katki maddeleri, toksisite, yanlis doz ve yanlis eti-
ketlemedir. Son zamanlarda ilag interaksiyonlarindan kaynakli yan etkilerin yaninda s6z konusu iiriinlerle
ilgili zehirlenmeler iilkemizde ve diinyada goriilmektedir. Gida takviyelerinin ilag olarak degerlendirilme-
mesi gerektigi ancak dogru sekilde tiiketildiginde insanlarin sagligini olumlu yonde etkiledigi bilinmektedir.

Anahtar Kelimeler: Gida takviyeleri, Takviye tiretimi, Gida bilesenleri, Saglik

ABSTRACT
DIETARY SUPPLEMENTS AND THEIR EFFECTS ON HEALTH

Dietary supplement is defined as “a product that is used by man to supplement the diet and contains dietary
ingredients such as vitamins, minerals, amino acids, herbs or other botanical dietary substances”. Using of
dietary supplement is widespread because of successful marketing strategies, advertising and internet infor-
mation sources. The main steps of supplement production are formulation, blending, milling, granulation,
drying, final blending, tableting, tablet press tooling, coating, and encapsulation. Fruits and vegetables, plants,
microorganisms and animal origin as raw material are used in production of dietary supplements. Since, ben-
eficial properties of foods on human health are known; consumption of food supplements is increased in
recent years. The most common problems observed in dietary supplements are the risk of contamination,
additives, toxicity, and standardization of dose and accuracy of labeling. Direct intoxications related with
these products as well as adverse effects due to drug interactions are observed recently in Turkey and World.
It is known that dietary supplements should not be considered as medicine, but when are consumed correctly,
positively affect the health of humans.

Keywords: Dietary supplements, Supplement production, Food components, Health
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Giris

Bitkiler ve bitkilerden elde edilen iiriinlerden, Diinya Saglk
Orgiitii (WHO) kayitlarina gére; diinya niifusunun biiyiik bir
kisminin (% 70-80), hastalik tedavisinde ve hastaliktan ko-
runmada “geleneksel tip” adi altinda yararlandig1 belirtil-
mektedir. Tibbi bitki tiiriiniin 70.000 civarinda oldugu ileri
siiriilmekle birlikte; Diinya Saglik Orgiitii tarafindan 21.000
bitki tiiriiniin ila¢ hazirlamak i¢in uygun bulundugu bildiril-
mektedir (Lange, 1998; Ersoz, 2012).

Tibbi bitkilerin genellikle Uzakdogu iilkelerindeki toplum-
larda yaygin oldugu; son yillarda bati toplumlarinda da sik-
likla kullanildig1 ve giderek arttig1 bilinmektedir. Bu bitkiler
cogunlukla “alternatif tip” veya “tamamlayici tip” ad1 al-
tinda kullanilmakta ve sagligin gelistirilmesi ve sagliga ya-
rarli olabilmesi amactyla yillardir kullanilan bitkisel tibbi
iiriin ticaretinde siirekli yiikselen bir pazar olmasina da se-
bep olmaktadir (Coppens vd., 2006; Ersoz, 2012). insanlar,
bitkisel iiriinleri uzun yillardir kullanmaktadir. “Gida Tak-
viyeleri” olarak tanimlanan bu {iriinlerden olusan pazar de-
geri, tiim diinyada 2000’li yillarin baginda 50.6 milyar do-
larlik bir rakama ulagmistir. Bu rakam, toplamda 60 milyar
dolar olan bitkisel {iriinler pazarinin % 80’inden fazlasini
olusturmaktadir. Bu pazar paymda farkli iiriin gruplarmin
dagilimi vitamin ve mineraller, bitkisel droglar, spor ve za-
yiflama iiriinleri i¢in sirastyla % 40, % 39 ve % 21 olarak
belirlenmistir (Ersoz, 2012).

Gida takviyeleri, “Tiirk Gida Kodeksi Takviye Edici Gida-
lar Tebligi’nde; normal beslenmeyi takviye etmek ama-
ciyla; vitamin, mineral, protein, karbonhidrat, lif, yag asidi,
amino asit gibi besin dgelerinin veya bunlarin disinda bes-
leyici veya fizyolojik etkileri bulunan bitki, bitkisel ve hay-
vansal kaynakli maddeler, biyoaktif maddeler ve benzeri
maddelerin konsantre veya ekstraktlarinin tek bagina veya
karisimlariin kapsiil, tablet, pastil, tek kullanimlik toz pa-
ket, sivi ampiil, damlalik sise ve diger benzeri s1vi veya toz
formlarda hazirlanarak giinliik alim dozu belirlenmis iiriin-
ler olarak tanimlanmaktadir (Anonim, 2013).

1994 yilinda ABD Senatosu tarafindan kabul edilen “Besin
Destekleri Saglik ve Egitim Yasas1” (The Dietary Supple-
ment Health and Education Act - DSHEA) gida takviyele-
rini, diyeti desteklemek iizere kullanilan bir veya daha fazla
besin 6gesini (mineraller, vitaminler, amino asitler ve bitki-
sel droglar) igeren agizdan alinmak iizere tablet, kapsiil ve
sivi formda hazirlanmis iiriinler olarak nitelendirmektedir
(Halsted, 2003; Tek & Pekcan, 2008; McWhorter, 2009;
Geller vd., 2015; Rautiainen vd., 2016). DSHEA; gida tak-
viyelerini, ilagtan ¢ok ‘gidalar’ genel ad1 altinda kategorize
etmektedir (McWhorter, 2009). Ayrica, gida takviyelerinin
performans artirma, kozmetik amagl veya dengeli beslen-
meyi saglama, bagisiklik sistemini kuvvetlendirme ve bazi

hastaliklar iyilestirme gibi amaglarla kullanildig1 belirtil-
mektedir (Petroczi vd., 2011; Soare vd., 2014; Rautiainen
vd., 2016).

Gida takviyelerinin kullanim yaygiligi ve siklig1 son yil-
larda artmaktadir. 2001 yilinda yapilan bir ¢calismada rast-
gele segilen 376 yetigkin arasindan % 61.2°sinin gida takvi-
yesi kullandig1; bu hastalarin bazilarinin doktorundan aldig:
tavsiye lizerine; cogunun ise ailesi, arkadasi ya da internet
araciligiyla gida takviyesini kullandigr bildirilmektedir
(Harnack vd., 2001). Durante ve digerleri (2001) tarafindan
yapilan calismaya gore; 118 hasta {lizerinde yapilan bir ca-
lismada da vitamin, mineral ya da bitkisel desteklerin kulla-
miminin kadinlarda % 73; erkeklerde % 44 olarak tespit edil-
digi ve kullanicilardan yas1 50’nin altinda olanlarin %
70’1inin, yas1 50°nin tizerinde olanlari % 26’siin doktorla-
rinin haberi olmadan gida takviyelerinden yararlandigi be-
lirtilmektedir. Ozellikle geng hastalarm gida takviyelerini,
doktor tarafindan onerilen ilaglar1 kullanmaktan daha gii-
venli ve etkili buldugu saptanmistir. Gida takviyelerinin kul-
lanim1 6zellikle son yillarda satis stratejileri, reklamlar ve
internet araciligryla yaygin ve popiiler bir hale geldigi bilin-
mektedir (Halsted, 2003).

Amerika’da gercgeklestirilen bir aragtirmada, yetigkinlerin
yarisinin bir veya daha fazla gida takviyesi kullandig1 belir-
tilmektedir. Gida takviyesi kullanan kisilerin; yasli, diigiik
viicut kiitle indeksine sahip, fiziksel olarak aktif, sigara kul-
lanim orami diisiik, egitim ve sosyoekonomik durumunun iyi
oldugu aktarilmaktadir (Bailey vd., 2013; Dickinson vd.,
2014). Bailey ve digerleri (2013) tarafindan yapilan bir ca-
lismada Amerika’da gida takviyesi kullanim amaglarini
arastirmak icin 20 yas stil yaklasik 12.000 kisiyle calisil-
dig1 bildirilmektedir. Kadinlarin kemik sagligi i¢in kalsiyum
takviyesi kullandig1 (% 36), erkeklerin ise kalp sagligi ya da
kolesterol diisiirmek (% 18) icin takviye tercih ettigi aktaril-
maktadir. 60 yas {istii yetiskinlerin kalp, kemik, eklem ve
g6z saghg icin gida takviyesi kullandigi belirtilmektedir.
Takviyelerin sadece % 23’{liniin saglik hizmetleri uzman ta-
rafindan 6nerildigi, en ¢ok tercih edilen iiriinlerin multivita-
min-mineral oldugu, bunu da kalsiyum ve omega 3-balik ya-
ginin takip ettigi bildirilmektedir. Yine yapilan bir ¢alis-
mada, gida takviyelerinin saglik destegi saglamasi ve bes-
lenme eksiklerini tamamlamasi gibi amaglar i¢in kullanil-
dig1 aktarilmaktadir (Dickinson vd., 2014).

Yapilan aragtirmalarda, kullanim/tiiketim miktar1 en fazla
olan gida takviyelerinin mineral igerikli veya mineral ice-
rikli olmayan multivitaminler oldugu aktarilmaktadir (Tek
& Pekcan, 2008; Rautiainen vd., 2016; Ergen & Bozkurt Be-
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koglu, 2016). Ulkemizde de en ¢ok kullanilan takviye gru-
bunun vitaminler ve vitamin-mineral komplekslerinden
olustugu bildirilmektedir (Tek & Pekcan, 2008).

Bu derlemede; son yillarda dikkat ¢eken, talep géren ancak
bilgi eksikligi oldugu diistiniilen gida takviyeleri, tiretimi,
icerigindeki gidalar ve/veya bilesenleri, saglik iizerindeki
olumlu ve olumsuz etkileri ile ilag interaksiyonlar1 gibi ko-
nularin degerlendirilmesi amaclanmustir.

Gida Takviyelerinin Uretimi

Gida takviyelerinin {iretimi genel olarak sirasiyla; regete
olusturma, karigtirma, 6giitme, graniilasyon, kurutma, son
karistirma, tablet yapma, tableti presleme, kaplama ve kap-
siilleme asamalarindan olusmaktadir (Tousel, 2015). Uretim
acisindan ilag sektdriinde tablet ve kapsiil iiretimi ile ben-
zerlikler gosterdigi bilinen gida takviyelerinin tablet halin-
deki iiretimi agagidaki akis diyagraminda verilmistir (Sekil
1).

Tabletler, kuru toz bilesenlerin karistirildiktan sonra dogru-
dan baski formiilii denilen ve iiretimde en ¢ok kullanilan, en
az maliyetli yontem ile sikistirilmasiyla elde edilmektedir.
Tablet iiretiminde, toz bilesenlerin diger bilesenlerle kariga-
bilmesi ve bu karisima diizgiin bir akisin kazandirilmas, ka-

risimin sikistirilmasi ve tablet baskisindan gikabilmesi 6zel-
likleri 6n plana ¢ikmaktadir. Ayrica lretilen tabletin ufa-
lanma 6zelliginin iyi; ¢dziinebilir dzelliginin hizli olmasi
gerektigi belirtilmektedir (Bodhmage, 2006; Tousel, 2015).

Birinci agama olan regete olusturmada; hangi aktif bilesen-
ler ve/veya yardimci maddelerin kullanilacagina karar veril-
mektedir. Ikinci asama olan graniilasyon yas ve kuru olmak
iizere iki sekilde yapilabilmektedir. Yas graniilasyon islemi;
toz igerikler, baskilanamadiginda ve sistemdeki akis1 yeterli
olmadiginda tablet 6zelligi olusamadigindan yapida yumu-
sama ve dagilma gozlendigi durumlarda kullanilmaktadir.
Bu durumda partikiillerin bir araya gelebilmesi i¢in bir bag-
layiciya ihtiyag duyulmaktadir. Baglayici, suya ya da bir ¢o-
ziiciiye eklenerek toz lizerine spreylenirse, bu islem yas gra-
niilasyon islemi olarak adlandirilmaktadir. Yas graniilasyon
yapilacaksa kurutma isleminin uygulanmasi gerektigi belir-
tilmektedir. Kurutma islemi 24-72 saat arasinda siirebilmek-
tedir. Kuru graniilasyon isleminin prensibinde ise; neme,
1siya veya her iki faktére de duyarli olan toz bilesenlerin,
onceden 0giitiilmiis kuru baglayicilarla karigtirilmasi yer al-
maktadir. Kuru graniilasyon islemi yogunlasan ve sikistiri-
lan toz bilesenlere mekanik gii¢c uygulamasi olarak tanim-
lanmaktadir.

Aktif Madde

Yardimci Madde

Direkt olmayan yontem v v

Direkt yéntem

Karigtirma

A 4

Yas Graniilasyon

Ogiitme

v
Besleme Hunisi

v

Tablet Sikistirma

v
Tablet Kaplama

A
| Paketleme

Sekil 1. ilag endiistrisine ait tablet {iretimi akis diyagrami (Bodhmage, 2006)

Figure 1. Flow chart of pharmaceutical tablet production (Bodhmage, 2006)
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Ogiitiilen karisima, kurutmayi giiglendirme ve partikiil bii-
yukliik dagilimini sinirlandirma gibi 6zellikler kazandiril-
diktan sonra presleme basamagina gecilmektedir. Presle-
mede; akis, piiskiirtme ve baskilama en 6nemli agamalardir.
Tablet yapiminda, genellikle kaplama islemine de ihtiyag
duyulmaktadir. Kaplama islemi tableti daha sert ve daya-
nikli hale getirmekte, tadin1 gelistirmekte, renk katmakta ve
daha rahat tutulmasmi ve paketlenmesini saglamaktadir.
Kaplama islemi, uygun soliisyonun tablet {izerine spreylen-
mesi ile gerceklestirilmektedir. Su bazli soliisyon spreylen-
dikten sonra kurutma uygulanmaktadir. Kapsiilleme iglemi
icin genellikle birden fazla farkl {irlinii doldurma yetene-
gine sahip kapsiil makinesine gerek duyulmaktadir. Tozlar,
graniiller ve sivilar iki pargali kapsiiliin i¢ine doldurulmakta
ve iiretime sunulmaktadir (Tousel, 2015).

Gidalar ve/veya Bilesenlerinin Gida Takviyesi
Olarak Kullanim Uzerine Calismalar

Gidalarin insan saghigi iizerine faydali 6zellikleri (antioksi-
dan, besinsel lif vb.) bilindikg¢e, giiniimiizde bu faydali 6zel-
likleri iceren gida takviyelerinin de insan viicuduna olan et-
kisi sebebiyle tiiketimi artmaktadir. Ozellikle meyve ve seb-
zelerde bulunan antosiyaninler ve fenolik maddeler gibi an-
tioksidanlar; tahillarda bulunan besinsel lifler ve siit prote-
inleri gibi gida bilesenlerinin saglik iizerine pozitif etkileri
bilinmektedir. Gida takviyesi olarak bu bilesenlerin ya da
gidalarm kullanimi giin gegtikge yayginlasmakta ve diyete
yardime1 olmaktadir. Bu bdliimde farkli gidalar ve bilesen-
ler iizerine yapilan ¢aligmalar ve bu calismalar sonucunun
takviye edici gidalara etkisi lizerinde durulacaktir.

Gilinlimiizde kalp hastaliklar1 ve kanser, dliime yol agan iki
onemli rahatsizlik olarak bilinmekte ve oksidatif stresin bu
hastaliklar1 tetikleyen 6nemli faktorlerden biri oldugu belir-
tilmektedir. Oksidatif stres, reaktif oksijen tiirlerinin (ROT)
iiretimi ve antioksidan savunmasi arasindaki dengeyi boz-
makta ve oksidatif zarara yol agmaktadir. Bu sorun, antiok-
sidan savunma mekanizmasimin eksikliginden kaynaklana-
bilecegi gibi reaktif oksijen tiirlerindeki artigtan ve asir1 ak-
tivasyondan kaynaklanabilmektedir. Antioksidan, oksidas-
yonu engelleyici ya da geciktirici bir madde olarak tanim-
lanmaktadir (Li vd., 2006; Wolfe & Liu, 2007). ROT, vii-
cutta bulunan antioksidanlara ek olarak, sebze ve meyve-
lerde bulunan fenolik bilesikler, karotenoidler ve vitaminler
gibi dis kaynakli antioksidanlar tarafindan da inaktif hale
getirilmektedir. Epidemiyolojik caligmalar, bu bilesenleri
iceren gidalarin tiiketimi sonunda viicutta koruyucu antiok-
sidanlarm arttigimi gostermektedir. Ayrica; basta meyve
sebze olmak lizere gidalardaki bu bilesiklerin kardiyo- ve
serebro- vaskiiler hastaliklar ve belli kanser tipleri ile nega-

tif iligki gdsterdigi bilinmektedir. Bununla birlikte felg, Alz-
heimer hastalig1 ve katarakt gibi hastaliklarin da riskini
azalttiklar1 ve bu hastaliklarin olusumunu engelledigi belir-
tilmektedir (Escrig vd., 2001; Liu, 2003; Li vd., 2006; Wolfe
& Liu, 2007).

Diinya Saglhk Orgiitii, her giin sebze ve/veya meyvenin en
az bes porsiyon tiiketilmesi gerektigini Onermektedir.
Meyve ve sebzelerin tiiketiminin artmasi viicuda alinan an-
tioksidan vitaminler ve diger bilesenlerin alimini artirmak-
tadir. Giinde bes porsiyon meyve tiiketimine alternatif ola-
rak son zamanlarda bazi iireticiler, antioksidanlarin giinliik
alim miktarii artirmay1 amaclayan gida takviyelerini ileri
stirmektedir (Chambers vd., 1995; Schieber vd., 2001). E ve
C vitaminleri gibi bilinen antioksidanlarin karigimlarini ige-
ren takviyeleri kullanmanin faydalar1 birgok ¢aligma ile de-
gerlendirilmektedir. Ancak gidalarin tamami ya da bir kis-
minin ekstraktlarini igeren formiilasyonlar da mevcuttur. Bu
formiilasyonlar “ekstranutrientler” olarak siniflandirilmak-
tadir. Ekstranutrientler, diyetin biyoaktif vitamin olmayan
bilesenleridir ve bitkisel koruyucular ya da koruyucu faktor-
ler olarak da adlandiriimaktadir (Chambers vd., 1995).

Son ¢aligmalar; antioksidan kaynagi olarak diyette askorbik
asit alimimin artmas1 gerektigini gostermektedir. Askorbik
asit (C vitamini) alimini artiran diger bir yol da takviye tab-
let alimidir. Leonard ve digerleri (2002) tarafindan yapilan
calismaya gore; askorbik asit iceren taze meyve ve sebze su-
larinin ROT inaktivasyonunda etkili oldugu belirtilmekte-
dir. Diger serbest radikal yakalayicilar ¢ok ¢esitli meyve ve
sebzede bulunmaktadir. Flavonoidler, karotenoidler, orga-
nik asitler, E vitamini ve siilfidril bilesikler bu bilesikler ara-
sinda yer almaktadir. Bu sonuglar, meyve ve sebze tiiketi-
minin antioksidan agisindan takviye alimindan daha iyi ol-
dugunu ileri siirmektedir. Bu ¢alisma; meyve ve sebzelerin
bircogunun OH ve oksijen radikallerine karsi antioksidan
kapasitesine sahip oldugunu ve bu radikallerin neden oldugu
lipit peroksidasyonunu engelledigini belirtmektedir. Diyette
meyve ve sebzelerin diizenli tiiketiminin hiicre ve doku ze-
delenmelerine karsi pozitif etki gosterdigi de aktarilmakta-
dir.

Gida takviyelerinin tiretiminde kullanilan farkli kaynaklara
iliskin 6rnekler asagida verilmektedir.

Juice Plus

Juice Plus ad1 ile bilinen kapsiillerin yeni tip takviyelere 6r-
nek olarak gosterildigi ve siirekli aligveris yaparak bes por-
siyon meyve hazirlamak igin vakitleri yetersiz olan bireyler
icin ideal oldugu disiiniilmektedir. Ciinkii bu kapsiillerin
meyve ve sebzelerin dogrudan yerini alabilecegi ileri stiriil-
mektedir. Juice Plus kapsiillerinin antioksidan aktivitesinin
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taze meyve ve sebzelerden farkli olmadigi ileri siirilmekte-
dir (Chambers vd., 1995).

Nar

Nar iizerine yapilan bir ¢aligmada, narm dnemli bir biyoaktif
bilesen kaynagi oldugu ve yiizyillardir geleneksel tipta kul-
lanildig belirtilmektedir. Nar suyunun antioksidan aktivite-
sinin yiiksek oldugu ve damar tikanikligini1 engelleyici etki-
sinin bulundugu bilinmektedir. Nar kabugu ve narin etli
meyve kismi {izerine yapilan bir ¢alismada toplam fenolik,
flavonoid ve proantosiyanidin bilesikler bakimindan nar ka-
bugu ekstraktinin daha zengin oldugu bulunmustur. Kabuk
ekstraktindaki fenoliklerin, narin antioksidan O6zelliginde
onemli bir rol oynadigi ileri siiriilmektedir. Boyle bir sonug
gida endiistrisinde takviye edici gidalarin eldesinde daha
cok ekstrakt tiretimini akla getirmektedir. Clinkii; ekstrakt,
ayni zamanda bir antioksidan kaynagi olarak kullanilmakta-
dir (Li vd., 2006).

Yabani igde

Yabani igde gibi bitkilerin hem antioksidan 6zelligi hem de
¢oklu doymamis yag asidi igeriginin kardiyovaskiiler hasta-
liklar agisindan 6nemli oldugu bilinmektedir. Gerekli anti-
oksidanlarm ve yararl bilesiklerin insan viicuduna her giin
alimmasi zor oldugundan gida takviyelerinin tiikketimi kolay
olmakta ve son zamanlarda antioksidan bakimindan zengin
bitkilerin gida takviyesi olarak kullanimi giderek artmakta-
dir. Son zamanlarda, meyve suyu konsantrelerinin antioksi-
dan katkisi olarak tiiketimi tesvik edilmeye calisiimaktadir.
Ancak; bazi meyve sularinin aci ve asidik tadi ve gastroin-
testinal intoleransi gibi sebepler konsantre olarak kullani-
min1 azaltmaktadir. Yabani igde suyu, C vitamini bakimin-
dan da zengin bir meyvedir. Ancak; tokoferol, tokotrienol,
karotenoid ve flavonoid gibi diger antioksidanlar az mik-
tarda bulunmaktadir (Eccleston vd., 2002).

Guava

Bitkisel gidalarin besinsel lif ve antioksidan igerigi kronik
ve dejeneratif hastaliklarin engellenmesinde 6nemli bir rol
oynamaktadir. Antioksidan aktiviteye sahip C ve E vitamin-
leri gibi fitokimyasallari igeren guava, taze tiikketimi yaninda
icecek, dondurma ve recel olarak tiiketilen tropik bir mey-
vedir. Guavanin etli meyve kismi1 ve kabugunun besinsel lif,
polifenoller agisindan zengin oldugu ve 6nemli bir antioksi-
dan kaynagi olabilecegi belirtilmektedir. Bu gibi sebepler
guavanin gida takviyelerinde kullanilmasinda tercih edilme-
sini saglamaktadir (Escrig vd., 2001).

Yaban Mersini

Antosiyaninler, meyve ve ¢iceklere parlak ve ¢ekici renkler
veren antosiyanidinlerin glikosidik formlaridir. Meyvelerde
bulunan biiyiik molekiillii antosiyaninler, genellikle siyani-
din aglikona baglidir. Son zamanlarda yapilan ¢aligmalar;
antosiyaninlerin antioksidan ve iltihaplar1 6nleyici bilesikler
olarak saglk faydalarmi ortaya koymaktadir. Ornegin;
iiziimsii meyvelerde antioksidan aktivitenin dogrudan anto-
siyanin miktar1 ile iligkili oldugu bulunmustur. Antosiyanin-
lerin bu iyilestirici faydasinin bilinmesi ve onlarin birgok
dogal kaynakta bulunmasi antosiyaninlere bitkisel takviye
endiistrisinde ilgiyi artirmaktadir. Antosiyanin kaynaklar
arasinda ise; yaban mersini, miirver dutu, kus kirazi ve visne
sayllmaktadir (Chandra vd., 2001). Yaban mersini, Kuzey
Amerika ve Avrupa’da geleneksel tipta tarih boyunca kulla-
nilmaktadir. Glintimiizde ise yaban mersini, farmasotik ve
gida takviyesi olarak damar ve g6z hastaliklarinda kullanil-
maktadir. Yaban mersini flavonoidlerinin antioksidan ve an-
tikanserojenik 6zelliklerinin bulundugu ve idrar yolu hasta-
liklarinda faydalari oldugu bilinmektedir. Yaban mersini,
kan sekeri diizenleyici etkisiyle de diyabetlilerin tedavisinde
kullanilabilmektedir. Yaban mersinindeki antosiyaninler;
antioksidan etkisi nedeniyle hastaliklar1 6nleme bakimindan
o6nemli bulunmaktadir. Bu gibi etkileri sonucunda da yaban
mersini ekstraktlariin gida takviyesi olarak kullaniminin
uygun oldugu belirtilmektedir (Kalt & Dufour, 1997).

Zeytin

Zeytin ve zeytin iirlinlerinin, i¢erdikleri fenolikler sayesinde
oksidatif dengeyi sagladigi ve bu nedenle de Akdeniz atesi
diyetinde 6nemli bir yer aldig1 bildirilmektedir. Hidroksiti-
rozol gibi zeytin fenolleri {izerine ¢aligmalar sonunda zeytin
meyvesi ekstrakti olan “HIDROKS” (HIDROX®) gida tak-
viyesi tiretilmistir. HIDROX® sulu bir zeytin meyvesi ekst-
raktidir ve zeytin pulpu islemede yan triinlerin dondurarak
kurutulmasi ile hazirlanan bir tozdur. Bu toz, % 1-2 sitrik
asit ve % 6 polifenol iceren % 98-99 diizeyinde kat1 bir mad-
dedir. Diger bilesenler protein, karbonhidrat ve yagdir. Po-
lifenoller arasinda en fazla hidroksitirozol (% 50-70) bulun-
makta, oleuropein % 5-10, tirozol ise % 0.3 diizeyindedir.
HIDROX®’un en yiiksek dozdaki (2000mg/kg/glin) gilinliik
aliminda bile toksisitesinin olmadigi belirtilmistir (Soni vd.,
2006).

Muz

Muz, sindirim sistemi rahatsizlig1 olan bireyler {izerinde es-
kiden beri gida takviyesi olarak onerilmektedir. Muzun anti
iilser 6zelligi 1976 yilinda kanitlanmigtir. Muzlardaki en
onemli bilesiklerden biri flavonoidlerdir. Bu polifenolik
gruptan en énemli olani ise bir ldykoantosiyanin olan flavon
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3-4 diol’diir. Flavonoidlerin, iltihap onleyici, timdr olusu-
munu inhibe edici ve karacigeri koruyucu ve gastrik hiicre-
lerde asit salgisin1 azaltici 6zelliklerinin bulundugu bilin-
mektedir. Bir ¢aligmada; olgunlagsmamis muzdan elde edilen
flavonoid ve l6ykoantosiyanidin bakimindan zengin ekst-
raktin aspirinin neden oldugu zarara kars1 koruyucu etkisi-
nin bulundugu saptanmistir. Gastrik hastaliklarda 6zellikle
flavonoidlerin etkisi belirlendiginden muz gibi gidalarin da
gida takviyesi olarak kullanimi ile koruyucu etkinin sagla-
nabilecegi ileri siiriilmektedir (Lewis vd., 1999).

Probiyotikler

Mideye alindiginda saglik ya da fizyolojik durum {izerine
pozitif etki gdsteren patojenik olmayan, bagirsak mikrobiyal
dengesini gelistiren mikroorganizmalar olarak bilinen pro-
biyotiklerin de, gastrointestinal rahatsizliklarin azaltilma-
sinda yardimci oldugu bildirilmektedir (Agrawal, 2005;
Diop vd., 2008). Probiyotiklerin kombinasyonundan elde
edilen Probio-Stick iizerine yapilan ¢aligmada; karin agrisi,
bulant1 ve kusma gibi bulgularin azaldig1 goriilmiistiir. Di-
ger taraftan bu takviyelerin kullaniminin stresin tetikledigi
kardiyovaskiiler, fiziksel ve zihinsel rahatsizliklarda 6nemli
bir etkisinin olmadig1 belirtilmistir (Diop vd., 2008).

Soya Tohumu

Bir ¢alismada; soya tohumu tozunun Lactabacillus reuteri
tirii ile kanigtirlarak saglik acisindan faydali bir gida takvi-
yesi olarak kullanildig: belirtilmistir. Soya tohumu tozu L.
reuteri nin yasamini desteklemistir. Bu takviyede probiyo-
tik olan L. reuteri nin bagirsak sistemindeki faydalar ile
soya tohumundaki, - glikosidik izoflavonlar bir araya geti-
rilmigtir. Kalin bagirsakta bakteri tarafindan aglikon izofla-
vonlar olusturulmakta ve bu molekdillerin 6strojenik aktivi-
teye sahip oldugu bildirilmektedir. Bu karisimin tiiketiminin
ostrojenle ilgili ¢esitli kanser tiirlerinin olusumunu ve kardi-
yovaskiiler hastalik riskini azalttig1 ileri siirtilmektedir (Bo-
ever vd., 2001).

Deniz Yosunu

Deniz yosunlarinin gida takviyesi olarak degerlendirilmesi
lizerine yapilan bir ¢aligmada, deniz yosunlarinin yiiksek
iyot iceriginden dolay1 gogiis kanserine yakalanma oraninda
azalma oldugu aktarilmaktadir. Diger gidalarla kiyaslandi-
ginda deniz yosunlarinin -karoten, B, vitamini ve mineral
acisindan zengin oldugu bildirilmektedir (Kolb vd., 2004).

Mango

Besinsel lif; gastrointestinal ve kronik bagirsak hastalikla-
rini1 azaltan, bazi kanser tiplerini engelleyen obezite ve diya-
bet igin faydali olan bir gida bilesenidir (Rodriguez vd.,

2006; Al-Sheraji vd., 2011). Besinsel lif alim1 ya gida takvi-
yeleri ile ya da lifce zengin gida tiikketimiyle miimkiin ol-
maktadir. Mango pulpu iizerine yapilan bir ¢aligmada, man-
gonun onemli diizeyde besinsel lif igerdigi ve lifin yararl
kimyasal ve fizikokimyasal bilesenlerle zengin oldugu bil-
dirilmektedir. Bu 6zellikler, mango pulpunun 6zellikle di-
yetetik, diislik kalorili yiiksek lifli gidalarda ve gida takvi-
yelerinde nutrasotik etkiyi artirmak amaciyla kullanimini
saglamaktadir (Al-Sheraji vd., 2011). Mangonun haricinde
portakal, elma, seftali ve zeytin gibi bircok meyve ya da bi-
ber, enginar ve sogan gibi sebzelerin proses esnasinda ayri-
lan kisimlarinin da lifce zengin oldugu ve fonksiyonel gida
ya da gida takviyeleri olarak degerlendirilebilecekleri belir-
tilmektedir (Rodriguez vd., 2006). Ayrica, besinsel lif takvi-
yelerinin, yliksek kolesterollii kadin ve erkeklerde kan lipit
seviyelerinde azalmalar sagladigi ve bu etki sayesinde kan
kolestrol seviyesini dengede tuttugu aktarilmaktadir (David-
son vd., 1998).

Karnabahar, Enginar ve Hindiba

Sebze prosesindeki yan iirlinlerin gidalarda ya da gida tak-
viyelerinde degerlendirilmesi lizerine yapilan bir ¢aligmada;
karnabahar, enginar ve hindiba sebzeleri kullanilmistir. Ure-
timin yan triinleri olan ve pektik polisakkarit bakimindan
zengin karnabaharin iist kokleri, enginar ve hindiba kdkleri-
nin gida takviyesi kaynagi olarak kullanilabilecegi belirlen-
mistir (Femenia vd., 1998).

Sigwr Kolostrumu

Gida takviyesi olarak kullanimi miimkiin olabilen sigir ko-
lostrumunun bagirsak zararini ve bagirsaktaki gecirgenligi
artirtp kan ve protein kaybini tetikleyen steroidal olmayan
iltihap Onleyici ilaglara karsi kullanildigi belirlenmistir
(Playford vd., 1999; 2001). Ciinkii iltihap onleyici bu ilagla-
rin gastrointestinal zararlara sebep olabilecegi ileri siiriil-
mektedir. Kazein, laktoalbumin ve immunoglobulin acisin-
dan zengin olan kolostrum; Amerika, Ingiltere ve Av-
rupa’nin c¢ogunda gida takviyesi olarak tiiketilmektedir
(Playford vd., 1999).

Saghk Uzerine Calismalar

Son yillarda, takviye edici gida zincirini gelistirmeye yone-
lik deneyler ve ¢aligmalar devam etmektedir. Gida takviye-
lerinde birden fazla gida ya da gida bileseni kullanilabilmek-
tedir. Gida takviyeleri veya gida takviyesi olmaya uygun gi-
dalar ile ilgili ¢aligmalar yukarida verilmistir. Bu ¢aligmala-
rin en onemli sonuglarindan biri de insan sagligina hangi
yonde etki ettigini belirleyebilmektir.
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Diyabet hastalar1 tizerine yapilan bir ¢alismada, diyabetli bi-
reylerin tamamlayici ve alternatif tip (TAM) kullaniminin
yaygin oldugu sonucuna varilmistir. TAM, gida takviyele-
rini igeren birden ¢ok caligma alanini kapsamaktadir. Bu
kapsamda gida takviyesi kullanan bireyler siirekli kendi sag-
liklarin1 kontrol ettiklerine inanmaktadir. Cogu kullanici,
ila¢ olarak tanimlanmayan gida takviyelerinin yan etkisi ol-
mayacagini diisiinmektedir. Ancak, gida takviyelerinin de
yan etkilere ve interaksiyonlara sebep olabilecegi unutulma-
malidir. Gida takviyeleri ilaglar gibi farmakolojiktir ve dok-
tor veya diyetisyen kontroliinde kullanimi istenmektedir.
Bunun sebebi; gida takviyelerinin kimyasal bileseninin, yan
etkilerinin ya da potansiyel ila¢ interaksiyonlarinin bilinme-
sidir (McWhorter, 2009). Yine diyabet hastalar1 ile gida tak-
viyeleri lizerine yapilan bir ¢alismada, kan glikoz seviyesini
diisiiriicii etkisi oldugu iddia edilen ve satist yapilabilen ¢ok
fazla {iriin oldugu tespit edilmistir. Cogu diyabetli birey de
bu takviyelerin yan etkileri olup olmadigini arastirmamak-
tadir. Takviyelerin yan etkileri ya da baska bir ilagla inte-
raksiyonlar1 gibi sorunlar yiiziinden doktorlar hastalarini
gida takviyesi kullaniminda uyarmali, agiklayici ve destek-
leyici olmalidir (Geil & McWhorter, 2008).

Brezilya’da diistik gelirli toplumlardaki gidasizlik sorununa,
kepekli tahillar, kasava yapraklari, yumurta kabugu tozu ve
susam tohumlar1 karigimiyla olusturulan bir alternatif gida
takviyesi gelistirilmistir. Calisma kapsaminda; bu karisimda
bulunan protein ve NaCl’iin farelerde kalsiyum ve fosforun
biyoyararlilig1 iizerine etkisi aragtirilmigtir. Karigimin viicut
agirliklarinda ve kemiklerdeki kalsiyum ve fosfor konsant-
rasyonlarinda artisa sebep oldugu bulunmustur. Protein
ilave edilmis bu alternatif gida takviyesinde, kalsiyum ve
fosfor ilizerine daha fazla biyoyararlilik gozlenmistir.
NaCl’iin gida takviyesine ilavesi sonucunda ise kalsiyum ve
fosfor {izerine biyoyararlilikta degisim goriillmemistir. So-
nug olarak eksik diyetlere eklenen bu karigimim kalsiyum
vefosfor destegi ile biyoyararlilik agisindan fayda sagladigi
belirlenmistir (Souza vd., 2002).

Pasiakos ve digerleri (2015) tarafindan yapilan bir g¢alig-
mada; atletizm ile ilgilenen ve aktif spor yapan bireylerde
protein takviyesi kullaniminin kas kiitlesi, gii¢ ve fiziksel
performans tizerine etkisi incelenmistir. Protein takviyesi ile
birlikte bireylerin kas kiitlesinde ve performansinda artigin
oldugu aktarilmaktadir.

Kreatin, atletizmin her agamasindaki sporcular tarafindan
performans gelistirmek, gii¢ ve yagsiz kiitle kazanmak ama-
cryla kullanilan ¢ok yaygin bir gida takviyesidir. Yapilan bir
¢aligma sonucunda da kaslarda bol miktarda yer alan kreati-
nin, beyinde de bulundugu saptanmistir. Son bulgular krea-
tinin, iskemik kalp hastaligi ve oksidatif travmaya karsi

onemli bir ndrolojik koruma sagladigini gostermektedir.
Travmatik beyin hastaliklarindan sonra beyin doku zarari-
nin iizerine kreatin gida takviyesinin muhtemel etkisi aragti-
rilmistir. Aragtirma sonucunda, kreatinin zardaki hasar1 yak-
lasik % 36-50 diizeyinde iyilestirdigi belirlenmistir. Bu gida
takviyesinin travmatik hastaliklar sonrasinda destek sagla-
dig1, norolojik koruma gosterdigi bildirilmektedir (Sullivan
vd., 2000).

Hayvansal kaynakli gida takviyeleri genellikle ar1 ve iiriin-
leri veya deniz iirlinlerinden elde edilen takviyelerdir. Hay-
vansal kaynakli gida takviyelerinden olan balik yaglarinin
icerdikleri omega-3 yag asitleri gibi bilesenleri sayesinde
kalbi korudugu, beynin yaslanma siirecini azaltici etkisinin
oldugu, ¢ocuklarda zihinsel gelisimi olumlu etkiledigi, kan-
sere kars1 koruyucu ve Onleyici 6zellikleri tasidigi ¢aligma-
larda ifade edilmektedir (Gilizelsoy & 1zgi, 2015; Mol,
2008). insanlarm kaninda, hiicre ve dokularinda bulunan ve
enerji kaynagi olan yag asitleri; hiicre, doku ve hormonal
metabolizma agisindan 6nemlidir. Hiicre yapisi ve fonksi-
yonlarinin, intraseliiler sinyalizasyon yolunun ve transkrip-
siyon faktor aktivitesinin diizenlenmesi, gen ekspresyonu
gibi biyolojik aktivitelerde islevi olan yag asitleri, insan sag-
1181 ve hastalik riskleri agisindan 6nemlidir. Coklu doyma-
mis yag asitlerinin takviye veya giinliik diyet ile viicuda ali-
minin kardiyovaskiiler hastaliklar1 dnlemede ve ozellikle
cocuklarda beyin gelisiminde 6nemli oldugu bildirilmekte-
dir (Calder, 2015).

Harding ve digerleri (2003) tarafindan yapilan ¢alismada
dikkat eksikligi ve hiperaktivite hastalig1 olan ¢cocuklar iize-
rinde Ritalin™ olarak bilinen ilag ile gida takviyeleri kulla-
nimi1 kiyaslanmistir. Gida takviyeleri olarak vitaminler, mi-
neraller, bitkisel gidalar, aminoasitler, esansiyel yag asitleri,
fosfolipidler ve probiyotikler kullanilmistir. Bulgular; gida
takviyesinin dikkati gelistirdigini ve ¢ocuklarda oto-kont-
rolii iyilestirdigini desteklemistir ve Ritalin™’e esdeger et-
kide bulundugunu gostermistir.

Buna karsin; gida takviyesi ve ilag arasindaki interaksiyo-
nun, ilag etkisini azaltabilecegi veya artirabilecegi ya da
beklenmeyen yan etkilere sebep olabilecegi bildirilmekte-
dir. Ornegin; E vitamini ve aspirin interaksiyonu sonucu an-
titrombotik etkinin artabilecegi aktarilmaktadir. Kalsiyum
ve digitoksin/digoksin igeren ilaglarin interaksiyonu sonu-
cunda da kardiotoksisit, ritim bozuklugu ve kardiyovaskiiler
rahatsizlik gibi problemlerin olusabilecegi belirtilmektedir
(Yetley, 2007). Tablo 1°de gida takviyesi olarak tiiketilen
vitamin ve minerallerin ilaglarla interaksiyonlar1 goriilmek-
tedir.
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Yine gida takviyesi kullanimi tizerine yapilan bir derlemede,
sporcularin rutin olarak aldigi demir takviyesinin, toksisi-
teye sebep oldugu aktarilmaktadir. Takviyelerin, gida alimi
smirlandiginda ya da viicutta eksiklikler goriildiigiinde kisa
stireli kullanim1 6nerilmektedir. Gida takviyelerinin, yeter-
siz beslenen insanlarda gidanin yerini tutmamasi gerektigi
belirtilmektedir (Maughan vd., 2004). Bazi gida takviyeleri
ve bitkisel tedavilerin yan etkileri Tablo 2’ de belirtilmekte-
dir.

Cologne laboratuvarlarinda yiiriitiilen bir caligmada; 13
farkli tilkeden toplamda alinan 634 farkli gida takviyesi, ste-
roit hormonu ve onun prekiirsorlerini igerip icermedigi ba-
kimindan incelenmistir. Sonug olarak, 94 adet gida takviye-
sinin yasaklanmig olan maddeleri igerdigi tespit edilmis,
toplam gida takviyesinin % 10’unun analiz sonuglarinin ise
inandirict bulunmadigl; yani steroit icerebilecegi aktaril-
maktadir (Maughan vd., 2004).

Son yillarda obezitenin artmasi ile zayiflamaya yardimci
olan bircok gida takviyesinin kullaniminin arttig1 aktaril-
maktadir. Zayiflamaya yardimci olan bu takviyelere yasal
olmayan sibutramin, efedrin ve tiirevlerinin ilavesi ile kisa
stirede etki gostermesi, tiiketim miktarmi artirmaktadir
(Kim vd., 2014). Zayiflamak i¢in kullanilan Garcinia cam-
bogia, Ephedra sinica, kitosan, glukomannan, guar gam gibi
takviyelerin kullanicilar tizerinde hem zayiflama hem de
yan etkilerinin incelendigi belirtilmektedir. Bunlar arasinda
sadece efedrin iceren takviyelerin zayiflamada etkili; ancak
yan etki riskinin yiiksek oldugu aktarilmaktadir (Pittler &
Ernst, 2004).

Gida takviyeleri ve hipertansiyon ile iligkisi {izerine yapilan
bir derlemede, gida takviyesi kullanan bireylerde tansiyon-
larinin diizenlenebilecegi ve ilag kullanmaya gerek olmadigi
algisinin yaygin oldugu aktarilmaktadir. Hipertansiyon igin
kullanilan gida takviyelerinin (koenzim Q10, balik yag, sa-
rimsak, C vitamini) tansiyon diizenlemede ve iyilestirmede
faydali olabilecegi bildirilmekte; ancak bazi takviyelerin
(efedra, ginseng, aci portakal, meyan kokii) kan basincini
artirici etkilerinden dolay1 dikkat edilmesi gerektigi belirtil-
mektedir (Rasmussen vd., 2012).

Soare ve digerleri (2014) tarafindan yapilan bir ¢alismada,
6 ay boyunca 56 kisinin kullandig1 farkli gida takviyelerinin

saglik iizerine olumlu etkisinin olmadig1 aktarilmaktadir.
Calisma stiresince kisilere her giin 10 farkli gida takviyesi
(resveratrol, yesil, siyah ve beyaz cay ekstrakti, nar ekst-
rakti, kuersetin, karnitin, lipoik asit, kurkumin, sesamin, tar-
¢in ekstrakti ve balik yagi) verilmistir. Bu siirecte kisilerde
damar sertligi, iltihap ve oksidatif stres ile kardiyometabolik
risk Sl¢timlerinin takip edildigi bildirilmistir. Alt1 ayin so-
nunda belirtilen fonksiyonlarda ve viicut yag orani, kan ba-
sinci, glikoz, insiilin gibi degerlerde degisim olmadig1 sap-
tanmuigtir.

Balik yag1 gida takviyelerinde civa (Hg), kadmiyum (Cd),
kursun (Pb) ve arsenik (As) gibi agir metal bulaganlariin
belirlenmesine yonelik bir ¢alismada, 15 adet kapsiil formda
ve 18 adet s1vi formda balik yag: analiz edildigi belirtilmek-
tedir. Tirk Gida Kodeksi Bulasanlar Yonetmeligi’'nde gida
takviyelerinde Hg, Cd ve Pb elementlerine ait maksimum
limitler bulunmaktadir. Bu limitlere gore incelendiginde
tiim balik yag numunelerin Hg, Cd ve Pb degerlerinin Tiirk
Gida Kodeksi’nde belirtilen limitlere uygun oldugu aktaril-
maktadir. Ancak Tiirk Gida Kodeksi’nde arsenik elementine
iligskin yasal bir limit bulunmadigindan degerlendirme yap1-
lamadig1 bildirilmektedir. Balik yaglar1 ve diger bitki-
sel/hayvansal gida takviyelerinin kullanimindaki artis diisii-
niildiiglinde bu iriinlerde diger bulasanlar ve doz degerleri
acisindan uzun siireli kullanimlarina yonelik ileri diizeyde
caligsmalarin yapilmasinin gerektigi belirtilmektedir (Giizel-
soy & izgi, 2015).

Baz1 Gida Takviyelerinin Giinliikk Kullanim
Limitleri

Diyetin 6nemi saglikli bir yasam i¢in giin gegtikge artmak-
tadir. Vitamin ve mineraller gibi besin bilesenlerinin tiike-
timi olduk¢a onemlidir. Bu gibi besin bilesenlerinin gida
takviyeleri yolu ile fazla aliminin yan etkilere sebep oldugu
bildirilmektedir (Anonim, 2006).

Ulkemizde 2013 yilinda yaymlanan Tiirk Gida Kodeksi
Takviye Edici Gidalar Tebligi’nde (Teblig No: 2013/49)
kullanilabilen vitamin, mineraller ve onlarin formlar belir-
tilmistir. Yonetmelikte takviye edici gidalarda kullanilan vi-
tamin ve minerallerin de giinliikk maksimum limitleri Tablo
3’ de verilmektedir (Anonim, 2013).



Food and Health, 4(2), 98-111 (2018)  DOI: 10.3153/FH18010

E-ISSN: 2602-2834

Tablo 1. Bazi vitamin ve minerallerin ilaglarla olan interaksiyonu (Yetley, 2007)

Table 1. Interactions of some vitamins and minerals with drugs (Yetley, 2007)

Gida Takviyesi Tlac Interaksiyon
A vitamini Absiksimab, asenokumarol, dermatan siilfat, di- Kanamay1 artirma riski
kumarol, heparin, varfarin vs.
Asitresin, karob, etretinat vs. A vitamini toksisitesini artirma
Kolestipol A vitamini etkisini azaltma
Niasin Nikotin Kizarma ve bas donmesi
B 12 Vitamini Askorbik asit Viciitta ve serumda siyanokobala-
minin faydasini azaltma
Aminosalisilik asit, simetidin vs. Siyanokobalamin emilimini azaltma
K vitamini Varfarin Antikoagiilan etkinligini azaltma
Kalsiyum Aspirin, bizmut sabsitrat, proksetil, doksisiklin, Ilag etkinligini azaltma
metasiklin, demir vs.
Magnezyum Kalsitriol, dokserkalsiferol Hipermagnezemi
Amikasin, dibekasin, streptomisin, tobramisin Noromuskiiler zayiflik
Vs.
Dikumarol Kanamay1 artirma riski
Felodipin, isradipin Tansiyon diismesi
Demir Asetohidroksamik asit, sefdinir, sinoksasin, Ilag etkinligini azaltma

doksisiklin, ofloksin, minosiklin, tetrasiklin,
penisilamin vs.

Asetohidroksamik asit, kalsiyum, aliiminyum
fosfat, kolestiramin, sodyum karbonat, doksi-
siklin, bikarbonat vs.

Levotroksin

Demir etkinligini azaltma

Tiroit yetmezligi

Tablo 2. Bazi gida takviyeleri ve bitkisel tedavilerin yan etkileri

Table 2. Side effects of some dietary supplements and herbal treatments

Uriin/ Bilesen/ Tablet

Yan etki

Kaynak

Gokshuradi guggul,
Sinhanad guggul, Chandraprabha vati

(Tablet)
Kitosan

Diyare ve bulanti

Kabizlik, diyare, siskinlik, bas agrisi

Pittler & Ernst, 2004

Pittler & Ernst, 2004

Review Article

Garcinia cambogia

Hidroksisitrik asit

Yohimbine

Efedrin

Ephedra sinica (zayiflamak i¢in) (Efed-
rin otu)

Ephedra sinica (viicut gelistirmek igin)

Guarana (Paullinia cupana)

Karniyarik otu (Plantago psyllium)
Guar gam
Kalsiyum takviyesi

Bas agrisi, gastrointestinal rahatsizliklar
Karm agrisi

Uyku bozuklugu, sinirlilik, bas agrisi
Psikiyatrik belirtiler

Sicaklik ¢arpmasi

Nefes darlig1, gdgiis agrist
Uyusma/karincalanma, diyare, bulanti,
carpinti

Yorgunluk, istahsizlik, sarilik

Bas agrisi, bulanti, flatiilans
Kardiovaskiiler hastaliklar

Heymsfield vd., 1998
Pittler & Ernst, 2004
Pittler & Ernst, 2004
Pittler & Ernst, 2004

Pittler vd., 2005
Pittler vd., 2005
Pittler vd., 2005

Fraquelli vd., 2000
Blake vd., 1997
Reid vd., 2011




Food and Health, 4(2), 98-111 (2018)  DOI: 10.3153/FH18010

Review Article

E-ISSN: 2602-2834

Tablo 3. Takviye Edici Gidalarda Kullanilan Bazi Vitamin ve Minerallerin Giinliik Maksimum Limitleri

Table 3. Daily maximum limits of some vitamin and minerals used in dietary supplements

Vitamin ve Mineraller 4-10 yas™ 11 yas ve iizeri
Vitamin A (RE) (pg) 500 1000
Beta-karoten (mg) 35 7
Vitamin D (pg) 125 25
Vitamin B1 (tiamin) (mg)” - -
Vitamin B2 (riboflavin) (mg)” - -
Vitamin B3 (niasin) (mg NE)™" 250 500
Vitamin B6 (piridoksin) (mg) 5 10
Vitamin C (mg) 500 1000
Folik asit (ug) 300 600
Biotin (ug)” - -
Selenyum (pg) 100 200
Iyot (ug) 75 150
Cinko (mg) 7.5 15
Kalsiyum (mg) 750 1500
Demir (mg) 8.5 17
Fosfor (mg) 350 700
Potasyum (mg) 750 1500
Flor (mg) 1.75 3.5

Sodyum (mg)” -

“Limit belirlenmemistir.
11 yas ve {izeri icin verilen limitlerin %50’si kabul edilmistir.

Hkk

Sonuc¢

Gida takviyelerinin ilag olarak degerlendirilmemesi gerek-
tigi ancak dogru kisi tarafindan onerildiginde ve dogru se-
kilde tiiketildiginde bireyin sagligin1 olumlu yonde etkile-
digi bilinmektedir. Gidalarin ve bilesenlerinin fonksiyonel
ozellikleri gida takviyelerinin kullanimimi tesvik etmis ve
giiniimiizde saghgm korunmasi agisindan gerekli hale gel-
mistir. Giiniimiizde yanlis ve yetersiz beslenme ya da tiike-
tilen diriinden gereken faydanin saglanamamasi gibi prob-
lemler gidalarin dogru ve dozunda tiiketilmemesinden kay-
naklanmaktadir. Bireylerin saglikli olabilmesi igin gerekli
bilesenler (vitamin, mineral vb.) farkli sebeplerden dolay1
artik gidalardan saglanamamakta ve bunun sonucunda tak-
viye edici gidalara egilim artmaktadir. Giiniimiizde, gidala-
rin fonksiyonel 6zellikleri (antioksidan, besinsel lif, amino-
asit vb.) gida takviyeleri sektoriinde yeni iiriinlerin geligi-
mine olanak saglamakta ve bu takviyelere ihtiya¢ duyan bi-
reylerin gereksinimleri karsilanabilmektedir. Gida takviye-
leri faydali ve destekleyici etkilerinin yaninda birgok farkli
soruna da neden olabilmektedir.

Vitamin ve mineral kaynaklar: gibi gida takviyeleri dogal
veya sentetik olarak iiretilebilmektedir. Bunlarin se¢iminde

Nikotinik asit iceren takviye edici gidalar ayrica degerlendirilir.

en 6nemli husus giivenilirlik ve biyoyararliliklari olmalidir.
Gida takviyeleri tliketilmeden veya satin alinmadan 6nce
FAO ve WHO standartlarinin, bu kurumlarin kriterlerinin
bulunmadigi durumlarda ise ulusal tiiziiklerin dikkate alin-
mas1 gerekmektedir. Tiirkiye’de ise Tarim ve Koy Isleri Ba-
kanlig1 onay1 ile iirlinlerin satigina izin verilmektedir (Tek
& Pekcan, 2008; Ergen & Bozkurt Bekoglu, 2016).

Giliniimiizde artan “saglikli olma” anlayis1 gida takviyeleri
gibi alternatif yollara olan ilgiyi artirmaktadir. Ancak; gida
takviyelerinin ilaglar ile olumsuz interaksiyonlarinda da ar-
tis goriilmektedir. Bu olumsuz interaksiyonlarin kayitlara
gecmemesi tiim gida takviyelerinin zararsiz oldugu yoniinde
bir yanilgi yaratmamalidir. Bu nedenle; gida takviyelerinin
tiketimi kanuni diizenlemelere baglanmali ve bu diizenle-
melere gore halkin egitilmesi yoniinde adimlar atilmalidir
(Ozcan, 2011). Ciinkii “takviye edici” gida altinda ruhsat
alip, bitkisel tedavi edici sekliyle piyasaya siiriilen birgok
iiriin bulunmaktadir. Hi¢bir standardizasyona sahip olma-
yan bu lriinler bireye 6zgii degerlendirilmeden, denetim ya-
pilmadan ve televizyon, radyo, internet iizerinden tanitilip
satilmaktadir. Bu durum, hem saglik hem de ekonomik ag1-
dan zararlara sebep olmaktadir (Ozcan, 2011; Tiirkmen vd.,
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2014; Ergen & Bozkurt Bekoglu, 2016). Amerika’da bir
yilda yaklasik 20.000 vakanin gida takviyelerini yanlig
ve/veya bilgisizce kullanimi sonucunda kardiovaskiiler ra-

hatsizlik belirtileri ile hastanelere bagvurdugu belirtilmekte-
dir (Geller vd., 2015).

Gida Takviyeleri ile ilgili belirlenen sorunlar arasinda kon-
taminasyon, katki maddeleri, toksisite ve yanlis doz ve eti-
ketlemeden kaynakli problemler sayilmaktadir. Ozellikle
son zamanlarda iilkemizde ve diinyada s6z konusu iiriinlere
iligkin zehirlenmeler ve ilag¢ interaksiyonlarinin neden ol-
dugu durumlar mevcuttur. Bu durumlar, alternatif ya da des-
tekleyici triin adi altinda piyasaya sunulan iriinlerin {ire-
timi, ruhsatlandirilmasi, satis1 ve denetimi konusunda ciddi
diizenlemelere ve uygulamalara ihtiya¢ duyuldugunu gos-
termektedir (Tiirkmen vd., 2014; Ergen & Bozkurt Bekoglu,
2016).

Gida takviyelerinin saglikli bir sekilde kullanilmasina yone-
lik 6neriler agagida verilmektedir;

1. Oncelikli olarak hangi iiriinlerin gida takviyesi, hangi
iirtinlerin sagliga iliskin {iritin olduklart belirlenmeli ve
etiketlemelere dikkat edilmelidir

2. Bitki ekstraktlar1 veya bunlardan hazirlanan tirtinler stan-
dardize edilmelidir

3. Bitkisel gida takviyelerinin dogal ve zararsiz oldugu, bu
nedenle yan etkisinin olmadigi diigiiniilmemelidir.

4. Gida takviyeleri i¢in verilen belgeler disinda {iriinlerin
etkin takibini kolaylastiracak yontemler gelistirilmelidir.

5. Etiketlerde, tiiketicinin giinliik maksimum miktar1 agma-
masl yani uygun dozlarda alinmasi gerektigi belirtilme-
lidir. Vitamin ve minerallerin asir1 tiiketimi toksik etkiye
sebep olabilmektedir.

6. Gida takviyelerinin yemek yerine (giinliik 6giin) gegme-
digi ve triiniin kiiclik ¢ocuklardan uzak tutulmasi gerek-
tigi belirtilmelidir.

7. Herhangi bir ilag kullantyorsaniz doktora danigilmadan
gida takviyesi kullanmilmalidir. flacin etkisini azaltma ya
da yan etki olusturma gibi olumsuzluklara sebep olabi-
lirler.

8. Diyet yapanlarda takviye kullanimi; diyetle besin alimi-
nin yetersiz olmasi, 6zel durumlarda gereksinimlerin art-
mast, besin 0gesi aliminin minimum diizeylerin altinda
olmasi gibi durumlarda 6nerilmelidir.

9. Etiketleme, sunum ve reklam konularinda yaptirimlar ce-
zai hiikiimler seklinde agik bir sekilde tanimlanmalidir
(Tek & Pekcan, 2008; Ozcan, 2011).
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Introduction

Due to an increasing preference of the consumers for natural
food additives and other compounds of biological origin,
there has been increasing trend towards the production of
flavor compounds by biotechnological process (Janssens et
al. 1992; Medeiros et al. 2000; Mantzouridou et al. 2013;
Berger, 2015). Although several bacteria, yeasts and fungi
have been reported for the production of flavor compounds,
a few species of yeasts and fungi have generally been pre-
ferred, and only a few of these find industrial application due
to their GRAS (generally recognized as safe) status. Among
the different producers, food grade yeast Kluyveromyces
marxianus has been pointed out as a promising organism for
the production of natural flavor compounds such as fruit es-
ters, carboxylic acids, ketones, furans, alcohols, monoter-
pene alcohols, and isoamyl acetate in liquid fermentation
(Medeiros et al. 2000; Gethins et al. 2015; Morrissey et al.
2015). Because of its ability to grow on a broad variety of
substrates, at higher temperatures and rapid growth, many
efforts have been made with this yeast like production of
enzymes (Panesar, 2008), single cell protein (Aggelopoulos
et al. 2014), reduction of lactose content in food products
(Manera et al., 2008). With regard to the production of fla-
vor compounds using K. marxianus, most progress has been
made specifically with the production of 2-phenylethanol
(2-PE) (Etschmann et al. 2003; Etschmann et al. 2004),
ethyl acetate (Urit et al. 2003a; Urit et al. 2003b) and the
production of total volatile compounds by using inexpensive
waste-stream medium as the growth medium (Medeiros et
al. 2000; Wilkowska et al, 2014; Guneser et al. 2015). How-
ever, industrial production of sufficient quantities of yeast
as starter cultures implies characterization of yeast physiol-
ogy and nutritional requirements. Therefore, it is important
to assess what kind of flavor compounds are synthesized by
K. marxianus when growing on defined and/or semidefined
culture medium rather than growing on waste stream
(Gethins et al. 2015). Medium composition especially car-
bon and nitrogen sources, is one of the critical factor for both
growth and production flavor compounds by yeasts (Fabre
et al. 1998; Gethins et al. 2015; Loser et al. 2015). Hence,
to obtain high biomass and metabolite productivities, it is
important to find appropriate types of nutrients and their op-
timum concentrations in growth medium of the yeast
(Manera et al. 2008; Fonseca et al. 2013; Yilmaztekin et al.
2013). Additionally, reducing the cost of culture medium
by optimizing its composition is the basic research for in-
dustrial applications (Etschmann et al. 2004; Manera et al.
2008). Etschmann et al. (2004) optimized the growth me-
dium of K. marxianus CBS 600 for production of 2-PE. In a
recent study, it was also revealed that nitrogen and carbon

source had pronounced effects on production of volatile me-
tabolites by four strains of K. marxianus (Gethins et al.
2015). It was concluded that, nitrogen source and carbon
source had pronounced effects on production of volatile me-
tabolites. However, there was no information about the spe-
cific nutritional requirements and their optimum concentra-
tions in the medium for maximizing the growth and produc-
tion of each volatile flavor compounds by K. marxianus.

Response surface methodology (RSM) is a collection of
mathematical and statistical techniques useful for designing
experiments, establishing models, and analyzing the effects
of several independent factors. The main advantage of RSM
is the reduced number of experimental trials needed to eval-
uate multiple factors. Also, study of the individual and in-
teractive effects of these factors will be helpful in efforts to
find the target value. Hence, RSM provides an effective tool
for investigating the aspects affecting desired response if
there are many factors and interactions in the experiment
(Garrido-Vidal et al. 2003; Elibol, 2004). The aims of this
study were two-fold: first, on the basis of optimization of the
growth medium, the present author intended to better under-
stand the effect of carbon (glucose) and different nitrogen
substances (yeast extract and ammonium sulphate) and to
find their optimum medium composition for increasing the
growth and the production volatile flavor compounds by
Kluyveromyces marxianus NRRL YB-6373; the second aim
was to determine the changes in the production of flavor
compounds during the yeast growth in 5 L bioreactor in the
optimized culture medium.

Materials and Methods

Microorganism and Inoculum Preparation

The Kluyveromyces marxianus NRRL YB-6373 was ob-
tained from ARS Culture Collection (NRRL collection, Pe-
oria, Illinois, USA). The inoculant culture was grown in a
medium containing 10 g of glucose, 6 g of yeast extract and
basal salts comprising 1 g of KH2POg, 1 g of MgS0..7H,0
per liter of deionized water. For flask cultivations belonging
to experimental design, fermentations were carried out in
250-mL Erlenmeyer flasks containing 100 mL fermentation
medium. Erlenmeyer flasks were closed with caps. After
sterilization, each flask was inolucated at a concentration of
10° cfu mL™ into 200 mL medium and incubated at 120 rpm
in an orbital shaker at 30 °C. Fermentation was ceased after
24 h (Guneser et al. 2015).

Determination of Cell Dry Weights (g/L)

Cell dry weights (g L™) were obtained by separating the
yeasts from a defined volume of suspension via centrifuga-
tion (at 7000 rpm for 10 min), washing the pellet twice with
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distilled water, drying at 103 °C until constant weight and
cooled to room temperature in a desiccator before weighing
(Loser et al. 2015).

Extraction, ldentification and Quantification of F&F
Compounds

Volatile compounds in fermented liquid were extracted by
solid-phase microextraction (SPME) for gas chromatog-
raphy-mass spectrometry (GC-MS) analysis (Pawliszyn,
2012; Gethins et al. 2015; Guneser et al. 2015). Two mLs
of the sample was added in 40 mL amber colored screw top
vial with hole cap PTFE/silicon septa (Supelco, Bellafonte,
USA), and 1 g of NaCl was added to the vial. The vial was
kept at 40 °C in a water bath for 15 min to equilibrate the
volatiles in headspace. Then, SPME (2 cm to 50/30 pum
DVB/Carboxen/PDMS, Supelco, Bellafonte) needle was in-
serted into the vial and was exposed in the headspace for 15
min at 40 °C in a water bath. The sample was then immedi-
ately injected into GC-MS for identification and quantifica-
tion of volatile compounds.

Volatile compounds were identified by GC—MS. Nonpolar
HP5 MS column (30-m 9 0.25-mm i.d. 9 0.25-Im film thick-
ness, J&W Scientific, Folsom, CA) was used for separation
of flavour compounds. GC-MS system consisted of an HP
6890 GC and 7895C mass selective detector (Agilent Tech-
nologies, Wilmington, DE, USA). GC oven temperature
was programmed from 40 to 230°C at a rate of 10°C min™
with initial and final hold times of 3 and 15 min, respec-
tively. Helium was used as a carrier gas at a flow of 1.5 mL
mint. The MSD conditions were as follows: capillary direct
interface temperature, 280°C; ionization energy, 70 eV;
mass range 35-350 amu; scan rate, 4.45 scans/s. Flavor
compounds were identified based on comparison of the
mass spectra of unknown compounds with those in the Na-
tional Institute of Standards and Technology (NIST), Wiley
Registry of Mass Spectral Data. Compound identification
was performed on chromatograms containing a peak at iden-
tical retention times with greater than 85% similarity to
NIST and Wiley mass spectrums. Flavor compounds were
quantified based on relative abundances of the compounds
by Eqg. 1 (Guneser et al. 2015). 2-methyl-3-heptanone was
used as internal standard (IS) for neutral-basic compounds
at a concentration of 0.82 ug.

Mean relative abundance (ug L™) = concentration of IS x
peak area of compound/peak area of the IS

(Eq. 1)
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Residual Sugar

The substrate glucose was recognized and quantified by
UHPLC (Thermo, USA) with a Phenomenex Rezex RHM
Monosaccharide (H+) 300 mm x 7.8 mm ion exchange col-
umn, using a Shodex Refractive Index Detector. The column
and detector temperatures were 65 °C and 45 °C, respec-
tively, and the injection volume was 15 puL. A solution of
H.SO04 (5 mM) was used as the mobile phase at a flow rate
of 0.8 mL/min (Isleten-Hosoglu et al. 2012).

Batch Cultivation in Stirred Tank Bioreactor

Batch cultivation was also performed in a 5 L stirred tank
bioreactor (STR) (Biostat A-plus, Sartorius, Melsungen,
Germany) with 4 L working volume. The STR was equipped
with two six blade disk impellers (diameter 53 mm). A dis-
solved oxygen probe (Hamilton Oxyferm FDA 225, Bona-
duz, Switzerland) and a pH sensor (Hamilton Easyferm K8
200, Bonaduz, Switzerland) were installed on the top plate
of the bioreactor. The initial pH was 5.6 and was not con-
trolled throughout the experiments. Aeration rate and tem-
perature were setas 0.5 vvm, 30 £1°C, respectively with 120
rpm agitation rate. There was no intervention on process pa-
rameters during the production.

The exponential growth phase (EGP) was determined as the
linear region on an In (X) versus time plot, where X is the
cell concentration in terms of cell dry weight (g L™). The
maximum specific growth rate (Umax) Was determined as the
slope of this linear region. The biomass yield on substrate
(Yxis) was detrmined as the slope of the line on an X versus
S plot, exclusively including points belonging to the EGP,
where S is the substrat (glucose) concentration (Doran,
1999).

Sensorial Analysis

A roundtable discussion was conducted as defined in Gune-
ser et al. (2015) to determine descriptive sensory properties
and changes in aroma profiles of during the production in a
bioreactor (at 9 h, 12 h, 24 h, 48 h, 72 h) versus control sam-
ples. Seven trained panelists were involved in sensory eval-
uation with no restriction on descriptive terms. Samples (10
mL) were put in small containers with cap and containers
were kept in water bath at 40 °C for 15 min for ensuring the
accumulation of volatiles in the headspace. Panelist’s
quantified the attributes using 15-point product-specific
scale anchored to the left with ‘not’ and on the right with
‘very’ (Meilgaard et al. 1999).

Experimental Design and Data Analysis

Response surface methodology (RSM) designs such as
Box—Behnken and Central Composite Design (CCD) model
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probable curvature of the response function (Mandenius et
al. 2008). Central composite design (CCD), a method of re-
sponse surface design in Design Expert software (version
7.0.0, Stat-Ease Inc., Minneapolis, MN), was used to per-
form the experimental design for the optimization of carbon
(glucose), nitrogen concentrations (yeast extract and ammo-
nium sulphate) in the medium. A total of 20 runs were used
to optimize the range and levels of the chosen variables.
This cubic design is characterized by a set of points located
at the midpoint of each edge of a multi dimensional cube
and center point replicates (n = 6) whereas the ‘missing cor-
ners’ help the experimenter to avoid the combined factor ex-
tremes. This property prevents a potential loss of data in
those cases (Box & Behnken, 1960). For predicting the op-
timum point, a second order polynomial function is fitted to
correlate relationship between independent variables and re-
sponse. For three factors, the corresponding equation is:

Y :ﬂu +ﬂlxl+ﬂzxz +ﬂ3X3 +ﬂ12X1XZ +ﬂlﬁi)(l)(S +ﬂ23XZX3+ﬂ11X12 +ﬂ22>(22 +ﬂ33X32

Where Y represents the response variable, £, is model
constant, S, B, and S, are linear coefficients, f,,, s
and f,, are interaction effect coefficients, S, f,, and

Pss are quadratic coefficients, and X,, X, and X; arethe
coded levels of independent variables. The terms X; Xz and
Xi2 (i=1,2 or 3) represent the interaction and quadratic
terms, respectively.

One-way analysis of variance (ANOVA) was used to com-
pare the differences in intensities of flavor compounds ob-
tained by GC-MS analysis during the production in biore-
actor. The ANOVA model used in this study is given in the
equation Yij = u + oi + &;j, where Yjj is the j™ observation
value in i sample; p is the general population mean; a; is
the effect of i" sample; and &j represents random error terms
(Winer et al. 1991). Nonmetric Multidimensional Scaling
(MDS) method was also applied in this study to indicate re-
lationship between intensities of flavor compounds obtained
by GC-MS analysis and descriptive sensory analysis (Mac-
kay & O’Mahony, 2002). For all statistical analysis, SPSS
(version 18.0; SPSS Institute Inc., Chicago, IL) was used.

Results and Discussion

Optimization of Carbon and Nitrogen Sources in Growth
Medium of K. marxianus for the Growth

Experiments were carried out in order to study the effect of
two different nitrogen sources (yeast extract and ammonium
sulphate) and glucose on the growth and the production of

flavor compounds by the yeast K. marxianus. Central-com-
posite design for three nutrient sources along with their low,
medium and high levels was applied. According to the im-
plemented design, twenty combinations were performed for
24 h. In the experimental design model, yeast extract (6-20
g L), ammonium sulphate (6- 20 g L) and glucose (12-40
g L") were taken as input variables (Table 1). Cell dry
weight (g L) and the amount of each flavor compounds (ug
L) were taken as responses of the system. All responses in
different experimental conditions based on the experimental
design matrix were estimated and results of each have also
been included in Table 2. Model equations can be obtained
for whole responses. For example, a second order polyno-
mial model for the response cell dry weight (g L™) wherein
the interaction terms have been fitted to the experimental
data obtained from the CCD experiment can be stated in the
form of the following equation:

Y =2.39+0.46*X1-0.22*X5+0.84*X3+0.044* X * X, +0.13*
X1*X3 +0.031* Xo*X3 -0.14*X*X1 +0.21 X2*X> -0.15
X3*X3

(Eq.2)

where Y is the predicted response, i.e. the cell dry weight (g
L), and X3, Xz, and X; are the coded values of the test var-
iables, yeast extract, ammonium sulphate and glucose con-
centrations (g L), respectively.

Table 1. Experimental range and levels of the independent
variables (yeast extract, ammonium sulphate and
glucose) central composite design plan in actual
value and observed responses

Variables Symbol Actual levels of coded factors
(gLh Coded [ -1.682 [ -1 [ 0 | 1 [+1.682
Yeast extract | Xi 1.23 6 | 13| 20 | 24.77
Ammonium | Xz 1.23 6 | 13| 20 | 24.77
sulphate
Glucose X3 2.45 12 1 26 | 40 | 49.55

The statistical analysis of the model was accomplished in
the form of analysis of variance (ANOVA). The model F-
value of 48.46 indicated that the model was significant for
the cell dry weight (p<0.01). According to the ANOVA test,
there was not a significant interaction between nutrient
sources on cell dry weight of K. marxianus (p<0.01). How-
ever, the effect of each nutrient source was significant, indi-
vually. Increasing the initial yeast extract and glucose con-
centrations in the growth medium enhanced the growth of
yeast. On the other hand, the cell dry weight significantly
decreased by increasing concentrations of ammonium sul-
phate. This may due to the rapid consumption of ammonium
which leads to an ionic imbalance and acidification in the
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medium. The growth of yeast can be effected by such acid-
ification in the medium (Loser et al. 2015). In the present
study, availability of both organic and inorganic nitrogen
sources in the growth medium showed the preference of
yeast for the organic nitrogen source. This may due to the
rich amino acid content, vitamins, salts, growth promoting
substances of yeast extract than ammonium sulphate which
could possibly lead to improved nitrogen utilization for an-
abolic processes (Tanyol et al. 2015). In a similar manner,
supplementing the whey medium with yeast extract or yeast
extract plus ammonium sulphate increased the biomass con-
centration of K. marxianus in comparison to the control and
supplementing with only ammonium (Parrondo et al. 2009).
A production of yeast biomass and the right balance be-
tween yeast growth and synthesis of total volatile flavor
compounds are important factors for the economy of the to-
tal volatile compounds (Loser et al. 2015). This balance can
be optimized by using such kind of statistical approaches
applied in this study. In the present study, biomass yield for
flasks varied from 0.4 up to 3.85 g L™ for 24 h cultivation
(Table 2) which was higher than the previous study per-
formed with other type of yeast strain in medium supple-
mented with different inorganic nitrogen sources (Loser et
al. 2015).

Optimization of Carbon and Nitrogen Sources in Growth
Medium of K. marxianus for Production of Volatile Flavor
Compounds

Under the different experimental conditions tested due to the
experimental design matrix (Table 2), seven volatile flavor
compounds were detected at levels above control conditions
(noninoculated medium). The major compounds were be-
longing to the esters and alcohols. The volatile flavor com-
pounds were ethanol, ethyl acetate (fruity), isoamyl alcohol
(banana), isoamyl acetate (fruity), 2-phenylethyl alcohol
(rose), 2-phenylethyl acetate (floral) and 2-phenylethyl pro-
panate (floral) (Table 2). There were significant differences
between flasks in respect to flavor compounds. When a gen-
eral evaluation made, isoamyl alcohol was the major com-
pound produced in all flasks, followed by ethyl acetate and
then 2-phenylethyl acetate (2-PEA) (Table 2). Aggelopou-
los et al. (2014) observed that isoamy| acetate, phenyl ethyl
alcohol (2-PE) and ethyl alcohol could be produced from the
mixture of food waste including orange pulp, molasses, po-
tato pulp, whey, brewer’s spent grains using K. marxianus
IMB3 with solid state fermentation. Major aroma com-
pounds produced by K. marxianus changed depending on
the fermentation medium composition also stated by Medei-
ros et al. (2000), previously. When yeast extract and glucose
were used as major nutrient compounds by different strains
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of K. marxianus, strain—to-strain variations were also ob-
served for the overall profile of major aroma compounds
(Gethins et al. 2015). When striving to produce particular
flavor compounds, those characteristics can be considered
for proper strain selection.

When we consider the effect of nutrient sources on produc-
tion of flavor compounds individually, ethanol production
was affected by both yeast extract and glucose concentra-
tions in the medium. Increasing the initial YE concentration
decreased the production level of ethanol by K. marxianus.
On the contrary, increasing concentration of glucose en-
hanced the ethanol production in the fermentation medium
(p<0.01). Nitrogen-limited growth can regulate yeast me-
tabolism and provoke ethanol formation at aerobic condi-
tions stated by Loser et al. (2015), previously. Similarly, YE
and glucose had a significant effect on the production of fu-
sel alcohols (2-PE and isoamyl alcohol) by K. marxianus.
Unlike the ethanol production, increasing both the initial YE
and glucose concentrations in the fermentation medium fa-
vored the production of fusel alcohols. Similarly, significant
effect of glucose on aroma production was previously re-
ported for K. marxianus strain in solid-state fermentation
(Medeiros et al. 2000). The aroma production was strongly
inhibited in the absence of glucose suggesting that glucose
was the main factor controlling the production reported by
Medeiros et al. (2000). On the other hand, it was concluded
that the carbon source (glucose, fructose and lactose) did not
have a major effect on the production of fusel alcohols
(Gethins et al. 2015; Fabre et al. 1998). However, the stim-
ulating effect of yeast extract was also observed by Gethins
et al. (2015) on production of fusel alcohols; the levels of
both alcohols were the highest when yeast extract as op-
posed to ammonium sulphate or peptone was the nitrogen
source. 2-PE has been subject to detailed study in K. marxi-
anus (Etschmann et al. 2003; 2004). It is widely used in the
flavor industry because of its pleasant rose-like aroma and
sweet taste and important fragrance in the perfume industry.
In this study, concentration of 2-PE varied between 440 and
1645 pg L in flasks (Table 2). The maximum concentra-
tions of 2-PE in tomato and pepper pomace fermented by K.
marxianus in shake flask conditions were reported as 201
ug kg™ and 79 pg kg™, respectively (Guneser et al. 2015).
Concentrations of 2-PE produced by different strains of K.
marxianus in medium containing glucose and yeast extract
changed also between 450 and 740 pg L™ (Gethins et al.
2015). Additionally, the concentration of isoamyl alcohol
which was the major volatile compound produced in all
flasks changed between 1299 pg L™ and 3996 pg L™ in the
present study. It is clear that the most important factor influ-
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encing both fusel alcohol productions is the strain used, na-
ture and concentration of substrates utilized, C/N ratio and
the combination of factors (Fabre et al. 1998; Etschmann et
al. 2004; Yilmaztekin et al. 2013). Since the fusel alcohols
are the product of amino acid and sugar metabolism, condi-
tions which promote yeast growth such as high level of nu-
trients especially glucose may increase the production of fu-
sel alcohols (Vidal et al. 2013; Yilmaztekin et al. 2013).
This may explain high production levels of fusel alcohols by
K. marxianus in this study of which medium consisted of
yeast extract, ammonium sulphate and glucose as nutrients.

According to the implemented design, the effects of yeast
extract and glucose on acetate esters production were signif-
icant (p<0.05). Two different types of nitrogen sources af-
fected differently on the production of esters by K. marxi-
anus. Increasing concentration of yeast extract in the growth
medium decreased the production of esters, whereas ammo-
nium didn’t have any effect on synthesis of those com-
pounds. On the other hand, glucose was favoring the ester
production. For acetate esters, a carbon or nitrogen content
higher than that in standard fermentation medium is corre-
lated with greater acetate ester production reported by
Saerens et al. (2008). The rate of ester formation during fer-
mentation depends on the availability of the two substrates
(acetyl-CoA and amyl alcohols) and the activity of enzymes
(alcohol acetyl transferase (AATase)) (Yilmaztekin et al.
2013). Loughlin et al. (2015) mentioned that repressing ef-
fect of ammonium on the production of 2-PEA and inter-
preted as ammonium may act to repress the activity of AA-
Tase. On the other hand, no significant effect of nitrogen
source on production of isoamyl acetate or ethyl acetate has
been described by same researchers. The major acetate ester
compound produced in all flasks was ethyl acetate with the
concentration range 1558 to 3122 pg L™ in this study (Table
2). Those values are comparable or even higher than those
previous reported in literature with K. marxianus strains,
e.g. 432 ug kg™ with immobilized cell on appleberry/choke-
berry pomace (Wilkowska et al. 2014), and with four strains
of K. marxianus grown in synthetic media, using variety of
carbon and nitrogen sources (Gethins et al. 2015). The max-
imum concentrations of 2-PEA and isoamyl acetate (3276
ug L™ and 761 pg L™, respectively) after 24 h cultivation
were also higher than those reported in defined media en-
riched with different carbon and nitrogen sources (Gethins
et al., 2015) and on tomato and pepper pomace medium
(Guneser et al. 2015) and also on appleberry/chokeberry
pomace and appleberry/cranberry pomaces (Wilkowska et
al. 2014). The ester profile is highly strain dependent and
strongly affects the perception of the flavor of the food prod-
uct produced by yeast, especially in breweries (Rojas et al.
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2001; Saerens et al. 2008). Hence, the regulation of the ester
levels by nutritional variables for different yeast strains is
important from this point of view. In this study, the total
volatile formation was considerably higher than for K.
marxianus cells grown on agricultural waste mediums
(Wilkowska et al. 2014; Guneser et al. 2015).

Batch Cultivation in 5 L Stirred Tank Bioreactor

The optimized conditions (yeast extract 6 g L™, ammonium
sulphate 6 g L™, glucose 40 g L™) were applied to aerobic
bench-top bioreactor (5 L) for maximizing the production of
flavor compounds by K. marxianus. Main objective of this
part was to follow the process of volatile flavor compounds
accumulating during the growth of yeast in the bioreactor
and to compare the production levels occurred in flasks and
the bioreactor condition.

K. marxianus cells at first exhibited exponential growth
(Figure 1), but the duration of exponential growth was short
(the first 9 h of cultivation). Meanwhile, cells grew with a
specific growth rate () of 0.39 h™ and a growth yield (Yxs)
of 0.33. After this period, the biomass concentration in-
creased linearly with time which was most probably as a re-
sult of an undefined nutritional limitation. The growth be-
havior of the yeast on semi-defined medium was compatible
with the findings of several studies conducted with K. marx-
ianus and other yeast strains (Duarte et al. 2008; Guneser et
al. 2015; Loser et al. 2015). The glucose was entirely de-
pleted and cells also entered the stationary phase after the
fermentation time of 24 h. The biomass productivity was
0.24 g L h™* which was 2 fold higher than those obtained
with shake flasks (0.12 g L™ h™) with the same medium
composition. The growth on a glucose (Yxs) seemed to be
slower than other K. marxianus strain grown on glucose,
whereas this value was almost similar for growth on the re-
maining sugars (Fonseca et al. 2013). This is probably a
consequence of the difference between the initial glucose
levels of studies. This might decrease the rate with which
the substrate is metabolized. Variations of medium pH with
time were also depicted in Figure 1. The medium pH de-
creased with time within the first 12 h and reached a steady
level around pH 3.8. Generally, the initial pH of around 5.0-
6.0 was considered as the most suitable one for the growth
and the production of volatile metabolite by the yeast (Kargi
& Ozmihci, 2006).

Ethanol production attained the peak value of 741.5 pg L™
during the fermentation time between 6 and 9 h, i.e., the ex-
ponential phase of the process. The increase in glucose con-
sumption by the cells during this period may have been re-
sponsible for the increase in production of ethanol which
was also the same for growth on lactose (Zafar & Owais,
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2006). Fermentation time had significant effect on the con-
centration of volatile compounds which were produced in
bioreactor (p<0.01). The exponential growth of cells was ac-
companied by more rapid accumulation of ethyl acetate, fu-
sel alcohols (isoamylalcohol and 2-PE) and 2-PEA than
other volatile compounds in the fermentation broth (Table
3). Concentrations of all volatile compounds reached their
maximum levels at 9 h fermentation time and remained al-
most in the same range with slight increases and decreases
for some compounds at 12 h cultivation in bioreactor. After
12 h fermentation, concentrations of all volatiles except 2-

PE and isoamyl acetate decreased rapidly (Table 3). There
was no significant difference in the level of isoamyl acetate
and a slight decrease in the concentration of 2-PEA until the
end of the fermentation. Significant decreases in the concen-
trations of all volatiles were also observed before through
the fermentation (Medeiros et al. 2000; Guneser et al. 2015).
Decreases in the concentrations of volatile compounds dur-
ing the production in a bioreactor can be ascribed to the loos-
ing them from liquid culture medium via exhaust gas in aer-
ated cultivation system which is known as stripping effect
(Urit et al. 2013a; 2013b; Guneser et al. 2015).
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Figure 1.Growth, glucose consumption and pH changes of K. marxianus grown ina 5 L stirred tank bioreactor. Cell
dry weight (g L™, A), glucose consumption (g L™, A), pH (e).
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Table 2. Central composite design plan in actual value and observed responses (cell dry weight, g L™; flavor compounds,

g L)
Cell dry Etha- Ethyl Isoamyl  Isoamyl  Phenylethyl  Phenylethyl  Phenylethyl
Runs  X; X2 Xs weight nol acetate Alcohol  acetate alcohol acetate propanate
@gL?h
1 20 6 12 2.2 530 1900 3248 463 1080 903 121
2 13 13 495 33 1077 2173 3497 624 1272 1728 220
3 20 20 12 1.6 468 2185 2869 300 1008 1126 151
4 13 248 26 2.5 836 2277 3604 562 1270 1408 144
5 13 13 26 245 741 2157 2965 481 805 1080 137
6 13 13 26 2.65 844 2222 3410 615 1254 1539 204
7 248 13 26 2.70 638 2006 2813 425 1552 1489 167
8 6 20 12 1.05 1061 2233 2506 455 841 1346 119
9 13 13 26 2.3 823 2158 3458 570 1283 1383 164
10 6 6 40 2.95 1224 3122 3692 761 1645 3276 245
11 6 6 12 1.45 990 2298 2701 558 1143 1471 139
12 13 13 26 2.3 618 1784 2668 475 1225 1355 128
13 1.2 13 26 1.1 1527 2453 1617 733 771 2346 80
14 20 20 40 3.75 1009 2166 4088 601 1562 2151 166
15 13 13 26 2.2 750 2160 3000 570 1220 1300 140
16 20 6 40 3.85 989 2199 3996 640 1555 2211 202
17 6 20 40 2.3 1156 2001 2409 487 936 1879 92
18 13 13 25 0.4 105 1558 1299 311 440 632 45
19 13 1.2 26 3.25 654 2025 3200 504 1469 1483 168
20 13 13 26 2.5 750 2000 3000 570 1220 1103 140
Table 3. Flavor compounds produced by K. marxianus in optimized medium during bioreactor fermentation
Concentration of aroma compound (ug L) (Mean+SE)
Aroma compound
Fermentation time (h)
6 9 12 18 24 48 72 Pre*
Ethanol 2145+95°  7415+£215% 740.0£8.0°  591.0+#9.08  577.0+11.08 3255+55°  117.0+3.0F  991.4
Ethyl acetate 1607.5219.5* 946.0£14.08  743.0£22.0° 371.0+£7.0°  257.5+10.5°  143.5+45F 31.0+6.0¢ 2864.5
Isoamyl alcohol 1164+15.0F  2568+14.5%  2726.0+14.5% 1871.0¢12.0° 1701.0+#31.0° 8935+6.5F  4215+135° 32025
Isoamyl acetate 121.5#358  2155#8.5%  196.0£16.0" 177.5#2.50" 175.0¢3.0° 2025255  110.5¢7.58  716.1
Phenylethy! acetate 639.0£2.0F  1149.0+4.0"  1089.0+7.5%  862.0+#3.0°  731.5%35°  400.5x4.5F 383.5x1.5F  2901.1
Phenylethyl alcohol 350.5+17.5F  1847.0+22.5* 1808.0+8.0°  1463.5+17.5° 16255+9.58  1433.0£6.0°® 1379.0+3.0°  1359.3
Phenylethyl propanate  12.5+2.5° 109.0+2.0* 102.5¢5.5"8  98.5+1.5%8 90+3.08 64.5+3.5¢ 69.5+2.5¢ 228.6

SE standard error

AG Means followed by different uppercase letters represent significant differences for fermentation time in each aroma compound (P < 0.01).
*Results predicted for the same medium composition according to statistical design for 24 h cultivation.

Here, it was important to state oxygen was rapidly con-
sumed by the cells after 3 h (data not shown) and there was
only mechanical agitation (120 rpm) during the production.
Previous findings have related the increase in the ethyl ester
production (ethyl hexanoate, octanoate and decanoate) with
the limited oxygen supply (Mantzouridou & Paraskevopou-
lou, 2013). When the culture was shifted from aerobic to ox-
ygen-limited cultivation, the specific production rate of

ethyl acetate increased more than 10-fold stated also by Pas-
soth et al. (2006). Contrary to the mentioned results, Rojas
et al. (2001) demonstrated that low levels of acetate esters
were found when non-Saccharomyces yeast strains were
grown under minimally aerobic conditions. The maximum
concentration of ethyl acetate was reached at 6 h of cultiva-
tion with 1607.5 ug L™ (Table 3), was 2 to 8 times higher
compared to the values obtained before with longer fermen-
tation periods (Medeiros et al. 2000; Wilkowska et al. 2014;
Loughlin et al. 2015). Ethyl acetate is derived from carbon
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metabolism (Morrissey et al. 2015). As might be expected,
the stimulating effect of glucose on the production of ethyl
acetate was also observed by this study during the exponen-
tial phase of cells. In the following three hours (until 9 h),
although the level of ethanol known as a substrate for
ethylacetate synthesis increased 4 times, the level of ethyl
acetate rapidly dropped to 913 pg L™ and continued to its
decrease through the fermentation. This is probably a con-
sequence of high volatility of ethylacetate and hence inevi-
tably discharged from the aerated system (Urit et al. 2013a;
2013b).

The isoamyl alcohol was the major compound produced in
the bioreactor which was also the same in flask cultures.
Then, 2-PE and 2-PEA were following volatile compounds
with high concentrations. The production of fusel alcohols
were significantly enhanced between 6 - 9 h cultivation and
then continued by a slight increase until 12 h cultivation
(1809 pg/L). The production of fusel alcohols is known as
growth-associated but the process is subject to product inhi-
bition by the higher alcohols (Etschmann et al. 2003; Yil-
maztekin et al. 2013). After 12 h cultivation, the concentra-
tion of 2-PE decreased slightly until end of the fermentation.

microbial medium

fermented
vegetable

sweet

aromatic

sourdough

woody
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According to CCD, as shown in Table 3, predicted 2-PE
amounts in the fermentation broth was 1360 ug L™ after 24
h cultivation. However, the productivity for 2-PE was higher
than this value in bioreactor. Although, the production of
acetate esters is not only depend on the concentration of fu-
sel alcohols in the medium, it was surprising to have very
low levels of isoamyl acetate and phenylethyl acetate in bi-
oreactor compared to expected values. This situation was
also similar for D. hansenii grown on pepper pomace (Gune-
ser et al. 2015). Acetate esters are recognized as important
flavor compounds in fermented beverages. The characteris-
tic fruity flavors of wine and other grape-derived alcoholic
beverages are primarily due to a mixture of those esters.
Yeast strain and fermentation conditions have significant ef-
fects on levels of higher alcohols and acetate esters (Rojas
et al. 2001). Under semiaerobic conditions, concentrations
of acetates peaked and then decreased, probably as a result
of their hydrolysis under the action of cellular esterases, the
activity of which increases at the end of fermentation (Yil-
maztekin et al. 2013). Confirming this research, the concen-
trations of all acetate esters maximized at the end of expo-
nential growth under minimally aerobic conditions and then
decreased through the fermentation in this study.

== == control
= 9 h fermentation

------ the end of fermentation

Figure 2. Descriptive aroma terms of volatile flavor and fragrance compounds produced in the bioreactor.
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Sensory Analysis of Aroma Compounds Produced by K.
marxianus During the Production in a Bioreactor

Sensory analysis is the most powerful tool for interpreting
the relationship between quantity of flavor compound and
its sensory perception (Guneser et al. 2015). Therefore, de-
scriptive sensory analysis was also conducted in the present
study. Totally eight descriptive aroma terms were developed
by panelists. They were broth-like, cereal, caramel, woody,
sourdough, flower, sweet aromatic, and fermented vegeta-
ble. Figure 2 shows the mean intensities of descriptive sen-
sory terms for control sample and samples at 9 h fermenta-
tion time (at which the amount of volatiles were highest) and
the end of fermentation. It was observed that there were sig-
nificant differences between samples in terms of caramel,
fermented, flower and sweet aromatic aromas (p <0.01).
Control sample had the higher broth-like, caramel, cereal
aromas than other samples, whereas sample at 9 h had
higher sourdough, flower and sweet aromatic aromas than
control and the sample belonging to end of fermentation. It
was also found that the sample belonging to end of fermen-
tation had the highest fermented vegetable aroma than oth-
ers. These results proved that the changes in aroma profiles
owing to the production of volatile flavor compounds by K.
marxianus during the production in bioreactor. It was also
revealed that sweet aromatic and caramel aromas were re-
lated to isoamyl acetate and phenylethyl propanate by mul-
tidimensional scale analysis (data not shown).

Conclusion

In conclusion, the optimization of nitrogen and carbon
sources in culture medium of K. marxianus led to obtain
higher biomass productivities and the right balance between
the growth of yeast and synthesis of volatile flavor com-
pounds compared with previous studies. It was also im-
portant to note that the strain of K. marxianus studied in this
work produced mainly ethyl acetate (fruity), isoamyl alco-
hol (banana), 2-phenylethyl acetate (floral) on a medium
with a semi-defined composition. Results obtained during
this work indicated that the growth of yeast and level of fla-
vor components depended on the nature and the concentra-
tion of nutrients. It was revealed that ammonium sulphate
which was generally used nitrogen source in previous re-
searches was not necessary for the growth in the presence of
yeast extract. Yeast extract seemed to be preferentially as-
similated by the organism. This study also allowed to the
regulation of the level of target volatile compounds accord-
ing to the nutritional requirements of yeast. Furthermore, it
was presented that highest productivity values for major vol-
atile compounds were obtained during the exponential
growth of the yeast. Therefore, further improvement in the

level of flavor compounds may be obtained by employing
suitable nutrient feeding strategies (fed-batch, repeated fed-
batch, continuos systems) during the production in bioreac-
tor. This work also demonstrated high product losses due to
the stripping effect when the production scaled up from
shaking flask to bioreactor. Hence, in situ recovery of the
volatile products can improve the productivity of the biopro-
cess considerably. Because of its volatile compound profile
(mainly acetate esters and fusel alcohols) and ability also to
grow on a broad variety of substrates, at higher temperatures
and rapid growth rates, K. marxianus can be used as starter
cultures for various fermented foods especially beverages.
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Introduction

Tea (Camellia sinensis, family Theaceae) is commonly con-
sumed worldwide having various health benefits and physi-
ological functionalities, such as antioxidative, anticarcino-
genic and antimicrobial effects (Michalczyk & Zawislak
2008: Chan et al 2011; Archana & Abraham 2011). The
most important bioactive substances responsible for these
health effects present in tea are tea polyphenols. Tea cate-
chins are the major components of polyphenols, which con-
sist of (-)-epigallocatechin gallate (ECg), (-)-epicatechin
(EC), and their epimerization isomers (+)-gallocatechin gal-
late (GCg), (+)-gallocatechin (GC), (+)-catechin gallate
(Cg), and (+)-catechin (C) (Goto et al 1996). The antimicro-
bial activity of tea which inhibit many undesired microbial
growth are mainly related to their polyphenolic components
(Michalczyk & Zawislak 2008). The extracts of Camellia
sinensis have been determined to inhibit the growth of
Staphylococcus aureus, Escherichia coli, Bacillus subtilis,
Candida albicans and Bacillus cereus in many studies
(Chan et al 2011; Archana & Abraham 2011; Kumar et al
2012; Inamdar et al 2014).

In recent years, different ingredients have been used to im-
prove the therapeutic benefits and some functional proper-
ties of kefir. Green and black teas were used because of their
benefits to human health and their popular consumption
worldwide in some dairy products such as milk, yoghurt,
fermented milk and some other probiotic dairy products
(Jaziri et al 2009; Najgebauer-Lejko et al 2011; Marhama-
tizadeh et al 2013; Ye et al 2013; Najgebauer-Lejko 2014;
Ma et al 2015).

The objective of this study was to investigate the viability of
kefir microorganisms, antimicrobial properties in presence
of two different ratios (2% or 4%) green and black teas dur-
ing refrigerated storage.

Materials and Methods
Material

UHT cow’s milk used in the studies obtained from Pinar Sut
Co. (Izmir, TURKEY). Commercial freeze-dried kefir
starter culture containing Lactococcus lactis spp. lactis,
Lactococcus lactis spp. cremoris, Lactococcus lactis spp.
diacetylactis, Leuconostoc mesenteroides spp. cremoris,
Lactobacillus kefyr, Kluyveromyces marxianus, and Sac-
charomyces unisporus spp. obtained from Danisco DC -
Kefir (Olsztyn, Poland). Green tea (Kardelen) and black tea
(Caykur 1. Nevi) leaves were purchased from Caykur Co.
(Rize, Turkey). Foodborne pathogens and spoilage microor-
ganisms (Escherichia coli CECT 4267, Bacillus cereus
CECT 131, Staphylococcus aureus ATCC 12600, Candida

albicans ATCC14053) for antibacterial activity were ob-
tained from the collection Department of Dairy Technology
(Ege University, Izmir, Turkey).

Methods

Production of Kefir: The freeze dried kefir culture was
propagated by inoculating in skim milk which was heated at
90 °C for 30 min before the inoculation. The inoculated milk
was incubated at 25°C until pH 4.6 was reached, then stored
overnight at 4°C in refrigerator. The whole milk was heated
to 85 °C and waited for 10 min, then fortified with green or
black tea at levels of 2% and 4% (w/v). The teas were in-
fused for 10 min then different batches were filtered through
sterile cotton to remove the particles. The milk samples were
ten cooled to 25 °C and inoculated 3% kefir culture and di-
vided into 200 mL plastic containers and incubated at 25 °C
until pH 4.6 was reached. Following the fermentation, the
samples were cooled and stored at 4 °C for 21 days for the
analyses. Five different beverages were produced: CK: con-
trol kefir, 2BK: kefir supplemented with 2% black tea, 4BK:
kefir supplemented with 4% black tea, 2GK: kefir supple-
mented with 2% green tea, 4GK: kefir supplemented with
4% green tea.

pH analyses: The pH was determined with a pH meter
(Hanna pH 211 Microprocessor, Portugal).

Microbiological analyses: Lactobacilli counts in kefir sam-
ples were enumerated in MRS agar (pH 5.8)
(Merck/1.10660, Darmstadt, Germany) via anaerobic incu-
bation at 42°C for 48 h; whereas Lactococci in the kefir sam-
ples were counted in M17 agar (pH 6.9) via aerobic incuba-
tion at 37°C for 48 h. Yeasts were enumerated using YGC
Agar (pH 6.8) via incibation at 25°C for 72 h (Merck Kga
A, Darmstadt, Germany) and incubated (Bracquart, 1981).

Antimicrobial activity: Antibacterial susceptibility testing
was done by using disc diffusion method (Radji et al 2013).
To check antimicrobial activity of samples, sterile tripton
soy agar plates were used. Tripton soy agar was prepared
and autoclaving at 121°C for 15 minutes. The medium was
poured in sterile petri plates under aseptic conditions. Then
allowed the media to solidify at room temperature and
stored at 4°C until use. After solidification, 0.2 ml of inocu-
lum suspension was inoculated with micropipette and
spread uniformly with sterile glass spreader over agar sur-
face, the inoculum was allowed to dry for 5 minutes. 50pl
concentration of samples was loaded on sterile individual
discs. The loaded discs were placed on the surface of me-
dium and the sample was allowed to diffuse at least for 5
minutes. The plates were kept for incubation at 37°C for 24-
48 h. Methanol, ethanol and distilled water were used as
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negative control. Plates were observed after 24-48 h incuba-
tion for appearance of zones of inhibition around the discs.
Antimicrobial activity was evaluated by measuring diameter
of zones of inhibition (in millimeters) of microbial growth.

Statistical Analysis: The experiments were performed in
twice with three parallel. Six values for each sample were
averaged (n=6). The data obtained was processed by one-
way ANOVA using the general linear model procedure of
the SPSS version 11.05 (SPSS Inc., Chicago, IL, USA). The
means were compared with the Duncan test at p<0.05 level.

Results and Discussion
Changes in pH values

pH values of kefir samples produced from milk fortified
with black and green tea infusion at different ratios and the
changes in these values during storage are given in Figure 1.
pH value of the samples varied between 4.38 and 4.66. The
changes in pH values of our samples in terms of storage and
black and green tea fortification ratios were statistically sig-
nificant (p<0.05). These results are similar to those obtained
in other studies (Irigoyen et al. 2005; Fontan et al. 2006). It
was reported that the quality of the milk, dry matter content,
the diversity of microorganisms that constitute the kefir cul-
ture, kefir production technologies, fermentation tempera-
ture, fermentation duration and the time from production to
consumption were effective on the composition of kefir
(Gizel-Seydim et al. 2005). Najgebauer-Lejko (2014), in
their study on bioyogurt and acidophilus milk fortified with

E-ISSN: 2602-2834
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green tea infusion at different ratios, reported that the pH
values of biyogurts and acidophilus milks were slightly
higher in samples with higher levels of green tea supplemen-
tation.

Microbiological Properties

The changes in Lactococcus spp. and Lactobacillus spp. and
yeast counts of kefir samples containing green and black tea
extracts during storage are given in Table 1. Lactococcus
spp. counts of kefir samples produced by blending with 2%
and 4% green and black tea extracts varied between 8.87 log
cfu/mL and 8.72 log cfu/mL on the 1st day of the storage
period. Although there were no significant differences be-
tween the samples on the 1st day, Lactococcus spp. counts
in the samples containing tea extracts were slightly lower.
There were significant decreases in Lactococcus spp. counts
related to both the storage period and the rate of green/black
tea extract fortification ratios. Lactococcus spp. counts de-
termined in kefir samples at the 21st day of the storage var-
ied between 6.44 log cfu/mL and 6.76 log cfu/mL.

Lactobacillus spp. counts of kefir samples ranged between
8.71 log cfu/mL and 8.86 log cfu/mL on the 1% day of stor-
age whereas the values changed between 6.31 log cfu/mL
and 6.70 log cfu/mL on the 21 day of storage. In the eval-
uation of all the results, although there were no significant
differences between Lactococcus spp. and Lactobacillus
spp. counts found in the traditional kefir culture, there were
substantial decreases related to the storage period and the
ratio of tea extracts.
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Figure 1. Changes in pH during 21 days of storage in kefir samples.
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Table 1. The changes in Lactobacillus spp., Lactococcus spp. and yeast counts of kefir samples during storage
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DAY CK 2BK 4BK 2GK 4GK
1 5.53+0,08%  559+0.03*  5.59+0.02"  555+0.03A 5.54+0.02A
7 5.47+0.03%®  543+0.03"  5.33+0.03"  5.34+0.06A 5.29+0.062
Yeast 14 5.39+0.04®  454+0.07®  4.94+0.02°®  4.52+0.04°® 4.36+0.024C
21 6.56+0.04*"  3.81+0.01°°  3.69+0.00°¢  3.77+0.01°¢ 3.63+0.00°°
1 8.86+0.01"  8.78+0.01"  8.74+0.02"  8.77+0.01A 8.71+0.05”
Lactobacilus 7 8.63+0.01"  8.58+0.02" 8.42+0.01* 8.46+0.10~  8.31+0.09%
spp. 14 7.73+0.08%  7.67+0.05%  7.62+0.01®  7.63+0.028  7.56+0.028
21 6.70+0.07C  6.51+0.01¢  6.38+0.05°  6.48+0.038 6.31+0.01°
1 8.87+0.04*  8.87+0.01"  8.75+t0.08"  8.84+0.01A 8.72+0.04A
Lactococcus 7 8.52+0.02"  8.48+0.04" 8.40+0.02" 8.46+0.09” 8.35+0.07%
spp. 14 7.67+0.01®  7.63+0.03®  7.51+0.01®  7.60+0.128  7.48+0.06
21 6.76+0.05¢  6.6620.01°  6.51+0.07°  6.59+0.01¢  6.44+0.10C

=d Means * standard deviations in the same row with different superscript lowercase letters are significantly different (p<0.05).
A-D Means + standard deviations in the same column with different superscript uppercase letters are significantly different (p<0.05).

Evaluating all the values obtained in kefir samples, Lacto-
coccus spp. and Lactobacillus spp. have a symbiotic rela-
tion, and first Lactococcus spp. is active during fermentation
and subsequently Lactobacillus spp. shows activity. While
the baseline Lactococcus spp. and Lactobacillus spp. counts
were maintained at the first 7 days of storage, the counts be-
gan to decline on the 14th day and were found to be statisti-
cally significant. However, the differences between the Lac-
tococcus spp. and Lactobacillus spp. counts in the control
sample, 2% and 4% green and black tea samples were sta-
tistically insignificant (p>0.05). This shows that 2% and 4%
green and black tea additions do not affect the bacteria in
kefir production.

Najgebauer-Lejko (2014) investigated the effect of using
green tea extracts on the microbiological properties of
bioyoghurt and acidophilus milk and found similar viability
with our study. The authors determined Lactobacilli counts
between 7.21 log cfu/g and 8.29 log cfu/g in bioyoghurt
samples whereas the values were found between 8.72 log
cfu/g and 9.02 log cfu/g in acidophilus milk samples. On the
other hand, Bifidobacteria counts changed between 6.66 log
cfu/g and 7.54 log cfu/g in bioyoghurt samples. The re-
searchers indicated that the interaction between the ratio of
tea extracts and the bacteria species had a significant effect
on the viability. This contrariness with our study about the
effect of addition of tea on bacterial counts can be due to the
different types of fermented dairy product used in the stud-
ies.

In another study, Marhamatizadeh et al. (2013) investigated
some properties of probiotic yoghurt, containing L. acidoph-
ilus and B. bifidum, fortified with green tea extract. The vi-
able counts of L. acidophilus and B. bifidum in sterile low
fat milks fortified with 0.3%, 0.6% and 0.9% green tea ex-
tracts were found to be higher than that of control sample.
The addition rate of green tea extract significantly affected
the viability of L. acidophilus while the highest counts were
determined on 14" day of storage.

Yeasts are important in kefir fermentation because of the
production of ethanol and carbon dioxide, which give the
kefir drink its unique taste. The counts of yeasts did not gen-
erally alter significantly in all kefir samples during two
weeks of storage (p>0.05) whereas the values statistically
decreased in tea extract supplemented samples on 14" and
21% days of storage (p<0.05). Statistically significant differ-
ences were found between control sample and the samples
supplemented with black or green tea in terms of yeast count
(p <0.05) on 14™ and 21° days of storage. Black and green
tea supplemented kefir samples had lower yeast counts than
that of control sample during the last two weeks of storage
probably due to the suppression effect of tea on yeast viabil-
ity. The yeast viability significantly decreased (p<0.05)
when the ratio of green tea increased from 2% to 4% on the
reported days. The yeast population level in our study were
found to be lower than the enumerations reported by
Wszolek et al. (2005), Witthuhn et al. (2005) and Irigoyen
et al. (2005).
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Consequently, it is possible to say that microorganism vari-
ety found in the fermented dairy product, the addition rate
of tea extracts and also the type of tea used in the manufac-
ture can affect the microbiological characteristics of the
product. Moreover, incubation conditions, storage period,
level of unwanted microflora and their enzymes, concentra-
tion of nutrients in the medium and the different phenolic
compounds found in black or green tea might influence the
viability of starter cultures (O’Connel & Fox, 2001; Mar-
hamatizadeh et al., 2009; 2013).

Antimicrobial Activity

In the study, the antimicrobial effects of kefir samples con-
taining 2% and 4% green and black tea extracts were deter-
mined on Echerichia coli, Bacillus cereus, Staphylococcus
aureus pathogenic bacteria and Candida albicans which is
a pathogenic yeast. Antimicrobial effect was determined by
measuring zone diameters formed as a result of antimicro-
bial effect by disc diffusion method in 50 pL kefir samples
containing 2% - 4% green and black tea extracts. It was
found that tea extracts had antimicrobial effects on the men-
tioned microorganisms at both ratios and this effect was
even higher in samples containing green tea extracts. Zone
diameters formed by the tea extracts as a result of antimi-
crobial effects are shown in Table 2. In Table 2, it is seen
that the highest antimicrobial effect by 2% and 4% green tea
extracts were on S. aureus. Zone diameters varied between
12.77 mm and 9.45 mm in 2% green tea extract use and be-
tween 16.32 mm and 10.25 mm in 4% green tea extract use.
Green tea extracts had a similar effect on other microorgan-
isms and antimicrobial activity on the microorganisms from
highest to lowest was sorted B. cereus, C. albicans and
E.coli, respectively. Additionally, antimicrobial activity
showed a decreasing course during storage. At the 1 day of
the storage, zone diameter formed in E. coli in kefir samples
containing 2% green tea was 9.37 mm while it was 11.15
mm in B. cereus and 16.35 mm in C. albicans. These values
decreased to 6.65, 7.25 and 11.50 mm respectively at the end
of the 21% day. Using 4% green tea extract significantly in-
creased the antimicrobial activity especially at the 1% day
and the zone diameters were 15.32 mm for E. coli, 14.50
mm for B. cereus and 23.52 mm for C. albicans. Antimicro-
bial activity decreased at the 21% day and the inhibitions
zoned were measured to be 10.55 mm for E. coli, 9.65 mm
for B. cereus and 15.32 mm for C. albicans.

Similar results were observed in black tea extract use, how-
ever the antimicrobial effect was lower. At the 21% day, the
inhibition zones determined in kefir samples containing 2%
black tea were 6.20 mm for E. coli, 6.87 mm for B. cereus,
6.65 mm for S. aureus and 8.15 mm for C. albicans. Unlike
green tea extracts, the antimicrobial effect of black tea ex-
tracts on C. albicans was higher. Similar to those of contain-
ing green tea, significantly higher antimicrobial activity val-
ues were determined in kefir samples containing 4% black
tea extracts at the 1st day, however decreased in the further
days. The antimicrobial activity determined at the 21 day
of the storage was 7.47 mm for E.coli, 6.40 mm for B. ce-
reus, 8.15 mm for S. aureus, and 11.05 mm for C. albicans.

Water extracts of the tea leaves are consumed for centuries.
Examining the physicochemical properties of tea leaves, it
was determined that they contain alkaloids, saponins, tan-
nins, catechins and polyphenols and tea leaves are used
against microorganisms for their antimicrobial activ-
ity. The main difference between green and black tea leaves
is the fermentation stage and the leaves of black tea are fer-
mented, oxidized and then dried. However, phytochemicals
found in the composition of tea are very sensitive to the ox-
idation stage. The studies showed that green tea extracts in-
hibited S. aureus, Vibrio parahaemolyticus, Clostridum
perfringens, Bacillus cereus and their strains. Although
green tea extracts contain 30-40% water soluble polyphe-
nols, this level decreases to 3-10% in black tea extracts. Ac-
cording to the studies, epigallocatechin gallate, epicatechin
gallate, epigallo catechin, epicatechin are considered as the
most important antioxidant components and it was deter-
mined that the most important effects of these components
are on entero pathogens (Archana & Abraham, 2011; Diane
et al., 2007). Archana & Abraham (2011), in their study, re-
ported that E. coli, Enterococccus faecalis, S. aureus, Pseu-
domonas aeruginosa and C. albicans are very sensitive to
fresh green tea extracts, however the antimicrobial activity
decreased in commercial green tea. Antimicrobial activity in
black tea was very low and, furthermore, it had no effect on
E. faecalis, P. aeruginosa and C. albicans. Katsuhiro et al.
(1999) determined that green tea extracts have antibacterial
effects on Helicobacter pylori and reported that it has a pos-
itive effect in the treatment of gastrointestinal problems re-
lated to this bacterium.
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Table 2: Antimicrobial activity of kefir samples during storage given as the diameter of inhibited zone (mm)

DAY CK 2BK 4BK 2GK 4GK
1 6.35+0.02 7.90+0.26  11.00+0.36  9.37+0.26  15.32+0.70
7 6.00+0.08 7.77+0.38 9.87+0.09 9.32+0.22  14.52+0.93
E.coli 14 5.17+0.17 7.15+0.10 8.52+0.12 7.57£0.05  12.15+0.35
21 3.35+0.26 6.20+0.16 7.47+0.10 6.65+0.17  10.55+0.06
1 7.50+0.11 9.55+0.10  10.85+0.06 11.15+0.19 14.50+0.34
7 7.75+0.29 8.92+0.09 9.60+0.37  10.67+0.15  13.85+0.05
B. cereus 14 5.50+0.08 7.30+0.24 7.52+0.09 8.67+0.21  11.60+0.08
21 4.35+0.30 6.87+0.09 6.40+0.28 7.25+0.29 9.65+0.10
1 8.15+0.19  10.40+0.16 12.65+0.24 12.77+0.33 16.32+0.21
7 5.92+0.15 9.72+0.09  11.60+0.14 12.55+0.05 15.25+0.13
S.aureus 14 4.27+0.32 8.07+0.09 9.62+0.05  10.77+0.30  11.35+0.27
21 2.65%0.09 6.65+0.13 8.15+0.10 9.45+0.19  10.25+0.46
1 10.13+0.26  12.47+0.09 18.50+0.11 16.35+0.25 23.52+0.15
7 9.72+0.15  11.30+0.32 16.22+0.26  15.60+0.18 21.57+0.05
C.albicans 14 8.37+0.26 9.57+0.05  13.50+0.26  13.30+0.11 18.57+0.24
21 7.40+0.16 8.15+0.10  11.05+0.37 11.50+0.26  15.32+0.09

Wu et al. (2007) reported that water extracts of various tea
types including green tea showed an antimicrobial activity
against S. aureus and B. subtilis at 2 mg/mL concentration,
however no antimicrobial effect was observed on Gram (-)
E. coli. On the other hand, it was stated that the level of re-
sistance of Gram (-) bacteria against the extracts were re-
lated to the lipopolysaccharides in the cell membrane and
the antimicrobial activity was higher in fresh tea leaves due
to their high polyphenol content (Alzoreky & Nakahara,
2003; Negi et al., 2005; Chou et al., 1999). Kumar et al.
(2012) investigated the antibacterial activity of green tea
leaves against environment-originated S. aureus, Strepto-
coccus ssp., Pseudomonas aeruginosa, Bacillus ssp., E.coli
and Proteus species with disc diffusion method. Antibacte-
rial activity was tested at 10 Ul, 20 Ul and 30 Ul extract
concentrations, significant levels of antibacterial activity
was observed in all concentrations and the inhibition zone
diameters varied between 7 and 13 mm. Chou et al. (1999),
in their study, investigated the antimicrobial activity of dif-
ferent tea types against Bacillus subtilis, E.coli, Proteus vul-
garis, Pseudomonas fluorescens, Salmonella spp. and S. au-
reus. Among the six bacteria species, the most sensitive bac-
terium to the extracts was P. fluorescens whereas the most
resistant bacterium was B. subtilis. E.coli, S. aureus, P. vul-
garis and Salmonella spp. were inhibited at similar ratios
and the activity decreased in all species when fermented tea

extracts were used. Chan et al. (2011) investigated the anti-
oxidant and antimicrobial activities of green, black and
some herbal tea extracts. In the study, antimicrobial activity
of tea extracts was investigated against Gram (+) Micrococ-
cus luteus, S. aureus and B. cereus and Gram (-) E. coli, Sal-
monella typhi and P. auregonisa using disc diffusion
method. The study showed that all extracts were effective
on Gram (+) bacteria whereas they had no effect on Gram (-
) bacteria. The highest antimicrobial activity in green tea ex-
tracts was against M. luteus and B. cereus, whereas the low-
est was against S. aureus. Although black tea extracts
showed a similar antimicrobial activity, they had no effect
on S. aureus. The researchers also stated that lipoproteins
and lipopolysaccharides found in the cell membranes of
Gram (-) bacteria increased the resistance against antimicro-
bial agents.

Abd-Allah et al. (2011), in their study, investigated the an-
timicrobial effects of black tea and milk beverages contain-
ing black tea on Steptococcus mutans and Lactobacillus sp.
found in the oral flora. The analys results of samples ob-
tained from children showed that black tea and milk bever-
ages containing black tea had a highly significant bacterial
counts reduction against these cariogenic bacteria by differ-
ent rates (43.6% - 83.3%). Inamdar et al. (2014), in their
study, determined that water extracts of tea leaved had a
strong antifungal effect on Sacchromyces cerevisiae and
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low antifungal effect on Candida albicans, whereas no anti-
fungal effect was observed on C. tropicals. It was deter-
mined that the antifungal effects of alcohol extracts of teas
were very high on C. albicans and cerevisiae whereas they
were very low on C. tropicalis. It was observed that the re-
sults obtained in many studies (Archanda & Abraham, 2011;
Chou et al 1999; Erol et al. 2009; Katsuhiro et al. 1999; Ku-
mar et al. 2012; Mandal et al. 2011; Radji et al. 2013; Shetty
et al. 1994) support the results obtained in the present study
and varied depending on the extraction type, type of tea and
the properties of microorganisms.

Conclusions

Lactobacillus ssp. and Lactococcus ssp. counts of kefir sam-
ples produced with 2% and 4% green and black tea was
above 10° - 107 cfu / mL throughout of storage. It appears
that the green and black tea addition did not adversely affect
the pH values and the samples retained their probiotic prop-
erties. On the other hand, green tea improved the antimicro-
bial activities of kefir higher compared to black tea. This ef-
fect was stronger when the supplementation ratio increased
from 2% to 4%. Therefore, fortification of kefir with green
tea can be an alternative pathway to create a functional dairy
product having both nutritional and health benefits.
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Bu arastirmada [zmir Manisa yoresi Salihli, Akhisar, Sarigol ve Alasehir ilgelerinden temin edilen 66 adet kuru
tiziim drneginde Dichloran %18 Glycerol Agar (DG18), Dichloran Rose Bengal Chloramphenicol Agar (DRBC) ve
Malt Extract Agar (MEA) olmak tizere ii¢ farkli besiyerinde kiif sayimlar1 yapilmis ve bu ii¢ besiyeri segicilik (farkli
kiif cins-tiir sayis1 ve dagilimi) ve elde edilen farkli cins-tiirlerin kiiltiirel 6zelliklerinin tanimlanmasi agisindan kar-
silastirllmistir. Ad1 gegen ii¢ farkli besiyerinde elde edilen kiif sayilar1 arasinda istatistiki diizeyde dnemli bir fark-
lilik olmadigi (P>0.05) saptanmis, DG18 besiyeri ise koloni belirginligi, izolasyon kolaylig, tiir-cins ¢esit sayisinin
azlig1 ve gerekse kolonilerin digerlerinden kolaylikla ayirt edilebilirligi agisindan olumlu sonuglar verdigi igin kif
sayimlarinda kullanilmak tizere se¢ilmistir. 66 farkli kuru tiziim 6rneginin hi¢birinde mayaya rastlanmamstir. Ca-
lisma kapsaminda ayrica kuru {iziim florasinda mevcut, farkli kiiltiirel 6zelliklere sahip kiiflerin ¢esitliligi belirlen-
mistir. Dominant kiif tlirliniin saptanmas1 amaciyla analize alinan 26 kuru {iziim 6rnegindeki kiif ¢esitlerinin sayist
2-3 adetle sinirlt kalmig ve dominant iki tiiriin identifikasyon ¢aligmalarinda her ikisinin de ayni tiir oldugu (Asper-
gillus niger Tiegh) belirlenmistir. Yapilan izolasyon ve identifikasyon ¢aligmalari sonucunda elde edilen Aspergil-
lus niger Tiegh susu Ege Bolgesinin Izmir ve Manisa yorelerinin kuru {iziim 6rneklerinden izole edilmesi nedeniyle
Aspergillus niger Tiegh subsp. kuru iiziim Ege olarak adlandirilmistir. Depolama analizleri yapilan 15 6rnegin oda
sicakliginda 8 haftalik depolama siirecinde kiif sayilarinin ortalama 4 haftalik (4.33+1.95) depolama siiresi sonunda
10* cfu/g’iin altina indigi saptanmugtir.

Anahtar Kelimeler: Kuru tiztim, Kiif sayisi, Depolama, Aspergillus niger
ABSTRACT

DETERMINATION OF MOULD COUNT, DIVERSITY, THE EFFECT OF STORAGE AND
DOMINANT MOULD STRAINS IN RAISIN SAMPLES

Three different media which are Dichloran %18 Glycerol Agar (DG18), Dichloran Rose Bengal Chloramphenicol
Agar (DRBC) and Malt Extract Agar (MEA) were used for mould count in 66 raisin samples obtained from izmir
and Salihli, Akhisar, Sarigol, Alagehir which are district of Manisa region, and all results showed that three different
media were not statistically different from each other (P>0.05). DG18 was accepted as counting media in this rese-
arch becuse of selectivity, colony morphology and differentiate cultural characteristics. At the end of these analyses,
none of the raisin samples were contain yeast cells so (<10 cfu/g), all microbial counts are presented as mould
counts in the raisin samples. The aim of the present study was to determine the diversity, occurrence, and distribu-
tion of mould species and to determine the dominant mould strain in raisin samples. Additionally, the dominant
mould strain was isolated from 26 raisin samples and it was called as Aspergillus niger Tiegh kuru iiziim Ege. In
addition, it was determined that the mould count decreased to <10*cfu/g level at the end of the 4 weeks (average
value of 8 weeks; 4.33£1.95) storage period in raisin samples stored at room temperature.

Keywords: Raisin, Mould count, Storage, Aspergillus niger
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Giris

Kurutulmus meyve ve sebzeler iilkemiz ihracatinda énemli
bir yere sahiptir. Tiirkiye’de liretilen kuru tiziimiin %20-28’1
yurt iginde tiiketilirken, geriye kalan %72-80’ini olusturan
180-230 bin tonluk kismi ihra¢ edilmektedir. Kuru meyve-
sebze ihracatinda yer alan iirlin gruplar1 arasinda %33.68°lik
pay ile en yiiksek ihracat potansiyeline sahip iiriin ¢ekirdek-
siz kuru iizim olup, 2013-2014 yil itibariyle 488 milyon
dolarlik dis ticaret hacmine sahiptir (Tiirkiye Gida Dernek-
leri Federasyonu, 2014). S6z konusu pazar pay1 ile Tiirkiye
diinya kuru iizim ihracatinda ilk sirada yer almaktadir.

Tarim {rilinlerinin dig pazardaki paymnin korunmasi ihrag
edilen iiriinlerin kalitesi ile dogrudan iligkilidir. Kuru
iiziimde en 6nemli kalite kriterleri boyut, renk, fungal yiik
ve buna bagli olarak mikotoksin miktaridir. Ulkemiz kuru
iizlim ihracatinda kiif yiikiiniin yurt dis1 spesifikasyonlarinin
iizerinde olmasi nedeniyle zaman zaman problemler yasa-
nabilmekte, gerek iirliniin gramindaki kiif sayis1 ve gerekse
icerdigi mikotoksin nedeniyle belirli parti iiriinlerin ihraca-
tinda sorunlar ortaya ¢ikabilmektedir (Ege Kuru Meyve ve
Mamiilleri ihracatgilar Birligi, 2016; Sen, 2014). S6z ko-
nusu problemler {ilkemizin diinya ticaretindeki lider konu-
munu tehlikeye diisiirmekte ve ekonomik agidan ciddi ka-
yiplara neden olmaktadir. Yiksek kiif yiikiine sahip kuru
iziimiin i¢ piyasada ve pazarda satis1 da halk saglig1 agisin-
dan sorun teskil etmektedir.

Genel olarak taze meyve ve meyve iiriinlerinin dogal mik-
roflorasini bakterilerden daha diisiik pH degerlerinde gelisip
cogalabilmeleri nedeniyle mayalar ve kiifler olusturur. pH
faktoriiyle beraber kiiflerin mutlak aerobik 6zellige sahip ol-
mas1 meyve ve sebzelerde dominant floray1 olugturmasinda
onemli bir etken olusturmaktadir. Kiifler meyve ve sebze-
lere hasat sirasinda kontamine olmakta ve yiizeyde berelen-
mis ve hasar gérmiis noktalardan i¢ kisimlara gecis yapabil-
mektedir. Boylece kiifler olgun meyvelerin hasati ve tagin-
mast sirasinda zedelenen bolgelerde ortam sicakliginin ve
nemin uygun olmasi durumunda kisa siire icerisinde ¢coga-
larak belirli diizeye ulagabilmektedirler. Bu tip meyve ve
sebzelerde ylizey mikroflorasi biiyiilk 6nem tagimakla bera-
ber diger tiim kontaminasyon kaynaklari, depolama ve ta-
sima atmosferi ve kosullari da 6nem tagimaktadir. Genel-
likle meyvelerin yiizeyinde Penicillum, Aspergillus, Mucor
ve Fusarium tirleri gelismektedir (Adams vd., 2016; Jay
vd., 2005; Karapmar ve Aktug Goniil, 2015; Unliitiirk vd.,
2015).

Naturel yontemlerle kiif yiikiiniin 1-2 logaritmik tinitelik dii-
zeyde diisiiriilebilmesi yurt dis1 ihracat spesifikasyonlarina
ulasilmasi agisindan yeterli olacaktir (Ege Kuru Meyve ve
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Mamiilleri Thracatgilar Birligi, 2016). Ancak bu ¢alismala-
rin yapilabilmesi i¢in 6nce iilkemizde iiretilen kuru {iziim
orneklerindeki kiif yiikiiniin, kiif ¢esitliginin ve dominant
kiif tiirlerinin saptanmasi gerekliligi s6z konusudur. Dolay1-
styla bu konuda yapilan bir survey ¢aligmasi olarak bu arag-
tirma {ilke ihracatimizda ilk siralarda yer alan kuru {liziimde
kiif sorununa bir ¢oziim getirmek ve florada yer alan kiifle-
rin naturel yontemlerle dekontaminasyonuna yonelik daha
sonra yapilacak olan ¢alismalar 151k tutmak amaciyla plan-
lanmustir.

Materyal ve Metot

Bu calismada materyal olarak Ege Bolgesi Izmir Manisa yo-
resi Salihli, Akhisar, Sarigdl ve Alasehir il¢elerinde iiretil-
mis kuru iziim oOrnekleri kullanilmis ve Ornekler Taris
Uziim Tarim Satis Koop. Birligi ve Rapunzel Organik Ta-
rim Uriinleri ve Gida Tic. Ltd. Sti.’den temin edilmistir. Her
hafta farkli partilerden sans 6rneklemesi ile alinan 5 kg’lik
alan 0mnekleri laboratuvara getirildikten sonra analize ali-
nincaya kadar oda sicakliginda muhafaza edilmistir.

Kiif ve Maya Sayimi

Kiif ve maya sayimi amaciyla 10 g 6rnek aseptik sekilde tar-
tilarak igerisinde 90 ml peptonlu su (% 0.1’lik peptone) bu-
lunan stomacher torbasi igine aktarilmis ve stomacherda
(Seward 400) 60 s siire ile homojenize edilmistir. Bu sekilde
hazirlanan 10"lik diliisyondan diger desimal diliisyonlar
hazirlanmigtir. Her bir diliisyondan ¢ift paralelli olacak se-
kilde steril petri kaplarina bir mililitre aktarilarak iizerine
daha dnceden eritilmis 45-50°C’lik su banyosunda bekleti-
len DRBC (Merck 1.00466) besiyerinden yaklasik 15-20
mililitre dokiilmiis ve standart karigtirma yontemiyle karis-
tirllmigtir. Aymi diliisyonlardan MEA (Merck 1.05398) ve
DG18 (Merck 1.00465) besiyerlerine de dokme plaka yon-
temiyle yukarida anlatildig1 sekilde inokiilasyon yapilmis ve
standart karistirma yontemiyle karistirilmistir. Inokiile edi-
len petriler 25°C’de 3-5 giin inkiibe edilmis, inkiibasyon sii-
resi sonunda ornegin gramindaki kiif ve maya sayis1 hesap-
lanmistir (Tournas vd., 2001).

Kiif saymm yapildiktan sonra, ayn1 drnekler oksijen gegir-
genligi 4500-6000cc/m?.giin olan 250 gramlik polietilen tor-
bada (low density polyethylene-LDPE) agz: sikica kapatila-
rak (torba igindeki hava elle bastirilip miimkiin oldugu ka-
dar bosaltilarak) normal atmosfer kosullarinda, oda sicakli-
ginda depolanmistir. Depolanan kuru {iziim 6rneklerinde her
hafta kiif sayim1 yapilmis ve analizler 6rneklerdeki kiif sa-
yis1 gramda 10*1in altia (mikrobiyolojik kriterler tebligine
gore kuru iizimde izin verilen maksimum deger) ininceye
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kadar devam ettirilmistir. Depolanan 6rneklerde de kiif sa-
yimi1 yukarida anlatildig1 sekilde DRBC agarda dokme plaka
yontemi ile yapilmisgtir.

Kiif Cesitliliginin Belirlenmesi, Dominant Kiif Tiiriiniin
Saptanmasi ve Identifikasyonu

Kiif sayimimin ardindan DG18 besiyerinde 25°C’de 5 giin-
liik inkiibasyon siiresi sonunda sayilabilecek diizeyde (10-
100) koloni igeren petrilerde gelisen kiif kolonileri arasin-
dan farkl kiiltiirel 6zelliklere sahip kolonilerin sayis1 sapta-
narak, drneklerdeki kiif ¢esitliligi belirlenmistir. Kiif sayimi
yapilan petrideki koloniler arasinda dominant kiif kolonile-
rinin kiiltiirel 6zellikleri itibariyle se¢imi yapilmis ve sayisi
belirlenerek, o drnekteki toplam kiif sayisi1 i¢indeki ylizdesi
hesaplanmigtir. Dominant kif tiiriiniin  identifikasyonu
TUBITAK MAM kiif tanimlama laboratuvarinda makros-
kobik ve mikroskobik incelemeler sonrast morfolojik karak-
terizasyonda tanimlama anahtari kullanilarak yapilmistir
(Klich, 2002, Pitt ve Hocking, 2009; Samson vd., 2010). Ya-
pilan identifikasyon ¢alismalar1 sonucunda elde edilen As-
pergillus niger Tiegh tiirii Ege Bolgesi izmir ve Manisa yo-
resi Salihli, Akhisar, Sarigol ve Alasehir ilgelerinin kuru
iiziim 6rneklerinden izole edilen tiir olmas1 nedeniyle Asper-
gillus niger Tiegh subsp. kuru iiziim Ege olarak adlandiril-
muistir.

Istatistiksel Analizler

Denemeler ayni partiden ii¢ tekerriirlii gerceklestirilmis
olup, proses kosullar1 arasindaki farkliliklar SPSS 20.0 pa-
ket programi kullanilarak c¢oklu kiyaslama testi -Duncan
testi- ile %95 giiven araliginda degerlendirilmistir.

Bulgular ve Tartisma
Kuru Uziimlerde Kiif Sayist

On denemelerde de 40 6rnek analiz edilmis ve 66 adet 6rnek
de dahil olmak iizere toplam olarak 106 adet drnekte yapilan
analizler sonucunda kuru iiziim 6rneklerinin hi¢gbirinde ma-
yaya rastlanmamistir (<10 cfu/g). Kuru {iziim 6rneklerinde
DG18, DRBC ve MEA olmak iizere ii¢ farkli besiyerinde
yapilan kiif sayimlarindan elde edilen sonuglar ise Tablo
1°de verilmistir

Elde edilen sonuglara gore; ayni kuru {iziim 6rneklerine ait
DG18, DRBC ve MEA besiyerlerinde elde edilen kiif say1-
larinin ortalamalar sirasiyla 4.91 £0.75, 4.97 £0.80 ve 4.92
+0.75 logio cfu/g olarak saptanmustir. Tablo 1’de goriildiigi
gibi 66 drnekte {i¢ farkli besiyerinde ¢ift paralelli yapilan sa-
yim sonuglari arasinda istatistiki agidan dnemli diizeyde bir
farklilik saptanmamstir (P>0.05). Askun ve arkadaglar ise
yaptiklar1 calismada 129 kuru iiziim 6rneginde DRBC ve

DG18 besiyerlerinde kiif sayimi yapmuslar her iki besiye-
rinde elde edilen ortalama degerleri sirasiyla 5.32 ve 5.45
logio cfu/g olarak bildirmiglerdir. Arastiricilar DRBC ve
DG18 besiyerlerinde elde edilen kiif sonuglart arasinda ¢a-
lismamizda varilan sonuglara benzer sekilde istatistiki agi-
dan fark olmadigimi (P>0.05) saptamislardir (Askun vd.,
2007).

Tablo 1. Ug farkl besiyerinde analize alinan kuru {iziim 6r-
neklerinde kiif sayilari (n:66)

Table 1. Mould counts in raisin samples analysed on three dif-
ferent media (n:66)

Besiyeri Kiif sayisi
(logio cfulg)

Dichloran %18 Glycerol Agar 4.91 +0.75°

Dichloran Rose Bengal 4.97 +0.80°

Chloramphenicol Agar

Malt Extract Agar 4.92 +0.75°

AlAskari vd. (2012) toplamda 210 &rnekte yaptiklart bir
arastirmada Fas’da yetistirilen iki farkli liziim ¢esidi (siyah
ve beyaz) ile birlikte; Iran (kiiciik ve biiyiik boyutta), Tiir-
kiye, Cin ve Hindistan’dan ithal ettikleri kuru tiziim 6rnek-
lerinde kiif sayimi1 yapmislardir. Fas siyah, Fas beyaz, Iran
biiyiik, Iran kiigiik ve Tiirkiye olarak adlandirdiklar1 bes
farkli kuru {iziim ¢esidinde yaptiklar1 sayimlarda kif ytikii-
niin sirasiyla 4.87, 5.28, 3.56, 3.00 ve 4.76 logio cfu/g diize-
yinde oldugu, buna ilaveten Cin ve Hindistan’dan ithal edi-
len kuru {iziim 6rneklerinde ise kiif sayisinin saptanabilir dii-
zeyin altinda oldugunu bildirilmislerdir (<10 cfu/g). Sen ve
Nas (2013) ise yaptiklar1 ¢alismada yirmi farkli bolgeden te-
min ettikleri kuru tizim 6rneklerinde kiif sayisini saptamak
icin DRBC besiyerine ekim yapmuslar ve farkli bolgelerden
temin edilen kuru iiztimlerdeki kiif sayilarinin maksimum,
minimum ve ortalama degerlerinin sirastyla 6.05, 3.57 ve
4.3 logio cfu/g diizeyinde oldugunu saptamiglardir. Sharma
vd. (2008) ise toplam 20 adet 6rnekle yaptiklar1 ¢aligmala-
rinda paketlenmemis 10 adet kuru iiziim 6rneginde kiif sa-
yisinin 2.0- 6.60 logio cfu/g diizeyleri arasinda degistigini
saptamiglardir. Analize aldiklar1 paketlenmis diger 10 adet
kuru liziim 6rneginin ise % 40’1nda kiif say1sinin saptanabi-
lir diizeyin (<10 cfu/g) altinda oldugunu, Orneklerin
%60’1nda ise 6.00 logio cfu/g diizeylerine kadar degisen
oranlarda kiif bulundugunu belirlemislerdir.

Diinya’da kuru iiziim iireticisi tilkelerin sinirli sayida olmasi
bu konuda yapilan ¢aligmalart da kisitlayan en 6nemli fak-
torlerden biridir. Bugiine kadar Cin, Fas, Iran ve Tiirkiye’de
kuru tiziimlerle ilgili yapilan arastirmalarda goriildiigii ka-
daryla bu iilkelerde iiretilen kuru tiziim 6rneklerinde kiif sa-
yilarinmn Cin ve Iran iiziimleri harig ortalama 4.30-5.45 logio
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cfu/g araliginda degistigi ve kuru liziimlerde bu diizeyler-
deki kif yiikiiniin genelde iilkemiz ihracatinda spesifikas-
yonlari agsan degerler oldugu saptanmistir. Buna ilaveten son
donemde kuru iiziim ihracatinda diger bir kalite kriteri ola-
rak her bir parti kuru iliziimiin %35’inde okratoksin analizi
zorunlulugunun giindeme gelmesi dikkate alinacak olursa
bu durumun daha da 6nem kazanacagi agiktir. Okratoksinler
genellikle Aspergillus tiirleri tarafindan tiretilen sekonder
kiif toksinleri olmakla beraber Penicillium tiirlerinin de bu
toksini trettigi bildirilmistir (Jay vd., 2005; Karapinar ve
Aktug Gonil, 2015; Keller vd, 2009; Trucksess ve Scott,
2008). Dolayisiyla kuru iizimlerde kiif dekontaminasyonu-
nun gerek yikama agamasinda ve gerekse diger asamalarda
bazi naturel yontemlerle saglanmasi ve kiif sayisimin 1-2 lo-
garitmik {inite olmak tizere belirli diizeyde distiriilerek sa-
tisa sunulmast gerek kuru iizimde iilkemizde yasanan
onemli diizeydeki ihracat kaybinin 6nlenmesi ve gerekse in-
san saglig1 agisindan bir zorunluluk arz etmektedir.

Dichloran %18 Glycerol Agar

Malt Extract Agar

Kuru Uziim Orneklerindeki Kiif Cesitliliginin Belirlenmesi
ve Dominant Kiif Tiirtintin Saptanmast

Orneklerdeki kiif sayiminda DG18 besiyerinde gelisen ko-
lonilerin makroskobik incelemeleri yapilmis, farkli kiiltiirel
ozelliklere sahip kiif kolonilerinin sayis1 saptanarak, her bir
ornekteki kiif cins-tiir sayisi belirlenmistir (Tablo 2). Ay-
rica, bu arastirmada DG18, DRBC ve MEA gibi ii¢ farkli
besiyerinde yapilan ¢alismalar sonucunda DG18 besiyerinin
25°C’de 5 giinliik inkiibasyon siiresi sonunda diger iki besi-
yerine kiyasla gerek koloni belirginligi, izolasyon kolayligi,
cins-tiir sayisinin azligi (diger cins-tiirlerin nispeten inhibis-
yonu) ve gerekse kolonilerin digerlerinden kolaylikla ayirt
edilebilir olmasi agisindan daha olumlu sonuglar verdigi
saptanmigtir (Sekil 1). DRBC besiyerinde ise genelde DG18
besiyerine kiyasla daha fazla sayida (birkag adet) farkl kiif
cins-tiiriine rastlandigi, buna karsin DRBC besiyerinde elde
edilen kiif sayilarinin DG18 ve MEA’da elde edilen kiif sa-
yilarindan istatistiki agidan farkli olmadig: (P>0.05) saptan-
mis, dolayisiyla bu ii¢ besiyerinden herhangi birinin kuru
tizimlerde kiif sayiminda kullanilmasinin miimkiin olabile-
cegi sonucuna varilmustir,

Sekil 1. Ayni kuru {iziim 6rneginde DG18, MEA ve DRBC besiyerlerinde 25°°C de 3 giinliik inkiibasyon siiresi sonunda

gelisen kiif kolonileri

Figure 1. Mould colonies on agar media (DG18, MEA and DRBC) at the end of the 3 days incubation time at 25 °C (analyses were

carried out in same raisin sample)
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Tablo 2. Kuru iiziim 6rneklerinin DG18 besiyerinde 25°C de 5 giinliik inkiibasyon siiresi sonunda toplam kiif sayisi, tiir
cesitliligi sayisi, toplam kiif florasi i¢cinde yer alan dominant kiif tiiriiniin sayis1 ve yiizdesi (n:26)

Table 2. Species variety, number and percentage of dominant mould count and total mould count in raisin samples at the
end of the incubation time at 25 °C in DG18 media (n:26)

KUF SAYISI KUF CINS-TUR SAYISI DOMINANT KUF TURUNUN?
ORNEK (loguo cfu/g) (TUR CESITLILiGi-adet)! Sayisi (logio cfu/g) Yiizdesi (%)
KODU
1 4.50 2 4.32 66.1
2 4.72 3 4.65 85.0
3 4.68 3 4.49 63.9
4 456 3 434 62.5
5 4.32 2 411 60.5
6 4.77 3 4.61 69.7
7 5.41 2 4.28 55.8
8 4.94 3 4.66 52.2
9 4.80 2 4.69 76.0
10 4.38 1 4.38 100
11 454 2 4.48 85.9
12 4.34 2 4.20 75.0
13 4.39 2 4.28 76.0
14 4.47 2 4.30 67.2
15 451 2 4.32 63.6
16 4.62 2 452 78.8
17 4.20 2 3.95 59.4
18 491 3 4.69 59.4
19 450 2 4.40 79.7
20 4.77 2 4.71 86.4
21 4.45 2 434 80.4
22 4.28 2 415 71.8
23 4.85 3 4.60 57.9
24 4.40 2 418 63.3
25 4.32 2 411 62.8
26 4.40 3 418 62.0

1 Her bir 6rnekteki farkli cins-tiirlerin (tanimlanmamus oldugu i¢in bu sekilde ifade edilmistir) sayis1 25 °C de 5 giinliik inkiibasyon siiresi sonunda belirlenmistir.
2 Dominant kiifiin (Aspergillus niger Tiegh subsp. kuru iiziim Ege) 1-2 mm yiikseklikte siyah spor basligi olusturdugu ve petrinin arkasindan bakildiginda ise beyaz
renkte goriindiigli saptanmistir.

Dominant kiif tiiriiniin saptanmasi amactyla analize alinan ~ 9€r Tiegh subsp. kuru iiziim Ege olarak adlandinilmistir. Se-
26 kuru iiziim drnegindeki kiif gesitlerinin sayisi 2-3 adetle kil 2°de TUBITAK MAM Kkiif tanimlama laboratuvarinda
sinirlt kaldig1 gériilmiis, dominant iki tiiriin identifikasyon identifikasyonu yapilan Aspergillus niger Tiegh subsp. kuru
¢alismalarinda her ikisinin de ayni tiir oldugu (Aspergillus ~ #ztim Ege susunun DG18 besiyerinde 25°C’de 5 giinliik in-
niger Tiegh) ve dominant kiif tiiriine ait kolonilerin o 6rnek- k}'ibasyon siire_si sc_)nunda olusa_m kiif ko_lonileri gé’)rﬁ_lmektc?-
teki farkli kiif tiirlerinin toplami igindeki yiizde ortalamas1 ~ dir. DG18 besiyerinde elde edilen dominant Aspergillus ni-
70.05+11.53 olarak hesaplanmustir. Yapilan izolasyon galig- €T Tiegh subsp. kuru iiziim Ege susuna ait siyah spor bas-
malar1 sonucunda elde edilen Aspergillus niger Tiegh tiirii likl1 koloniler (Sekil 2-A) disinda genelde farkli bir cins-tiire
Ege Bolgesi [zmir ve Manisa Y6resinin kuru {iziim 6rnekle- ait koloni gézlenmemis ve yapilan kiiltiirel incelemeler so-

rinden izole edilen bir tiir olmast nedeniyle Aspergillus ni- hunda Aspergillus niger Tiegh subsp. kuru iiziim Ege susu-
nun DG18 besiyerinde arkadan beyaz koloni goriintiisii ver-

digi saptanmustir (Sekil 2-C).
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Sekil 2. DG18 besiyerinde 25°C’de 5 giinliik inkiibasyon siiresi sonunda gelisen dominant kiif kolonisinin tistten (A), yan-

dan (B) ve arkadan (C) goriiniisii

Figure 2. Dominant mould colony views from top (A), side (B) and back (C) in DG18 media at the end of the 5 days incubation period

at 25°C

Depolama siiresince Kkiif sayisindaki degisimler

Depolama siireci boyunca kuru iiziim orneklerindeki kiif
yiikii degisimlerinin saptanmasi amaciyla yapilan haftalik
kiif saymmlar1 &rneklerdeki kiif sayis1 10* cfu/g’iin altina
(mikrobiyolojik kriterler tebligine gore kuru iiziimde maksi-
mum deger) ininceye kadar siirdiiriilmiistiir (Tablo 3). De-
polama analizine alman 15 kuru liziim 6rneginden elde edi-
len sonuglara gore orneklerin agzi kapali oksijen gegirgen-

ligi 4500-6000cc/m2.giin polietilen (low density polyethy-
lene-LDPE) naylon torbada, oda sicakliginda depolanmasi
durumunda kiif sayilarmin 6rneklerin %6’sinda 8 haftada,
%06’sinda 7 haftada, %20’sinde 6 haftada, %13’linde 5 haf-
tada, %26’sinda 3 haftada ve %20’sinde de 2 haftada
gramda 10%iin altina indigi goriilmektedir. Sonug olarak
kuru iizim 6rneklerindeki kiif sayilarmin ortalama 4 (4.33
+1.95) haftalik siiregte 10* cfu/g’iin altina indigi saptanmis-
tir.
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Table 3. Mould counts of raisin samples during the storage period at room temperature (logio cfu/g)

(l)g(l:iijk 1. hafta |2 hafta |3.hafta |4.hafta |5. hafta |6.hafta |7.hafta |8. hafta
1 5,15 4,51 3,95 4,41 4,40 4,40 4,53 3,85
2 4,91 5,59 4,90 5,00 5,28 4,96 3,32
3 5,89 4,20 4,20 4,20 4,41 3,53
4 6,46 6,10 5,90 5,59 4,40 3,30
5 5,46 5,20 4,86 4,49 5,00 3,72
6 4,48 4,99 4,15 3,72 3,52
7 5,43 5,68 5,00 4,14 3,52
8 4,20 4,54 4,77 3,53
9 4,23 4,00 3,45
10 4,08 4,23 3,54
11 4,95 4,75 3,57
12 4,71 4,30 3,91
13 5,04 3,52
14 4,49 3,73
15 4,08 3,56
Sonug AlAskari, G., Kahouadji, A., Khedid, K., Charof, R. & Men-

2, 3 ve 6 haftalik depolama siiregleri sonucunda analize ali-
nan kuru iiztim 6rneklerindeki kiif sayilarinda sirasiyla orta-
lama 0.93, 0,87 ve 2,42 logaritmik iinitelik sayisal azalmalar
oldugu goriilmektedir. Degisik iireticilerden toplanan Or-
neklerde 10 ve 10° cfu/g diizeylerindeki baslangic kiif yiikii
genelde stabil olup, bu diizeylerde seyretmekle birlikte, de-
polama siirecinde ortaya ¢ikabilecek 1-2 logaritmik diizey-
deki sayisal azalmalarm ortalama 4 haftalik siirecte kuru
{iziim 6rneklerinin gramindaki kiif sayismin 10*iin altina
inmesini saglayabildigi sdylenebilir.

Tesekkiir

Aragtirmada kiif izolasyon ve kiiltiirel ¢aligmalarini yiiriiten
teknik eleman Semra Ozisiklar’a tesekkiirlerimizi sunariz.
Bu calisma TUBITAK 2140635 nolu projenin survey kis-
mindan olusmaktadir.
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oz

Bu ¢alismada farkli oranlarda chia tohumu kullanilarak iiretilen galetalarin bazi kimyasal ve fiziksel dzelliklerinde
meydana gelen degisimler arastirilmistir. Galeta 6rnekleri chia tohumu ilave edilmeyen (kontrol), %5 ve %10 ora-
ninda chia tohumu ilave edilen 6rnekler olmak iizere ii¢ sekilde iiretilmistir. Chia ilaveli ve ilavesiz galeta rnekle-
rinde genel kimyasal kompozisyon, antioksidan aktivite, toplam fenolik madde miktari, renk, agirlik kaybr ve du-
yusal analizler yapilmistir. Chia tohumu ilavesi ile 6rneklerin kiil, yag ve protein i¢eriklerinin arttigi gézlemlenmis-
tir. pH degerlerinin de chia tohumu ilavesi ile birlikte istatistiksel olarak anlamli diizeyde arttig1 belirlenmistir
(p<0.05). Pigirme siiresince gergeklesen toplam agirlik kaybi chia tohumu ilaveli ve ilavesiz 6rnekler arasinda fark-
lilik géstermemektedir (p>0.05). Chia tohumu ilaveli galeta hamuru 6rneklerinde a ve b degerleri kontrol 6rnekle-
rine gore istatistiksel agidan anlamli bir azalis gosterirken, pismis galetalarda anlamli bir farklilik tespit edilmemis-
tir. %10 chia tohumu ilave edilen 6rnekte kontrol 6rneginin 2.20 kati antioksidan aktivite belirlenmistir. Zenginles-
tirilmis 6rneklerde toplam fenolik madde miktarinin istatistiksel olarak anlamli seviyede arttig1 tespit edilmistir
(p<0.05). Orneklerin duyusal degerlendirmesinde en yiiksek puan1 %10 chia tohumu ilaveli galeta 6rnegi almustir.
Sonug olarak, chia tohumu ilavesinin galeta 6rneklerinin kimyasal ve fiziksel 6zellikleri Gizerinde olumlu bir etkisi-
nin oldugu belirlenmistir. Ayrica duyusal degerlendirme sonuglarina gore chia ilavesinin drneklerin kabul edilebi-
lirligini arttirdig1 tespit edilmistir.

Anahtar Kelimeler: Chia tohumu, Galeta, Zenginlestirme, Fonksiyonel gidalar
ABSTRACT

SOME CHEMICAL AND PHYSICAL PROPERTIES OF BREADSTICKS PRODUCED
BY USING CHIA SEED

In this study, changes in some chemical and physical properties of breadsticks produced by using chia seed at
different ratios were investigated. Breadstick samples were produced in three forms as; non-supplemented (control),
chia seed supplemented at 5% and 10% ratios. General chemical composition, antioxidant activity, total phenolic
content, color, weight loss and sensory analysis were performed in chia seed supplemented and non-supplemented
breadstick samples. It was observed that ash, fat and protein content of samples were increased with chia seed
addition. It was also determined that the pH values were significantly increased with the addition of chia seed
(p<0.05). Weight loss during baking shows no difference between chia seed supplemented and non-supplemented
samples (p>0.05). The values of a and b of chia seed supplemented breadstick dough samples were statistically
decreased compared to control samples while a significant difference was not found between baked samples. Total
antioxidant activity was determined 2.20 times of control sample for 10% chia seed supplemented breadstick
sample. It was determined that total phenolic content of enriched samples was increased statistically significant
(p<0.05). The highest score in the sensory evaluation of breadstick samples was obtained by 10% chia seed supp-
lemented sample. In conclusion, it was determined that the addition of chia seed has positive effect on chemical and
physical properties of breadstick samples. In addition, it was found that acceptability of samples were increased
with chia seed supplementation according to the results of sensory evaluation.

Keywords: Chia seed, Breadstick, Enrichment, Functional foods
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Giris

Bircok iilkede yaygin olarak tiiketilen gidalarin basinda fi-
rincilik dirtinleri gelmektedir. Bu Uriinlerden biskivi, kraker
ve galeta uzun raf omriine sahip olmasi agisindan dnem ta-
stmaktadir (Calligaris ve ark., 2008). Galeta, Italya’nin ku-
zeybatisinda 1600’1 yillardan beri iiretilen geleneksel bir
{iriin olup, Italyan mutfaginin 6nemli sembollerinden biri-
dir. Uzun ince gubuk seklinde olan galeta gevrek yapiya sa-
hip bir firincilik tirtintidiir (Zeppa ve ark., 2007). Saglikli
gida iriinlerine olan talebin giderek artmasina bagli olarak
basta ekmek olmak {izere, firmcilik tiriinlerinin alternatif do-
gal gida kaynaklaryla zenginlestirilmesi ile ilgili yapilan
caligmalar 6nem kazanmaktadir (Coelho ve ark, 2015).

Bu gida kaynaklarindan biri olan Chia (Salvia hispanica L.),
anavatan1 Meksika’nin glineyi ve Guetamala’nin kuzeyi
olan Lamiaceae ailesine ait yillik otsu bir bitkidir (Bodoira
ve ark., 2017). Tarihsel kayitlar, chia tohumunun Maya ve
Aztek uygarliklarinin ve kolomb o6ncesi donemde Orta
Amerika’nin temel gidalarindan biri oldugunu belirtmekte-
dir (Chicco ve ark., 2009; Peiretti ve Gai, 2009; Verdu ve
ark.,2017). Cesit ve yetisme kosullarina bagh olarak chia
tohumunun kimyasal bilesimi, %15-20 arasinda protein,
%30-33 arasinda yag, %4-5 arasinda kiil, %26-41 arasinda
karbonhidrat ve %18-30 arasinda lifden olusmaktadir (Co-
elho ve ark, 2015; Zettel ve ark, 2016). Iyi bir linoleik ve
linolenik asit kaynagi olarak kabul edilen chia tohumu, ge-
nel olarak diisiik oranda doymus yag asitlerini ve yliksek
oranda ¢oklu doymamis yag asitlerini igermektedir (Ixtaina
ve ark., 2008; Mello ve ark, 2017). Chia tohumunun diger
bir 6zelligi ise %6’smn1 ¢oziinen liflerin olusturdugu yiiksek
diyet lifi oranina sahip olmasidir (Goh ve ark.,2016). Firin-
cilik tirlinlerinde diyet lifi ilavesi ile su tutma kapasitesi art-
tirtlarak tazeligi korumak miimkiin olsa da, asir1 diyet lifi
ilavesi son urlinde olumsuz etkilere neden olabilmektedir
(Zettel ve ark, 2016). Chia tohumu miisilaj1 ise, yliksek
oranda Uronik asit iceren, ylksek su emme ve tutma kapasi-
tesine sahip bir tetrasakkarittir ve hidrokolloid gibi davrana-
rak son urun ozelliklerini olumlu etkilemektedir (Zettel ve
ark, 2016; Verdu ve ark.,2017). Bu 6zelliklerinin yaninda
chia tohumunun doygunluk hissini arttirdigi; kalp-damar,
diyabet, dislipidemi gibi hastaliklarin riskini azalttigi; agr
kesici, antidepresan, laktasif etkilerinin oldugu ve bagisik-
lig1 arttirdig1 bildirilmistir (Coelho ve ark, 2015; Levent
2017).

Bu ¢alismada farkli oranlarda chia tohumu ilavesi ile tireti-
len galetalarin kimyasal ve fiziksel bazi1 6zellikleri arastiril-
mistir.

Original Article/Full Paper

E-ISSN: 2602-2834

Materyal ve Metot

Galeta tiretiminde kullanilacak olan chia tohumlari ticari 61-
cekte iretim gerceklestiren bir firmadan temin edilmistir.
Chia tohumlarina herhangi bir 6n islem uygulanmamistir.
Galeta 6rneklerinin iiretiminde kullanilan bilegenler Tablo
1.de gosterilmistir.

Tabloya gore hazirlanan hamurlar 3 dakika yogurulmustur.
Yogurma igleminden sonra sekil verilen hamurlar
180°C’deki firinda 15 dakika pisirilerek galeta iiretimi ger-
ceklestirilmistir. Uretilen galetalar Sekil 1’ de gosterilmistir.

Sekil 1. (a) Chia tohumu ilave edilmeyen (kontrol) 6rnek

(b) %5 chia tohumu ilaveli 6rnek
(¢) %10 chia tohumu ilaveli 6rnek

Figure 1. (a) Sample prepared without chia seed (Control)
(b) 5% chia seed added sample

(c) 10% chia seed added sample
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Genel Kimyasal Kompozisyon Analizleri

Nem tayini ve kiil tayini AOAC (1990)’a gore gergeklesti-
rilmigtir. Yag tayini Soxhlet metodu kullanilarak (AOAC,
1997), protein tayini Kjeldahl metodu kullanilarak (AACC
2012) tespit edilmistir. pH tayini 6rnekler 1:10 oraninda su-
landirilarak dijital pH-metre (Crison Instruments, Basic
20+) kullanilarak tespit edilmistir.

Duyusal Analiz

Duyusal analiz 12 panelist tarafindan yapilmistir. Ornekler
rastgele {i¢ basamakli rakamlarla kodlanmis ve rastgele bir
diizende servis edilmistir. Panelistlerden orneklerin renk,
koku, kirillganlik, lezzet ve genel begeni ozelliklerini 1-7
puan araliginda (1 ¢ok kotii, 7 ¢ok iyi) hedonik skala kulla-
narak degerlendirmeleri istenmistir (Altug Onogur ve El-
mact, 2011).

Renk Analizi

Orneklerin dis renk degerleri ii¢ farkli noktadan Hunter-Lab
Mini Scan XE cihazi (Hunter Associates Laboratory, Res-
ton, VA) ile dl¢iim yapilarak tespit edilmigtir. Her 6l¢iim
oncesi cihaz beyaz ve siyah plakalarla kalibre edilmistir. Ol-
cumler Hunter Lab Renk skalasina gére yapilmis ve L (Par-
laklik; siyah=0 beyaz=100), a (-yesil, +tkirmiz1), b (-mavi, +
sar1) degerleri belirlenmistir.

Agwrlik Kaybt (Fire)

Orneklerin pisirme islemi sirasinda agirhik kaybi(fire) asa-
gidaki sekilde hesaplanmustir (Turabi ve ark., 2016).

Fire = [ (Hamur agirligi (g) — pismis galeta agirhigi (g)) /
pismis galeta agirligi (g) ] *100

Antioksidan Aktivite

Antioksidan aktiviteleri DPPH (2,2-diphenyl-1-picrylhyd-
razyl) yoOntemiyle trolox esdegeri olarak belirlenmistir
(Thaipong ve ark., 2006)

Tablo 1. Galeta 6rneklerinin bilesimi

Toplam Fenolik Madde Miktar:

Toplam fenolik madde miktarlar1 Folin-Ciocalteu yonte-
miyle gallik asit esdegeri olarak belirlenmigtir (Thaipong ve
ark., 2006)

Istatistiksel Analiz

[statistiksel analizler SPSS 16.0 paket programi (SPSS Inc.
Chicago, Illinois) kullanilarak yapilmistir. Ornekler arasin-
daki ortalama degerler Duncan ¢oklu karsilastirma modeli
kullanilarak karsilastiriimistir.

Bulgular ve Tartisma
Genel Kimyasal Bilesim ve pH Degerlerinin Belirlenmesi

Chia tohumu ilaveli ve ilavesiz (kontrol) galetalarin yag,
protein, kiil, pH ve agirlik kayb1 degerleri Tablo 2’de goste-
rilmistir.

Chia tohumu ilavesi ile érneklerin kiil, yag, protein ve pH
degerlerinde istatistiksel olarak anlamli bir artiy meydana
geldigi gorilmiistiir (p<0.05).

Meydana gelen bu artisin; literatiirdeki ¢alismalarda da ra-
porlandigi iizere chia tohumunun yiiksek yag, protein, diyet
lifi ve mineral icerigine bagli oldugunu gostermektedir (Ca-
pitani ve ark, 2012; Ixatania ve ark, 2008). Ayrica chia to-
humu ve chia tohumu unu ilavesi ile ekmek ve kek Gretimin
gercgeklestigi caligmalarda da benzer sekilde yag, protein ve
kiil oraninda artiglar gerceklesmistir (Coelho ve ark, 2015;
Igleas-Puig ve Horos 2013, Pizarro ve ark, 2013). Pizarro ve
ark. (2013)’nin yaptiklart ¢alismada standart kek ve chia
unu ilaveli kek iiretimi gergeklestirilmistir. Bu 6rnekler kar-
silastirildiginda standart kek 6rneginin protein, yag ve kiil
degerleri sirasiyla %7.98, %12.44, %1.18 olarak tespit edi-
lirken, chia unu ilaveli 6rnegin ayni1 6zelliklere ait degerleri
strastyla %8.55, %16.28 ve %1.40 olarak belirlenmistir.
Protein, yag ve kiil degerlerinin chia unu ilavesiyle istatis-
tiksel olarak anlamli diizeyde arttig1 goriilmiistiir (p<0.05).

Table 1. Composition of breadstick samples
CiO (%) | Un(g) | Chia(g) Seker (g) | Tuz(g) | Maya(g) | Katiyag(g) | Su (ml)
0 100 0 4 1.5 2.5 20 40
5 95 5 4 1.5 2.5 20 40
10 90 10 4 1.5 2.5 20 40

CIO: Chia ilave orani
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%10 chia tohumu ilaveli galeta ile kontrol drneklerinin pH
degerlerinde anlamli bir farklilik meydana geldigi tespit
edilmigtir. Mesias ve ark., (2016) chia ilaveli biskivi Ure-
timi {lizerine yaptiklar caligmalarinda bugday ununun pH
degeri (6.5) ile chia tohumu ununun pH degerinin (6.7) ol-
dukga yakin oldugunu bildirmislerdir, bu durumda %5 chia
tohumu ilavesiyle pH degerinde kayda deger bir degisim go-
rdlmemesi literatirdeki bilgilerle uyum gdéstermektedir.

Agirlik Kayb

Pigirme siiresince gergeklesen toplam agirlik kaybi chia to-
humu ilaveli ve ilavesiz drnekler arasinda farklilik goster-
mezken (p>0.05) (Tablo 2), chia tohumu ilave orani arttikca
agirlik kaybinda nispeten de olsa artig oldugu goriilmiistiir.
Glutensiz ekmek kalitesi Gzerine chia tohumu ve ununun et-
kisinin incelendigi bir ¢alismada, chia tohumlu ekmekler
icinde suda bekletilmemis chia tohumu ilaveli ekmeklerde
kontrol drneklerinden sonra en yiksek su kaybinin gergek-
lestigi raporlanmistir (Steffolani ve ark., 2014). Bu du-
rumda, galeta Uretimi dncesinde chia tohumunu suda bek-
letme veya un formunda kullanilmasi agirlik kaybini azalta-
bilecektir ve bu sayede pozitif bir ekonomik katki saglana-
bilecektir.

Renk Degisimi

Her bir galeta hamurunda ve pigsmis drneklerde dis renk de-
gerleri belirlenmistir (Tablo 3). Analiz sonuglarina gore ha-
murlarin ve pigmis galetalarin L degerinde chia ilavesi ile
istatistiksel olarak anlamli bir degisimin meydana gelmedigi
belirlenmistir. Bunun yaninda chia tohumu ilaveli galeta ha-
murlarinda a ve b degerleri kontrol 6rneklerine gore istatis-
tiksel agidan anlamli bir azalig gosterirken , pigsmis galeta-
larda anlamli bir farklilik tespit edilmemistir (p<0.05). Ya-
pilan bir ¢calismada Steffolani ve ark., (2014) chia tohumu
ve chia unu ilave ederek (159 chia tohumu veya unu/100g
piring unu) glutensiz ekmek {iiretimi gerceklestirmislerdir.
Orneklerin dis renk degerleri 6lgiildiigiinde L* degerinde
chia tohumu ilavesi ile artis meydana gelirken chia unu ila-

vesi ile azalma meydana geldigi goriilmiistiir. Hem chia to-
humu hem de chia unu ilavesi ile 6rneklerin a* ve b* deger-
lerinde azalma meydana geldigi belirlenmistir. a* ve b* de-
gerlerindeki degisimin bu ¢aligma ile paralel oldugu goriil-
mustir.

Diger bir ¢calismada %10 chia ilavesi ile iiretilen ekmeklerin
dis renklerinde L*, a*, b* degerlerinde azalma meydana gel-
digi goriilmiistiir. Bununla birlikte L* ve a* degerlerinde is-
tatistiksel acidan fark goriilmezken, b* degerinde anlamli
bir farklilik meydana geldigi belirlenmistir (p<0.05) (Cos-
tantini ve ark., 2014). Calisma sonuglarinin bu ¢alisma ile
paralel oldugu tespit edilmistir.

Antioksidan Aktivite ve Toplam Fenolik Madde Miktarinin
Belirlenmesi

Chia tohumu ilaveli galetalarin antioksidan aktivite deger-
leri ve toplam fenolik madde miktarlarinin kontrol 6rnegine
gore istatistiksel olarak anlamli bir artis gosterdigi belirlen-
mistir (p<0.05) (Tablo 4). %10 chia tohumu ilavesi ile kont-
rol 6rneginin 2.20 kat1 kadar antioksidan aktiviteye ulasil-
mustir. Bu konuda yapilan bir¢ok calisma mevcuttur. Coorey
ve ark. (2012)’nin yaptiklar1 bir calismada formiilasyona
%5-10-12-15 oranlarinda chia unu ilavesi ile cips liretimi
gerceklestirilmistir. Antioksidan aktivite analizi sonucunda
chia unu ilavesi arttik¢a 6rnekler arasinda istatistiksel olarak
onemli diizeyde bir artisin meydana geldigi belirlenmistir.
Yapilan diger bir calismada %10 chia unu ilavesi ile tiretil-
mis ekmeklerde antioksidan aktivite degerleri FRAP ve
ORAC yontemleriyle tayin edilmistir. Chia unu ilavesiyle
antioksidan aktivitede artis meydana geldigi gorilmiistiir.
Kontrol 6rnegiyle kiyaslandiginda chia unu ilaveli 6rnegin
FRAP yontemine gore 3.3 kat, ORAC yodntemine gore 2.8
kat daha fazla antioksidan aktiviteye sahip oldugu tespit
edilmistir. Toplam fenolik madde miktar1 ise kontrol drne-
ginde 3.3 mg GAE/g olarak belirlenirken, %10 chia unu ila-
veli ekmeklerde 4.5 mg GAE/g olarak tespit edilmistir (Cos-
tantini ve ark., 2014). Calismalarin bu ¢aligsma ile paralellik
gosterdigi goriilmektedir.

Tablo 2. Chia tohumu ilaveli ve ilavesiz 6rneklerin genel kimyasal kompozisyon, pH ve agirlik kaybi degerleri

Table 2. General chemical composition, pH and water loss values of breadstick samples non-supplemented and supplemented with

chia seeds
cio Kul (%) | Yag (%) | Protein (%) pH Agirhk
(%) kaybi (%)
0 0.72 +0.08° | 13.10 £0.04° | 9.21 +0.07° | 5.47 +0.04° | 25.75 +1.912
5 0.88 +0.06®° | 14.18 +0.13° | 9.53+0.03" | 5.53 +0.04* | 25.70 +0.57%
10 1.05 +0.05% | 15.08 +0.01% | 10.04 +0.13% | 5.57 +0.01% | 26.01 +0.14?

CIO: Chia ilave orani

Harfler siitunlardaki istatistiksel farklar1 gdstermektedir (p<0.05).
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Tablo 3. Chia tohumu ilavesinin galeta 6rneklerinin rengi Uzerine etkisi

Table 3. Effect of chia ssed addition on colour values of breadstick samples

Original Article/Full Paper

cio Hamur renk Pismis galeta renk

(%) L a b L a b
0 66.37 +3.08% | 0.60 £0.30* | 16.31 +0.97% | 53.14 +3.15% | 10.96 +1.04% | 21.07 +0.072
5 65.95 +2.04% | -0.13 +0.13" | 13.96 +0.51° | 52.99 +0.01% | 10.52 +0.41% | 21.01 +0.10%
10 63.20 +1.39% | -0.64 +0.09° | 12.37 +0.08" | 53.15 +2.74% | 10.00 +0.34% | 20.77 +0.42%

CiO: Chia ilave oran1
Harfler stitunlardaki istatistiksel farklar1 gostermektedir (p<0.05).

Tablo 4. Galetalarin antioksidan aktivite degerleri ve toplam fenolik madde miktarlari
Table 4. Antioxidant activity values and total phenolic contents of breadstick samples

CiO (%) Antioksidan aktivite Fenolik madde miktar:
(umol TE/100g) (mg GAE/100 g)
0 4.48 +0.33% 64.12 £3.95%
5 8.09 +1.46" 82.79 +2.43°
10 9.89 +0.90° 89.56 +3.80°

CIO: Chia ilave oram
Harfler siitunlardaki istatistiksel farklar1 gostermektedir (p<0.05).

Tablo 5. Chia tohumu ilavesinin galetanin duyusal 6zellikleri Uzerine etkisi

Table 5. Effect of chia seed addition on sensory properties of breadstick samples
CiO (%) Renk Koku Kirilganhk Lezzet Genel Begeni
0 5.29 £0.06* 5.25 +0.24° 5.17 +0.59* 4.96 £0.41° 5.08 £0.35%
5 5.38 £0.18% 5.38 +0.06* 5.25 +0.35% 5.50 +0.35% 5.46 £0.41°
10 5.50 £0.01% 5.46 +0.06* 5.59 £0.12% 5.92 +0.23% 5.80 £0.18%

CIO: Chia ilave orani

Harfler siitunlardaki istatistiksel farklar1 gostermektedir (p<0.05).
Kontrol 6rneklerine kiyasla antioksidan aktivite ve toplam
fenolik madde miktarinda chia tohumu ilavesi ile gergekle-
sen artig chia ilaveli firincilik {iriinlerinin artan besleyici de-
geri yaninda saglikli atigtirmaliklar iiretimi igin 6nemli bir
ingredient potansiyeli tasidigini ortaya koymustur.

Duyusal Degerlendirme

Galeta orneklerinin renk, koku, kirtllganlik, lezzet ve genel
begeni Ozellikleri panelistler tarafindan 7 puanlik hedonik
skala kullanilarak degerlendirilmistir. En yiiksek renk
(5.50+0.01), koku (5.46+0.06), kirilganlik (5.59+0.12), lez-
zet (5.92+0.23), genel begeni (5.80+0.18) puanlarint %10
chia tohumu ilaveli galeta 6rneginin aldig1 goriilmiistiir
(Tablo 5).

Ornekler arasinda renk, koku, kirtlganlik, lezzet ve genel be-
geni yoniinden istatistiksel agidan anlamli bir farklilik tespit
edilmemistir (p<0.05).

Yapilan bir ¢aligmada chia unu ilaveli kek iiretimi gercek-
lestirilmistir. 15g chia unu/100g bugday unu karisimi ile

chia unu ilave edilmeden dretilen keklerin duyusal dzellik-
leri renk, tat ve tekstir agisindan degerlendirilmistir. Analiz
sonucunda renk ve tat parametrelerinde kontrol drnegine ki-
yasla chia unu ilaveli drnekte istatistiksel diizeyde anlamli
bir azalis meydana geldigi belirlenirken tekstir degerlerinde
herhangi bir fark tespit edilememistir. Ancak her iki 6rnegin
de genel begeni degerlerinin kabul edilebilir diizeyde ol-
dugu belirlenmistir (Pizarro ve ark., 2013). Steffolani ve
ark., (2014)’nin yaptiklar1 ¢aligmada chia unu ve tohumu
ilave edilerek Uretilen glutensiz ekmeklerde; koku, tat, teks-
tdr, goriinim ve genel kabul edilebilirlik parametreleri du-
yusal agidan degerlendirilmistir. Orneklerin koku, tat ve ge-
nel kabul edilebilirlik puanlarinda istatistiksel olarak fark
goriilmezken, tekstiir puanlarinda kontrol 6rnegine gore
chia unu ve tohumu ilaveli 6rneklerde artis meydana geldigi,
goriiniim degerlerinde chia tohumu ilavesiyle artig, chia unu
ilavesiyle azalis meydana geldigi belirtilmistir.
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Sonug

Chia tohumu ilavesinin galetalarin protein, yag, kiil, toplam
fenolik madde ve antioksidan aktivite degerleri (zerine
olumlu etkisinin oldugu goriiliirken ayni etki pisirme sira-
sinda gerceklesen agirlik kaybi ve lriiniin renk &zellikle-
rinde goriilmemistir. Duyusal degerlendirme sonuglaria
gore chia tohumu ilaveli {riinler tiiketici tarafindan kabul
gormiis ve kontrol 6rnegi ile farklilik gostermemislerdir.
%10 chia tohumu ilaveli 6rnegin en yiiksek duyusal puanlari
aldig1 bununla birlikte yag, protein ve kiil degerleri ile anti-
oksidan ve fenolik madde miktarlarinda diger 6rneklerden
daha yiiksek degerlere sahip oldugu belirlenmistir. Bu ¢alig-
mada kullanilan en yiiksek miktar olan %10 chia tohumu
ilavesinin duyusal agidan herhangi bir olumsuz etkisinin ol-
mamasi sonraki ¢aligmalarda daha yiiksek oranlarda chia to-
humu ilavesinin denenmesinin literatiire katki saglayacagi
diisiiniilmektedir.
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