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ABSTRACT

In this study, it was aimed to production Eriste samples which have functional properties by the
addition of Bacillus clausii and determined some quality properties. For this purpose, B. clausii
was microencapsulated by using extrusion method and added up to 4% in dough. Dried vegetables
were pulverized and then added to the noodles at a rate of 5 to 15%, in order to increase the sensory
properties of the noodle samples. In addition, microbiological characteristics and survivor B. clau-
sii for probiotic samples of all noodles samples were analyzed.

It was determined that the number of B. clausii was 9.99-11.06 log CFU/g in noodle dough on
average; between the values of 9.35 — 10.11 log CFU/g after shaping the noodles; after cooking
the noodles samples, it was determined that they ranged between 5.02 - 5.10 log CFU/g values. B.
clausii values were sufficient to maintain the resistance of probiotic microorganisms in the gastro-
intestinal system.The enriched products by probiotic are in the nature of functional new product
in accordance with the purpose of the study.

Keywords: Turkish noodle, Probiotic, B. clasuii, Quality, Functional product
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Introduction

Humanity is providing the nutrients necessary for survival
and social functioning from the vegetable and animal origin
foodstuffs. Healthy nourishment can be achieved by taking
these two groups of food materials in sufficient and balanced
amounts (Martin et al., 2015). In Turkey, as in many parts of
the world, many daily calories from grains and grain products
are provided. Pasta products are highly preferred due to its
low price, easy preparation, the wide variety of uses, flavor
characteristics, and long shelf life (Bergman et al., 1994).
Noodles are a primary food in much of the world, especially
East Asia. Eriste (Noodles) is a food product originating from
China and promoted to the whole world through the silk road.
The prepared mix can be directly consumed after kneading,
drying, boiling and cooking (Gunathilake and Abeyrathne,
2008). The quality of Eriste is assessed as a combination of
their appearance, texture, and cooking properties (Zhang et
al., 2015). It is the main goal of food production to provide
safe and nutritious food that will ensure the healthy and happy
life for people (Sir6 et al., 2008). In recent years, the changing
of the nutritional characteristics of consumers, the increase in
expectations of life expectancy of consumers, the develop-
ment of healthy nutrition awareness, and the increase in obe-
sity and other health problems have become effective at in-
creasing of consumption of "functional food product" (Gran-
ato et al., 2010). The use of probiotic microorganisms to gain
functional properties of foods has become more intense in re-
cent years with the increase in demand for prebiotic products.
Probiotics are live microbial sources that have a beneficial
effect on human health by modifying the natural gut microbi-
ota positively. Probiotic starter culture is a single or mixed
culture that creates the mentioned effects (Parvez et al.,
2006). The minimum number of probiotic bacteria in the
product is 10°-10® CFU / ml in order for probiotic bacteria to
have a beneficial effect (Schrezenmeier and De Vrese 2001).
Although it is important for probiotic bacteria to maintain the
number of live cells in food, these bacteria have lost their vi-
tality during the shelf life of the product for whatever reasons.
Therefore, various strategies for increasing the viability and
continuity of probiotic bacteria in products are constituted the
focus of recent studies (Vinderola et al., 2000). Also, various
techniques are applied to maintain and support the viability
of probiotic cultures in product development (Ross et al.,
2002). One of these techniques is microencapsulation. Micro-
encapsulation (ME) can be defined as packaging by using
protein or carbohydrate-based coating material of solid, lig-
uid or gaseous food components, enzymes, microorganisms,
cells and other substances (Gouin, 2004; Madene et al.,
2006). Various techniques are used to form capsules in the
ME process. Among these methods, spray drying, emulsion
and extrusion methods are mostly used in probiotic foods

(Iyer and Kailasapathy, 2005; Chen and Chen, 2007). Bacil-
lus spp. which known as probiotic is used in nutritional sup-
plements for humans, incentives to grow for the animals, and
growth regulators or resistance to diseases for aquatic prod-
ucts. There are probiotic Bacillus spp. products that are pro-
duced and sold in the United States (USA), European and
Asian countries. Although the Bacillus species have been
used for about 50 years under the name of a medical support
product, the scientific studies on this subject have been
around for the last 15 years. Bacillus species that are studied
the most are Bacillus subtilis, Bacillus clausii, Bacillus ce-
reus, Bacillus coagulans, Bacillus licheniformis, Bacillus pu-
milus and Bacillus laterosporus. Bacillus species are mostly
safe, but, strains that produce enterotoxin and/or emetic toxin
and contain an infectious antibiotic resistance agent may
cause problems (Sorokulova et al., 2008; Cutting, 2011). It is
known that Bacillus clausii has a direct effect by releasing
antimicrobial substances against gram-positive pathogenic
bacteria such as Staphylococcus aureus, Enterococcus fae-
cium, and Clostridium difficile. B. clausii spores, which are
taken orally, pass through the stomach-gall bladder due to its
high resistance to chemical and physical influences, reaching
intestinally intact. Here, it shows a number of beneficial ef-
fects aimed at regrowing under appropriate conditions and re-
storing the physiological balance of the flora. Thus, B. clausii
helps to regulate the digestive tract and support the immune
system. B. clausii can synthesize antimicrobial agents like
bacteriocins that restrict the growth of various pathogenic
bacteria. It also affects the immune system by stimulating the
growth of antibodies (Cutting, 2011).

Scientific studies on this subject have been conducted over
the last decade, although there are probiotics containing
spore-forming bacteria such as Bacillus and commercially
available products and so there are still some unexplained
things about this subject such as safety of uses. For this rea-
son, detailed studies must be done so that Bacillus species can
be used as potential probiotic products for human consump-
tion. The aim of this study was to investigate the potential use
of B. clausii strains known to be probiotic in the production
of Eriste among the most consumed foods. For this purpose,
the chemical, physical, microbiological and sensory proper-
ties of Eriste samples produced have been determined. Thus,
it is aimed to increase the production potential of probiotic
Eriste which is beneficial to consumer health by protecting or
improving the intestinal microbial balance of individuals and
to develop a functional new product.
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Materials and Methods

Microencapsulation of Bacillus clausii

Bacillus clausii T strain (Enterogermina; Sanofi, Italy) was
used as a probiotic culture in the study. Alginate microcap-
sules were obtained using a modified encapsulation method
of Kalkan et al. (2018) ; Chen et al. (2007). Accordingly, the
B. clasuii culture concentrates, which was grown in 20 ml
(10° CFU/ml) was slowly added and immobilized to a solu-
tion of 80 ml sterile alginate containing 2.5% sodium alginate
for about 10 min using a magnetic stirrer. In this way, the
bacteria were dispersed into the alginate solution. The ob-
tained alginate bacterial suspension provides the alginate to
form a spherical bead in the gel 500 ml 0.2M CacCl, solution
was extruded by dropwise transfer of the distance to 30 cm
with sterile 21 G syringe. When the droplets were dripped
into the CaCl, solution, the cross-ionic binding takes place
and the cells were trapped in the 3D mesh structure and the
alginate encapsulation (microcapsules) was performed
(Karthikeyan et al., 2014). The resulting calcium alginate mi-
crocapsules were additionally mixed in CaCl, solution for 30
min in a magnetic stirrer to provide a more rigid and robust
form of the capsules and then the capsules were washed in
sterile pure water (Chen et al., 2007). Finally, filtration was
performed using Whatmann filter paper No.4 to obtain mi-
crocapsules in CaCl, solution. Microencapsulated probiotic
culture was shown in Figure 1.

Figure 1. Microencapsulated probiotic B. clausii culture

e https://doi.org/10.3153/FH20015

Production of Eriste

All materials used in Eriste samples production were supplied
from local grocery stores in Giresun. Eriste samples were pre-
pared according to the method reported by Demir et al.
(2010). For preparation control group (plain samples; without
vegetable powder and microencapsulated B. clausii), 300 g
wheat flour, 1 g salt, 2 pieces whole eggs, 30 ml milk and 50
ml water were mixed in mixer (Kiwi kmx 3633, Turkey) for
10 min. Then the Eriste dough was divided into four pieces
(Control (A), Probiotic-Control (B), Control-added dried
vegetable powder (C) and Probiotic-added vegetable powder
(D), covered with cloth and rested for 30 min at room tem-
perature. At the end of this period, the Eriste dough pieces
were sheeted with a rolling pin. Then, the dough was sheeted
at a thickness of about 2 mm and cut with a noodle machine
(Maracato Ampia 180, Italy). Drying was made in a drying
cabinet (Niive FN 120, Turkey) at 50°C for 18 h. B. clausii
was microencapsulated by using extrusion method and used
in Probiotic Erigte production as 4% rate. For the production
of vegetable Eriste, spinach, carrots, tomatoes and red berry
vegetables, thoroughly cleaned and washed, are dried at 40°C
(Niive FN 120, Turkey) and powdered by grinding (Waring
Blender 7011HS, Osaka Chemical Co. Ltd., Japan) with 60
mesh particul size. After Eriste production, all groups were
stored at room temperature to be used in analysis by applying
vacuum packaging.

Chemical analysis

Chemical components of Erigte samples were determined us-
ing Standard Methods (International Association for Cereal
Science and Technology-ICC, 1992), for the determination of
moisture, ash and protein. Water activity and acidity values
of Eriste samples were determined according to Li et al.
(2011) and Lu et al. (2003)

Color

Colors of Eriste samples were evaluated by measuring the L *
(whiteness/darkness), a* (redness /greenness) and b* (yel-
lowness / blueness) parameters using Minolta CR-410 (Mi-
nolta Chroma, Osaka, Japan) (Ugar¢i¢-Hardi et al., 2007).

Cooking Quality

Cooking quality parameters such as cooking time and volume
increase were determined according to Demir et al. (2010). In
order to determine the cooking time of the Eriste samples, 7-
8 minutes after the sample was started to be cooked in the
beaker, a piece with a collet holder was taken and squeezed
between glass plates. This process was continued for one mi-
nute until the light colored uncooked part in the center of the
oppressed glass between the glass plates was no longer visi-
ble and the time elapsed from the beginning until that moment
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was determined. Volume increase of samples was determined
by the volume difference of water overflow when the cooked
and dry Eriste sample was put into the water full graduated
cylinders. Erigte samples (10 g) were cooked in 100 ml boil-
ing water for 5 min and drained for 5 min. The drained Eriste
were weighed to determine the cooking weight gain, which
was expressed as a percentage of the initial dry matter. The
cooked Eriste was collected and dried in an air oven at 115
°C. The remaining solids were weighed to determine the
cooking loss which was expressed as a percentage of the ini-
tial dry matter (Li et al., 2018).

Microbiological Analysis

Total bacteria, yeast and mold, Coliforms and Staphylococ-
cus spp. analyses were made for determining microbial con-
tamination levels of Eriste samples. Petri dishes were incu-
bated for the mesophilic aerobic bacteria count at 30°C for 48
hours by using Plate Count Agar (PCA, Merck), for yeast and
mold count at 30°C for 72 hours by using Potato Dextrose
Agar (PDA, Merck), for coliform bacteria at 37°C for 24
hours by using Fluoracult Violet Red Bile Agar (FVRB,
Merck) and for Staphylococcus spp. at 37°C for 24 hr by us-
ing Baird Parker Agar (BPA, Merck). The number of bacteria
in the sample was designated as CFU/g by determining the
number of colonies developing after incubation (FDA Ma-
nuel, 1995). Mueller Hinton Broth (Merck) broth was used
for the activation of B. clausii cultures. Petri dishes were in-
cubated at 37°C for 24 h and counting results were obtained
after spreading and cultivation in MYP Agar (Merck) and
Mueller Hinton Agar (Merck) media (Urdaci et al., 2004).

Sensory Analysis

For sensory analysis, 100 g Eriste samples were simmered at
95°C in 500 ml water for 20 min. and drained for 20 s to
remove excess water. The evaluation of the opinions of 8 pan-
elists who are working at Food Engineering Department of
Giresun University, Turkey was reported for sensory proper-
ties. They were asked to score the resulting cooked Eriste
based on color, taste, chewiness, cooking properties and odor
criterion using a 5-point scale.

Table 1. Chemical properties of Eriste (noodle) samples

Statistical analysis

The obtained data from all the analysis were exposed to the
analysis of variance in the study by using IBM SPSS Statistic
19.0 software (IBM Corporation, Somers, NY, USA). Dun-
can's multiple range tests at (p<0.05) level was used to com-
pare between means (Demir et. al., 2010).

Results and Discussion

Chemical Properties of Eriste

The chemical properties of the Eriste samples produced are
shown in Table 1. As shown in Table 1, when the humidity
values of control-plain Eriste (A) and control group vegeta-
bles (C) Eriste were compared, it was observed that there was
a decrease in moisture content of vegetable-flavored group. It
was deduced that this decrease in moisture content was re-
lated to the increase in the amount of dry matter due to the
addition of vegetable powders. When the moisture values of
probiotic plain (B) and probiotic vegetable (D) Eriste samples
were examined, it was observed that the vegetable Eriste sam-
ples showed a better drying rate compared to the plain groups.
This was thought to be due to both the addition of probiotic
and the addition of vegetable powders. When the moisture
content levels of both groups (plain and with vegetable pow-
ders adjuvant) were compared, the addition of vegetable pow-
ders reduced the moisture values. Moisture content is an im-
portant criterion in the accesses and informs about whether
the drying process is complete or not. At the same time, the
moisture content in the final product is a very important pa-
rameter in terms of product safety and commercial value. The
moisture content of all Eriste samples was determined below
the 13% (Rajam et al., 2015). Similar results were obtained
with moisture levels reported by Rajam et al. (2015). From
these data, it can be said that the drying was done well, the
formulation was in conformity with the standards. Rajam et
al. (2015) reported that the moisture content of Eriste samples
was found to be between 4.34-6.67%, similar to our study re-
sults.

Chemical analyzes Groups*

A B C D
Moisture (%) 10.17 £0.47¢ 9.16 +0.48° 7.49 £0.17° 8.57+0.21°
Water activity 0.54 +£0.02° 0.51 £0.00° 0.46 +0.00° 0.54 £0.02°
Acidity (%) 0.17 +£0.04° 0.12 +0.01° 0.19 +0.00° 0.31 +0.00°
Protein (%) 10.56 £1.08* 10.74 +£0.54* 12.15 +£0.72° 12.23 £1.12°
Ash (%) 1.09 +0.05° 1.00 +0.09° 2.13+0.07° 2.12 +0.09°

*A: control-plain Eriste; B: probiotic-plain Eriste ; C: control-vegetables Eriste; D: probiotic-vegetable Eriste; a-d: Means in the same row with different letters differ significantly at *P<0.05.
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It was found that water activity values were related to the
moisture content when the water activity values given in Ta-
ble 1 of the Eriste samples were examined. As expected, the
lowest water activity value in the control-vegetable Eriste
samples was determined with the lowest value of moisture
(7.79 %). Also, it was found that the control-plain group
Eriste samples with the highest moisture content at 10.17 %
have been the highest water activity value. When the acidity
values of the samples shown in Table 1 were examined, it is
seen that acidity values have increased in the Eriste samples
enriched with the addition of vegetable powder. It was
thought that this situation is related to the presence of high
organic acids in vegetable powders. The data obtained from
all Eriste samples indicates that the acidity values are above
the 0.05 %. It was thought that this may be caused by lactic
acid bacteria contaminated from the environment in raw milk
used in production. Baiano et al. (2008), in a similar study,
was determined that the acidity values of the samples were
between 0.054 and 0.076 % in the Traditional Italian pasta. It
was determined that the highest protein content was obtained
in probiotic vegetable Eriste samples when protein ratios (%)
of the produced Eriste samples were evaluated. Hu et al.
(2007) similar to the values obtained in our study, reported
that the protein ratio of Eriste samples ranged from 10.70 to
1.63 %. According to the Filip and Vidrih (2015), the protein
content of plain and enriched pasta should be at least 12% and
protein values obtained in our study were suitable for the no-
tification. As shown in Table 1, the ash values of the Eriste
samples (%) were found range from 1.00-2.13 %. The in-
crease in the ash values of the samples with the addition of
vegetable powder to Eriste showed parallelism. It is more
suitable to use flour obtained from wheat, which has 1.4% or
less ash content in Eriste production. In general, for Eriste
production, flours with ash less than 0.5% are required. How-
ever, this ratio should be 0.4% or less for better quality Eriste

Table 2. Color values of Eriste (noodle) samples
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(Hou and Kruk, 1998). Izydorczyk et al. (2005) stated that the
ash values of the Eriste samples were found to be 0.44-1.06
% similar to our study.

Color Parameters of Eriste

The color values (L* a* and b*) of the Eriste samples were
shown in Table 2. Eriste color is significantly affected by pro-
tein and ash content of flour with the addition of eggs (Pom-
eranz, 1998). In terms of Eriste quality and consumer prefer-
ences, the bright yellow appearance of Eriste is an important
parameter (Ozyurt et al., 2015). When the color values of the
produced Eriste samples were examined, it was determined
that the addition of vegetable powder caused significant
changes in color values (p<0.05).

The highest L* values were found with the probiotic-plain
samples and control-plain samples. The lowest L* values
(higher brownness) were found with the control-vegetables
Eriste and probiotic-vegetable Eriste. It can be explained by
the higher content of ash and dietary fibre. The highest a*
values were determined to control-vegetable Eriste, and the
lowest a* value was found with the control-plain Eriste sam-
ples. The highest b* values were observed in samples B. De-
spite the high value of the b* parameter is desirable for pasta
color scoring. Ugarci¢-Hardi et al. (2007), in a similar study,
reported that L* values were as 63.8-78.9; a* values were as
-3.4 - 1.5; b* values were as 12.9-27.0 and 4E* values were
as 2.3-15.2 for fresh Eriste. In the same study, L* values were
as 66.8-76.6; a values were as (-2.4)-1.7; b* values were as
12.7-26.4 and AE* values were as 3.8-9.8 for dried Eriste.
Demir et al. (2010), in another similar study, determined that
L* values were as 81.078-85.547; a* values were as 0.373 —
0.381; a* values were as 12.907-16.254 for some raw mate-
rials used in Eriste samples.

Color values Groups*
A B C D
L* 62.22 £2.19° 72.52 £2.17% 43.09 +0.99° 48.28 +2.79*
a* 6.36 £0.36° 7.14 +£0.50° 11.57 +0.16¢ 9.98 +0.29¢
b* 34.65 +1.76" 38.79 £1.91° 31.59 +1.29° 22.94 +1.99

*A: control-plain Eriste; B: probiotic-plain Eriste; C: control-vegetables Eriste; D: probiotic-vegetable Eriste; a-d: Means in the same row with different letters differ significantly at *P<0.05.
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Cooking Characteristics

The results of cooking analyzes of the Eriste samples were
shown in Table 3. The cooking quality of Eriste is one of the
important criteria for the evaluation of Erigte quality. The av-
erage cooking time of Eriste samples was found between 7
and 9 min. The shortest cooking time was determined as 7
min in the control group vegetable Eriste. Optimal cooking
time is mainly based on water transfer and starch gelatiniza-
tion. The weak protein network facilitates the penetration of
water into starch (Sozer and Kaya, 2008). The volume in-
crease was found to be between 201.67 and 208.67 % on av-
erage. A good quality pasta should draw at least 2 times its
weight and swell 3-4 times its volume (Pinarl et al., 2004).
All Erigte samples analyzed were found to be good quality in
terms of volume increase. Similarly, Demir et al. (2010) re-
ported that volume increase values were found to be between
201.79 and 211.87 %. Weight increase values of Eriste sam-
ples were determined between 193.66-202.33%. As known,
the higher the amount of protein, the lower the water absorp-
tion value. This is because of the strong protein network is
the prevention of water diffusion of starch granules. The high

Table 3. Cooking properties of Eriste (noodle) samples

protein content is not effective on the quality of baking of
Erigte alone. Protein quality, as well as protein amount, is
very important (Shewry, 2007). Similarly, Li et al. (2018)
was stated that weight increase values of Eriste samples were
determined between 159 — 203 %.

Microbial Properties of Eriste

Microbiological analysis (total mesophilic aerobic bacteria-
TMAB, total coliform, and yeast-mold and S. aureus) results
of Eriste samples were shown in Figure 2. As shown in Figure
2, there was a higher number of TMAB numbers of probiotic
groups than in control groups. This result is thought to be
caused by the B. clausii strains used for the production of pro-
biotic Eriste. Also, when compared to the plain groups and
the vegetable powder-added Eriste samples in terms of
TMAB count, it was determined that vegetable powder sup-
plemented groups contained a higher number of TMAB. This
situation is considered to be a result of the addition of vege-
table powder because of lactic acid bacteria. The maximum
acceptable limit is (6.0 CFU/g) for the TMAB in the fresh
noodles (Ghaffar et al., 2009). It may be considered as a ref-
erence point between spoiled and unspoiled noodles.

Groups*

Cooking properties
A B

C D

7.00 £0.00? 8.00 +£0.00%
201.67 £2.68*  202.00 +2.64*

9.00 +0.00° 9.00 +0.00°
203.00 £2.64®  208.67 £7.09°
Weight increase (%) 198.66 £2.51®®  193.66 +4.04° 202.33 £7.50°  200.66 +3.78°
Cooking loss (%) 7.86 £0.50° 8.05+0.51% 8.74 +£1.93 8.77 £0.22°

*A: control-plain Eriste; B: probiotic-plain Eriste; C: control-vegetables Eriste; D: probiotic-vegetable Eriste ; a-c: Means in the same row with different letters differ significantly at *P<0.05.

Cooking time (min)
Volume increase (%)
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Figure 2. Microbial properties of Eriste (noodle) samples

It was determined that none of the samples were found to con-
tain Staphylococcus aureus and coliform group microorgan-
isms in our study. It may be due to the lower water activity
and hygienic handling and packaging of products. When the
samples of prepared Eriste were evaluated in terms of the
number of yeast-mold, no significant differences were deter-
mined between the samples. It is thought that the drying pro-
cess applied to the Eriste after shaping the dough reduces the
moisture content in the dough and the decrease in the yeast
and mold content of the Eriste as a result of the low water
activity values. Yeast and mould count was much lower than
the acceptable limit for fresh pasta, i.e. 4 log CFU/g (WHO,
2000).

In order to improve the functional properties of Eriste sam-
ples, the addition of B. clausii has been investigated and it has
been determined that B. clausii maintains the presence of pro-
biotic properties in all process stages. The number of B. clau-
sii of probiotic Erigte samples was shown in Figure 3. As
shown in Figure 3, it was determined that the number of B.
clausii was 9.99-11.06 log CFU/g in Eriste dough on average;

between the values of 9.35 — 10.11 log CFU/g after shaping
the Eriste; between 5.97 and 6.95 log CFU/g values after dry-
ing (50 °C) the Eriste samples; after cooking (at 90 °C during
10 min) the Eriste samples, it was determined that they
ranged between 5.02 - 5.10 log CFU/g values. These values
were sufficient to maintain the resistance of probiotic micro-
organisms in the gastrointestinal (GIS) system.

Sensory Properties of Erigte

The color, taste, chewiness, cooking properties and odor sen-
sory properties of the produced Eriste samples were evaluated
by an expert jury of 8 people using a scale of 1-5 points and
the consumer favorability was determined. The results ob-
tained as a result of sensory analysis were shown in Figure 4.
Among the samples, sample B had the highest total sensory
score (4.28), followed by samples A (4.20) and D (3.73)
while samples C (3.61) had the lowest score. Samples B had
a very pleasant flavor. Samples C had significantly lower val-
ues or all sensory parameters than the other samples. As a
result, the probiotic Eriste sample groups (plain and vegetable
supplement) were more favorable than others.
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Conclusion

In this study, it is aimed to increase the production potential
of probiotic Eriste, which are beneficial to the consumer
health by maintaining or improving the intestinal microbial
balance of individuals and developing a functional new prod-
uct. For this purpose, the production of Eriste with the addi-
tion of B. clausii strains and enriched with vegetable aromas
was carried out. As a result, it has been determined that the
enriched Eriste products are in the nature of a probiotic and
functional new product in accordance with the purpose of the
study. It was found that the Eriste were chemical, physical
and microbiologically acceptable. In terms of sensory prop-
erties, it was established that plain-probiotic Erigte were gen-
erally more favorable than plain-control group and vegetable
products. The obtained results will guide future studies and
contribute to the literature for about functional product devel-
opment.
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ABSTRACT

Milk and dairy products including cheese are one of the most significant food commodities in
terms of the food industry. However, a contaminated food product could conduce a variety of food
borne bacterial infections. Although Staphylococcus aureus is known as normal flora members of
the humans, it's often isolated from the community and hospital-acquired infections. Therefore,
investigation of Staphylococcus aureus from cheese samples was aimed in this study. A total of
nineteen (n=19) white cheese was collected from various outdoor markets in Istanbul. All cheese
samples were evaluated quantitatively. Phenotypic identification tests including Gram staining,
oxidase, catalase, mannitol, and DNase were performed. The presumptive Staphylococcus aureus
colonies (n=47) were analyzed by the 16S rRNA PCR and sequencing. And the sequences were
deposited into the National Center for Biotechnology Information. According to the nucleotide
BLAST analysis, a total of 47 Staphylococaceae and Enterococcaceae members including Staph-
ylococcus aureus (n=3), Staphylococcus carnosus (n=1), Macrococcus caseolyticus (n=1), Enter-
ococcus faecalis (n=25), Enterococcus faecium (n=12), Enterococcus durans (n=4), and Entero-
coccus gallinarum (n=1) were identified. Regarding methicillin susceptibility testing, two of out
of three Staphylococcus aureus were detected as methicillin-resistant.
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Introduction

The white cheese is the most consumed cheese type in Turkey
and the cheese consumption per capita was determined as 8.7
kg/person in 2017 and 9.2 kg in 2020 (Temelli et al.,2006;
Ataseven, Z, 2017; www statista.com) Cheese is such a nour-
ishing food that could provide an environment to the bacteria
for growing and multiplication including Sa/monella, Esche-
richia, and Staphylococcus because of the contamination.
From the production of cheese to the point of sale, an inade-
quate sanitization procedure of equipment and utensils lead
to contamination of the cheese products and this affects not
only food quality but also public health (Donnely, 1990;
Aguilar et al., 2016).

Staphylococcus aureus (S. aureus) is known as normal flora
member of the human skin, however, some strains of the S.
aureus is the main reason of the infections and intoxications
in terms of consumption of the contaminated milk, dairy
products and other foods (Kadiroglu et al., 2014; Bingdl and
Togay, 2017). Staphylococcal food intoxication is a gastroin-
testinal disease that occurs due to the toxin produced S. au-
reus. When food or ingredients is contaminated by the enter-
otoxigenic strain of Staphylococcus spp., Staphylococcal
food poisoning could be induced on the occasion of Staphy-
lococci growth and enterotoxin production (Hennekinne et
al., 2012; https://www.ndhealth.gov/Disease). Moreover,
pathogenic strains of S. aureus could cause skin lesions, sep-
ticaemia, and meningitis in humans and it's responsible for
bovine mastitis in animals (Younis et al., 2003; Baran et al.,
2017). The transmission of S. aureus to dairy products such
as milk and cheese could occur via mastitis, mammary glands
or animal, skin (Saka and Gulel, 2018). There may be a risk
of contamination from personnel and equipment during the
production of dairy products. In other words, transmission
can be occurred also by animal to animal during milking as
well as by the food-handlers, human to food contamination
route (Kiimmel et al 2016; Monte et al., 2018). Methicillin-
resistant S. aureus (MRSA) is one of the most significant bac-
teria in terms of human global health due to the responsible
for both community and hospital-acquired infections (Harri-
son etal., 2014). Moreover, livestock-associated MRSA (LA-
MRSA) infections originated from livestock such as pigs,
goats, and dairy cattle could transmit to the humans who is
working in farms and abattoirs where raw meat processed.
LA-MRSA could be occurred by handling contaminated
meats. Therefore, LA-MRSA could be also the reason for
human infections (Cuny et al., 2015).

Although, the isolation of the MRSA from animal and food
origin were investigated frequently, the adverse effect of
MRSA in dairy products illness is relatively low (Herrera et
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al., 2016). Hence, identification of S. aureus in cheese sam-
ples is important for both the food industry and public health.
In this study, it was aimed to identify S. aureus in white
cheese samples sold in outdoor markets in Istanbul.

Materials and Methods

Sample Collection and Bacteriological Analysis

A total of nineteen (n=19) white cheese was collected from
outdoor markets in Istanbul in April 2018 and September
2019. The color and pH value of each cheese samples were
recorded (Creamy and white, pH:6.8-7.5). The cheese sam-
ples were analyzed quantitatively by homogenizing 25 g
cheese and 225 ml peptone water (Peptone:10 g/L, NaCI:5.0
g/L pH: 7.2+0.2) within 24-hour. The 10-fold serial dilutions
were spread on Baird-Parker Agar Medium supplemented
with Egg Yolk Enrichment (Becton Dickinson). Typical col-
onies (dark gray to black colonies with clear zones) were se-
lected and counted for further identification analysis followed
by the 24-h for 37 °C incubation. Phenotypic identification
tests including Gram staining, oxidase testing of cytochorome
oxidase with indicator (tetramethyl-p-phenylenediamine)
conversion to the indophenols catalase (A slide drop with 3%
H,0O; onto the presumptive S.aureus isolates on microscope
slides), mannitol fermentation (mannitol-fermentation as a
carbohydrate source in the presence of phenol red as a pH
indicator to detect mannitol-fermenting Staphylococci), and
DNase (DNA hydrolysis test composed of growing microor-
ganism in the DNAse test agar medium that produces Deox-
yribonuclease when the DNA is broken down resulting with
clear zone and green color fades) were performed. The pre-
sumptive (typical colonies) S. aureus colonies (n=47) were
taken into consideration for further identification analysis.

Genomic DNA Isolation and 16S rRNA Sequencing

The genomic DNA isolation of the presumed S. aureus colo-
nies (n=47) was performed by using GeneAll® (South Korea)
genomic DNA isolation kit according to the manufacturer's
instructions. Isolated genomic DNA samples were stored at —
20 °C until PCR analysis. The 16S rRNA PCR analysis was
performed according to the Frank et al. (2008). The 16S
rRNA gene were amplified in a 50 pl reaction volume inclu-
ding 1xPCR buffer (Maximo, GeneON), 0.2 mM of each
dNTPs, 2.5 mM MgCl,, and 0.5 pM of each primer (16S
rRNA:27F-AGAGTTTGATCCTGGCTCAG and 1492R-
GGTTACCTTGTTACGACTT) (Suardana, 2014). The PCR
reaction was performed as following conditions: 2 min initial
denaturation at 95 °C, 25 cycles of denaturation 1 min at 95
°C, annealing at 55°C for 1 min, and extension at 72°C for 2
min and 10 min final extension at 72°C. The obtained PCR
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amplicons (~1465 bp) were evaluated by agarose gel elect-
rophoresis (1.0 %) and screened by a transilluminator imple-
mented in WiseDoc Gel Doc System. The purification of 16S
rRNA gene amplicons was performed by BMLabosis (An-
kara, Turkey) using the ExoSap-IT (Affymetrix) kit. Later on,
samples were sent to Macrogen (Amsterdam, The Nether-
lands) for the unidirectional sequencing via ABI 3730XL au-
tomated sequencer (Applied Biosystems, Foster City, CA,
USA), and the BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems). The obtained reads were aligned
and trimmed using the SILVA (Quast et al., 2013). All 16S
rRNA gene sequences (n=47) were deposited into the NCBI
GenBank followed by the nucleotide BLAST analysis (NCBI
Accession No: MK791580-MK79194 and MN629248-
MN629279) (Table 1).

Methicillin susceptibility testing

In order to detect MRSA identified by 16S rRNA sequencing,
the agar screening method was performed according to the
Brown et al.,2008. Briefly, the density of the S. aureus isola-
tes was arranged to the 0.5 McFarland standard. After that, a
spot inoculation (10 pl) of S. aureus into the Mueller Hinton
Agar medium (HiMedia) including 4% NaClI (Conda) and 6
mg/L methicillin (Sigma) was performed. Plates were incu-
bated at 37°C for 24-hour. The growth of any single colonies
on methicillin plate is evaluated as resistant (Brown and Ya-
tes,1986; Brown et al., 2008).

Results and Discussion

The preparation and consumption of the cheese products with
unhygienic conditions could lead to the proliferation of the S.
aureus in cheese and it can be posing a high risk for public
health. Detection, enumeration, and identification of the S.
aureus especially coagulase positive and methicillin - resis-
tant strains are significant. While coagulase-positive S. au-
reus strains can produce an enterotoxin, coagulase-negative
isolates could able to produce enterotoxin (Nunes et al., 2015;
Yildirim et al., 2019). Therefore, coagulase - negative S. au-
reus strains should be taken into consideration. In Turkey,
there have been several studies that indicate the prevalence
and presence of S. aureus strains in various cheese samples.
The detection percentage were ranging from 20.2% to 92%

(Yiicel and Anil, 20011; Gokmen et al., 2013; Bingdl and To-
gay, 2017). The high percentage of the detection could indi-
cate health risk in the cheese samples which has been consu-
med widely in Turkey. In our study, out of 19 white cheese
samples, three (n=3) (15%) S. aureus were identified and two
of them were reported as methicillin-resistant (Table 1). Si-
milarly, the detection percentage of MRSA is not high in Tur-
key. For example, Saka and Gulel (2018) reported MRSA
was 9 %. In another study, the detection percentage was 1.70
%, even though MRSA was investigated from 175 milk and
dairy products (Ektik et al., 2017). Nevertheless, these data
could show that a serious health problem.

All cheese samples were evaluated quantitatively in this
study. The enumeration results were 1.6x10* CFU/g (CE_1),
9.77x10' CFU/g (CE_2), 3.1x10° CFU/g (CE_3), 1.51x10°
CFU/g (CE_4), 6.35x107 CFU/g (CE_5), 2.53x10” CFU/g
(CE_6), 1.63x10° CFU/g (CE_7), 6.78x10* CFU/g (CE_8),
8.05x10° CFU/g (CE_9), 1.68x10° CFU/g (CE_10), 1.27x10°
CFU/g (CE_11), 3.40x10* CFU/g (CE_12), 2.51x10” CFU/g
(CE_13), 1.40x107 CFU/g (CE_14), 2.34x10" CFU/g
(CE_15), 2.18x0” CFU/g (CE_16), 1.67x0° CFU/g (CE_17),
1.70x0° CFU/g (CE_18), 1.30x10° CFU/g (CE_20). The mi-
crobiological criteria in terms of the presence of coagulase-
positive Staphylococcus species in cheese products estab-
lished by the Food and Drug Administration (FDA) is 10*-10°
CFU/g  was acceptable (https://www.fda.gov/me-
dia/74723/download). At the same time, Turkish Food Codex
Microbiological Criteria takes into consideration the same re-
liability limits (10°-10° CFU/g) in cheese products (Turkish
Official Journal, 2011) However, the presence of Staphylo-
coccus species more than 10* CFU/gr in cheese product con-
sidered to be risky according to the compliance Policy Guide
of FDA (Kadiroglu et al., 2014; https://www.fda.gov/me-
dia/74723/download). In this study, 15 out of the 19 cheese
samples included more than 10* CFU/g presumed Staphylo-
coccus species could be considered as hazardous for public
health. The number of Staphylococcus (CFU) or concentra-
tion of enterotoxin can be shown a determining factor of risk
situation. In other words, the enterotoxigenic strains of Staph-
yvlococcus is necessary to grow before the toxin production at
detectable levels. Thereby, to cause an infection, a high dose
of Staphylococcus is required (Food Safety Authority of Ire-
land 2011; Pollitt et al., 2018).
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Table 1. Phenotypic characteristics and 16S rRNA genotypic identification of S. aureus, S. carnosus, E. faecalis, and M. ca-
seolyticus, E. faecium, E.durans, and E. gallinarum isolates obtained from cheese samples

No | 165 rRNA Accenion No | marphotogy | © | €| ™ |0 [ RNES
CE2 | cp2 |S@Phy l"cg‘g”; carmostis 1 \Kk79158s (+)-coccus G| @ # | ®
CE 3 CE 32 Enterozogc;ts é‘aecalis MK791587 (+)-coccus ) +) +) “)
CE1 | cE11 | B ”te”"g’g “l‘s{ae“‘”s MK791580 (+)-coccus G| @ @ | o
CE.1 | CE 12 E”temé"g ci‘sf‘e“‘l"s MK791581 (+)-coccus O o @ | ®
CE1 | cE13 | E ”te”"g’g “l‘sfe“‘”s MK791582 (+)-coccus Ol el ®» | e
CE 1 | CE 14 E”temé"g Ci‘sf‘ecal’s MK791583 (+)-coccus Ol en | o | o
CE1 | cE15 | B ”te”"g’g “l‘sgae“‘”s MK791584 (+)-coccus Ol el ®» | e
CE 4 CE 42 Enterozogc:ts é‘aecalis MK791592 (H)-coccus ) +) ) )
CE4 | cE43 | B ”temg’g cff‘““”s MK791593 (+)-coccus G | - () )
CE 4 CE 4 4 Enterogogczs {aecalis MK791594 (H)-coccus ) (+/) ) ()
cE3 | 33| B ”temg’g cg‘sgaecalis MK791588 (+)-coccus G| @ @ | e
CE3 | cB 3.4 | Stphy lg%"cg ”j AUrens 1 MK 791589 (+)-coccus O @ ) ¢ S
CE3 | B35 | B ”temg’g cg‘sgaecalis MK 791590 (+)-coccus G| @ @ | o
CE 4 CE 4 1 Enterozogczs‘ {aecalis MK791591 (+)-coccus ©) +) +) )
CE3 | CE3 1 M"”‘;chg_;‘ie"ly o MK791586 (+)-coccus GO @ ©) ©)
CE 5 | CE 5 1 E”terog’éc’;S{“eCi“m MN629248 (+)-coccus Ol o ¢ )
CEs | cs3 | B ”’”"é%ccsusfw‘ms MN629249 (+)-coccus G| o ) )
CE5 | cEsa4 | E ”temg’éc’;‘q{“ec" 41 MN629250 (+)-coccus CHENG) ) )
cE6 | cEe61 | E ”’”"g’gcgs {““" Y MN629251 (+)-coccus G| o ) )
CE6 | cE62 | ”terog’écgsg"eCi Ul MN629252 (+)-coccus Ol o @ |6
cE6 | cE63 | E ”’”"g’gcgs f’ec" Y MN629253 (+)-coccus @ | e @ |6
cE7 | cE72 | E ”temg’éc’f?’ed UMl MN629254 (+)-coccus Ol o ¢ )
ceEs | ces1 | ”’”"g’gcgs {““" “ MN629255 (+)-coccus @ | e ) )
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CES8 | CES82 E”’eroé‘}’;cgszd”m”s MN629256 (+)-coccus G| o ) )
CE8 | CE 83 E”’”"g’écgsg”“"”m MN629257 (+)-coccus ¢ ) ) )
CE9 | CE9 2 E”terog’écgsgaeCi“m MN629258 (+)-coccus @ | e ) )
CE 10 | CE_10 1 E"’emé%ccl”g ff“’”’" MN629259 (+)-coccus ¢ ) ) )
CE_10 | CB_10 2 | Frerococeus faccium |\ i\i6r9760 (+)-coccus G| o G | ®
CE_10 2
CE Il | CE_11_1 E"’e”’é%ccluf fl"ec"”’" MN629261 (+)-coccus @ | O ) )
CE 11 | CE 11 2 E”’er(ggci’f j”m”s MN629262 (+)-coccus G| o ) )
CE_11 | CE_11 3 E"’”‘ggc?{s ;’”mns MN629263 (+)-coccus @ | o O | e
CE 12 | CB 12 o | Emterococcusfaecalis |\ i\i6r0764 (+)-coccus G| o @ |6
CE_12 2
CE_12 | CE 12 3 E”temé%ccl”;g“ecalis MN629265 (+)-coccus O o @ | e
CE 12 | CE_12. 4 | Staphy é’é"ﬁ”y’weus MN629266 (+)-coccus G| @ @ | e R
CE 13 | CB 131 | Staphy é’é"j;”sl"””e”s MN629267 (+)-coccus G| @ | @ R
CE 14 | CE 14 2 E”temégccfféaecalis MN629268 (+)-coccus G| o @ | o
CE 14 | CE_14 3 Eme”"é%“ff";f‘ecal"s MN629269 (+)-coccus @6 | ®|®
CE 15 | CE 15 1 E”temégccl”ssfl“ecalis MN629270 (+)-coccus @ | e @ | o
CE 15 | CE 15 3 E”te”"égcf;”;f‘ewh’s MN629271 (+)-coccus Ol o @ | ®
CE 16 | CE 16 2 E”temégccl”gé“ecalis MN629272 (+)-coccus G| o @ | ®
CE 17 | CE 171 E”te”"c‘(’:cg”f f"fﬁnamm MN629273 (+)-coccus Ol o @ | &
CE 18 | CE 18 1 E”temégccl”; fl“ecal"s MN629274 (+)-coccus G| o @ | ®
CE 18 |cE 82| ”te”"égccl”; ";aecal"s MN629275 (+)-coccus @ | o @ | @
CE 18 | CE 18 3 E”temégccl”; J;“ecalis MN629276 (+)-coccus @ | e @ | e
CE 20 | CE 20 1 E”te”"égczuos ";aecal"s MN629277 (+)-coccus Ol o @ |6
CE 20 | CE 20 3 | Ermterococcus faecalis | yorgr7g (+)-coccus G| o @ |6
CE 20 3
CE 20 |CE204| ”te”"égcczu(f ":fecal"s MN629279 (+)-coccus Ol o @ |6

0:0Oxidase, C:Catalase, M:Mannitol fermentation, D:DNAse, Methicillin: Methicillin Susceptibility, S: Susceptible, R: Resistant (-): Negative reaction, (+) : Positive reaction,
(+/-) : Late positive
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Presumptive S. aureus isolates (isolate IDs: CE 12 4 and
CE_13_1) were compatible with the phenotypic identifica-
tion tests including oxidase, catalase, mannitol fermentation,
and Dnase. However, presumptive S. aureus isolate (ID:
CE_3 4) was mannitol fermentation and DNAse tests were
negative (Table 1). Although phenotypic tests for the isolate
CE_3 4 were not coherent, some of strains of the S. aureus
could show a negative reaction for the DNase and mannitol
fermentation tests (Kateete et al., 2010). According to the 16S
rRNA identification results, presumptive isolates (IDs:
CE 13 1, CE 12 4 and CE 3 4) were identified as S. au-
reus. In accordance with phenotypic identification tests for
the isolates including CE 2, CE 1 1, CE 4 2, CE 4 4,
CE 3 3, and CE 3 5 were considered as S. aureus. How-
ever, the 16S rRNA identification test showed that these iso-
lates were identified as CE_2 (S. carnosus), CE_1_1 (E. fae-
calis), CE 4 2 (E. faecalis), CE 4 4 (E. faecalis, CE 3 3
(E. faecalis), and CE_3 5 (E. faecalis). Therefore, our results
showed that some of the phenotypic identification tests did
not correspond to the genotypic identification test. Consider-
ing the phenotypic results in Table 1, it was seen that only 47
of the phenotypic test results did not indicate S. aureus. On
occasion, phenotypic tests can be variable under some condi-
tions. For instance, E. faecalis is catalase- positive under the
acquisition of heme however, E. faecalis strains are catalase
negative (Frankkenberg et al., 2002). The 16S rRNA analysis
showed that the other Staphylococaceae members including
Staphylococcus carnosus (n=1), and Macrococcus caseolyti-
cus (n=1) were reported in this study. Moreover, Enterococ-
cus faecalis (n=25) Enterococcus faecium (n=12), Entero-
coccus durans (n=4), and Enterococcus gallinarum (n=1)
belonging to the Enterococcaceae family was reported in this
study (Table 1). Although E. gallinarum was reported from
clinical samples in Turkey (Ozseven et al., 2011), E. galli-
narum can be isolated during cheese making and ripening
procedure. In ltaly, E. gallinarum was reported a low abun-
dance in artisanal Italian goat's cheese during ripening proce-
dure (Suzzi et al., 2011).

S. carnosus is generally isolated from meat products or fish
and it's known as meat starter culture (Biickle et al., 2017).
Similarly, in Turkey, S. carnosus was reported from Turkish
fermented sausage (Nazli, 1998). Another study that was car-
ried on in France, S. carnosus was detected only in dry sau-
sage samples (Coton et al., 2010). The detection of S. carno-
sus in our study could show the contamination of cheese sam-
ples. M. caseolyticus was also identified in various dairy and
meat food sources related to flavor development (Mazhar et
al., 2018). Besides, M. caseolyticus can be isolated from bo-
vine milk, chicken, and humans. In Switzerland, M. caseolyt-
icus was isolated from bovine mastitis milk (Schvendener et
al., 2017). However, to best our knowledge, M. caseolyticus
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has not been detected from white cheese samples in Turkey
before. As distinct from S. carnosus and M. caseolyticus, E.
faecalis is known as a flora member of the gastrointestinal
tract in humans and animals (Abdeen et al., 2016). However,
the presence of E. faecalis in food sources such as cheese
could show fecal contamination and/or inadequate hygienic
measures in cheese samples. Moreover, the transmission of
E. faecalis to the human by consumption of dairy products
could cause various infections (Anderson et al., 2016). Simi-
larly, various antibiotic - resistant Enterococci such as E. fae-
cium has been reported from nosocomial-acquired patients
(Sanders et al., 2010). Along with the harmful effects of En-
terococci, these species are also known to have probiotic po-
tential. Because Enterococci has a tolerance to the salts and
acids thereby, Enterococci could adapt to various foods and
could involve the fermentation process of cheese. (Hanchi et
al., 2018). And another striking feature of Enterococci in-
cluding E. faecalis, E. faecium, and E. durans has lipolytic
activity and production of aromatic compounds (Amaral et
al., 2016). In Turkey, E. faecium has been used for cheese
production as a starter culture. And they were concluded that
E. faecium FAIR-E 198 could be used as a starter culture
(Gonciioglu et al., 2009).

Conclusion

In conclusion, S. aureus, E. faecalis, E. faecium, E. durans,
E. gallinarum, S. carnosus, and M. caseolyticus were identi-
fied by phenotypic and genotypic identification methodolo-
gies. Phenotypic identification tests results should be vali-
dated by genotypic identification tests. The detection of
MRSA in our study could show the significance of the methi-
cillin resistance in cheese samples for public health. To pre-
vent the transmission of S. aureus to cheese products, hy-
giene and sanitation precautions should be taken during pro-
duction and sales of the cheese. Also, critical control points
should be determined. According to our data, the presence of
S. aureus and Enterococci in cheese products could give an
opinion about transmission strategies of these bacteria needed
to be studied.
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ABSTRACT

Antimicrobial resistance of pathogenic microorganisms is an emerging public health concern. In-
tensive use of antibiotics in food animals might increase antimicrobial resistance in foodborne
pathogens. Colistin is a last resort antibiotic for treatment of multidrug resistant (MDR) Gram
negative pathogens. The recent antimicrobial resistance studies revealed a mobile antimicrobial
resistance gene (mcr) that provides resistance to colistin. Furthermore, the gene has been found in
different genera. Therefore, the aim of this study was to determine colistin resistance of Escheric-
hia coli isolates (N=48) isolated in between 2011 and 2015 from food samples in Turkey. In addi-
tion, 5 mcr genes and their variants were screened by performing PCR on resistant isolates. 4 E.
coli isolates were found resistant to colistin above the epidemiological cut-off value (Minimum
inhibitory concentration (MIC) > 2mg/L). None of the resistant isolates had the mcr genes. Further
studies with human and food isolates should be conducted to figure out which gene or genes are
responsible for colistin resistance.

Keywords: Antimicrobial resistance, Colistin, Escherichia coli
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Introduction

Antimicrobial resistance is one of the main public health con-
cerns. Ineffective antibiotics might mean longer treatment,
even death in some cases such as cancer treatment, organ
transplant, surgeries, and dialysis (CDC, 2013). In the United
States (US), more than two million of drug resistant case oc-
curred, results in 23000 deaths, annually (CDC, 2013). It was
estimated that the economic cost of drug resistant infections
was around 35 billion dollars (CDC, 2013). One of the main
reasons of antimicrobial resistance is to overuse of antibiotics
in farm animals.

Colistin is a last resort antibiotic due to its nephrotoxic effect
for humans. It is mainly used against MDR Gram negative
infections (Ordooei et al., 2015). A pathogen is considered as
MDR when it is resistant to 3 or more antibiotics (Tang et al.,
2017). Colistin is also used in veterinary medicine to treat an-
imal digestive disorders. Before the study of Liu et al. (2016),
it was believed that colistin resistance occurred through chro-
mosomal mutations, and thus, was only transferred vertically.
However, Liu et al. (2016) discovered a transferrable, plas-
mid mediated gene (mcr-1) that causes colistin resistance in
E. coli. The gene was dated back to mid 2000’s and most
likely spread from farm animals in China (Wang et al.,
2018a).

After the identification of the gene, a number of reports
showed that mcr-1 has already spread globally, from South
America (Arcilla et al., 2016; Fernandes et al., 2016), North
America (McGann et al., 2016; Mulvey et al., 2016), Africa
(Olaitan., 2016), to Japan (Suzuki et al., 2016) and South Asia
(Tse and Yuen, 2016). Plasmid mediated colistin resistance
has been found in almost all of the European countries (Cam-
pos et al., 2016; Doumith et al., 2016; Falgenhauer et al.,
2016; Malhotra-Kumar et al., 2016; Prim et al., 2016; Zurfuh
etal., 2016).

Although mcr-1 gene has dominantly been found in E. coli
(Arcilla et al., 2016), the gene was also identified in different
species such as; Enterobacter aerogenes (Zeng et al., 2016),
Enterobacter cloacae (Zeng et al., 2016), Citrobacter freun-
dii (Lietal., 2017), Citrobacter braakii (Sennati et al., 2017),
Klebsiella pneumonia (Liu et al., 2016), and Salmonella en-
terica (Webb et al., 2016). In addition, resistant isolates found
in poultry, cattle (Hu et al., 2016), fowl (Yang et al., 2018),
turkey, and pigs (Perrin-Guyomard et al., 2016) as well as
environmental samples (Zurfuh et al., 2016). What is more,
mcr-1 was found in a number of different plasmid replicon
types, which further contributes the dissemination of re-
sistance (Wang et al., 2018b; Ye et al., 2016).

Recently, several variants of mcr-1, which were also provide
resistance to colistin, were discovered. One of the genes, mcr-

2, was found in Belgium (Xavier et al., 2016). The gene was
on a 35k base plasmid, and was more prevalent than mcr-1 in
colistin resistant bacteria. It was also reported that the plas-
mid harboring mcr-2 has a higher conjugation rate than orig-
inal mcr-1 harboring plasmid (Xavier et al., 2016). Yin et al.
(2017) reported the discovery of mcr-3, another plasmid en-
coded colistin resistance variant of mcr-1. After the first re-
port, mcr-3 gene was found in Salmonella isolates from hu-
man patients in Denmark (Litrup et al., 2017; Roer et al.,
2017), and E. coli isolates from cattle in Spain (Hernandez et
al., 2017). In both studies, there were isolates carried both
mcr-1 and mcr-3 gene. Soon after the discovery of mcr-3,
Carattoli et al. (2017) were discovered the existence of mcr-
4 in Salmonella and E. coli isolates. The gene was found in
pathogens that were isolated in Italy, in Spain, and in Belgium
in a time frame between 2013 to 2016 (Carattoli et al., 2017).
Borowiak et al. (2017) defined a transposon associated re-
sistance gene, mcr-5, in Salmonella Paratyphi B. Yang et al.
(2016) identified mcr-7 in a Incl2 type plasmid in a K. pneu-
moniae isolate, in China. Wang et al. (2018) discovered mcr-
8 in NDM producing K. pneumoniae. Lastly, mcr-9 was
identified in a Salmonella Typhimurium, in the US (Carroll
et al., 2019). To date, more than 40 mcr genes and variants
has been described. Additionally, co-occurrence of different
mcr genes has been reported in several studies (Garcia et al.,
2018; Hernandez et al., 2017; Yang et al., 2016).

Studies showed the animal to human transmission of mcr-1
(Hasman et al., 2016; Liu et al., 2016; Ye et al., 2016). Con-
sidering the rapid dissemination of the gene and the im-
portance of colistin in medicine, public health implications
are severe. Therefore, the purpose of this study was to deter-
mine the colistin resistance, and to investigate the existence
of mcr-1 to mer-5 genes and their variants by screening the
E. coli strains previously isolated from food samples col-
lected in Van and Ankara, Turkey.

Materials and Methods

In this study, 48 E. coli strains that were isolated in between
2011-2015 from foods in previous studies, were screened
(Table 1). Detailed description of Van samples was given by
Kyere et al. (2015).

Isolation and Conformation of E. coli

A total of 28 samples were isolated in Van, 2011, and the rest
were isolated in Ankara (n:20), 2015. E. coli isolates had
been held in -80°C prior the experiments, and was a part of
METU Food Safety Lab collection. In both experiments, sub-
sampling and isolation were performed following the E. coli
isolation method of the Food and Drug Administration (FDA)
(Feng et al., 2011).
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Table 1. Van E. coli isolates, their sources, isolation locations, and phenotypic resistances

METUIDs  Opecific  food 0 iiected  Antibiotics resistant to

source
MET-K1-001  Raw milk Van NR
MET-K1-002  Herby Cheese Van NR
MET-K1-003  Raw milk Van Gentamycin
MET-K1-004* Raw milk Van NR
MET-K1-005 Raw milk Van NR
MET-K1-006  Raw patty meat Van NR
MET-K1-007  Chicken wings Van AMP, FOX, NA
MET-K1-008  Salted cheese Van NR
MET-K1-009  Chicken drumstick Van AMP, AMC, SF, SXT, TE, CN, S
MET-K1-010  Chicken drumstick Van AMP, AMC, SF, SXT, TE, CN, S
MET-K1-011  Chicken drumstick Van AMP, SF, SXT, NA, TE, CN, S
MET-K1-012  Turkey wings Van AMP, TE
MET-K1-013  Chicken drumstick Van NR
MET-K1-014* Chicken drumstick Van AMC, SF, SXT, NA, TE, S, K
MET-K1-015* Chicken drumstick Van AMP, AMC, SF, SXT, NA, TE, S
MET-K1-016  Chicken drumstick Van AMP, AMC, SF, SXT, NA, TE, S
MET-K1-017  Chicken drumstick Van AMP, AMC, SF, SXT, NA, TE
MET-K1-018  Chicken drumstick Van AMP, SF, SXT, NA, TE, S, K, C
MET-K1-019  Chicken drumstick Van AMP, KF, SF, SXT, NA, TE, CN, C
MET-K1-020  Chicken drumstick Van NR
MET-K1-021  Chicken drumstick Van AMP, SF, SXT, TE, S
MET-K1-022  Chicken drumstick Van AMP, KF, SF, SXT, NA, TE, S, K, C
MET-K1-023  Raw milk Van NR
MET-K1-024* Herby cheese Van AMP, AMC, SF, NA, TE, S, C
MET-K1-025  Chicken drumstick Van AMP
MET-K1-026  Herby cheese Van NR
MET-K1-027 Raw milk Van NR
MET-K1-028  Chicken drumstick Van AMP, SF, S, C

* Strains that exhibited colistin resistance.

AMP: Ampicillin, AMC: Amoxycillin/Clavulanic Acid, SF: Sulfafurazole, SXT: Sulphamethoxazole/Trimethoprim, TE: Tetracycline, S:
Streptomycin, K: Kanamycin, C: Chloramphenicol Cro: Ceftriaxone, Eft: Ceftiofur, , Imp: Imipenem, Ak: Amikacin, Cn: Gentamicin, , Cip:
Ciprofloxacin, N: Nalidixic acid, Fox: Cefoxitin, Kf: Cephalothin, Etp: Ertapenem, NR: Not resistant

Briefly, food samples were collected from the markets in city
center of Van and Ankara, for E. coli isolation (Table 1). The
samples then were transferred to the laboratory at the Food
Engineering Department of Yuzuncu Yil University in Van
and Food Engineering Department of METU. 25 g of each
food sample was weighted aseptically, and was transferred to
225 mL of buffered peptone water for enrichment of E. coli,
followed by homogenization using a stomacher. Homoge-
nates were incubated at 36°C for 18 h for cell enrichment,
then 20 pL of each homogenate was sub-cultured on Endo
Agar. After 18-24 h of incubation at 36°C in an incubator,
suspected colonies were isolated for further confirmation. In

case of Van samples, suspected E. coli isolates were stored at
—20°C in brain heart infusion (BHI) broth with 15% (v/v)
glycerol prior to transport to the Food Engineering Depart-
ment at Middle East Technical University (METU), Ankara,
Turkey.

Determination of Antimicrobial Resistance

The existence of mcr-1 to mcr-5 in the isolates were carried
out in two steps. Initially, phenotypic colistin resistance of E.
coli isolates was determined by MIC. Then borderline sus-
ceptible and resistance isolates was screened by PCR for the
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existence of mcr-1, mcr-2, mcr-3, mcr-4, mcr-5 genes
(Rebelo et al., 2018).

Phenotypic Characterization of Antimicrobial Resistance

MIC testing was conducted with broth dilution method based
on CLSI standards and EUCAST criteria (CLSI, 2014; EU-
CAST, 2016). For this, series of concentrations of colistin
were prepared from commercial lyophilized colistin sulphate
(Sigma-Aldrich), and added to the cation adjusted Muller Hil-
ton Broth (CAMHB) in the test tubes, respectively. To stand-
ardize the inoculum density, 0.5 McFarland standard was
used as turbidity standard. For every test, negative control
(without antibiotic) was prepared.

PCR Screening for mcr Genes

After the MIC testing, isolates with 2 mg/L or higher col-
istin resistance was checked for mcr-1 to mcr-5 genes. PCR
analysis was done described by Rebelo et al. (2018) by us-
ing the primers mcr-1-F (5'-GGCACCAG-
TATTGGCCTGCT-3"), mcr-1-R (5'- CAT-
ATGCGCCACAATGTGTTG -3"), mcr-2-F
(CAAGTGTGTTGGTCGCAGTT), mcr-2-R
(TCTAGCCCGACAAGCATACC), mer-3-F (AAA-
TAAAAATTGTTCCGCTTATG), mcr-3-R (AATGGA-
GATCCCCGTTTTT), mer-4-F (TCACTTTCATCAC-
TGCGTTG), mcr-4-R (TTGGTCCATGACTACCAATG)
mcr-5-F (ATGCGGTTGTCTGCATTTATC), mcr-5-R
(TCATTGTGGTTGTCCTTTTCTG). E. coli NTCC 13846
strain was used as positive control for mcr-1 gene.

Conditions of PCR was as follows; 94 °C for 15 minutes for
initial denaturation, 94 °C for 30 seconds, 58 °C for 90 sec-
onds, 72 °C for 60 seconds for 25 cycle, and a final elongation
at 72 °C for 10 minutes. Samples were taken from Eppendorf
tubes, placed into gel, and ran in electrophoresis for 45
minutes. The gel was placed into staining-bath contains Eth-
1dium Bromide solution for 30 minutes, rinsed in water, and
visualized in BioRad Molecular Imager Gel-Dox XR.

Results and Discussion

In total, 48 E. coli strains isolated from various sources in two
different cities were tested. 20 samples were isolated from
poultry in Ankara, 2015. Rest of the samples were isolated
from various sources (17 poultry, 6 raw milk, 4 cheese, and 1
meat) in Van, 2011 (Table 1) (Kyere et al., 2015). 11 samples
were susceptible to antibiotics. Two samples were resistant to
one antibiotic while the rest of the samples showed multi-re-
sistance of two or more antibiotics. Furthermore, three of the

samples were resistant to eight antibiotics. All resistant iso-
lates were collected from food samples and were non-patho-
genic. Van isolates were discussed in detail by Kyere et al.
(2015). Unlike Van isolates, only three of the Ankara isolates
were susceptible to antibiotics, phenotypically (Table 2). The
rest were resistant to two or more antibiotics. Furthermore,
10 of the isolates were resistant to five or more antibiotics.
Antibiotic resistance of Ankara isolates further characterized
with PCR screening of antibiotic resistance genes. Majority
of the isolates carried more than one antibiotic resistance
gene (Table 3). Nine of the Ankara isolates carried Extended
Spectrum B-Lactamase (blatemi) gene. Although three iso-
lates showed phenotypic resistance, resistance genes could
not been determined.

MIC results revealed that 4 isolates were resistant to colistin
(MIC > 2mg/L) (Table 4). 3 of these isolates were resistant to
at least two more antibiotics. All of the colistin resistant sam-
ples were isolated in Van, 2011. Among them two of the sam-
ples were isolated from dairy product (one cheese and one
raw milk), the other two were isolated from poultry products.
However, PCR screening of isolates for mcr genes were neg-
ative. The results implied that resistant isolates had a different
resistance mechanism (e.g. vertical gene transfer) than plas-
mid mediated resistance. Another possible explanation might
be the existence of other mcr genes. In this study, we screened
samples only for mcr-1 to mcr-5. However, there are 4 more
mcr genes mcr-6, mcr-7, mer-8, mer-9, and their variants con-
fer colistin resistance. Previous studies showed that currently
ratio of plasmid mediated colistin resistance, due to mcr-1, is
relatively low. For example, El Garch et al. (2017), reported
that only 45 of 292 colistin resistant isolates had the mcr-1
gene. Negative results might be associated with this low ratio.

Although mcr genes and their variants has already spread to
the ecosystem, prevalence of mcr-1 in food samples relatively
low compared to wastewater and animal feces. Chen et al.
(2017) reported the prevalence of mcr-1 gene in colistin re-
sistant bacteria from food samples as 36%, while the preva-
lence of mcr-1 was 51% and 71% in animal feces and water,
respectively. This difference might be due to the variety of
gene acquisition mechanisms. For example, while plasmids
that carry mcr-1 in Salmonella food isolates were conjuga-
tive, plasmids in Salmonella animal isolates were not. It was
suggested that mcr-1 acquisition in food Salmonella isolates
probably due to a cross species conjugation from E. coli, in-
stead of Salmonella animal samples (Cui et al., 2017).
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Table 2. Ankara E. coli isolates, their sources, isolation locations, and phenotypic resistances
METU IDs Specific food source City Collected Antibiotics resistant to

MET A1-001 Chicken Breast Ankara CRO, EFT, AMP, AMC, FOX, KF
MET A1-002  Chicken Thigh Ankara AMP, AMC, FOX, KF

MET A1-003  Chicken Wing Ankara SF, SXT, C,CN, K, S, CIP, N, AMP, T
MET A1-004  Chicken Thigh Ankara CIP, N

MET A1-005  Chicken Thigh Ankara SF, SXT CN, K, CIP, N, AMP, T

MET A1-007  Chicken Wing Ankara S, AMP, KF

MET A1-008  Chicken Breast Ankara SF, SXT, C, K, S, CIP, N, AMP, T, KF
MET A1-009  Chicken Rib Ankara KF

MET A1-010  Chicken Wing Ankara SF, SXT, C, CN, S, CIP, N, AMP, T
MET A1-011 Chicken Wing Ankara SF,S,CIP,N, T

MET A1-012  Chicken Wing Ankara SF,K,CIP,N, T

MET A1-014  Chicken Wing Ankara NR

MET A1-015  Chicken Thigh Ankara SF, SXT, C, S, CIP, N, AMP, T

MET A1-016  Chicken Wing Ankara SF, SXT, C, CN, S, CIP, N, AMP, T, KF
MET A1-017  Chicken Rib Ankara NR

MET A1-018  Chicken Thigh Ankara NR

MET A1-019  Chicken Wing Ankara SF, SXT, C, K, S, CIP, N, AMP. T, KF
MET A1-020  Chicken Thigh Ankara SF, T

MET A1-021 Chicken Thigh Ankara CIP, N, ETP

AMP: Ampicillin, AMC: Amoxycillin/Clavulanic Acid, SF: Sulfafurazole, SXT: Sulphamethoxazole/Trimethoprim, TE: Tetracycline, S:
Streptomycin, K: Kanamycin, C: Chloramphenicol Cro: Ceftriaxone, Eft: Ceftiofur, Imp: Imipenem, Ak: Amikacin, Cn: Gentamicin, , Cip:
Ciprofloxacin, N: Nalidixic acid, Fox: Cefoxitin, Kf: Cephalothin, Etp: Ertapenem, NR: Not resistant

Table 3. Specific source and resistance profiles of E. coli, isolated in Ankara, 2015

Isolate ID Specific Phenotypic Resistance Resistance genes
Source
MET A1-001 Chicken Breast CroEftAmpAmcFoxKf blacmy-2
MET A1-002 Chicken Thigh AmpAmcFoxKf ND
MET A1-003 Chicken Wing  SfSxtCCnKSCipNAmpT blatem-1, flo, aadAl, aadA2, aphAl-lab, dhfrl, tetA, sull
MET A1-004 Chicken Thigh CipN ND
MET A1-005 Chicken Thigh  SfSxtCnKCipNAmpT blatem.1, aadAl, aadA2, aphAl-lab, tetA
MET A1-007 Chicken Wing ~ SAmpKf blatem.1, aadAl
MET A1-008 Chicken Breast SfSxtCKSCipNAmpTKf blatem-1, catl, aphAl-lab
MET A1-009 Chicken Rib Kf ND
MET A1-010 Chicken Wing  SfSxtCCnSCipNAmpT blatem., flo, aadAl, dhfrl, tetA, sull
MET A1-011 Chicken Wing  SfSCipNT tetA
MET A1-012 Chicken Wing  SfKCipNT aadAl, aadA2, tetA
MET A1-014 Chicken Wing  Susceptible aadA?2
MET A1-015 Chicken Thigh  SfSxtCSCipNAmpT blarp.i, flo, aadAl, aphAl-lab, tetA, aadA2, sull
MET A1-016 Chicken Wing  SfSxtCCnSCipNAmpTKf flo, aadAl, aphAl-lab, dhfvl, tetA, sull
MET A1-017 Chicken Rib Susceptible blarem.i
MET A1-018 Chicken Thigh  Susceptible blarem.1, aphAl-lab
MET A1-019 Chicken Wing  SfSxtCKSCipNAmpTKf blacyy-, catl
MET A1-020 Chicken Thigh  SfT tetA
MET A1-021 Chicken Thigh  CipNEtp blatem.1, aadA2

Cro: Ceftriaxone, Eft: Ceftiofur, Sf: Sulfafurazole, Sxt: Sulphamethaxazole/trimethoprim, C: Chloramphenicol, Imp: Imipenem, Ak: Ami-
kacin, Cn: Gentamicin, K: Kanamycin, S: Streptomycin, Cip: Ciprofloxacin, N: Nalidixic acid, Amp: Ampicillin, Amc: Amoxicillin-clavu-
lanic acid, T: Tetracycline, Fox: Cefoxitin, Kf: Cephalothin, Etp: Ertapenem, ND: Not determined
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Table 4. Colistin resistant E. coli isolates, their sources, other resistances, and MIC values

Isolate ID Specific Source Antibiotics resistant to MIC

MET-K1-004 Raw milk Susceptible >2mg/L
MET-K1-014 Chicken drumstick  AMC, SF, SXT, NA, TE, S, and K. >2mg/L
MET-K1-015 Chicken drumstick ~ AMP, AMC, SF, SXT, NA, TE, and S.  >2mg/L
MET-K1-024 Herby cheese AMP, AMC, SF, NA, TE, S, and C. >2mg/L

AMP: Ampicillin, AMC: Amoxycillin/Clavulanic Acid, SF: Sulfafurazole, SXT: Sulphamethoxazole/Trimethoprim, TE: Tetracycline, S:

Streptomycin, NA: Nalidixic Acid, K: Kanamycin, C: Chloramphenicol

Nearly all plasmid mediated colistin studies showed that re-
sistant isolates had multidrug resistance (MDR) including
Extended Spectrum B-Lactamase (blagssr, blacrx-m-1s, blacrx-
m.ss, blaremi) (Li et al., 2016; Zeng et al., 2016; Zurfuh et al.,
2016), Carbapanemases (Sun et al., 2016), and New Delhi
Metallo B-Lactamase (blanpm-s, blanomo) (Borowiak et al.,
2017; Yao et al., 2016). While our multidrug resistant isolates
did not have mcr genes, the reports highlight the possible sig-
nificant challenge in treatment of MDR infections.

Conclusion

MDR pathogens can be associated with increased treatment
durations to life threatening conditions. There are currently a
few antibiotics deployed against MDR infections. Colistin is
a last line of defense against MDR Gram negative pathogens.
Plasmid mediated colistin resistance disseminated rapidly be-
tween the several sources, bacterial species and continents.
The absence of colistin treatment might have severe conse-
quences. Previous studies showed the importance of farm an-
imals and foods as gene transfer media. As a result, studies
should focus on reducing the unnecessary antibiotic usage,
and alternative treatments, especially in veterinary medicine.

Foodborne pathogen infections are still a serious threat for
human health. In this regard, antibiotic resistance of food-
borne pathogens is a critical concern. Colistin has been used
for treatment of farm animals across all European countries.
Considering the fact that plasmid mediated colistin resistance
has spread globally, our results do not show or imply that mcr
genes was not present in Van and Ankara, Turkey. Further
studies with more isolates should be conducted. More sources
such as hospitals, wastewater, and poultry farms should be
monitored.
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Bu calismada, kavurga bugday (KB), kavurga arpa (KA), %50 kavurga arpa+ %50 kavurga bugday
(KAB) unlari, standart una %5, %10 ve %20 oranlarinda ikame edilerek tulumba tathilar1 iiretilmistir.
Tim tulumba tathlarinda bazi fiziksel, kimyasal ve duyusal 6zellikler belirlenmistir. Fiziksel 6zellik-
lerde; tathlarda en diisiik surup ¢ekme miktar1 KAB ve %20 ikame oraninda, en yiiksek spesifik hacim
KA ikameli, en diisiik boy/en oran1 KB ikameli tatlida belirlenmistir (p<0.05). Kimyasal 6zelliklerde;
en diisiik nem miktar1 kontrol drneginde goriillirken, artan ikame oranlariyla birlikte yag ve protein
igerikleri kontrole gore sirasiyla %15.39, %8.64 azalmistir (»p<0.05). Mineral madde bakimindan mag-
nezyum igerigi %20 ikamede, sodyum igerigi %5 ikamede en yiiksek degerler vermistir (p<0.05). Du-
yusal degerlendirmede en diisiik puanlama %20 ikame oranli tatlilarinda elde edilmistir. Tulumba tat-
lilarda artan iiriin ¢esitliligi, elde edilen sonuglar dikkate alindiginda % 10’a kadar kavurga unlari tu-
lumba tatlis1 yapiminda kullanilabilinir.

Anahtar Kelimeler: Kavurga unu, Tulumba tatlisi, Mineral madde, Kalori

ABSTRACT

Use of various roast (kavurga) flours in production of tulumba dessert and some
characteristics of desserts

In this study, wheat flour was substituted with either wheat roast (kavurga) (KB), barley kavurga (KA)
or an equal mixture of barley and wheat kavurga (KAB) flours by 5, 10 and 20% in the production of
tulumba desserts. Some physical, chemical and sensory properties of tulumba desserts were determined.
In terms of the physical properties, the lowest syrup uptake was determined in the desserts with KAB
at a substitution rate of 20%. The highest specific volume was found in the desserts with KA while the
lowest length/width ratio was in the KB substituted desserts (p<0.05). Among chemical properties, the
lowest moisture content was obtained in control desserts containing no kavurga flour, and increasing
substitution rate reduced the fat and protein contents of tulumba desserts by 15.39% and 8.64%, respec-
tively (p<0.05). In addition, calorie values of desserts with kavurga flours decreased as substitution rate
increased and the lowest was at the substitution rate of 20% (p<0.05). The magnesium content of tu-
lumba desserts was the highest at a 20% substitution rate while the highest sodium content was at a 5%
substitution rate (p <0.05). In sensory evaluation, the lowest scoring was obtained in desserts with a
20% substitution rate. Results of this study showed an increased product variety in tulumba desserts
and indicated that up to 10% of kavurga flour can be used in the production of tulumba desserts.

Keywords: Kavurga flour, Tulumba dessert, Mineral subtance, Calorie
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Giris

Kavurga; Tiirk kiiltlirline ait, tahildan yapilan geleneksel ve
yoresel bir kuruyemis ¢esididir. Unutulmaya yiiz tutmus Tiirk
kuruyemislerinden olan kavurga, genellikle evlerde yikanmis
tahillarin yanmaz bir tava ya da sac tizerinde kavrulmas ile
yapilmaktadir. Ozellikle tok tutmasi, hazmimin kolay olmast,
protein yoniinden zengin olusu ve viicudu soguktan korumasi
gibi 6zellikleriyle daha ¢ok kisin sert ve uzun gegtigi dogu ve
i¢ Anadolu gibi karasal bdlgelerde bilinmektedir. Ayrica kav-
rulmadan gelen lezzetiyle birlikte kilo problemi olanlar i¢in
de yiiksek lif igeriginden dolay1 ideal bir besindir (Karaoglu
ve Kotancilar, 2005; Sevimli ve Sonmezdag, 2017).

Kavurma iglemi, lirlinde renk 6zelliklerini gelistirme, raf 6m-
rlinli uzatma, lezzetini arttirma gibi olumlu etkiler saglarken,
tahil ve bakliyatlarin besleyici olmayan dzelliklerinin azaltil-
masina da yardime1 olmaktadir. Bir diger olumlu 6zelligi ise,
islem sirasinda olusan nigastanin jelatinizasyonu ve protein
denatiirasyonu ile {iriiniin sindirilebilirliginin artmasidir
(Sharma ve ark., 2011).

Tiirk mutfak kiiltiiriinde tatlilar Osmanli’dan giiniimiize her
zaman Oonemli bir yere sahip olmustur. Hamur tatlilari, mayali
(lokma) ya da mayasiz hamurlarin kizartilmasi (tulumba)
veya firmlanmasi (baklava, revani) sonrasinda genellikle ser-
betlendirilmesi ile tiiketilmektedir (Caglar ve Ozaltin, 2013;
Ertas ve Karadag, 2013)

Tulumba tatlisi, hamur isi tatlilar arasinda ticari olarak sii-
rimil yiiksek, liretim maliyeti diisiikk ve halkimiz tarafindan
sevilerek tiiketilen geleneksel tatli ¢esitlerimizden biridir.
Uretiminde; pisirilerek hazirlanmis hamura kademeli yu-
murta homojen bir sekilde yedirilerek yapilmakta ve elde edi-
len hamur tulumba kaliplarindan belirli boyutlarda soguk yag
igerisine birakilmaktadir. Kizartilan tulumbalar da soguk ser-
bette beklettikten sonra siiziilmekte ve servis edilmektedir.
Gelenekselin diginda eklenen katki maddeleri ile farkli for-
miilasyonlarin olusturulmasi saglanarak tulumba tatlisinin tat
ve goriiniisiinde bir¢ok degisiklik elde edilebilmektedir (Do-
gan ve Yurt, 2002; Ozen, 2006; Ozen ve ark., 2009).

Tulumba tatlisi, i¢erdigi yiiksek seker ve yag igerigi diigtiniil-
digiinde yiiksek kalorili tatlilardan biridir. Seker icerigi fazla
olan besinlerin tiikketimi, diyetle alinan enerji miktarini arttir-
makta ve yetersiz fiziksel aktivitenin de eklenmesiyle alinan
fazla kalori, kilo artisina neden olmaktadir. Bu durumun obe-
zite, kalp- damar hastaliklari, diyabet, hipertansiyon ve kan-
ser gibi hastaliklar icin 6nemli bir risk faktorii oldugu bilin-
mektedir (Akyol ve ark., 2008; Anon, 2020).

Bu ¢alisma ile arpa, bugday ve her ikisini karisimindan elde
edilen kavurga unlarin tulumba tath tiretiminde kullanilmasi,
irlin gesitliligin arttirilmasi, bazi fiziksel ve kimyasal, kalori
degerlerindeki degisim ve duyusal 6zelliklerin belirlenmesi,

en uygun uygulama c¢esidi ve ikame oranin belirlenmesi
amagclanmustir.

Materyal ve Metot
Materyal

Calismada tulumba tatlis1 iiretimi i¢in; baklavalik un (protein;
%11.24, kiil; %0,50, yag; %1.32, yas 0z; %35.25, Zeleny se-
diment; 30.25 mL), i¢ilebilir nitelikte su, aycicegi yagi, tuz,
sitrik asit, kat1 yag ve yumurta; serbet yapimi i¢in; igilebilir
nitelikte su, sitrik asit ve seker; ikame olarak kullanilan ka-
vurga unu iiretimi i¢in ise yerel pazardan temin edilen arpa
ve bugday kullanilmistir.

Metot
Denemenin kurulusu

Calisma, tulumba tiretiminde kullanilan standart baklavalik
una; kavurga bugday (KB), kavurga arpa (KA) ve %50 KA +
%50 KB (KAB) unlarmin her birinden %5, %10 ve %20
oranlarinda ikame edilerek sonuglarin kontrol 6rnegiyle kar-
silagtiriimasi seklinde olusturulmustur. Deneme 2 tekerriirlii
olarak yiiriitiilmiistiir.

Kavurga unu iiretimi

Arpa ve bugdaylar goriiniir yabancit maddelerden temizlen-
dikten sonra, 6n denemelerle belirlenen bugday igin 120-
140°C sicaklikta 7 dakika, arpa i¢in ise daha yliksek sicak-
likta 130-145°C sicaklikta 8 dakika olacak sekilde pilot tipi
kahve kavurma makinesinde (Has Garanti, izmir) kavurma
islemi gergeklesmistir. Kavrulan arpa ve bugdaylar labora-
tuar tipi degirmende 30 saniye yavas, 1,5 dakika hizli devirde
ogilitme islemine tabi tutulmus, 500 pm tel elekten gecirilerek
iiretimde kullanilmak iizere cam kavanozda buzdolabi sartla-
rinda saklanmstir.

Tulumba tatlisi iiretimi

Tulumba tathilarinin {iretimi igin, kontrol 6rnegi ve kavurga
unu ikameli 6rneklerde kullanilan formiilasyon 100 g bugday
unu esas alinarak olusturulmustur. Kullanilan kontrol 6rnegi
formiilasyonuna gore 100 g bugday unu, 64.8 g yumurta, 2.8
g kat1 yag, 1.08 g sitrik asit, 2.1 g tuz ve 170 mL su kullanil-
mistir. Kavurga unu ikameli 6rneklerde ise; ayni formiilas-
yonda kullanilan standart una % 5, % 10 ve % 20 oranlarinda
KB, KA ve KAB ikameleri yapilmistir.

Serbetin hazirlanmasi; 500 mL suya 1000 g seker ilavesi ya-
pilarak kaynamaya birakilmis, kaynayan suya 0.8 g sitrik asit
ilavesi yapilarak 4 dakika daha kisik ateste bekletilip, oda si-
cakliginda sogutulmustur.

Uretimde 6ncelikle; tuz, sitrik asit, kat1 yag suya ilavesi sonra
kaynatilmis, kaynamis suya un ilavesi yapilarak karistiritlmak
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suretiyle 7 dakika pisirme islemi ile kat1 lapa haline getiril-
mistir. Sicaklig1 45-50°C dolaylarina diigen hamura homojen
bir sekilde teker teker yumurta ilavesi yapilmis ve tahta ka-
sikla yumurtanin yedirilmesi saglanmistir. Istenen yari akici
yap1 olugmasi sonrasi i¢i yaglanan tulumba kalibina dolduru-
larak soguk yagin igerisine sekilli olarak 3.0 - 3.5 cm uzunlu-
gunda parcalar halinde birakilmistir (Ozen ve ark., 2009). i1k
10 dakika sonrasinda yag sicakligi 130°C sicakligina ulagsmis
ve islem sonrasinda sicaklik 180°C dolaylarinda olmustur.
Kizartma islemi toplam 20 dakika siirmiistiir. Kizartilmis tu-
lumba tatlandirilmasi i¢in sicakken direkt soguk serbetin ice-
risinde bekletilerek serbetlendirilmistir.

Fiziksel analizler

Yag ¢cekme yiizdesinin belirlenmesi i¢in, kizartilmadan 6nce
hamur kiitlesi ve kizartilmadan sonra tatlilarin kiitlesi (g); su-
rup ¢ekme yiizdesinin belirlenmesinde, kizartmadan sonra
tatlilarin kiitlesi ve suruplandiktan sonra tatlilarin kiitlesi (g)
dikkate alinmigtir. Kizartilan {irinler oda sicakligina geldik-
ten sonra kitle (g) 6l¢iimleri yapilmis ve kolza tohumu ile yer
degistirme esasina dayanarak hacim (mL) degerleri belirlen-
mistir. Bulunan degerlerin oranlanmasiyla spesifik hacim
(mL/g) degerleri elde edilmistir. Tatlilarin ¢ap ile boy/en ora-
ninin hesaplanmasinda dijital mikrometre kullanilmistir (El-
giin ve ark., 2012).

Kimyasal analizler

Uretilen tulumbalarda; nem, 550 °C’de yakma ile %kiil mik-
tar1, soxhalet ekstraksiyon metodu ile %yag miktar1 (Elgiin
ve ark., 2012), protein miktar1 Kjeldahl metodu kullanilarak
ACCC 46-12 (1995)’e bagli olarak belirlenmistir. Orneklerin
hepsinde azot ¢eviri faktorii 6.25 olarak alinmustir. (Elgiin ve
ark., 2012).

Elde edilen verilerden karbonhidrat degerleri hesaplanmis ve
tatlilarin enerji degerleri, Enerji (kkal/100 g) = 4 (% karbon-
hidrat + % protein) + 9 (% yag) formiiliine gére hesaplanmig-
tir (Karaagaoglu ve ark., 2008).

Mineral madde analizinde analiz i¢in 0.5g tartilan numune-
lere 10 mL HNO3 eklenerek mikrodalga cihazinda yas yakma
islemi gergeklestirilmistir. Sonrasinda drnekler 50 mL’lik ba-
lon jojeye almmarak mavi bant filtre cihazindan siiziilmis ve
geri kalan hacim saf su ile tamamlanmistir. Elde edilen sii-
ziintiiler ICP-OES cihazina verilerek P (ug/g), Mg (ug/g), Ca

(ng/g), Na (ng/g), K (ng/g), Zn (ng/g) ve Fe (png/g) mineral-
ler belirlenmistir (Kacar ve Inal, 2008).
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Duyusal analiz

Tatlilar, renk, koku, gdzenek yapisi, tekstiir, ¢ignenebilirlik,
lezzet ve genel begeni 6zellikleri agisindan Gida Miihendis-
ligi Boliimii 6grencileri ve 6gretim elemanlar: arasindan egi-
tilmemis panelistlerce 1 (Asir1 kétii) — 7 (Mitkemmel) kutu-
cuklarindan olusan hedonik skala kullanilarak degerlendiril-
migtir (Onogur-Altug ve Elmaci, 2011).

Istatistiksel analizler

Elde edilen bulgular IBM SPSS Statistics 22 programu ile
analiz edilmistir. Sonuclar arasindaki 6nemlilik farklilik LSD
testi ile ortaya konulmustur (Arbuckle, 2014).

Bulgular ve Tartisma

Tulumba tatlilarinda belirlenen yag ve surup ¢ekme yiizde-
leri, spesifik hacim ve boy/en degerleri Tablo 1’de gosteril-
mistir. Kavurga unu ¢esidi ve ikame orani tulumba tatlisinda
yag ¢ekme yiizdesini istatistiksel agidan 6nemli derecede et-
kilemezken artan ikame oranlariyla birlikte bir miktar artis
goriilmiistiir. En yiiksek surup ¢ekme yiizdesi KB ikameli tat-
lilarda gdzlenirken, ii¢ kavurga unu ¢esidinde de artan ikame
orani surup ¢ekme yilizdesini diisiirmiistiir. Bu sonug tiiketici
acidan daha az geker tiiketimi anlamina gelmekte ve alinan
giinliik kalori degerinde de diisiise neden olacaktir. Yiizde 20
ikame orani en diisiik deger elde edilmis ve kontrole gore ara-
larindaki fark istatistiksel agidan Onemli bulunmustur
(»<0.05). Ikame orami spesifik hacimde istatistiksel olarak
onemli bir fark olusturmamis, kullanilan kavurga unu ¢esidi
bakimindan KA tulumba tatlilarinin spesifik hacimleri diger
katkilara gore istatistiksel olarak dnemli dl¢iide daha yiiksek
bulunmustur (p<0.05). En diisiik boy/en orani ise KB ikameli
orneklerde belirlenmistir (p<0.05).

Dogan ve Yurt (2002) yaptiklari ¢aligmada, tulumba tatlisinin
iiretiminde % 4.5 civarinda kullanilan yagsiz soya unu kulla-
nimimin tulumba tatlisinin hacmini % 3’ e kadar arttirdigini
belirtmislerdir. Ayrica gluten ilavesinin de hacim artisina ne-
den oldugunu ve bu durumun undaki protein miktariin su
kaldirma kapasitesini arttirmastyla ilgili oldugunu da vurgu-
lamuslardir.

Tulumba tatlilarinda belirlenen yiizdece nem, protein, yag ve
kiil miktarlar1 Tablo 2’ de gosterilmistir. Kullanilan kavurga
unu ¢esidi tathilarin nem miktarlarinda istatistiksel olarak
onemli bir fark olusturmamis, artan ikame oraniyla nem mik-
tarlarinda artig goriilmiis ve % 10 ile % 20 ikamelerde kont-
role gore nem degerleri belirgin derecede yiiksek bulunmus-
tur (p<0.05). Tatlilarin protein miktarlarinda kullanilan ka-
vurga unu ¢esidi dnemli bir fark olusturmazken, artan ikame
oraniyla birlikte protein miktarlarinda diislis belirlenmistir.
En diisiik protein miktar1 % 20 ikamede goriiliirken kontrolle
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aralarindaki fark onemlidir (p<0.05). Artan ikame oraniyla
birlikte tulumba tathilarinin yag miktarlarinda diisiis gozlen-
mis, en yiiksek yag igerigi kontrol 6rneginde belirlenirken di-
ger ikame oranlariyla arasindaki fark istatistiksel olarak
onemli bulunmustur (p<0.05). Tatlilarin kiil igeriklerinde,
kullanilan kavurga unu ¢esidi ve ikame orani istatistiksel ola-
rak onemli bir fark olusturmamaistir. Tatlilarin kalori degerleri
hesaplandiginda en yiiksek deger kontrol tulumba elde edilir-
ken, artan ikameyle birlikte kalori degerlerinde diisiis goriil-
mistiir. En diisiik deger belirgin sekilde %20 ikameli tulum-
bada elde edilmistir (p<0.05).

Uretilen tulumba tatlilarinda belirlenen mineral madde analiz
sonuclar1 Tablo 3’de verilmistir. Kullanilan kavurga unu ge-
sidi tathilarin fosfor (P), magnezyum (Mg), kalsiyum (Ca),

sodyum (Na), potasyum (K), ¢inko (Zn) ve demir (Fe) igerik-
lerinde istatistiksel olarak onemli bir fark olusturmamistir
(»<0.05). En yiiksek P, Mg, K, Zn ve F degerleri KB ikameli
orneklerde goriilmiis, Na igerigi ise en yiiksek KA ikameli
orneklerde belirlenmistir. Artan ikame orani yalnizca Mg ve
Na igeriklerindeki artis istatistiksel olarak onemli derecede
olmustur. Mg degeri kontrole gore % 20 ikamede en yiiksek
bulunmustur. Mg elementi, kaslarin giiclenmesi, protein sen-
tezi ve enzim sistemi aktivitesinde, hiicrelerin biiyiimesinde
ve yenilenmesinde 6nemli rol oynamaktadir (Elin,1988). Na
degeri ise en yiiksek % 5 ikamede goriiliirken en diisiik kont-
rol 6rneginde belirlenmistir (p<0.05).

Tablo 1. Farkli kavurga unu gesidi ve ikame orani kullanilarak hazirlanan tulumba tathilarinda fiziksel analiz sonuglari”

Table 1. Physical analysis results of tulumba desserts with different types of kavurga flour and substitution rate

KavurgaUnu Ce- Yag Cekme Surup Cekme Spesifik Hacim Boy/En
sidi (%) (%) (mL/g)
KB 71.83 £5.05% 121.76 £17.1°° 2.28 £0.28° 1.70 £0.11°
KA 70.40 +3.182 111.65 +£10.78% 2.72 +£0.29* 1.90 £0.112
KAB 72.85 +8.16% 98.24 +14.90° 2.27+0.17 1.86 +0.13%
Ikame Orani (%)
0 69.94 +6.75% 121.42 £9.00 2.35+0.17 1.76 £0.17%
5 71.32 +4.06* 116.52 £22.85% 2.45 +0.18* 1.82 £0.20°
10 70.37 +4.35% 104.95 +10.67%® 2.38 £0.51° 1.83 £0.08*
20 75.15 £6.8% 99.30 +£15.48° 2.50 £0.39* 1.87 £0.10%

* Ayni siitunda farkl harfle isaretlenmis degerler birbirinden farklidir (p <0.05).
KB: Kavurga bugday unu, KA: Kavurga arpa unu, KAB: %50KA+%50KB unu

Tablo 2. Farkli kavurga unu ¢esidi ve ikame orani kullanilarak hazirlanan tulumba tatlilarinda kimyasal ve kalori analiz sonug-

lar1”

Table 2. Chemical analysis and ,calori results of tulumba desserts with different types of kavurga flour and substitution rate

Kavurga Unu Nem Protein Yag Kiil Kalori
Cesidi (%) (%) (%) (%) (keal)
KB 15.14 £3.17* 9.90 +0.88° 33.64 +3.75° 1.353 +0.074° 502.36 +£29.46°
KA 14.09 £2.51° 9.97 +£0.54° 34.87 +3.40° 1.423 £0.073* 512.30 +£24.05%
KAB 16.36 £1.32° 9.48 +0.37° 34.71 +£3.64° 1.335 +£0.053° 502.77 £22.15%
ikame Orani
(%)
0 13.07 £2.21° 10.19 £0.46° 38.52 +£0.98% 1.389 £0.065° 534.76 £10.83%
5 14.85 £2.64% 10.00 +£0.78% 33.76 £3.02° 1.398 £0.067° 494.93 +20.57°
10 16.39 +2.03* 9.60 +0.59% 32.77 £2.94° 1.361 £0.051? 492.85 +21.40°
20 16.48 £2.06* 9.31 +0.40° 32.59 +£3.02° 1.333 +0.108° 491.70 £22.15°

* Ayni siitunda farkli harfle isaretlenmis degerler birbirinden farklidir (p <0.05).
KB: Kavurga bugday unu, KA: Kavurga arpa unu, KAB: %50KA+%50KB unu


https://doi.org/10.3153/FH20018

Research Article

Food Health 6(3), 170-176 (2020) e https://doi.org/10.3153/FH20018

koku, kirilganlik, ¢ignenebilirlik ve lezzet degerlendirme-
sinde en yiiksek puanlamay1 KAB tulumba alirken, genel be-
geni acisindan KA tulumba en yiiksek puanlamay1 almistir
(p<0.05). En diisiik puanlamalar ise koku, kirllganlik, ¢igne-
nebilirlik, lezzet ve genel begeni bakimindan KB ikameli 61-
nekler, diger tulumbalarla aralarindaki fark istatistiksel agi-
dan 6nemli bulunmustur (p<0.05).

Tulumba tathlarinda yapilan duyusal degerlendirme sonug-
lar1 Tablo 4’ de verilmistir. Tatlilarda yapilan renk, koku, go-
zenek, kirilganlik, ¢ignenebilirlik, lezzet ve genel begeni de-
gerlendirmesinde artan ikame orani genel olarak puanlamay1
diisiirmiis, % 20 ikame en diisiik puanlari alirken, kontrol &r-
negi ile aralarindaki fark istatistiksel olarak 6nemli bulun-
mustur (p<0.05). Kullanilan kavurga unu ¢esidi bakimindan

Tablo 3. Farkli kavurga unu ¢esidi ve ikame orani kullanilarak hazirlanan tulumba tatlilarinda mineral madde analiz sonuglari.

Table3. Mineral subtance analysis results of tulumba desserts with different types of kavurga flour and substitution rate

Kagurga P (ng/g) Mg (ng/g) Ca (ng/g) Na (ng/g) K (ng/e) Zn (ng/g) Fe (ng/g)
nu
Cesidi

KB 1365.82 £18%  581.03 £38.53*  766.91 £74% 3989.94 +1318° 213825 +£369* 21.92+4.49° 16.65 +4.60°

KA 1293.16 £194*  570.42 £41.18*  766.25 £812 5001.11 +2647° 204539 £336*  19.2243.03*  15.08 +2.65°

KAB  1286.10+171* 569.12 +34.63*  756.63 +74* 3945.22 +1349° 2076.24 £335*  19.33 £2.02°  14.86 +3.07°
ikame
Orani
(%)

0 1256.20 £260° 55624 £41.7'° 79253 £1228  3091.02 £2401.51>  1972.14 £573* 18.19+0.36* 16.45+4.21%

5 1328.49 £129°  558.48 £20.54%®  767.75 £38° 5664.51 £2399.922  2093.95+150° 22.20+£3.29* 15.28 £1.75°

10 1317.25£201*  573.07 £37.84%  746.54 +68° 4209.72 £581.34®  2115.32+304* 19.77 43.96* 14.85 +3.97°

20 1358.17 £116*  606.30 £27.49°  746.24 £412 4283.10 £279.99®  2165.09 £215* 20.47 £4.22°  15.55 +4.19®

*Ayni siitunda farkli harfle isaretlenmis degerler birbirinden farklidir (p <0.05).
KB: Kavurga bugday unu, KA: Kavurga arpa unu, KAB: %50KA+%50KB unu

Tablo 4. Farkli kavurga unu ¢esidi ve ikame orani kullanilarak hazirlanan tulumba tatlilarinda yapilan duyusal analiz sonuglar*

Table 4. Sensory analysis results of tulumba desserts with different types of kavurga flour and substitution rate

174

Kavurgaunu Renk Koku Gozenek Kirilganlik  Cignenebilirlik  Lezzet Genel Begeni
cesidi (1-7 P) (1-7 P) (1-7 P) (1-7 P) (1-7 P) (1-7 P) (1-7 P)
KB 430+0.58° 439+029° 4.46+0.53" 4.44+035> 4.50+0.38° 4.46 £0.32° 4.48 +0.35°
KA 448 +0.76° 4.46+0.28° 4.48 +0.63° 4.60+0.41®® 4.81 +0.39% 4.88 £0.47°  4.84 +0.50°
KAB 443 +0.63° 4.76+0.27* 473 +0.47° 4.79+0.34*  4.86 +0.40° 489 +0.41*  4.70 +0.44%
Ikame Orani
(%)
0 490+0.33* 4.7540.21° 5.05+0.14*° 4.80+0.40° 4.83+0.48° 498 £0.31°° 4.90 +0.25°
5 487 +0.35° 4.63+0.23* 4.83+0.19° 4.87+0.27° 5.02 +0.28* 5.07 £0.29°  4.98 +0.34%
10 428 +0.33° 4.50+0.36® 4.42+0.41° 4.58+0.21° 4.67+0.27® 470 £0.25°  4.68 £0.15°
20 3.554+0.24° 4.27+0.27° 3.92+0.45° 4.18+0.23° 4.38+0.35" 422 40.33° 4.12+0.40°

* Aynt siitunda farkl harfle isaretlenmis degerler birbirinden farklidir (p <0.05).

KB: Kavurga bugday unu, KA: Kavurga arpa unu, KAB: %50KA+%50KB unu
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Sonuc¢

Kavurga, lilkemizde daha ¢ok Nevsehir, Aksaray, Malatya,
Cankiri, Emirdag, Sivas, Yozgat, Kayseri, Erzurum, Kars
gibi Anadolu'da kisin uzun ve sert gegtigi bolgelere 6zgii bir
yemis tliriidiir. Tok tutmasi, proteince zengin olmasi ve ka-
vurmadan gelen lezzetiyle alternatif bir ¢erez gidadir.

Kavurga ¢esit unlar1 kullanilarak tulumba tatlisina yeni 6zel-
likler kazandirilmas, fiziksel, kimyasal ve duyusal 6zellikleri
ortaya konulan bu ¢aligmayla, tulumba tatlisina eklenen ka-
vurga unuyla birlikte tatlilarin (artan katki oranina paralel
olarak) standart tulumba tatlisindan daha az serbet ¢ektigi ve
yag icerdigi belirlenmistir. Ayni zamanda artan kavurga unu
kullanim oraniyla tulumba tathilarinin kalori degerleri
de%8,05 azalma gostermistir. Yine artan ikame oraniyla tat-
lilarin magnezyum igerigi kontrol drnegine gore %8,99 art-
mis, 6zellikle %20 ikamede bu artis belirgin olarak goriilmiis-
tiir. Kavurga unlu tulumba tatlilarinin, duyusal degerlendiril-
mede diisiik puanlandirilmasinin nedeninin tulumba tatli-
sinda alisik olunmayan duyusal 6zelliklerden kaynaklandigi
disiiniilmektedir. Sonug olarak, kavurga unlu tulumba tatlisi
da dahil, bir¢ok unlu mamiil iiriinlerin hazirlanmasinda for-
miilasyona dahil edilip kullanilabilecegi diisiiniilmektedir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi i¢in gergek, potansiyel veya
algilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izin gerektirmemek-
tedir.

Finansal destek: Bu calisma Pamukkale Universitesi Bilimsel
Aragtirma Proje Koordinasyon Birimi tarafindan finanse
edilmistir (Proje no: 2015FBE048).
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ABSTRACT

Pomegranate molasse is a pomegranate product which has become widespread in recent years and
can be added to some foods with its unique taste and aroma. In this study, three commercial sold
in the market and three pomegranate molasses made by traditional method taken from Burdur
(Turkey) public market were investigated. The pH, water soluble dry matter results of the samples
were found to comply with the standards. Viscosity values range from 191.35 to 13000 mPa. Ac-
cording to the color analysis, it was detected that the color of the traditional pomegranate molasses
was darker than the commercial ones. The phenolic content of samples varies between 10.40-
931.56 mg GAE/L. The highest quantity of antioxidant substance was found in the commercial C2
sample. Total aerobic mesophilic bacteria count was carried out to evaluate the hygienic quality
of pomegranate molasses samples. It was seen that the most bacteria number was at C1 commercial
pomegranate molasse. It was concluded that it would be beneficial to elaborate pomegranate mo-
lasse standards and in traditional production, more healthy and reliable products can be obtained
with the informations.

Keywords: Antioxidant activity, Hygienic quality, Nutrition, Pomegranate molasse
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Introduction

Pomegranate is a fruit of the Punicaceae family, Punica
granatum Linnaeus species, suitable for growing in temper-
ate climates. Pomegranate, an important commercial product
in Asia, North Africa, Mediterranean and Middle East coun-
tries, is mostly grown in the Mediterranean Region in Turkey
(Sarkosh et al., 2006). Therapeutic effects of pomegranate
fruit have been known for centuries. Anthocyanins, flavo-
noids, hydrolyzable tannins, organic acids, vitamins, miner-
als in pomegranate provide its antioxidant and antimicrobial
effects (Vardin and Fenercioglu, 2003; Lansky and Newman,
2007). Pomegranate fruit has preventive effect on diabetes,
cancer and cardiovascular diseases. In addition, it is useful in
the treatment of diseases such as ulcer, diarrhea, dysentery,
hemorrhoids and food poisoning (Viuda-Martos et al., 2010;
Prashanth et al., 2001). The pomegranate products made from
pomegranate (pomegranate juice, pomegranate juice concen-
trate, pomegranate vinegar, pomegranate wine, pomegranate
molasse) are also beneficial for human health.

Pomegranate molasse is a pomegranate product used in sal-
ads, as sweetener and flavoring sauce in some meals (raw
meatballs, kisir, dolma and etc.) (Maskan, 2009). In parallel
to widespread pomegranate production in Turkey, pomegran-
ate molasse is among the products that have increased pro-
duction and consumption in recent years. According to the
Turkish Standarts (Anonymous, 2001) pomegranate molasse
is defined as ‘it is a sour food product that produced by press-
ing pomegranate fruit, clarifying pomegranate juice and
evaporating open or under vacuum technique and used to fla-
voring some foods’.

Pomegranate molasse can be obtained commercially or tradi-
tionally. The traditional production stages of pomegranate
molasse are; washing pomegranate, shredding, pressing, boil-
ing pomegranate juice, cooling, filtering and bottling
(Karabryikli and Kigla, 2012). No sugar or additive is added
in the production by traditional method. In commercial pro-
duction, there are pasteurization of pomegranate juice, en-
zyme addition, clarification, filtration, evaporation stages. In
these stages, glucose/fructose syrup, citric acid, antioxidant
agents, colorant and preservatives can be added to the product
(Karaca, 2011; Kisla and Karabiyikli, 2013). Pomegranate
molasse is a high nutritional value product and has a strong
antioxidant effect. In this regard, it has the function of pre-
venting diabetes, cancer and cardiovascular diseases
(Inceday1 et al., 2010; El-Darra et al., 2017). In addition,
pomegranate molasse is a product that rich in terms of phe-
nolic compounds and minerals as potassium, magnesium, cal-
cium, zinc (Fadavi et al., 2005).

Research Article

In this study, some physicochemical properties such as pH,
dry matter content, viscosity, color and phenolic content, an-
tioxidant capacity and hygienic quality of the pomegranate
molasses samples produced by commercial and traditional
methods were investigated.

Materials and Methods
Supply of Pomegranate Molasses Samples

In this study, a total of six pomegranate molasses samples
were used for analysis, three of which were produced by com-
mercial method and three of which were produced by tradi-
tional method. The commercial pomegranate molasses sam-
ples (C1, C2, C3) were purchased from a local supermarket
in Burdur (Turkey). And traditional pomegranate molasses
samples (T1, T2, T3) were purchased from different produc-
ers in the public market in Burdur. T1 is produced in
Kahramanmarag, T2 in Antalya and T3 in Burdur. All of the
samples used in the study were produced in 2017. The sam-
ples were stored at 4 °C during the analysis, commercial ones
at glass bottles, and traditional ones at plastic bottles.

Physicochemical Analysis

The pH values of the pomegranate molasses samples were
determined by the digital pH meter (Mettler Toledo S20K-
Kit). The dry matter quantities of the samples were deter-
mined according to TS 4890 refractometer method (Anony-
mous, 1986). The Brookfield RVDV-11 + PX was used to
determine the viscosity values and the results were given in
milipascal. L* brightness, a* redness and b* yellowness val-
ues of commercial and traditional pomegranate molasses
samples were determined with color measurement device
(Konika Minolta Chroma Meter Cr-400/410). The L* value
is between 0-100 (black-white) and refers to brightness. The
positive a* value represents red color, the positive b* value is
yellow color; negative a* represents green color and negative
b* is blue color (Legua et al., 2016).

Determination of Total Phenolic Content

The total phenolic contents of pomegranate molasses samples
were detected by Folin-Ciocalteau method suggested by Sin-
gleton et al. (1965). Firstly, extracts were prepared for phe-
nolic content analysis. For this, 2 grams of the samples were
taken and 10 mL of 96% ethanol was added on it. It was
mixed with the homogenizer for two minutes and kept in a
water bath at 45 °C overnight. After this time, it was centri-
fuged at 4000 rpm for 5 minutes. Then dried at 45 °C in the
evaporator. The prepared extracts were dissolved in 1 mL of
methanol and used in the analysis. 40 pL of extract was taken
into the test tube containing 2.4 mL of distilled water. 200 pl
of Folin-Ciocalteau reagent and 600 pL sodium carbonate
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were added on it. To this, 760 uL distile water is added and
vortexed. After standing at room temperature for 2 hours, the
absorbance was read at 765 nm spectrophotometer. The same
processes were applied to the gallic acid solutions prepared
in different concentrations for the calibration curve. The ab-
sorbance of the extract solution was read from the drawn gal-
lic acid calibration curve and the total phenolic content was
calculated as the gallic acid equivalent (mg GAE/L).

Determination of Antioxidant Activity

DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging
activity method was used to determine the antioxidant activ-
ity of the samples. Accordingly, 2 grams of the sample were
homogenized with 10 ml of 96% ethanol. 1 mL of this mix-
ture was taken and 1 mL of DPPH solution was added on it.
After waiting for 30 minutes in a dark environment, the ab-
sorbance was measured at 517 nm (Sahu et al., 2013).

Determination of Total Aerobic Mesophilic Bacteria

Total aerobic mesophilic bacteria count was performed as the
hygienic quality parameter in the pomegranate molasses sam-
ples. For this, rapid microbiological analyzer was used (Bio-
merux, Tempo). The results were given as cfu/mL (colony
forming unit) (Anonymous, 2009).

Statistical Analysis

All analyzes except for color measurement and total aerobic
mesophilic bacteria were performed in three replicates. The
results were analyzed with SPSS 16.0 statistical program and
shown as meantstandard deviation. Spearman correlation
test was used between the phenolic content and antioxidant
content of samples.

Results and Discussion

Physicochemical Analysis

In order to determine the physicochemical characterization of
pomegranate molasses samples; pH values, dry matter quan-
tities, viscosity values and color measurement values were in-
vestigated. The results of the physicochemical analysis of
pomegranate molasses samples are shown in Table 1.

As the seen in the table, the pH values of pomegranate mo-
lasses samples have changed between 1.79 and 2.77. Inceday1
et al., (2010) reported that the pH values of seven different
commercial pomegranate molasses samples were between

0.87 and 1.98. And in the study of Kaya and Sozer (2005),
this value determined as 2.05. The pH value may vary de-
pending on the type of pomegranate fruit, sugar content,
amount of organic acid, region where it grows. In addition,
different applications in the production of pomegranate mo-
lasse effect the pH value, hence the sourness-sweetness status
(Melgarejo and Artes, 2000; Tehranifar et al., 2000).

According to Turkish Standart of pomegranate molasses, it is
stated that the dry matter quantity of pomegranate molasse as
at least 68% (Anonymous, 2001) (Table 2). All of the samples
used in the study comply with the standard. The sample with
the lowest quantity of dry matter is C3 (69.90%) and the high-
est is C1 (86.23%). Yilmaz et al. (2007) reported that the
moisture content of commercial pomegranate molasses sam-
ples was 24.4% on average in their study. Therefore, the dry
matter quantities of these samples is around 75.6%.

The resistance of liquid foods against fluidity is viscosity.
Foods with high viscosity value are more dense and flow rates
are slow. The viscosity values of the pomegranate molasses
samples in the study vary between 191.35 and 13000 mPa.
The sample with the highest viscosity is C1 (13000 mPa) and
the lowest one is C3 (191.35 mPa). These results are similar
to the results of dry matter quantity. Among the samples, only
C1 contains fructose syrup. It is thought that high viscosity
and dry matter content of C1 can be caused by fructose syrup.
The average viscosity values are calculated as 5344.11+6761
in commercial pomegranate  molasses  samples,
2593.48+1071 in traditional pomegranate molasses samples.
Incedayi et al. (2010) found the viscosity values of pomegran-
ate molasses samples are between 200-1800 mPa. In a study
using commercial pomegranate molasses, it was reported that
the viscosity values were between 176-2900 mPa (Akpinar
Bayizit et al., 2016). In natural pomegranate molasses, low
dense and high dense consistency are not desired. Low dence
molasse can not provide the desired aroma, also nutritious
value is low. And high dense pomegranate molasse can not
show homogenous distribution when used as sauce. The re-
sults of the study confirm that viscosity is an important pa-
rameter in the production of pomegranate molasse. It is ex-
pected that the appropriate viscosity values will be included
in the pomegranate molasse standards with studies to do
about it.
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Table 1. Physicochemical analysis results of pomegranate molasses samples

Sample pH Dry matter quantity Viscosity (mPa) Color values

(%) L* a* b*
Cl 1.91 £0.00 86.23 £0.15 13000.00 £875.00 22.09 0.14 0.37
C2 1.79 £0.00 82.70 £0.20 2841.66 £14.43 21.17 1.19 042
C3 2.77 £0.01 69.90 +£0.26 191.35 £1.06 20.85 034  0.36
T1 2.13 +0.00 84.13 £0.20 1683.33 £7.21 20.71 0.19  0.40
T2 1.89 +£0.00 83.30 +0.20 3773.80 £20.61 20.67 024  0.19
T3 1.90 £0.01 81.30 +0.36 2323.33 £55.48 1973 0.16 0.4l

Data are reported as mean values£SD of three measurements

Table 2. General composition of the pomegranate molasses (Anonymous, 2001)

Components Amount
Water soluble dry matter, %, minimum 68.0
Titration acidity (as citric acid), %, minimum 7.5

pH 3.0

HMF, mg/kg, maximum 50
Saccharose, preservative agent, coloring agent Not allowed

The results of color analysis of commercial and traditional
pomegranate molasses samples are shown in Table 1. L* re-
fers to brightness (lightness-darkness), a* redness and b* yel-
lowness. The L* brightness values of the samples are in the
range of 19.73-22.09. Relation to the L* value, ranging from
0-100, values close to 0 indicates darkness and values close
to 100 indicates lightness. According to this, the darkest sam-
ple is T3 and the lightest sample is C1. Orak (2009) found the
L* values of the pomegranate juice and pomegranate molasse
obtained from this as 10.24, 4.92 respectively. It is stated in
the study that the color is darkened as a result of heat treat-
ment. In addition, anthocyanins which give red color to the
fruit are decomposed as a result of the heat treatment and a
darker color emerges with non-enzymatic browning reactions
(Cemeroglu and Artik, 1990). a* shows low values with de-
creasing in red color. In our study, the highest a* value is seen
in C2 (1.19). In a study L*, a* and b* values of pomegranate
molasses samples were found as 1.88, 0.57 and -0.31 respec-
tively. It is reported that these values represent darkness, light
red and blue color (Yilmaz et al., 2007). Maskan (2006)
stated that all color parameters (L*,a*,b*) have decreased
over time as a result of the heat treatment of pomegranate
juice. In the study of Orak (2009), a* value decreased from
12.33 to 1.82 and the value of b* decreased from 2.38 to 1.60
in the process of product pomegranate molasse from juice.
L*, a*, b* values of grape molasses were measured as 18.87,
4.99, -1.61 (Ertag and Coklar, 2008). According to these re-
sults, it can be said that grape molasses are darker than the
pomegranate molasses, the red color is more and the blue
color is more dominant.

Total Phenolic Content

The phenolic substances are compounds play an important
role in human health and found naturally in fruits and vege-
tables (especially in red color) (Tzulker et al., 2007). Phenolic
contents of pomegranate juice include phenolic acids, hydro-
lysable tannins and anthocyanins. Gallic acid, elagic acid,
chlorogenic acid, coumaric acid, o-punicalagin, B-puni-
calagin, delfinidine-3,5-diglycoside, cyanidine-3,5-diglyco-
side, pelargonidine-3,5-diglycoside, cyanidin-3-glycoside,
delfinidin-3-glycoside, pelargonidin-3-glycoside are some of
them (Poyrazoglu et al., 2002; Alighourchi et al., 2008). Ta-
ble 3 shows the total phenolic content of commercial and tra-
ditional pomegranate molasses samples and the correspond-
ing calibration curve in Figure 1. Accordingly, the sample
with the highest phenolic content is C3 (931.56 mg GAE/L).
C3 is in the second row with regard to antioxidant substance.
Inceday1 et al (2010) reported that the total amount of poly-
phenol in commercial pomegranate molasses samples ranged
between 551.61 and 9695.17 mg GAE/kg. It is expected that
the content of phenolic substance will be increased in pome-
granate molasse which is a concentrate product. In a study,
the total phenolic content of pomegranate juice and pome-
granate molasse obtained from this were compared. Total
phenolic content of pomegranate molasse was found to be
three times higher than the pomegranate juice (Orak, 2009).
In our study, the average phenolic content of commercial
pomegranate molasses samples was found to be higher
(490.22 +278) than the traditional pomegranate molasses
samples (24.11 +4.06).
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Figure 1. Total phenolic content analysis calibration curve
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Table 3. Total phenolic content of pomagranate molasses
samples

Sample Total phenolic content (mg GAE/L)
Cl 528.71 £21.87

C2 10.40 £9.45

C3 931.56 +£14.43

T1 28.63 +8.89

T2 22.98 £11.78

T3 20.74 £26.23

Data are reported as mean values+SD of three measurements

Total Antioxidant Content

It is also known that foods with high phenolic content are high
in antioxidant activity. The consumption of foods with anti-
oxidant content is important in protecting the cells by pre-
venting oxidation reactions in the body (Karadeniz et al.,
2005). Pomegranate fruit is one of the foods with high anti-
oxidant effect. In the study, the antioxidant content of pome-
granate molasses are between 0.68-735.28 umol TE/g and
C2>C3>T1>T3>T2>C1. The average quantity of antioxidant
substances in commercial pomegranate molasses samples is
356.40+367 and 1.64+1.60 in traditional pomegranate molas-
ses samples (Table 4). The calibration curve for the analysis
of antioxidant capacity is shown in Figure 2. In order to re-
duce costs in the production of pomegranate molasse, there
may be adulterations. Fruit juice, colorant, thickener, antiox-
idant, glucose-fructose syrup can be added (El Darra et al.,
2017). This makes it difficult to compare the antioxidant ac-
tivity of commercial and traditional pomegranate molasses
samples. In addition, the fact that they are not indicated on
the label can pose a risk to consumers (Boggia et al., 2013).
In a study in which antioxidant capacities of commercial
pomegranate molasses were measured by DPPH method, the
lowest value was 140.22; the highest value is 471.85 pmol
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TE/g (Akpinar Bayizit et al., 2016). According to this, the an-
tioxidant capacity of C1 sample in our study is very low. In a
study using the same method, the quantity of antioxidant sub-
stance in pomegranate juice ranged between 8.98-15.47 pmol
TE/g (Kaur et al., 2014). Oztan (2006) was found the antiox-
idant capacities of freshly squeezed pomegranate juice, com-
mercial pomegranate juice and commercial pomegranate mo-
lasse samples as 52.12, 46.24, 54.8 umol TE/g respectively.

Table 4. Total antioxidant content of pomagranate molasses

samples
Sample Total antioxidant content (umolTE/g)
Cl 0.68 £0.14
C2 735.28 £32.8
C3 333.24 £29.58
T1 3.49 £0.55
T2 0.70 £0.07
T3 0.73 £0.08

Data are reported as mean values+SD of three measurements
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Figure 2. Total antioxidant content analysis calibration curve

Correlation Between Phenolic and Antioxidant Contents

Spearman test was used to determine whether there is a cor-
relation between the phenolic and antioxidant contents of the
samples. It is expected that the sample with high phenolic
content to have high antioxidant activity. According to Table
5, there was no significant correlation between phenolic con-
tent and antioxidant activity (p> 0.05). This may be due to the
different phenolic content of different pomegranate species.
In addition, various additives used in pomegranate molasses
especially commercial ones, may also affect the results.
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Total Aerobic Mesophilic Bacteria Count

Figure 3 shows the total aerobic mesophilic bacteria count
(TAMB) found in pomegranate molasses samples. The total
aerobic mesophilic bacteria count was determined by
TEMPO TVC rapid test method. The total number of live
bacteria ensures the hygienic evaluation of the product. In
general, foods with a total aerobic mesophilic bacteria count
is at 10°-10%g are risky in terms of consumption and their
hygienic qualities are low (Anonymous, 2005). Looking at
the table, it is observed that all of the pomegranate molasse
samples are below these values. The sample with the highest
number of aerobic mesophilic bacteria is commercial Cl
sample (4.9x10 cfu/mL). It has been reported that pomegran-
ate molasses have antimicrobial properties and are mostly due
to phenolic compounds, especially hydrolyzable tannins
(Gullon et al., 2016). In a study in which pomegranate mo-
lasse was used as a sauce, pomegranate molasses samples
showed antimicrobial effect on foods and prevented micro-
bial growth in foods. In this study, it is also stated that the
antimicrobial effect of the pomegranate molasses samples
produced by the traditional method is higher than the samples
produced by commercial method (Karabiyikli and Kisla,
2012). In a study, washing water with pomegranate molasse
was used for washing some vegetables and its antimicrobial
effect was investigated. As a result of this study, it was found
that the levels of Listeria monocytogenes decreased 1.96-2.97
log cfu/g in the vegetables (Kang and Song, 2017). In another
study, the traditional pomegranate molasse applied to parsley
leaves and ready-to-eat salads. It was reported that the pom-
egranate molasse had a significant antibacterial effect against
Salmonella typhimurium and enhanced the microbial safety
of these foods (Faour-Klingbeil and Todd, 2018).
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Conclusions

Pomegranate molasse is a pomegranate product with high nu-
tritional value known for its flavor-enhancing effect when
used in foods. The production technique of pomegranate mo-
lasse affects its nutritional value, hygienic quality, sensory
properties and taste. In this study, pomegranate molasses
samples produced by commercial and traditional methods
were investigated. It was observed that all samples comply
with the standards in terms of pH and dry matter quantity.
The commercial C1 sample with the highest viscosity was de-
termined to contain fructose syrup. The adulterations that can
be done in production can interfere to a healthy comparison
and evaluation. Similarly, adulterations such as colorant,
thickener and antioxidant addition may also change the re-
sults. In the study, the sample with the highest phenolic con-
tent is C3 and the highest antioxidant content is C2. The hy-
gienic quality of pomegranate molasses samples used in the
study is high. Although it is thought that the hygienic quality
of the samples produced by traditional method will be low,
the total number of aerobic mesophilic bacteria was found to
be highest in commercial C1 sample. Pomegranate molasse
which has positive effects on human health should take place
in diet more. In terms of commercial production, pomegran-
ate molasse standards should be expanded, more detailed and
adulterations should be prevented. It will be useful to include
the parameters of viscosity and hygienic quality in pomegran-
ate molasse standards. On the other hand, traditional produc-
tion of pomegranate molasses should be supported. Producers
should be informed about the hygienic conditions during pro-
duction stages.

Total aerobic mesophilic bacteria count
(cfu/mL) (x10%)

4.9

2.1

2.1

Cl C2 C3 T1 T2

T3

Figure 3. TAMB count of pomegranate molasses samples
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Table 5. The correlation values between total phenolic and antioxidant contents of molasses

Phenolic content Antioxidant content

Spearman's rho Phenolic content
Sig. (2-tailed)
N

Antioxidant content Correlation Coefficient

Sig. (2-tailed)
N

Correlation Coefficient

1.000 -0.257
. 0.623

6 6
-0.257 1.000
0.623 .
6 6
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Excel genellikle kullandigimiz bilgisayarlarda Microsoft® Office’in bir pargasi olarak yiiklii olarak gelmekte
ve deneysel verilerle ugrasan hemen hemen herkes Excel’in basit de olsa kullanimina asina olmaktadir. Gida
bilimlerinde de deneysel verileri islemek, doniistiirmek, grafik haline getirmek ya da herhangi bir modelle
tanimlamak igin Excel’i kullanmak ¢ok yaygindir. Dogrusal regresyon sadece diiz bir ¢izgiyi veriye uydur-
mak i¢in kullanilir gibi yanlis bir kan1 vardir. Ancak, ikinci dereceden bir polinom da ya da bir egri de dog-
rusal regresyon kullanilarak veriye uydurulabilir: eger deneysel verileri tanimlamak i¢in kullanilan model
parametresine/parametrelerine gore dogrusalsa bu modelin parametresi/parametreleri dogrusal regresyon kul-
lanilarak bulunabilir. Excel’deki veri ¢dziimleme aracinin igerisinde yer alan regresyon uygulamasi paramet-
relerine gore dogrusal modeller i¢in kullanilabilir. Bu ¢aligmanin amaci dogrusal regresyon kullanilarak pa-
rametrelerinin elde edilebilecegi modellerin deneysel verilere Excel kullanilarak nasil uygulanacagini drnek-
ler iizerinde gostermektir. Ik 6rnekte Excel’in icinde yer alan dogrusal model kullanilarak mikrobiyolojik
veriler iizerinde veri ¢oziimleme aracimin uygulamasi ve sonuglarin yorumlanmasi gosterilmistir. Tkinci 6r-
nekte gaz kromatografi verisini tanimlamak i¢in Excel’in iginde yer almayan ancak kullanici tarafindan denk-
lemi bilinen bir modelin, ii¢lincii 6rnekte ise mikrobiyal biiylime hizin1 pH’a gore tanimlamak i¢in kullanici-
nin kendi yarattig1 bir modelin uygulamalari gosterilmistir. Bu ¢aligmanin gida mithendisligi ve gida bilimleri
alaninda ¢alisanlar i¢in 6nemli katkilar1 olacagi degerlendirilmektedir.

Anahtar Kelimeler: Matematik modeller, Veri Coziimleme, Excel, Dogrusal Regresyon
ABSTRACT

Use of Excel in food science 1: Linear regression

Excel is usually included in the computer package as a part of Microsoft® Office. Almost everyone who deals
with the experimental data is more or less familiar with the use of Excel. In food science, it is very common
to use Excel to process, transform, sketch or define experimental data with any model. There is a wrong
opinion as linear regression can only be used to fit a linear line to the data. However, a second order polyno-
mial or a curved data could also be modelled by using the linear regression: if the model which is used to
define the experimental data is linear according to its parameter(s), the parameter(s) of this model can be
obtained by using linear regression. Regression application in data analysis tool in Excel could be used for
linear models according to its parameters. The aim of this study was to show the application of models to the
experimental data by using Excel with examples, where model parameters can be obtained by using linear
regression. In the first example, using the linear model in Excel, the application of the data analysis tool on
the microbiological data and the interpretation of the results were shown. In the second example, the appli-
cation of a model that is not included in Excel but its equation is known by the user was shown to define the
gas chromatography data. In the third example, the application of a model created by the user to define the
microbial growth rate according to pH was shown. It is considered that this study would have important
contributions for those working in the field of food engineering and food science.

Keywords: Mathematical models, Data Analysis, Excel, Linear Regression
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Giris

Fen bilimleri ve miihendislik alanlarinda, 6zellikle biyoloji,
kimya, biyoteknoloji ve gida bilimlerinde, deneysel verilerin
uygun bir matematik modelle tanimlanmasi yaygin bir uygu-
lamadir. Bir veya birden ¢ok matematik modelin veriye uy-
durulmasi i¢in farkli bilgisayar programlari mevcut olup, bu
programlarin kullanimi belli bir deneyim ve uzmanlik gerek-
tirmektedir. Dahasi bu programlar (6rnegin SigmaPlot ve
Microcal Origin gibi programlar) ¢ogunlukla iicretlidir. Ote
yandan kullandigimiz bilgisayar ister masaiistii ister diziistii
olsun genel olarak Excel bunlarin iginde, Microsoft® Of-
fice’in bir parcasi olarak, yiiklii olarak gelmekte ve deneysel
verilerle ugragan hemen hemen herkes Excel’in basitte olsa
kullanimina asina olmaktadir.

Excel hem dogrusal hem de dogrusal olmayan modeller i¢in
kullanilabilir. Ancak dogrusal modeller i¢in “Veri Coziim-
leme” aracinin dogrusal olmayan modeller i¢in “Coziicii”
aracinin kullanilmasi gerekmektedir. Bu araglarin kullanimi
her ne kadar ¢ok karmasik olmasa da belli protokollerin ye-
rine getirilmesini gerektirmektedir. Bu calismanin amaci
dogrusal modellerin diger bir deyisle dogrusal regresyon kul-
lanilarak model parametrelerinin elde edilebilecegi modelle-
rin deneysel verilere Excel kullanilarak nasil uygulanacagini
gostermektir. Ayrica model 6zetinin nasil yorumlanmasi ge-
rektigi, modelin veriye uygun olup olmadigimin degerlendi-
rilmesi ve grafiksel gosterimi de ele alinacaktir.

Modellerde Dogrusallik

Modeller karmasik deney verilerinin basit matematiksel ifa-
delerle tanimlanmasini saglarlar ve ¢ok farkli sekillerde kar-
simiza ¢ikabilmektedirler (logaritmik, iistel veya tlrevsel
denklem). Bunlarmm tamamina kisaca matematik modeller
denmektedir. Ornegin y = f{x) denklemini diisiiniirsek burada
x bagimsiz degisken olup, arastirici tarafindan kontrol edile-
bilir, y bagimli degiskendir ¢iinkii x’e baglidir ve arastirici ta-
rafindan 6lgiiliir, fise fonksiyon olup, veriyi tamimlamak i¢in
bir veya birden fazla parametreye sahip olabilir (Brown,
2001). Cok basit bir denklem olan y = ax + b denkleminde a
ve b model parametreleri, x ve y de sirasiyla bagimsiz ve ba-
giml degiskenlerdir. Peki, bu modelin dogrusalligi hakkinda
ne diyebiliriz? Hemen herkes bu modelin dogrusal oldugunu
soyleyecektir. Gergekten de bu model hem bagimsiz degiske-
nine yani x’e gore hem de parametrelerine (a ve b) gore dog-
rusaldir.

Ote yandan y = Ax*> + Bx + C denklemine bakarsak paramet-
relerine gore bu modelin de dogrusal oldugunu goriiriiz. An-
cak, x’e gore bu model dogrusal degildir. Regresyonda amag
model parametrelerini elde etmek oldugundan ve yukarida
ornek olarak verdigimiz her iki modelde parametrelerine gore
dogrusal oldugundan her iki modele de dogrusal regresyon

uygulanabilir. Bir modelin parametrelerine gore dogrusal
olup olmadigini anlamanin en kolay yolu modelin ilgili para-
metreye gore kismi tiirevini almaktir (van Boekel ve Zwiete-
ring, 2007). Eger model parametresi kismi tlirevde yer almi-
yorsa model o parametreye gore dogrusaldir.

Ornegin y = Ax> + Bx + C modelinin 4 parametresine gore

o 9 X . - . 0
kismi tiirevi % = ng B parametresine gore kismi tirevi % =

x, C parametresine gore kismi tiirevi ise g—z = 1’dir. GOriil-
digii gibi her ti¢ parametrede kismi tiirevlerinde yer almadi-
gindan model parametrelerine gore dogrusaldir ve veriyi bu
modelle tanimlamak i¢in dogrusal regresyon kullanilabilir.
Genellikle dogrusal regresyon sadece diiz bir ¢izgiyi veriye
uydurmak i¢in kullanilir gibi yanlis bir kani vardir. Oysa go-
riildiigii gibi ikinci dereceden bir polinom da ya da bir egri de
dogrusal regresyon kullanilarak veriye uydurulabilir.

Excel Kullanarak Deneysel Verilere Dogrusal Regresyon
Analizi Yapmak

Bu boliimde basitten karmasiga {i¢ farkli 6rnek iizerinde
Excel’de “Veri Coziimleme” aracini kullanarak dogrusal reg-
resyon ile deneysel verileri tanimlamay1 gosterecegiz. Ancak,
veri ¢oziimleme araci Excel’de yikli degilse (Microsoft Of-
fice Standard 2016 Excel’de “Veri” sekmesine tikladigimizda
sag liste veri ¢oziimleme goriinmiiyorsa), sirastyla Dosya >
Secenekler > Eklentiler > Excel Eklentileri (Git) sekmelerin-
den sonra ¢ikan ekrandan “Coziimleme Arag Takimi” ve
“Coziimleme Ara¢ Takimi - VBA” isaretleyerek yliklenmeli-
dir.

Listeria monocytogenes’in Inaktivasyonunun Dogrusal
Modelle Tanmimlanmast

[k 6rnegimizde siv1 besiyerinde 1s1yla inaktive edilen ve has-
talik yapici bir bakteri olan L. monocytogenes’i ele alacagiz.
L. monocytogenes pastorizasyon sicakliklarina (71.7°C’de 15
saniye veya 62.8°C’de 30 dakika) kars1 ¢ok hassas oldugun-
dan (Ray, 2014) bu bakterinin daha diisiik bir sicakliktaki
(58°C’de) inaktivasyonu oOrnek olarak kullanilmustir. Sekil
1’de L. monocytogenes’in mL’de 6lgiilen canli hiicre sayist
(logio KOB/mL, KOB: koloni olusturan birim) zamana baglh
olarak gosterilmektedir. Ornegimizdeki bagimsiz degisken
zaman (dakika) iken bagimli degisken canli hiicre sayisidir
(10g10KOB/mL).

Zaman ve zamana kars1 6l¢iilen canli hiicre sayis1 x ve y ola-
cak sekilde bir Excel sayfasinda tanimlanir (Sekil 1). Daha
sonrasinda verilerin regresyon uygunlugunu saptamak ama-
ciyla dagilim grafigi ¢izilir. Dogrusal model kullanarak bu
veriyi tanimlamak miimkiindiir:
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logio N(t) =logioNo — k-t
(1)

Burada log;o/N(?) bakterinin ¢ zamandaki sayisi, logio/No bak-
terinin baslangictaki sayisi (z = 0), k ise inaktivasyon hizidir
(zaman™). Yani dogrusal modelin iki parametresi logioNo ve
k*dir.

Tablo 1. Ornek 3’te yer alan modellerin uyumlarimin karsi-
lagtirilmasi

Table 1.  Comparison of goodness-of-fit of the models in
Example 3

Model Ayarh R?  Standart hata

2’nci dereceden polinom 0.9031 0.0430

3’lincii dereceden polinom  0.9411 0.0335

Alternatif model 0.9399 0.0338

Grafik tlizerindeki verilere sag tiklanarak “Egilim ¢izgisi
ekle”den Excel’in igindeki “Dogrusal model” segilir ve en
altta yer alan “Grafik tizerinde Denklemi goriintiile” ile “Gra-
fik tizerinde R-kare degerini goriintiile” kisimlar1 isaretlenir.
Grafik iizerinde model uyumu (kesikli mavi ¢izgiler), model
denklemi (y = — 0.9794x + 10.287) ve R-kare degeri ya da
belirleme katsayis1 (R? = 0.9932) goriinmektedir (Sekil 2). Bu
durumda, Denklem 1 ile grafik {izerinde goériinen denklemi
eslestirirsek L. monocytogenes’in baglangictaki (¢ = 0) sayi-
sin1 logioNo = 10,287 logi0KOB/mL ve inaktivasyon hizini &
=0.9794 dakika™! olarak bulabiliriz.

Burada bircok Excel kullanicisi model parametrelerini
(logioNoy ve k) ve R? degerini elde etmekle istedigimiz sonuca
ulastigimiz1 diislinecektir. Ancak, mevcut durum istedigimiz
sonucu elde edebilmekten ¢ok uzaktadir. Birincisi model pa-
rametreleri belirsizlikleri (standart hata veya giiven aralig)
ile elde edilmemistir ve bu halleriyle hi¢bir anlam tasima-
maktadirlar (van Boekel, 1996; 2008). ikincisi her ne kadar
bir¢ok bilimsel ¢aligmada hala model uyumunu belirlemede
kullanilsa da R? degeri model uyumunu anlamak igin yeterli
degildir (Ratkowsky, 2004). Daha dogrusu R? degerinin 1’e
yakin olmasi (R? > 0.90) model uyumunun iyi oldugunu gos-
termez (Montgomery ve Runger, 2011) ancak R? degeri dii-
siikse (R? < 0.70) model uyumuyla ilgili bir sorun oldugu asi-
kardir (Granato ve ark., 2014). Herhangi bir model uyumu
i¢in yiiksek R? degeri elde edilmesi durumunda o modelin
uyumunu degerlendirmek i¢in baska uyum olgiitlerini de goz-
den gecirmek en dogru yoldur (Granato ve ark., 2014).

Iste tam da bu noktada “Veri Céziimleme” aracini kullanmak
istedigimiz sonuglara ulagmayr miimkiin kilacaktir. Bunun
icin Excel’de veri ¢6ziimleme araci agilir ve ¢ikan pencere-
den regresyon segilir (Sekil 3a). Regresyon altinda Y giris
aralig1 olarak Listeria monocytogenes’in canli hiicre sayisi
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(Excel hiicreleri B2:B13) ve X giris aralig1 stire (Excel hiic-
releri A2:BA13) olarak segilir (Sekil 3b). Veriler uygun se-
kilde girildikten sonra baska hig¢bir degisiklik yapmadan Ta-
mam’a basilir ve yeni bir Excel ¢alisma sayfasinda Sekil 4’te
goriinen sonugclar elde edilir. Goriildiigl gibi uygulanan dog-
rusal regresyon sonucu bir¢ok bilgi ekranda belirmistir.

Sonuglar1 degerlendirmeye “Ozet Cikisi”nin en altindaki tab-
lodan baslarsak, grafik gosteriminde elde edilen parametrele-
rin bu sefer standart hatalar1 (logioNo = 10.29 £+ 0.08 ve k =
0.98 £0.026) ve % 95 giiven araliklar1 (logioNo=10.29+ 0,19
ve k= 0.98 + 0.06) ile birlikte bulundugu goriilebilir. Para-
metre belirsizliklerini elde etmek 6zellikle gida bilimlerinde
o6nemlidir (Dolan ve Mishra, 2013) ve % 95 giiven aralig1 pa-
rametre degerinin % 95 ihtimalle olacagi aralig1 belirtmekte-
dir. Sonuglarda goriilen p-degerinin kiiciik olmasi elde edilen
parametrelerin istatiksel olarak anlamli oldugunu gdstermek-
tedir. Genel olarak p > 0.05 ise parametreler istatiksel olarak
anlamsizdir ve verilerimizi tanimlamak i¢in anlamsiz para-
metrelere sahip modeli kullanmak gecerli bir uygulama de-
gildir. Ornegimizde log;oNy parametresinin p-degeri 3 x 10°
17 k parametresinin p-degeri ise 3.7 x 10'2°dir. Her iki para-
metrenin de p-degeri < 0.05 oldugundan her iki parametrede
anlamlidir. Parametrelerin standart hata ve giiven araligi da
p-degeri ile orantilidir. Diger bir deyisle p-degeri ne kadar
kiiclikse standart hata/giiven aralig1 o kadar kiigliktlir. Ay
tabloda yer alan #-degeri ise parametre degerinin standart ha-
taya boliimiidiir ve sayisal olarak biiyiik olmasi parametrenin
anlamli oldugunu gosterir.

Ozet ¢ikisimin ortasinda ANOV A tablosu yer almaktadir (Se-
kil 4). Burada df'(degrees of freedom) serbestlik derecesi de-
mektir. Toplam 12 verimiz oldugundan (12 zamanda elde
edilen 12 canli hiicre sayis1) toplamin serbestlik derecesi
12—1 = 11"dir. Veri sayis1 6zet ¢ikiginin ilk tablosunun hemen
altinda “Go6zlem” olarak da gosterilmektedir (Sekil 4). Reg-
resyonda veya modelde iki parametremiz (logioNo ve k) oldu-
gundan regresyonun serbestlik derecesi 2—1 = 1’dir. Farkin
serbestlik derecesi ise bu ikisinin farkidir yani 11 — 1 =
10’dur. Farkin serbestlik derecesini veri sayisini (12) modelin
parametre sayisindan (2) ¢ikartarak da hesaplamak miimkiin-
diir (12-2 = 10). Tabloda goriilen SS (Sum of squares) kare-
lerin toplami1 anlamini tasimaktadir. Ornegimiz igin toplamin
SS’si agagida verilmistir:

SSToplam = 21112=1(yveri - yveri,ortalama)z

2

Burada her bir y verisini y verilerinin ortalamasindan (Vveri or-

walama = 1,59) ¢ikartarak karelerini alip biitlin bunlar toplarsak

SStoptam = 34,53 olarak hesaplanabilir. Regresyonun (mode-
lin) SS’si asagidaki gibi hesaplanabilir:
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2
— \V'12
SSModel - Zn:l(ymodel - yveri,ortalama)

3)

Model denklemi ve model parametreleri kullanilarak her bir
zaman i¢in ymeqe: hesaplanirsa buradan SSyeqer = 34.29 olarak
bulunabilir. SS7opm veri noktalarinin ortalama degerden sap-
masini Olgerken SSuwqe ise modelden elde edilen veri nokta-
larinin ortalama degerden sapmasini 6lger. Farkin SS’si SSro,-
tam — SSvoder = 0.24 olarak elde edilir. Ote yandan farkin
SS§’sini agagidaki gibi hesaplamak ta miimkiindiir:

SSrark = Zrllzzl(YVeri - Ymodel)z (4)

Regresyonda amag farklarin karelerinin (SSr.+) toplaminin
en aza indirilmesidir. Dolayisiyla SSr+ 1 miimkiin olan en
diisiik degerde olmasi istenir. Denklem 2, 3 ve 4 arasindaki
bagintiy1 bulmak ¢ok da zor degildir:

SSToplam = SSuodet + SSrark
(5)

Tabloda goriillen MS (Mean square) ortalama kare degeri an-
lamma gelir SS degerinin serbestlik derecesine boliimii ile
elde edilir yani:

_ SSmodel __ 34,29

MSModel = m = = 34—,29
(6)

SSrar 0,24
MSeark = #’; =—-=0,024
(7)

F-degeri bu ikisinin oranidir: MSuoged/ MSra = 34.29/0.024 =
1451.27. Eger F-degeri 6rnegimizdeki gibi yiiksek bir say1ise
bagimsiz degiskenin (x ya da Grnegimizde zaman) bagimli
degiskeni (y ya da 6rnegimizde canli hiicre sayis1) tanimla-
mak igin etkisi oldugu sdylenebilir. Ote yandan “anlamlilik
F-degeri” ne kadar diisiik ise (6rnegimizde bu deger 3.7 x 10
2dir) bagimsiz degiskenin bagimli degiskeni tammlamak
icin kullanilabilecegi anlami ¢ikar.

Ozet ¢ikisinin en iistiindeki tabloda modelin uyum iyiligini
gosteren Olgiimler goriilmektedir. Grafik gosterimi sadece R?
degerini verirken burada R*’ye ilaveten ayarli R? (adjusted
R?) ve modelin standart hatasim1 da gormekteyiz. R? degeri
bir altta yer alan ANOVA tablosundaki degerler kullanilarak
hesaplanabilir:

=1-22% _ 9932

34,53
®)

Ayarli R? ise agagidaki denklemden hesaplanabilir ve 0.9925
olarak bulunabilir.

SSFark
SSToplam

R?>=1-—
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df optam
Riyarn =1—(1—R?) '#erk
)

Ayarli R? sadece iki durumda R*’ye esit olabilir: (i) modelin
tek bir parametresi varsa yani dfropiam = dfrak 18€; (i) model
miikemmel uyumlu ise yani R? = 1 ise. Onun disinda ayarli
R? her zaman R?’den diisiik ¢ikacaktir. Bazi kaynaklarda R?
yerine ayarli R? degerinin kullanilmasinin daha uygun oldugu
belirtilmekle birlikte (Davey ve Amos, 2002) model uyumu-
nun en uygun gostergesi modelin standart hata degeridir (Rat-
kowsky, 2004). Standart hata (SH) asagidaki gibi hesaplanir:

SH = \[MSpar = 0,024 = 0,1537
(10)

Standart hataya ortalama karesel hatalarin karekokii de
(RMSE: root mean square error) denir. R? model tarafindan
aciklanan bagimli degisken varyansinin yilizdesini temsil
ederken standart hata veri noktalarinin regresyon (model) ¢iz-
gisinden diistiigii ortalama mesafeyi gosteren mutlak bir 6l-
cudiir. Diger deyisle, daha kiiciik standart hata degerleri daha
iyidir ¢linkli gbzlemlerin yerlestirilen hatta (model ¢izgisine)
daha yakin oldugunu gdosterir. Standart hatanin birimi y’nin
birimi ile aymdir. Ornegimizde modelin  0.1537
logioKOB/mL’lik bir standart hatas1 vardir ve mikrobiyolo-
jide 0.5 logioKOB/mL’den az hatalar makul olarak degerlen-
dirildiginden (Jarvis, 1989; Mossel ve ark., 1995) modelimiz
bu veriyi tanimlamak i¢in son derece uygundur.

Kisaca belirtmek gerekirse Excel’de veri ¢6ziimleme aracini
kullanmayi ve elde edilen sonuglari (6zet ¢ikisini) yorumla-
may1 bilirsek model parametrelerinin istatistiksel olarak an-
lamli olup olmadigini ve modelin veriyi tanimlamak i¢in ye-
terli olup olmadigini anlamak ¢ok kolaylasir. Dahasi veri ¢6-
ziimleme bizi bir¢ok farkli hesaptan kurtararak (SS hesapla-
malari, R?, ayarli R? ve standart hata degerleri) zamandan ta-
sarruf saglamaktadir.

Gaz Kromatografi Verisinin Van Deemter Modeli Ile
Tanimlanmast

Ikinci 6rnegimizde Sekil 5°te goriinen verilerin [bagimsiz de-
gisken akis hiz1 (mL/dakika) iken bagimli degisken tabaka
yiiksekligidir (mm)] van Deemter modeli ile tanimlamasini
ele alacagiz. Akis hizina kars1 tabaka yiiksekligi x ve y olacak
sekilde yeni bir Excel sayfasinda tanimlanan verilerin dagi-
lim grafigi ¢izilir (Sekil 6). Ilk 6rnegimizde Excel’in igindeki
bir denklemi (dogrusal model) kullanma imkani varken bu
ornegimizde bunu yapmak miimkiin degildir ¢linkii Excel’in
igerisindeki hi¢bir model bu veriyi tanimlayamamaktadir.

189


https://doi.org/10.3153/FH20020

190

Food Health 6(3), 186-198 (2020) e https://doi.org/10.3153/FH20020

Kullanacagimiz van Deemter modeli asagidaki sekildedir:
y=Ax+B/x+C 11

Burada y tabaka yiiksekligi (mm), x akis hiz1 (mL/dakika), A4,
B ve C ise model parametreleridir. Her seyden once model
parametrelerine gore dogrusaldir ve bu nedenle bu paramet-
reler dogrusal regresyonla elde edilebilir. Bu da Excel’de veri
¢Oziimleme aracimi kullanmak anlamina gelmektedir. Denk-
lem 11°de hem x hem de 1/x yer aldigindan hemen x siitunu-
nun yanima yeni bir slitun eklenerek 1/x degerleri Excel’de
hesaplatilir (Sekil 7). Veri ¢oziimlemeden regresyona giril-
dikten sonra Y ¢ikis araligr i¢in C2:C14 segilir. Denklemi-
mizde iki x degeri yer aldigindan (x ve 1/x) X ¢ikis araligi i¢in
bunlarin her ikisi de se¢ilir (A2:A14 + B2:B14) ve 6zet gikisi
elde edilir (Sekil 8). Ozet ¢ikisindan model parametrelerinin
anlamli ve modelin verilerle uyumlu oldugu (standart hata =
0,11) anlagilmaktadir. Ancak, grafik {izerinde gorsel olarak
da bu uyumlulugu gostermek uygun olacaktir. Bunun igin D
kolonuna model yazilir ve her bir akis hiz1 i¢in plaka yiiksek-
ligi Excel’e hesaplatilir. Daha sonra grafik {izerindeki verilere
sag tiklayip “Veri Se¢”ten “Ekle”’ye gelinir. Cikan pencereye
seri ad1 olarak “model” yazilir. Seri X degeri olarak x segilir
(A2:A14), seri Y degeri olarak ise hesaplatilan model verileri
(D2:D14) girilir. Bdylece model verileri (turuncu olarak go-
riillen daireler) deney verileri (daha dnce grafik tizerinde gor-
diigiimiiz mavi daireler) ile birlikte g6zlemlenebilir, ancak bu
g6z yanilmasina yol acacagindan model verilerini gorsellik
olarak daha uygun hale getirmek yerinde olacaktir. Bunun
icin model verilerine (turuncu daireler) sag tiklayip “Seri
Grafik Tiiriinii Degistir”e gelip agilan pencereden model i¢in
dagilim yerine “Diiz Cizgilerle Dagilim” secilir. Bdylece de-
ney verileri ve bu verileri tanimlamak i¢in kullanilan modelin
uyumu ayni grafik iizerinde goriilebilir (Sekil 9).

Mikrobiyal Biiyiime Hizinin pH’a Gére Tanimlanmasi

Son 6rnegimizde Sekil 10’da goriinen bir bakterinin pH’ya
(x) karsilik biiylime hizin1 (y) gosteren veriler vardir. Diger
iki 6rnegimizde oldugu gibi grafik ¢izerek baglamak en dogru
yaklasim olacaktir. Verilere dikkatlice bakinca Excel’in
icinde yer alan 2°nci ve 3’{lincii dereceden polinom modellerle
verinin tanimlanabilecegi anlasilmaktadir (Sekil 11). Ancak,
her iki model de veriyi tanimlama acisindan sorunludur.
Soyle ki, 2’nci dereceden polinom modelde biiyiime hizi ()
6<pH<7 araliginda (ki bu aralikta herhangi bir deneysel veri
bulunmamaktadir) once artip sonra azalmaktadir. Biiyiime
hiz1 yaklasik olarak pH = 6.5’te de maksimuma ulagsmaktadir.
Diger yandan aym aralikta 3’{incii dereceden polinom mo-
delde biiyiime hiz1 hafifce azalip sonra artmaktadir ve yine
yaklasik olarak pH=6.5’te bu araligm en diisiik biiylime hiz1
gozlemlenmektedir (Sekil 11). Veriye baktigimizda genel
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olarak pH artik¢a biiyiime hizinin da arttig1 goriilmektedir da-
has1 mikrobiyoloji bilgimiz genel olarak bakteriler icin
pH=7"de asidik pH’lara gore biiylime hizinin daha fazla ol-
masi gerektigini sdylemektedir. Bu durumda optimum pH’y1
7 olarak kabul edip yeni bir degisken olarak pH'= (7 — pH)?
tanimlanirsa ve bu degisken baz alinarak parabolik regresyon
yapilirsa [p = a(pH")? + b] daha 6nce uygulanan iki polinom
modele alternatif olabilir. Burada hem 2’nci hem de 3’{incii
dereceden polinom modeller parametrelerine gore dogrusal-
dir. Dahas: alternatif olarak yazmis oldugumuz model de pa-
rametrelerine gore dogrusal oldugundan Excel’de veri ¢o-
ziimleme aracini kullanmak miimkiindiir. Burada dikkat edi-
lecek husus 2’nci dereceden polinom model icin x”’yi
Excel’de hesaplatmak ve veri ¢oziimleme-regresyon’da X gi-
ris araligina hem x’li hem de x*’li siitunlar1 girmek; 3’iincii
dereceden polinom modelde igin ise x* ve x*’ii Excel’de he-
saplatarak X giris araligma x’li, x’li ve x>lii siitunlan gir-
mektir. Sekil 12’de her ii¢ modelin veriye uyumluluklar: gos-
terilmektedir. Tablo 1’de de Ozet ¢ikislarindan elde edilen
ayarli R? ve standart hatalar verilmistir. ikinci dereceden po-
linom model en kétii uyumu gostermektedir. Ote yandan, her
ne kadar 3’iincii dereceden polinom model en iyi uyumu ver-
mis gibi goriinse de (en yiiksek ayarli R? ve en diisiik standart
hata degerine sahiptir) alternatif model mikrobiyolojik olarak
daha gercekei sonug vermektedir. Bunun nedeni yukarida da
degindigimiz gibi bakterilerin genellikle pH=7 degerinde bii-
ylime hizlarinin maksimum olmasidir. Alternatif model bize
bunu saglamaktadir (Sekil 12). Oysa 2’nci polinom modelde
bliyime hiz1 yaklasik 6.5 pH degerinde maksimumken,
3’lincii dereceden polinom modelde biiyiime hizi pH=6.5"de
azalmakta sonra tekrar artmaktadir. Burada “istatistiksel ola-
rak daha iyi sonug veren ancak daha fazla parametre iceren
bir model mi (4 parametreye sahip 3’lincii dereceden polinom
model) yoksa istatistiksel olarak biraz daha kotii ancak daha
az parametreye sahip ayni zamanda mikrobiyolojik olarak
gercekei bir model mi (2 parametreye sahip alternatif model)”
sorusunun cevabini da vermis bulunuyoruz. Alternatif model
ile 3’tincl dereceden polinom model arasindaki uyumun far-
kinin az olmasi (Tablo 1) ve alternatif modelin daha az para-
metreyle gergekei sonuglar elde etmesi bu modeli tercih se-
bebi haline getirmektedir.

Sonuc¢

Eger deneysel verileri tanimlamak i¢in kullanilan herhangi
bir model parametresine/ parametrelerine gore dogrusalsa bu
modelin parametresi/parametreleri dogrusal regresyon kulla-
nilarak bulunabilir. Excel’de yer alan veri ¢éziimleme uygu-
lamas1 parametrelerine gore dogrusal modeller i¢in kullanila-
bilecek giiclii bir dogrusal regresyon aracidir. Bu ¢alismada
basitten karmasiga ii¢ 6rnekle Excel’in dogrusal regresyonda
nasil kullanilacagi agiklanmaya c¢alisilmustir. ilk 6rnekte hem
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verilerin hem de model parametrelerin dogrusal oldugu ve mayan ancak bilinen bir modelin, {igiincii 6rnekte ise mikro-
Excel’in i¢inde yer alan bir modelin kullanilarak mikrobiyo- biyal biiylime hizim1 pH’a gore tanimlamak i¢in kullanicinin
lojik veriler lizerinde veri ¢6ziimleme aracinin uygulamasi ve kendi yarattig1 bir modelin uygulamalar1 gosterilmistir. Bu
sonuglarin yorumlanmasi gosterilmistir. Ikinci 6rnekte gaz calismanin gida miithendisligi ve gida bilimleri alaninda ¢ali-

kromatografi verisini tanimlamak i¢in Excel’in i¢inde yer al- sanlar i¢in 6nemli katkilar1 olacagi degerlendirilmektedir.
A B

1 | Sure (dakika) (x) log,,N(t) (log,,KOB/mL) (y)
2 0,00 10,30

3 0,50 9.97

4 1,00 9,34

5 1,50 8,78

6 2,00 8,50

7 2,50 Fof

8 3,00 L1l

<) 3,50 6,76

10 4,00 6,33

il 4,50 299

12 5,00 5,54

13 5,50 4,98

14

S

16

Sekil 1. S1v1 besiyerindeki Listeria monocytogenes’in 58 °C’deki inaktivasyon verilerinin Excel’e girilmis hali. Orijinal veriler
Hassani ve ark. (2005)’dan alinmgtir.

Figure 1. Inactivation data of Listeria monocytogenes in broth at 58 °C inserted in Excel. Original data were from Hassani et al. (2005).

A B z D E F G H I J
1 | Sure (dakika) (x) = log,N(t) (log,,KOB/mL) (y) L. monocytogenes @ 58 °C
2 0,00 10,30
3 0,50 9,97 1000
4 1,00 9,34 .
5 1,50 8,78 8,00 .
6 2,00 8,50 i geee T e
7 2,50 7,57 z
8 3,00 7,11 2 400
9 3,50 6,76
10 4,00 6,33 2,00
11 4,50 5,95 .
12 5,00 554 : “G‘CC 1,00 2,00 3,00 4,00 5,00 ,00
13 5,50 4,98 e {dakika)
14
15

Sekil 2. Sekil 1°de gosterilen verinin Excel’de grafiklestirilmis hali ve Excel’in i¢indeki dogrusal modelin (y = ax + b) bu veriye
uygulanist.
Figure 2. Sketching the graph of the data in Excel given in Figure 1 and application of the linear model (y = ax + b) in Excel to the data.
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(a)

A B c D E F G H 1 | J K
1 |Sure (dakika) (x) log,oN(t) (log;cKOB/mL) (y)
2 0,00 10,30
3 0,50 9,97 L. monocytogenes @ 58 °C
a4 1,00 9,34
10,00 $---.
5 1,50 8,78 : 1
6 2,00 8,50 1 ey ®-....0
8,00
7 2,50 7,57 L4 ¥ X
8 3,00 7,11 = 600 ey
z ')
9 3,50 6,76 K| o
10 4,00 6,33 2 400
11 4,50 5,95
2 00
12 5,00 5,54 Lo
13 5,50 4,98 0.00
14 0,00 1,00 2,00 3,00 4,00 5,00 6,00
15 sire (dakika)
16
17
18 | Veri Cozimleme ? X
3 Cozaml A
ozumieme Araci
20 — . Tamam
F-Test Varyanslar Icin [ki Ornek A
21 Fourier Cozumlemesi iptal
22 Histogram
Hareketli Ortalama
23 Rastgele Sayi Uretimi Yardim
24 Rank ve Yuzdebirlik
25 Omekleme
26 t-Test: Ortalamalar Icin lki Ornek
t-Test: Egit Varyanslar Varsayarak Iki Ornek bl |
27
a0
A | B C D E | F G H 1 J | K
1 |Sure (dakika) (x) log,oN(t) (log,cKOB/mL) (y)
2 0,00 10,30
3 0,50 9,97 L. monocytogenes @ 58 °C
4 1,00 9,34
5 1,50 8,78 ‘ Regresyon ? X
6 2,00 8,50 -
s
7 2,50 7,57 ' Tamam
—| Y Girig Araligr: SBS2:5B513 25
8 3,00 7,11 = i
= ptal
9 3,50 6,76 G| X Giris Aralige: SAS2:5A513 5.5
o
10 4,00 6,33 1 Yard
[] Etiketler [] sabit Sifir Lt
11 4,50 5,95
[ Gavenirlik Dizeyi %
12 5,00 5,54
13 5,50 4,98 Cikis secenekleri
14 O Ciks Aralige: A p.00
= @YEQI Sayfa: 1cytogenes sonuk
16 O Yeni Calisma Kitabi
17 Farklar
18 Dfark\ar D Fark Cizimi
19 [[] standart Farklar [] Hat Uyumu Cizimi
L Normal Olasilik
21 D Normal Olasilik Cizimi
22
23
24

Sekil 3. Excel’de Sekil 1’de gosterilen veriye “Veri Coziimleme” aracini kullanarak dogrusal regresyon uygulanmasi.

Figure 3. Application of linear regression to the data given in Figure 1 by using “Data Analysis” tool in Excel.
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W 0 N U AW N

—
o

11
12
L3
14
L5
16
L7
L8
19
20

n|

A B (e D E B G H | 1

OZET GIKISI
Regresyon istatistikleri
CokluR 0,996572442
|R Kare 0,993156631
_Ayarll R Kare 0,992472295
Standart Hata 0,153713209
Gozlem 12
.ANOVA
df ss MS F Anlamlilik F [
Regresyon 1 34,29021416 34,29021416 1451,26867 3,70418E-12
Fark 10 0,236277506 0,023627751
Toplam 11 34,52649167
Katsayillar  Standart Hata t Stat P-degeri Diigiik %95  Yiksek %95 Disiik 95,0% Yiksek 95,0%

|Kesisim 10,2874359 0,083469499 123,2473456 3,03387E-17 10,10145426 10,47341753 10,10145426 10,47341753
X Degiskeni 1 -0,979370629 0,025708289 -38,09552034 3,70418E-12 -1,036652266 -0,922088993 -1,036652266 -0,922088393

Sekil 4. Sekil 1°de gosterilen veriye uygulanan dogrusal regresyonun Excel’deki “Ozet Cikis1”.

Figure 4. “Summary Output” of the application of linear regression to the data given in Figure 1 in Excel.

1
2
3
4
3
]
7
8
9

10
11
12
13
14
15
16

A B
Akis hizi (mL/dakika) (%) Tabaka uzunlugu (mm) (y)
3.4 9,59
7.1 5,29
16,1 3,63
20 3,42
23,1 3,46
34,4 3,06
40 3,25
44,7 3,31
65,9 3,5
78,9 3,86
96,8 4,24
1154 4,62
120 4,67

Sekil 5. Gaz kromatografi verileri. Orijinal veriler Moody (1982)’den alinmigtir.

Figure 5. Gas chromatography data. Original data were from Moody (1982).
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A B C D E F G H I |
1 | Akig hizi (mL/dakika) (x) Tabaka uzunlugu (mm) (y) .
2 34 3,59 Gaz kromatografi
3 71 529 10
4 16,1 3,63 9
5 2 342 S
6 23,1 3,46 s
7 U4 3,06 5
8 40 3,5 5,
9 a7 3,31 2
10 65,9 3,5 52
1 78,9 3,86 1
1 9,8 424 0
13 1154 4,62 0 0 40 60 80 100 120
14 120 4,67 akis hizi (dakika/mL)
15
16

Sekil 6. Sekil 5°te gosterilen verinin Excel’de grafiklestirilmis hali.
Figure 6. Sketching the graph of the data in Excel given in Figure 5.

A B C

1 | Akis iz {mL/dakika) (x) (1/x)  Tabaka uzunlugu {mm) {y)
ik 3,40 0,29 9,59
3 7,10 0,14 5,29
4 16,10 0,06 3,63
5 20,00 0,05 342
5] 23,10 0,04 3,46
7 34,40 0,03 3,06
8 40,00 0,03 3,25
9 44,70 0,02 3,31
10 65,90 0,02 3,50
11 78,90 0,01 3,80
12 96,80 0,01 4,24
13 115,40 0,01 4,62
14 120,00 0,01 4,67
15

16

Sekil 7. Sekil 5’te gosterilen x verisinin Excel’de 1/x’e doniistiiriilmiis hali.

Figure 7. Transformation of the x data given in Figure 5 to 1/x in Excel.
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A B C D E F G H |
1 |OZET CIKISI
2
3 Regresyon Istatistikleri
4 [cokluRr 0,998405078
5 |[RKare 0,9968127
6 |AyarliR Kare 0,99617524
7 |Standart Hata 0,106506046
8 |Gozlem 13
2
10 ANOVA
11 df SS MS F Anlamilik F
12 |Regresyon 2 35,47636462 17,73818231 1563,725771 3,28939E-13
13 |Fark 10 0,113435378 0,011343538
14 Toplam 12 35,5898
15
16 Katsayilar Standart Hata t Stat P-degeri Diisiik %95  Yiksek %95 Diisiik 95,0% Yiiksek 95,0%
17 |Kesigim 1,568074804 0,075571995 20,74941642 1,49738E-09 1,399689904 1,736459703 1,399689904 1,736459703

18 X Degiskenil 0,02435858 0,000966832 25,19423027 2,22317E-10 0,022204345 0,026512816 0,022204345 0,026512816
19 | X Degiskeni 2 26,72786047 0,487411668 54,8363164 9,85846E-14 25,64183959 27,81388134 25,64183959 27,81388134
20
21
22

L L

Sekil 8. Sekil 7’de gosterilen veriye uygulanan dogrusal regresyonun [van Deemter modeli (y = Ax + B/x + C)] Excel’deki

“Ozet Cikis1”.
Figure 8. “Summary Output” of the application of linear regression [van Deemter model (y = Ax + B/x + C)] to the data given in Figure 7
in Excel.
A B C D E F G H I J K L
1 | Akig hizi {mL/dakika) (x) (1/x)  Tabaka uzunlugu ({mm)(y) ymodel=Ax+B/x+C .
2 3,40 0,29 9,59 9,51 Gaz kromatografi
3 7,10 0,14 5,29 5,51 10,00
4 16,10 0,06 3,63 3,62 )
5 20,00 0,05 3,42 3,39 E
6 23,10 0,04 3,46 3,28 =
7 34,40 0,03 3,06 3,17 %.-
8 40,00 0,03 3,25 3,20 2 400
9 44,70 0,02 3,31 3,4 L w0
10 65,90 0,02 3,50 3,56 & 200
11 78,90 0,01 3,86 3,80 1,00
12 96,30 0,01 4,24 417 0,00
13 115,40 0,01 4,62 4,57 0,00 20,00 60,00 80,00 100,00 120,00
14 120,00 0,01 4,67 4,67 akig hizi (dakika/mL)
15
16
17 A=0,024
18 B = 26,73
19 C=1,57
20|

Sekil 9. Sekil 7°de gosterilen veriye uygulanan van Deemter modelinin (y = Ax +B/x + C) uyumunun Excel’de grafik {izerinde
gosterilmesi. Mavi daireler deney verilerini turuncu ¢izgi ise model uyumunu belirtmektedir.

Figure 9. Showing the application of the van Deemter model (y = Ax + B/x + C) on the graph to the data given in Figure 7 in Excel. Blue
circles represent experimental data orange line represents model fit.
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A B

1 pH (X) u (Y)
2 45 0,112
3 45 0,129
4 4.6 0,132
5 4,6 0,123
6 47 0,212
7 5 0,387
8 5 0,317
9 5 0,378
10 5,1 0,373
11 5,5 0,451
19 5,6 0,368
13 5,6 0,459
14 5,6 0,416
15 6 0,423
16 6 0,482
17 6 0,469
18 6,9 0,488
19 7 0,462
20 7 0,531
21 7 0,506
22 7 0,468
23 7 0,476
24

Sekil 10. Bir bakterinin pH’ya karsilik biiyiime hiz1 (p) verileri. Orijinal veriler Baranyi ve Roberts (1995)’dan alinmistir.

Figure 10. pH versus growth rate (i) data of a bacterium. Original data were from Baranyi and Roberts (1995).

A B C D E F G H 1 J
1 | pH (X) u(y)
2 45 0,112 Blylme hizi - pH
3 4.5 0,129 0,6 vy =-0,0975<" + 1,2591x - 3,5566
4 4,6 0,132 R*=0,9123 |
5 a6 0,123 05 o= 8 =
6 4,7 0,212 04 e :
7 5 0,387 ) .
8 5 0,317 =t 19359
9 5 0,378 02 ;
10 5,1 0,373 - g'e
11 5,5 0,451 o1
12 5,6 0,368 o
sy 5,6 0,459 4 4,5 5 5,5 = 6,5 7
14 5,6 0,416 pH
15 5 0,423
16 5 0,482
17 6 0,469
18 6,9 0,488
19 7 0,462
20 7 0,531
21 7 0,506
22 7 0,468
23 7 0,476

ekil 11. Seki a gosterilen verinin Excel’de grafiklestirilmis hali. Mavi daireler deney verilerini, noktali mavi ¢izgi veriye

Sekil 11. Sekil 10’da gosteril inin Excel’d fiklestirilmis hali. Mavi daireler d ilerini, noktal i ¢izgi veri
uygulanan 2’nci derece polinom modeli (y = ax? + bx + ¢), diiz mavi ¢izgi ise uygulanan 3 nci derece polinom modeli
(v = ax’® + bx* + cx + d) belirtmektedir.

Figure 11.Sketching the graph of the data in Excel given in Figure 10. Blue circles represent experimental data, dotted blue lines represent
2" order polynomial model (y = ax? + bx + ¢) and solid blue lines represent 3™ order polynomial model (y = ax® + bx? + cx + d).
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A 8 C D B F
1 pH [(7-pH)*2]A2 (x) u(y) ymodel =ax+b
2 45 39,0625 0,112 0,107
3 45 39,0625 0,129 0,107 0.001
4 4,6 33,1776 0,132 0,163 ==
5| 46 33,1776 0,123 0,163 o
6 a7 27,9841 0,212 0,213 0.000
7 5 16 0,387 0,328 0000
3 5 16 0,317 0,328
9 5 16 0,378 0,328 0.000
10| 51 13,0321 0,373 0,356 i
gl ss 5,0625 0,451 0,433
12| 56 3,8416 0,368 0,444 0.000
13| 56 3,8416 0,459 0,444 %
14, 56 3,8416 0,416 0,444
15 6 1 0,423 0,471
16 6 1 0,482 0,471
17 6 1 0,469 0,471
18| 69 1€-04 0,488 0,481
19 ¥ ) 0,462 0,481
20 7 0 0,531 0,481
21 7 0 0,506 0,481
22 7 ) 0,468 0,481
23 | 7 ) 0,476 0,481
24

Sekil 12.

Review Article

H I J K L

Bliytime hizi - pH

pH

Sekil 10°da gosterilen veriler igin Excel’de alternatif modelin yazilmasi ve uyumu. Mavi daireler deney verilerini,

noktali mavi ¢izgi veriye uygulanan 2’nci derece polinom modeli (y = ax? + bx + ¢), diiz mavi ¢izgi uygulanan 3’nci
derece polinom modeli (y = ax® + bx* + cx + d), turuncu kalin ¢izgi ise alternatif modeli belirtmektedir.

Figure 12.

Formulating the alternative model for the data given in Figure 10 in Excel. Blue circles represent experimental data, dotted blue

lines represent 2" order polynomial model (y = ax? + bx + ¢), solid blue lines represent 3™ order polynomial model (y = ax® +
bx? + cx + d) and thick orange lines represent the alternative model.
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tedir.
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oz

Gida bilimlerinde deneysel verilerin matematiksel modellerle tanimlanabilmesi i¢in dogrusal olmayan reg-
resyona siklikla ihtiyag duyulmaktadir. Excel’in igerisinde yazilimda yiikli olan dogrusal olmayan birgok
model olmasina kargin Excel bunlar1 dogrusal hale doniistiirmekte ve verilere dogrusal olmayan regresyon
yerine dogrusal regresyon uygulamaktadir. Oysa Excel’de yer alan “Coziicii” araci kullanilarak dogrusal ol-
mayan regresyon uygulamak miimkiindiir. Bu ¢aligmanin amaci Excel’deki Coziicii aracin1 kullanarak de-
neysel verilere dogrusal olmayan regresyonun nasil uygulanacagim ornekler {izerinden gostermektir. Bu
amag dogrultusunda sirasiyla iki, li¢ ve dort parametreli dogrusal olmayan modeller, ti¢ farkli veri setine
Coziicii kullanilarak uygulanmustir. flk 6rnekte yesil zeytinde bulunan violaksantin pigmentinin zamana baglh
olarak degisimi iistel model kullanilarak tanimlanmus, ikinci 6rnekte ise Escherichia coli bakterisinin sicak-
likla inaktivasyonu ii¢ parametreli dogrusal olmayan bir modelle agiklanmaya calisilmistir. Son 6rnegimizde
Listeria monocytogenes bakterisinin biiylimesi yine dogrusal olmayan bir modelle tanimlanirken model uyu-
munu gosteren degerler de model parametreleriyle birlikte hesaplanmustir. Coziicii aracinin tek olumsuz yani
parametre degerlerini standart hata veya giiven araliklariyla birlikte hesaplayamamasidir. Onun disinda dog-
rusal olmayan regresyon yapmak i¢in kullanilan iicretli yazilimlardan herhangi bir farki yoktur. Bu ¢aligma-
nin gida mithendisligi veya gida bilimi alaninda ¢alisan ve bilgisayarlarinda Excel yiiklii olan ancak diger
iicretli yazilimlara sahip olmayan bir¢ok arastirmaciya faydali olacag: degerlendirilmektedir.

Anahtar Kelimeler: Dogrusal olmayan modeller, Excel, Regresyon, Coziicii

ABSTRACT

Use of Excel in food science 2: Non-linear regression

Nonlinear regression is often required in order to define experimental data with mathematical models in food
science. Although there are many non-linear models in Excel by default, Excel linearizes them and applies
linear regression to the data instead of nonlinear regression. However, it is possible to apply non-linear reg-
ression by using the “Solver” tool in Excel. The objective of this study was to show how to apply non-linear
regression to experimental data by using the Solver tool in Excel. For this purpose, non-linear models having
two, three and four parameters, were applied to three different data sets using Solver, respectively. In the first
example, the change of the violaxanthin pigment in green olives with respect to time was described using the
exponential model, and in the second example, the heat inactivation of Escherichia coli was tried to be exp-
lained with a three-parameter non-linear model. In our last example, the growth of Listeria monocytogenes
was again described by a non-linear model, while the goodness-of-fit indices were calculated together with
the model parameters. The only disadvantage of the Solver tool was that it cannot calculate parameter values
along with the standard errors or confidence intervals. Apart from that, there was no difference between
shareware used for non-linear regression. It is considered that this study would be beneficial for many rese-
archers having Excel installed in their computers but without other sharewares and working in the field of
food engineering or food science.

Keywords: Non-linear models, Excel, Regression, Solver
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Giris

Excel her ne kadar finans alaninda ¢alisanlar i¢in hesap ¢izel-
gesi programi olsa da fen bilimleri ve miihendislik alanla-
rinda da siklikla kullanilmakta ve kullanicilar i¢in biiyiik ko-
layliklar saglamaktadir. Model parametrelerinin dogrusal
olup olmamasina bagl olarak uygun bilgisayar programlar
kullanilarak dogrusal regresyon veya dogrusal olmayan reg-
resyon uygulanir. Ornegin y = a-e* modeli [y bagimli degis-
ken, x bagimsiz degisken, @ model parametresi, e ise Euler

sayisidir (2.7182818)] parametresine gore dogrusaldir ¢ilinkii

0

% = e*’dir. Yani a parametresi kismi tiirevin i¢inde yoktur.

Bu nedenle y = a-¢" modeli i¢in dogrusal regresyon kullani-
larak a parametresi bulunur. Ote yandan, y = ¢* modeli dog-

e 1D o
rusal degildir ¢iinkii % = x - e dir. Kismi tiirevin i¢inde a
parametresi oldugundan model a parametresine goére dogru-

sal degildir ve bu model i¢in dogrusal olmayan regresyon uy-
gulanmalidir.

Dogrusal (parametresine gore dogrusal) modeller ig¢in
Excel’de yer alan “Veri Coziimleme” aracinin igerisindeki
regresyon uygulamasi kullanilarak kolayca dogrusal regres-
yon yapilabilir. Dogrusal regresyon konusunda yeterli bilgisi
olmayanlar daha Onceki makalemiz Leylak ve ark.
(2020)’dan faydalanabilirler. S6z konusu makalede Excel’de
dogrusal regresyon Ornekler iizerinde agiklanmistir. Peki,
dogrusal olmayan modeller i¢in Excel kullanmak miimkiin
miidiir? Excel’de x-y seklindeki veriler grafik haline getirilip
bu verilere farkli dogrusal veya dogrusal olmayan modeller
kullanilarak egilim ¢izgisi eklenebilir. Excel’in i¢inde fabrika
ayar1 olarak bazi dogrusal olmayan modeller yer almaktadir.
Ancak, Excel bu modelleri dogrusallagtirmakta bagka bir de-
yisle dogrusal hale getirmekte ve parametre degerlerini dog-
rusal hale getirilmis modellere dogrusal regresyon uygulaya-
rak hesaplamaktadir.

Burada bir 6rnek vermek okuyucuyu aydinlatmak agisindan
yerinde olacaktir. Yesil zeytinde bulunan violaksantin mad-
desinin zamana bagli olarak degisimini ele alalim. Sekil 1°de
gosterilen veriyi tamimlamak i¢in uygun model {iste]l model
olabilir. Excel’in i¢inde bu model y = a-e™ seklinde yer al-
maktadir ve bu model a parametresine gére dogrusal, b para-
metresine gore ise dogrusal degildir. Diger bir deyisle a’ya
gore kismi tlirev alindiginda a parametresi tiirev igin yer al-
mamakta, b’ye gore kismi tlirev alindiginda ise b parametresi
kismi tilirev i¢inde yer almaktadir. Dolayisiyla bu veriyi bu
modelle tanimlayabilmek i¢in dogrusal olmayan regresyon
kullanilmalidir. Excel’de s6z konusu veriyi grafik haline ge-
tirip egilim ¢izgisi ekleden iistel model segilirse Sekil 2’de
gosterilen model uyumu ve sonuglar elde edilmektedir. Bu
sonuglara gore a = 1.875, b = — 0.067 ve R? = 0.9407dir.
Modelin dogal logaritmasim (loge ya da In) alirsak

Review Article

Iny = Ina + bx elde ederiz yani modeli dogrusal hale getirmis
oluruz. Bu modeli su sekilde yazabiliriz y" = a” + bx ve bu
haliyle model parametrelerine (¢ ve b) gore dogrusaldir.
Yani dogrusal regresyon kullanilabilir. Excel’de Iny’ye (3")
karsilik x grafigini ¢izip egilim ¢izgisi ekleden dogrusal mo-
del eklenirse Sekil 3’teki model uyumu ve sonuglar elde edi-
lir: b = -0.067, Ina = 0.6286 — a = "6 = 1.875 ve
R? =0.9407"dir. Goriildiigii gibi her iki durumda da ayni so-
nuglar elde edilmistir: Yani Excel dogrusal olmayan bir mo-
deli dogrusal hale getirip parametre degerlerini bu modele
gdre hesaplamaktadir. Ote yandan, aym veriyi ayn1 modelle
SigmaPlot (Versiyon 12.0) programi ile dogrusal olmayan
regresyon uygulayip tamimlarsak a =1.975, b= —0.072 ve
R? =0.9660 elde ederiz. Sekil 4’te verinin SigmaPlot’ta dog-
rusal ve dogrusal olmayan regresyon uygulanarak tanimlan-
mas1 gosterilmektedir. Goriildiigii gibi her ne kadar sonuglar
yakin olsa da dogrusal olmayan regresyon daha yiiksek R?
degerine yani daha iyi model uyumuna sahiptir. SigmaPlot,
R? degerinin disinda model uyumu anlamak i¢in baska 6lgiit-
leri de hesaplamaktadir: Biitiin bunlar da gostermektedir ki,
ornegimiz i¢in dogrusal olmayan regresyon sonuglari dogru-
sal regresyon sonuglarina gore daha iyi sonug vermektedir
(gosterilmeyen sonuglar). Dahasi, verileri dogrusal hale ge-
tirmek ¢ok tekrarli deneylerdeki (buradaki deney iki tekrarl
yapilmistir.) hata tekrarlar arasindaki fark yapisimi degistir-
mektedir; verileri dogrusal hale getirmek diisiik x degerle-
rinde tekrarlar arasindaki farklart kiigiiltiirken x biiyiidiikge
tekrarlar arasindaki farklar da biiylimektedir (Sekil 2 ve Sekil
3). Bunedenle dogrusal olmayan modelleri dogrusal hale ge-
tirip parametre degerlerini elde etmek tavsiye edilen bir uy-
gulama degildir (Motulsky ve Ransnas, 1987).

Tam burada “Dogrusal regresyon ile dogrusal olmayan reg-
resyon arasindaki fark nedir?” sorusunu sormak uygun ola-
caktir. Dogrusal regresyonda analitik ¢6ziim varken dogrusal
olmayan regresyonda bu miimkiin degildir. Dahasi, dogrusal
olmayan regresyonda parametrelerin baslangi¢ degerlerini
kullanicinin girmesi beklenir. Kullanilan program girilen bu
degerlerden baglayarak belli sayida iterasyon yaparak para-
metre degerlerini bulmaya calisir (Kemmer ve Keller, 2010).

Excel’de “Coziicii” Araci Kullanilarak Deneysel
Verilere Dogrusal Olmayan Regresyon
Uygulamak

Bu boéliimde ii¢ farkli 6rnek iizerinde Excel’de dogrusal ol-
mayan regresyon ile deneysel verileri tanimlamay gosterece-
giz. Ancak, ¢oziicli arac1 Excel’de yiiklii degilse (Microsoft
Office Standard 2016 Excel’de “Veri” sekmesine tikladigi-
nizda sag Uste ¢oziicii goriinmiiyorsa), sirasiyla Dosya > Se-
cenekler > Eklentiler > Excel Eklentileri (Git) sekmelerinden
sonra ¢ikan ekrandan “Coziicli” isaretlenerek yiiklenmelidir.
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Yesil Zeytinde Bulunan Violaksantin Pigmentinin Zamana
Bagh Olarak Degisiminin Tanimlanmast

Ik 6rnegimizde Sekil 1°de verileri gosterilen, yesil zeytinde
bulunan violaksantin maddesinin zamana bagli olarak degisi-
mini ele alalim. Bu verilerin iistel model (v = a-e") ile tanim-
lanabilecegini biliyoruz. Dahasi Excel’in i¢inde bulunan bu
modeli kullanirsak Excel’in dogrusal olmayan regresyon ye-
rine dogrusal regresyonla parametreleri (a ve b) hesaplayaca-
gin1 ve bunun yetersiz ¢ikarimlara neden olacagim da biliyo-
ruz. Bu nedenle burada Excel’de ¢oziicii aracini kullanarak
model parametrelerini hesaplatmay1 gosterecegiz.

Ilk asamada dagilim grafigi cizilir. F siitununa (F1 hiicresi)
parametre, G siitununa (G1 hiicresi) ise parametre degerleri
yazilir. Parametreler F2 ve F3 hiicrelerine a ve b olacak se-
kilde sirayla girilir. Daha sonra G2 hiicresine tiklanip ‘For-
miiller’ sekmesinden “Ad tanimla” secenegi secilerek acilan
pencerede Tamam’a tiklanir. Excel otomatik olarak G2 hiic-
resini “a” olarak tanimlar. Ayni islemler G3 hiicresi igin tek-
rarlanir ve b parametresi de tanimlanir (Sekil 5).

Parametreler tanimlandiktan sonra C siitununa model yazilir.
Tiirkce Excel’de e sayis1 “US” olarak ifade edildiginden y =
a-e”™ modeli Excel’de ymodel = a*US(-b*A2) seklinde yazi-
lip biitiin siireler (A2:A16) i¢in ymodel hesaplatilir (Sekil 6).
Parametrelere ad tanimlamamizin nedeni modeli yazarken
parametrelerin modelde hiicre (G2 ve G3) olarak degil a ve b
olarak goriinmesidir. Bu asamada parametrelerin baslangic
degerlerini girmek gerekecektir. Bu, Coziicii’niin iterasyona
nereden baslamasi gerektigini sdylemekle ayni anlama gel-
mektedir. Parametre degerlerini gergek degerlere ne kadar ya-
kin yazarsak Coziicli daha az iterasyonla yani daha hizli bir
sekilde sonuca ulasacaktir. Ote yandan, uygun parametre de-
gerleri girilmezse Coziicii herhangi bir sonuca ulagsamayabi-
lir. Ornegimizde a parametresinin degerinin 2’ye yakin ola-
cagini tahmin etmek zor degildir ¢linkii x = 0 iken y = a¢’dur.
Ancak b parametresinin tahmini o kadar da kolay degildir.
Ornegimizde her iki parametre degeri de 1 olacak sekilde ya-
zilarak bu degerler i¢in ymodel’e karsilik siire serisi ayn1 gra-
fik izerinde gosterilmistir (Sekil 7).

Regresyonda amag hatalarm karesinin toplaminin minimize
edilmesi oldugundan, C siitununa hatalarin karesi yani (y-
ymodel)? esitligi girilir ve hesaplatilir. Hesaplanan degerler
toplanarak D18 hiicresindeki deger elde edilir (Sekil 7). Son-
rasinda “Veri” sekmesinden Coziicii’ye tiklanir ve agilan ek-
randa “Hedef ayarla” kismina hatalarin karesi (D18 hiicresi)
secilir. Amacimiz D18 hiicresinin minimize edilmesi oldu-
gundan “Hedef” “En Kiiglik” tiklanir. Bu amaca ulagmak i¢in
yani hatalarin karesinin toplamini minimize etmek ig¢in a ve b
parametrelerinin degistirilmesi gerekmektedir. Bu nedenle
“Degisken Hiicreleri Degistirerek” kismina parametreler

(G2:G3) segilir ve “Coz”e tiklanir. Coziicii en kiigiik toplam
(y-ymodel)? degerini bulmak igin iterasyon yapar ve en uy-
gun a ve b parametrelerinin degerlerini belirler (Sekil 8). Go-
ruldiigii gibi Excel Coziicii aract SigmaPlot’la ayn1 sonucu
elde etmistir (a = 1.975, b =—0.072). Bu noktada ¢6ziiciiniin
olumsuz bir yanindan bahsetmek gerekirse parametre deger-
leri bu yontemde standart hatalar1 veya giiven araliklariyla
birlikte hesaplanamamaktadir. Parametre degerlerinin belir-
sizligini elde etmek onemlidir (Dolan ve Mishra, 2013) ve
bunu Excel kullanarak yapmak da miimkiindiir (Lambert ve
ark., 2012). Ancak bu ¢alismada amacimiz Excel’de dogrusal
olmayan regresyonu gostermek oldugundan bagka bir yon-
temle parametrelerin standart hatalarini hesaplamak irdelen-
memistir.

Escherichia coli Bakterisinin Isiyla Inaktivasyonunun
Tanimlanmasi

Ikinci &rnegimizde E. coli bakterisinin 56,6 °C’de inaktivas-
yonunu inceleyecegiz. Sekil 9°da gosterilen veriler igin uy-
gun model asagida gosterilmistir:

log1o N(t) = logqo Ny — loglo{l + e[k-(t—s)]}
(D

Burada logioN(¢) bakterinin ¢ zamandaki sayisi, logio/No bak-
terinin baglangictaki sayist (¢ = 0), k inaktivasyon hiz1 (za-
man’), S ise inaktivasyonun gdzlemlenmeye basladigi za-
mandir. Yani modelin {i¢ parametresi logioNo, k ve S’dir. ilk
ornegimizde anlatildig1 lizere A ve B siitunundaki verilerle
dagilim grafigi cizilir ve parametreler tanimlanir. C siitununa
model yazilir: ymodel = 1ogN0-LOG10((1+US((k*(A2-S)))))
(Sekil 9).

Mevcut durumda parametre degerlerine yine 1 yazilabilir. D
siitununda ise karelerin hatasi hesaplatilir ve yazilan model
stireye karsilik ayni grafik tizerinde gosterilir (Sekil 10). Co-
ziicli’den parametre degerleri degistirilerek (G2:G4) D17
hiicresi (hatalarin karesinin toplami) minimize edilir ve para-
metre degerleri elde edilir (Sekil 11). Coziicii burada logNO,
k ve S parametrelerine farkli degerler atayip, iterasyon yapa-
rak toplam (y-ymodel)* degerini en kiigiik olarak elde edecek
sekilde bu parametrelerin degerlerini belirlemektedir. Mini-
mize edilen toplam (y-ymodel)? degeri i¢in logN0 =9.47, k =
0.71 ve S = 8.61 olarak elde edilmistir. Sekil 11°de goriildiigii
gibi (y-ymodel)? toplami minimize edilerek olusturulan mo-
del ve deney verileri olduk¢a uyumludur.
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Listeria monocytogenes’in Biiyiimesinin Tanimlanmasi

Son 6rnegimizde L. monocytogenes’in 30 °C’de %9 tuz ice-
ren s1vi besiyerinde biiylimesini gosteren verileri tanimlaya-
cagiz. Sekil 12°de gosterilen verileri tanimlamak i¢in uygun
bir model olan Gompertz denklemini kullanacagiz:

log;o N(t) =logyq Ny + (10810 Npax —10g19 No) -

L ’/1—t)+1}
_plllo N —-lo Nol ™
e e 810 Nmax 810 No (2)

Burada log;oN(#) bakterinin ¢ zamandaki sayisi, logio/No bak-
terinin baslangigtaki sayisi (z = 0), logioNmax bakterinin ulasa-
bilecegi azami say1 (t—o), ¢ biiyiime hiz1 (logKOB/mL/za-
man), 4 ise biiyiimenin gozlemlenmeye basladigi zamandir.
Modelin parametreleri logioNo, 10g10Nmax, 1 ve A’dir.

Diger iki drnegimizde oldugu gibi grafik ¢izilerek baglamak
en dogru yaklagimdir. Bu 6rnekte digerlerine ek olarak model
uyumunu gosteren R?, ayarli R? ve RMSE degerlerinin Excel
kullanilarak hesaplanmasi da agiklanacaktir. Bu degerler hak-
kinda daha detayli bilgi i¢in okuyucuyu yine bir 6nceki ma-
kalemize yonlendirmekte fayda goriiyoruz (Leylak ve ark.,
2020).

Oncelikle parametreler (IogN00, logNmax, p, A), parametre-
lerin hemen altina sirasiyla yort (y degerlerinin ortalamast),
df (serbestlik derecesi), R*2 (R?), ayarhiR"2 (ayarli R?) ve
RMSE yazilir. Bu yazilanlarin hepsi “Formiiller > Ad ta-
nimla” kullanilarak tanimlanir ve C siitunu igerisine model
olusturulur:

ymodel=logN00+(logNmax-logN00)*US(-US(u*US(1)/(log
Nmax-logN00)*(A-A2)+1)) Modelin parametre sayis1 diger
iki ornegimize gore fazla oldugundan baslangi¢c parametre
degerlerini belirlemek burada daha onemlidir. Kullanicinin
biitiin parametre degerlerine 1 girmesi durumunda ymodel ta-
nimsiz olacagidan bu sefer biitlin parametrelere 1 girilme-
mistir. Modelde yer alan logN00 baslangigtaki, logNmax ise
azami bakteri sayisi gostermektedir. Verimize ve grafigi-
mize (Sekil 12) gore baslangic miktari 3.9 logio, azami miktar
ise 8.9 logio’dur. Dolayisiyla, logNOO ve logNmax degerle-
rine yakin degerler 6rnegin 3 ve 8 yazabiliriz. Diger iki para-
metreden biiyiime hizimi (i) veriye veya grafige bakarak an-
lamaya calismak c¢ok kolay degildir ve bu durumda daha 6n-
ceki drneklerde yaptigimiz gibi p degerine 1 yazilabilir. Ote
yandan, biiyiimenin gézlemlendigi (A) zaman grafikten (Sekil
12) az ¢ok anlasilabilir durumdadir ve bu nedenle bu degere
de 10 yazilabilir. Sonug olarak parametre degerlerine veriye
ve grafige bakarak sirasiyla 3, 8, 1 ve 10 girilebilir (Sekil 13).

Review Article

Model denklemi olusturulduktan sonra yort=ortalama
(B2:B:34) Excel’e hesaplatilarak 6,14 olarak bulunur. D sii-
tununda (y-ymodel)? degerleri ve E siitununa ise (y-yort)? de-
gerleri hesaplatilir. Serbestlik derecesi (df) veri sayisi — mo-
deldeki  parametre  sayis1  oldugundan  df=BAG_
DEG SAY(A2:A34)-BAG DEG SAY(I12:15) formiilii ile
hesaplanir ve 29 (=33-4) olarak bulunur. R? degeri R*2 =1-
TOPLA((B2:B34-C2:C34)"2)/TOPLA ((B2:B34-yort)"2))
formiiliinden hesaplatilir ancak bu formiil dizi formiilii oldu-
gundan (her bir islemin sirayla yapilmasi gerektiginden) R"2
formiilii segilir ve “Ctrl+Shift+Enter” yapilarak {} icerisine
alinir. Ayarli R? degeri ayarliR"2 =1-((1-
R"2)*(BAG DEG SAY(B2:B34)-1)/df) formiilinden he-
saplanir. RMSE degeri ise =(KAREKOK(TOPLA ((B2:B34-
C2:C34)"2)/df)) formiilii kullanilarak hesaplatilir ancak ayni
R? degerinde oldugu gibi yine formiil segilir ve
“Ctrl+Shift+Enter” yapilarak {} igerisine alinir.

Coziicii’ ye gelinerek “Hedef ayarla” kismina R*2 (I8 hiic-
resi); ayarliR”*2 (I9 hiicresi) veyahut RMSE (110 hiicresi) se-
cgilebilir. Burada dikkat edilmesi gereken husus sudur:
Uyumlu bir model i¢in R? ve ayarli R? degerlerinin yiiksek
olmasi istendiginden I8 hiicresi veya 19 hiicresi secildiginde
“Hedef” “En Biiyiik” tiklanir. Yani amacimiz R? ve ayarli R?
degerlerinin maksimize edilmesidir. Ote yandan, “Hedef
ayarla” kismimma RMSE (110 Hiicresi) secilmesi durumunda
RMSE degerinin uyumlu bir model i¢in kiiglik olmasi isten-
diginden “Hedef” “En Kiigiik” tiklanir. Bu durumda amaci-
miz RMSE degerinin minimize edilmesidir. Hangi yontem
(maksimizasyon veya minimizasyon) segilirse segilsin ayni
sonucu elde etmek miimkiindiir: Parametre degerleri logN00
=3.95, logNmax = 8.85, p = 0.1714, L = 19.82 olarak bulun-
mustur. Model uyumunu gdsteren R*2 = 0.9984, ayarliR"2 =
0.9981 ve RMSE = 0.0908 olarak bulunmustur (Sekil 14). Bu
degerlerden anlagildig1 gibi model veriye iyi bir uyum sagla-
maktadir ve bu grafik {izerinde de goriilebilmektedir.

Sonuc¢

Eger deneysel verileri tammmlamak i¢in kullanilan herhangi
bir model parametresine/ parametrelerine gore dogrusal de-
gilse bu modelin parametre degerini/degerlerini elde etmek
i¢in dogrusal olmayan regresyon kullanilmasi gerekmektedir.
Excel’de yer alan Coziicii aracin1 kullanarak dogrusal olma-
yan regresyon uygulamak miimkiindiir ve bu ¢alismada ii¢
farkli 6rnek iizerinden Excel’de dogrusal olmayan regresyo-
nun nasil kullanilacagi aciklanmaya ¢alisilmistir. Excel’deki
Coziicli araci1 parametre degerlerinin standart hatalar1 harig
ticretli yazilimlarla elde edilen sonuglarin aynisin1 bulmakta-
dir.
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A B

1 |sare (gin) (x) Violaksantin (mg/kg) (y)
2 0 2,01
3 3 1,55
4 3 1,69
S 6 1,44
6 6 1,10
7 10 0,87
8 10 0,85
9 12 0,76
10 12 0,79
11 19 0,61
12 19 0,62
13 26 0,42
14 26 0,20
15 33 0,24
16 33 0,20
17

Sekil 1.  Yesil zeytinde bulunan violaksantin pigmentinin zamana bagli degisim verileri. Orijinal veriler Minguez-Mosquera
ve Gandul-Rojas (1994)’dan alinmustir.

Figure 1. Change of violaxanthin pigment in green olives with respect to time. Original data are from Minguez-Mosquera and Gandul-

Rojas (1994).

A B C D E F G H I ]
1 |sure (gun)(x) Violaksantin (mg/kg) (y)
2 0 2,01 Zeytinde violaksantin
2 - 1,25 2,00
4 3 1,69
: : i iﬂfj 150 ' :R;':S;,S@im
6 6 1,10 3 -
7 10 087 = a
8 10 085 E ™ |
9 12 0,76 = ‘ .
10 12 0,79 S 050
11 19 0,61
12 19 0,62 0,00
13 26 0,42 0 5 10 15 20 25 30 35
14 26 0,20 stire (gun)
15 33 0,24
16 33 0,20

Sekil 2. Sekil 1°de gosterilen verilere Excel’in igindeki iistel modelin (y=a-e™) uygulanis1.

Figure 2. Application of exponential model (y=a-e”*) to the data given in Fig. 1 in Excel.

203


https://doi.org/10.3153/FH20021

Food Health 6(3), 199-212 (2020) e https://doi.org/10.3153/FH20021 Review Article

A B C D E F G H | J

1 |sure (gun)(x) Iny(y')

2 0 0,70 Zeytinde violaksantin

3 3 0,44 1,00

4 3 0,52 y' =-0,067x + 0,6286

S 5 0.36 0,50 : . R? =0,9407

6 6 0,10 0,00 ®

7 10 -0,14 = T

8 10 -0,16 g 00 :

9 12 -0,27 % 1,00 .

10 12 -0,24 g

11 19 -0,49 § 10

12 19 -0,48 -2,00

13 2 -0,87 0 5 10 15 20 25 30 35
14 26 -1,61 sure (gun)

15 33 -1,43

16 33 -1,61
Sekil 3.  Sekil 1’de gosterilen verilerin dogrusallastirilmasi ve Excel’in igindeki dogrusal modelin (y"=a “+bx) bu dogrusal

hale getirilmis verilere uygulanisi.

Figure 3. Linearization of data given in Fig. 1 and application of the linear model (y"=a +bx) to the linearized data given in

Violaksantin (mg/kg)

Excel.
200
x a =1975
h=0,072
15 A R? = 0,9660
1,0 4
a 1.875
b = 0,067
0,5 R>=0.9407
0,0 T T T
0 10 20 30

sire (gun)

Sekil 4. Sekil 1°de gosterilen verilere SigmaPlot’ta iistel modelin (y=a-e™) uygulams1. Gri kesikli ¢izgi dogrusal regresyon

uyumunu, siyah diiz ¢izgi ise dogrusal olmayan regresyon uyumunu gostermektedir.

Figure 4. Application of exponential model (y=a-e®) to the data given in Fig. 1 in SigmaPlot. Gray dashed line indicates the fit of linear
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regression, black solid line indicates the fit of non-linear regression.
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A B G D E F G H 1 J K L
1 |sdre (gin) (x) Violaksantin (mg/kg) (y) Parametre Parametre degerleri | vooiag ? 4
2| 0 2,01 a
3 | 3 1,55 b Al a
4 3 1,69 Kapsam: Calisma Kitab1 v
5 | 6 1,44 Aciklama:
6 6 1,10
7 | 10 0,87
8 10 0,85
9 12 0,76 PR .
10 = b Zeytinde violaksantin Basvuruyert: | sayra1iscs2 =
11 19 0,61 2,00 ® iptal
12 19 0,62 .
13 26 0,42 g 150
14 26 0,20 & )
15| 33 024 | £,0 .
16 | 33 0,20 3 * .
17 s o
18_ - ®
19 o &
20 v )
1 ] 5 10 15 20 25 30 35
21 ST
22' stre (gun)

Sekil 5. Excel’de Sekil 1°de gosterilen veriler igin iistel model (y=a-e™) parametre adlarmin tanimlanmasi.

Figure 5. Defining the names of the parameters of exponential model (y=a-e*) given in Figure 1 in Excel.

A B & D E E G H I J K
1 sure (gun) (x) Violaksantin (mg/kg) (y) Parametre Parametre degerleri
L |
2 ol a
L ]
3 3 b
4 3
5 6
6 6 . : .
7 10 Zeytinde violaksantin
= . 2,00 ¢
2, 12
5 = 2150 . i
11 19 r:. @
[ =4
12 19 = ®
= 1,00
13 26 Dr? ¢
14 26 — . .
Bires e
15 33 £ 0,50
16 33 ° 5
17 0,00
13 0 5 10 15 20 25 30 35
19 sure (gun)

N

Sekil 6. Sekil 5°te tanimlanan parametrelerin kullanilarak iistel model (y=a-¢”™) denkleminin Excel’de olusturulmas.

Figure 6. Generating the equation of exponential model (y=a-e*) by using defined parameters in Fig. 5 in Excel.
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A B C D E g G f J K
1 |sire (gun) (x) Violaksantin (mg/kg) (y) ymodel (y-ymodel)*2 Parametre Parametre degerleri
2 0 2,01 1 1,0201 a 1
3 3 155 0049787068 2,25063884 b 1
4 3 169  0,049787068 2,690298461
5 | 6 144 0,002478752 2,066467338
6 6 1,10 0,002478752 1,204552889 , . _
7 10 0,87  4,53999E-05 0,756821006 Zeytinde violaksantin
8 | 10 0,85  4,53999E-05 0,722422822 Sk
9| 12 0,76  6,14421E-06 0,577590661
10 12 0,79  6,14421E-06 0,624090292 ¥ 8
11 19 0,61  56028E-09 0,372099993 E .
12 19 0,62 5,6028E-09 0,384399993 - :
3 26 042 51090912 0,1764 £ : '
14 % 020  5710909E-12 0,04 % g
15 3 0,24 4,65889E-15 0,0576 s 05 -
16 3 0,0  4,65889E-15 0,04 .
17 0 L
18 toplam = 12,9834823 L 2 # & & & # & N
19 siire (gin)
20
2

Sekil 7. Hatalarin karesi denkleminin [(y-ymodel)?] olusturulmasi ve parametreler igin baslangi¢ degerlerinin girilmesi.

Figure 7. Generating the residual square equation [(y-ymodel)?] and entering initial values for the parameters.
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()

E P Gozich
Dig Veri i = Veri Coztmleme
Al~ g $ a fi Dodrulam ” * £ olar
Al ve Dondstir Baglantilar Sirala ve Filtre Uygula Cozica Parametreleri X oziimleme
Hedef Ayarla: $D$18 2.5
A B c D E F G H T u
; sare (gin) L)(Dju"ﬂl.‘k<3l7rl-“| [m,z‘_fk,ﬂi.;;_ ymodel - :v—vnnnP:r.-l?czm ;ara'n?"e Parametre r!E,—‘.PrIPlr\ Hedef O En Biyisk @ Enkacak O Degerk
3 3 1,55 0,049787068 2,25063884 b 1 - - & PR
3 3 169 2690298461 Degisken Hicreleri Degistirerek:
5 6 1,44 2,066457338 $GS2:5G53| 5
6 & 110 X 1,204552889
7 10 0,87  4,53999E-05 0,756821006 Zeytinde violaksar Kistiamalara Badhidie:
8 10 0,85 4,53999€-05 722422822 .
3 12 076 514421606  0,577590661 Ele
10 12 0,79 6,14421E-06 0,624090252 £ :
rhl 19 0,61 5,6028E-09 0, 93 » Deqistir
12 19 0.62 5,6028E-09 0,384399993| ¢
13 26 0,42 5,10909E-12 0,1764 & Sil
14 26 0,20 5,10909€E-12 0,04 = - .
15 33 0,24 4,65889E-15 0,0576 ‘: a5
16 33 0,20  4,65889E-15 0,04 Tumind Sifirla
17 o
18 toplam = 12,9834823 1 = Yukle/Kaydet
;Z [ kistlanmamis Degiskenleri Pozitif Yap
21 Cozme Yontemi Dogrusal Olmayan GRG e Secenekler
2 Secin:
3
24 Cazam Yontemi .
5 Duzgun dogrusal olmayan Cozucu Problemleri icin GRG Dogrusal Olmayan altyapisini segin
26 Dogrusal Cozach Problemleri icin Basit LP altyapisini segin ve dizgin olmayan Cozica
27 problemleri icin Achim altyapisini secin.
28
29
Sayfal Yardim Céz Kapat
A B & D E F | G H I J K
1 |sure (gun) (x) Violaksantin (mg/kg) (y) ymodel (y-ymodel)~2 Parametre Parametre degerleri
2 0 2,01 1,975026797 0,001223125 a 1,975026797
3 3 1,55 1,589607534 0,001568757 b 0,072364938
4 3 1,69 1,589607534 0,010078647
5 6 L44 1,279401431 0,0257919
6 6 1,10 1,279401431 0,032184874 . » .
7 10 0,87 0957846813 0,007717063 Zeytinde violaksantin
8 10 0,85 0,957846813 0,011630935 2 @
2 12 0,76 0,82878269 0,004731058 e
10 12 0,79 0,828738269 0,001504097 £ . z
11 15 0,61 0,499398023 0,012232797 Ef. o "..?
12 19 0,62 0,499398023 0,014544837 = o\
13 26 0,42 0,300921325 0,014179731 E ! é o
14 26 0,20 0,300921325 0,010185114 = ol g
15 33 0,24 0,181325595 0,003442686 S 05 -
16 33 0,20 0,181325595 0,000348733 To——l
17 0
18 toplam = 0,151364354 0 5 10 15 20 25 30 35 40
19 sire (gun)
20

Sekil 8. Excel’ deki Coziicii arac1 kullanilarak hatalarin karesi toplaminin minimize edilmesi (a), Coziicii’niin buldugu para-

Figure 8. Minimizing the sum of residual squares by using the Solver tool in Excel (a), Parameter values estimated by the Solver and model

metre degerleri ve model uyumu (b).

fit (b).
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A B C D H F G H I J
1 |sure (dakika) (x)_logN(y) ymodel Parametreler Parametre degerleri
2 0 | 58 |Jogno-LoG10((1+0s((K*(A2-5))))) logN,
3 1 9,66 k
a 2 9,45 S
5 3 9,44
6 5 9,16
7 7 9,28 E.coli inaktivasyonu
8 9 9,24 .
9 12 8,3
10 14 7,92 B s
11 16 7,18 . ®
12 19 6,03 : ] [
13 24 4,91 @6 .
14 26 4,27 " g il =
15 28 3,28 e
16 2
17 X
18 0 5 10 15 20 25 30
19 sure (dakika)
20
21
2

Sekil 9. Siv1 besiyerindeki E. coli’nin 56.6 °C’de inaktivasyon verileri ve tanimlanan parametreler kullanilarak model denk-
leminin Excel’de olusturulmasi. Orijinal veriler Valdramidis ve ark. (2005)’dan alinmistir.

Figure 9. Inactivation data of E. coli in broth at 56.6 °C and creating the model equation by using the defined parameters in Excel. Original
data are from Valdramidis et al. (2005).

A B C D E E G H | J K
1 |sure (dakika) (x) logN (y) ymodel (y-ymodel)~2 Parametreler Parametre degerleri

0 9,58 0,8635952178 75,96943964 logN, 1
3 1 9,66 0,698970004  80,30005858 k 1
4 2 9,45 0,429657696 81,36657528 S 1
S 3 9,44 0,076286901 87,67912299
6 5 9,16 -0,745060341 98,11022036
7 7 9,28 -1,606842068 118,5233302 E.coli inaktivasyonu
8 9 9,24 -2,47450152 137,2295459 15
9 12 8,3 -3,777246554 145,8598843
10 14 7,92 -4,645829246 157,9000646 10 g0 s _ S .
11 16 7,18 -5,514417361 161,1482321 § ®(a .
12 19 6,03 -6,817300681 165,0531348 B T =
13 24 4,91 -8,988773084 193,1758932 A
14 26 4,27 -9,857362048  199,5823584 3 . e ——ib 15 20 25 0
15 28 3,28 -10,72595101 196,1666637 -5
16 =
17 toplam= 1898,064574 -10
18 5
19 sure (dakika)
20
21
22

Sekil 10. Hatalarm karesi denkleminin [(y-ymodel)?] olusturulmasi ve parametreler i¢in baslangi¢ degerlerinin girilmesi.

Figure 10. Generating the residual square equation [(y-ymodel)?] and entering initial values for the parameters.
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| A B C | D E F G H J K
1 |sure (dakika) (x) logN (y) ymodel (y-ymodel)~2 Parametreler Parametre degerleri
2 0 9,58 9,470171808 0,012062232 logNg 9,471124001
3 1 9,66 9,469187405 0,036409447 k 0,711053796
4 2 9,45 9,467189896  0,000295493 S 8,609214308
5 3 9,44 9,463150877 0,000535963
6 5 9,16 9,4389826 0,077831291
7| 7 9,28 9,351054896 0,005048798 E.coli inaktivasyonu
8 9 9,24 9,105577225 0,018069483 1
9 12 8,3 8,386710512 0,007518713
10 14 7,92 7,797114485  0,01510085 = e
11| 16 7,18 7,18653842  4,27509E-05 8 N
12 19 6,03 6,262110872  0,053875457 X e
13 24 4,91 4,718337976  0,036734332 51 -
14 26 4,27 4,100730319  0,028652225 i -
15 28 3,28 3,483118244  0,041257021 e
16 2
17 toplam= 0,333434054 0
18 0 5 10 5 20 25 30
19 siire (dakika)
20
21
22
72

Sekil 11. Coziicii’niin buldugu parametre degerleri ve model uyumu.

Figure 11. Parameter values estimated by Solver and model fit.

A B C D E F G H I J K L
1 |sire (saat) (x) logN (y) ymodel [ Parametreler Degerler
2| 0 | 388 |=logN0o+(logNmax-logNo0)*US(-US(k*US(1)/(logNmax-1ogN0D)* (A-A2}+1)) logNOD 3
3 0 3,95 logNmax 8
4 0 3,91 U 1
5 5 3,89 A 10
6 5 3,99 yort
7 5 4 df
8 10 39 RA2
1] 10 3,95 ayarhiR*2
10 10 3,94 RMSE
11 15 4,05
12 15 4
13 15 404
14 2 451 L.monocytogenes biiylimesi
15 20 43 10
16 20 4,27 ° . 0 -
17 30 5,69 8 o
18 30 5,57 7 A
19 30 5,71 L 6 ’
20 40 7,34 ® s :
21 40 7.2 A L
22 40 7,13
23 50 8,24 £
24 50 8,22 :
25 50 8,19 0 20 40 60 80 100
26 64 8,67 siire (saat)
27 64 8,85 '
28 64 8,64
29 76 8,66
30 76 8,77
31 76 8,94
32 20 8,75
33 90 8,76
34 90 872

Sekil 12. L. monocytogenes’in 30°C’de % 9 tuz iceren s1v1 besiyerinde biilyiime verileri ve tanimlanan parametreler kullanilarak
model denkleminin Excel’de olusturulmasi. Orijinal veriler Lambert ve ark. (2012)’dan alinmustir.

Figure 12.Growth data of L. monocytogenes at 30°C in broth containing 9 % salt and creating the model equation by using the defined
parameters in Excel. Original data are from Lambert et al. (2012).
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A B
1 |sure (sa
2 0 3,88
3| 0 3,95
P 0 3,91
5] 5 3,89
6] 5 3,99
7 5 3
8 | 10 39
9 | 10 3,95
10 10 3,94
11 15 4,05
12 | 15 4
13 15 4,04
14 | 20 4,51
15 20 43
16 20 4,27
17 | 30 5,69
18 30 5,57
19 30 571
20| 40 7,34
21 40 7,12
22 40 713
23 50 824
24 | 50 8,22
25 | 50 8,19
2 | 64 8,67
27 | 64 8,85
28 | 64 8,64
29 76 8,66
30 76 877
31 76 8,94
32 90 8,75
33 90 876
34 | 90 8,72
35
Sekil 13.

Figure 13.
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G H | J K L M
Parametreler Degerler

logNDO 3
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u 1
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yort 6,137878788
df 29
R*2 0,322405995
ayarliR*2 0,228944753
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L
-
]
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o

L.monocytogenes bliylimesi

Hatalarin karesi denklemlerinin [(y-ymodel)? ve (y-yort)*] olusturulmasi ve girilen parametre baslangi¢ degerleri
i¢in hesaplanan model uyumu gostergeleri (R?, ayarli R? ve RMSE degerleri) ve model uyumu.

Generating the residual square equations [(y-ymodel)? and (y-yort)?] and calculated goodness-of-fit indices and model fit for

the entered initial values of the parameters.
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A | B | C | D E | G | H 1 M
1 |sure (saat) (x) logN (y) ymodel (y-ymodel)*2 (y-yort)*2 Parametreler Degerler
2 0 3,88 3,950546738 0,004976842 5,098017 logNOO 3,950546656
3 0 3,95 3950546738 2,98922E-07 4,786814 logNmax B,849351703
4 0 3,91 3950546738 0,001644038 4963444 H 0,171391773
5 5 3,89 3,95061838 0,003674588 5,052959 A 19,82387617
& 5 3,99 3,05061838 0,001550912 4,613383 yort 5,137878788
7 5 4 3,95061838 0,002438544 4,570526 df 29
8 10 39 | 3,955390382 0,003068094 5,008101 RA2 0,998353949
9 10 3,95  3,955390382 2,90562F-05 4,786814 ayarhiR*2 0,998126908
10 10 3,94 | 3955390382 0,000236864 4,830671 RMSE 0,090770391
11 15 405 4016973474 0,001090751 4,359238
12 15 4 4,016973474 0,000288093  4,570526
13 | 15 404 | 4016973474 0,000530221 4401095
14 20 451 | 4288739585 0,048956171 2,649989
15 20 43 | 4288739585 0,000126797 3,377798
16 20 4,27 4288739585 0,000351172 3,488971 L monocytogenes biiyimesi
17 30 5,69 5,69466069  2,1722E-05 0,200595
18 30 5,57 569466069 0,015540288 0,322486 1
19 30 5,71 5,69466069 0,000235294  0,18308 ? A
20 40 7,34 | 7,237620796 0,010481502 1,345095 b
21 40 7,12 7,237620796 0,013834652 0,964562 i e
22 40 7,13 7,237620796 0,011582236 0,984304 z A
23 50 824 | 8149532586 0,008184353 4,418914 e W T
24 50 822 8149532586 0,004965656 4,335229 .
25 | 50 8,19 8149532586 0,001637612 4,211201 ?
26 64 8,67 | B8,653926447 0,000258359 6,411638 1
27 64 8,85 8,653926447 0,038444838 7,355601 1]
28 | 64 8,64 | 8653926447 0,000193946 6,260611 10 0 0 0 0 60 70 %0 20 100
29 76 8,66 8786061352 0,015891465 6,361095 siire (saat
30 76 877 8786061352 0,000257967 6,928062
31 76 894 8786061352 0,023697107 7,851883
32 90 B75 | 8832556911 0,006815644 6,823177
33 90 876 8832556911 0,005264505 6,87552
34 90 8,72 | 8832556911 0,012669058 6,66735

Sekil 14. Coziicii’niin buldugu parametre degerleri, model uyumu gostergeleri (R, ayarli R?> ve RMSE degerleri) ve model

uyumu.

Figure 14. Parameter values estimated by Solver, goodness-of-fit indices (R?, adjusted R? and RMSE values) and model fit.
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Communication”. The main text should contain Introduction,
“Materials and Methods”, “Result and Discussion” and
Conclusion sections.

Table 1. Limitations for each manuscript type

Type of Abstract Reference
manuscript Page word limit limit
Original Article <25 180 40
Review Article no limits 180 60
Short Communication <5 150 20

Tables

Tables should be included in the main document, presented
after the reference list, and they should be numbered
consecutively in the order they are referred to within the main
text. A descriptive title must be placed above the tables.
Abbreviations used in the tables should be defined below the
tables by footnotes (even if they are defined within the main
text). Tables should be created using the “insert table”
command of the word processing software and they should be
arranged clearly to provide easy reading. Data presented in the
tables should not be a repetition of the data presented within
the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted in main
document WORD files (in JPEG or PNG format) through the
submission system. Any information within the images that may
indicate an individual or institution should be blinded.
The minimum resolution of each submitted figure should be 300 DPI.
To prevent delays in the evaluation process, all submitted figures
should be clear in resolution and large (minimum dimensions: 100 x
100 mm). Figure legends should be listed at the end of the
main document.

All acronyms and abbreviations used in the manuscript should be
defined at first use, both in the abstract and in the main text. The
abbreviation should be provided in parentheses following
the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, including
the name of the product, the producer of the product, and city
and the country of the company (including the state if in USA),
should be provided in parentheses in the following format:
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI,
USA)”

All references, tables, and figures should be referred to within the
main text, and they should be numbered consecutively in the
order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original
articles should be mentioned in the Discussion section before
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References
Reference System is APA 6t Edition
In-text Citation with APA

The APA style calls for three kinds of information to be included in in-
text citations. The author's last name and the work's date of
publication must always appear, and these items must match exactly
the corresponding entry in the references list. The third kind of
information, the page number, appears only in a citation to a direct

\Ijg:éte‘\ gg,larbohydrateE Pd

>
+
=)

at
3
rD

emlslry
Grain

mu)q)

'Antioxidant
gy:
Q

:)'
chnolo

HEALTH
E-ISSN 2602-2834

: En_n’t
Meato mega 3m5upplement

REVISIONS

When submitting arevised version of a paper, the author must
submit a detailed “Response to the reviewers” that states
point by point how each issue raised by the reviewers has been
covered and where it can be found (each reviewer’s comment,
followed by the author’s reply and line numbers where the
changes have been made) as well as an annotated copy of the
main document. Revised manuscripts must be submitted
within 30 days from the date of the decision letter. If the
revised version of the manuscript is not submitted within the

quotation.

...(Crockatt, 1995).

Direct quote from the text

"The potentially contradictory nature of Moscow's priorities
surfaced first in its policies towards East Germany and Yugoslavia,"

(Crockatt, 1995, p. 1).

Major Citations for a Reference List in Table 2.

Note: All second and third lines in the APA Bibliography should be

indented.

Table 2.

allocated time, the revision option may be cancelled. If the
submitting author(s) believe that additional time is required,
they should request this extension before the initial 30-day
period is over.

manuscripts are copy-edited for grammar,
punctuation, and format. Once the publication process of
a manuscript is completed, it is published online on the
journal’s webpage as an ahead-of-print publication before it
is included in its scheduled issue. A PDF proof of the accepted
manuscript is sent to the corresponding author and their
publication approval is requested within 2 days of their receipt
of the proof.
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