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ABSTRACT

Pineapple (Ananas comosus [Linn.] Merr.) is a crop with huge economic potentials. In Nigeria, the
plant is cultivated in diverse environment and common among fruit vendors. This study is aimed to
collect different morphotypes of A. comosus from public market to assess the bacterial composition
and antibacterial properties using standard procedures. Bacterial colonies obtained from the peel and
pulp were in the range of 1.19 x 10* to 9.10 x 10* CFU/mL. Higher counts were obtained from the
peel than the pulp. More so, results implicated the presence of gram-positive bacteria such as Staph-
ylococcus aureus, Streptococcus faecalis, Bacillus species and Clostridium species on pineapple
peels and pulps, which may cause contamination of the fruit, health risks to consumers or handlers
of the fruits and barks as well as changes during storage and decreased marketability. Greater vari-
eties of bacteria were also recorded from the peel than the pulp. When antibacterial properties were
assessed, no zone of inhibition of pineapple juice extracted from the peel was obtained against sus-
ceptible clinical isolates (Escherichia coli, Staphylococcus aureus, Streptococcus faecalis and Pseu-
domonas aeruginosa) using alcohol extract. On the other hand, zone of inhibition in the range of 13
-16 mm were obtained from pineapple bark. The results of minimum inhibitory concentration and
minimum bactericidal concentration suggests that pineapple bark extract had significant inhibitory
and bactericidal effects on the isolates. These suggest the need for health-related ministries, depart-
ments and sectors to develop a protocol to monitor and ensure that street vended fruits and foods are
fit for consumption and free from pathogens, which may potentially give rise to public health chal-
lenges. The antibacterial properties highlighted in this study may also be further explored for man-
ufacturing antimicrobial drugs and products.

Keywords: Pineapple (Ananas comosus), Antibacterial characteristics, Bacterial composition,
Inhibition zone, Street vended fruit
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Introduction

The consumption of fresh fruits and vegetables provide es-
sential fibres, minerals, and vitamins, which are necessary
to augment our diets and provide health benefits (Alothman
et al., 2009; Bhat et al., 2011). They are also important
sources of therapeutic and other natural chemicals that may
reduce the risk of chronic diseases. Therefore, Kalia and
Gupta (2006); Deanna and Jeffrey (2007) recommended the
regular consumption of a balanced diet containing sufficient
amounts of fruits and vegetables to boost our immunity, pre-
vent mineral-related deficiencies, enhance blood lipid pro-
file and detoxification of our body. According to Hung et al.
(2004); Dragsted et al. (2006); Appel et al. (2005); Wise-
man (2008), consuming good amounts of fruits, fruit juices
and vegetables may control blood pressure, reduce the risk
of cardiac diseases, some types of cancer, as well as help,
maintain optimum amounts of blood cholesterol. In the
same way, consumption of contaminated, rotten or expired
fruits, fruit juices and vegetables may lead to food poisoning
or serious foodborne diseases. Buck ef al. (2003); Tambekar
et al. (2008a) reported that over 250 microbes and parasites
have been implicated in different foodborne illnesses and
diseases including Vibrio cholerae, Escherichia coli, Sal-
monella typhi and Bacillus cereus, which are responsible for
common food poisoning cases.

Juice extract of tropical fruits have gained global relevance
for their health benefits. The common ones include banana,
guava, grape, orange, pineapple, and watermelon, which are
readily available and relatively easy to produce either alone
or as a mix and are often sold by street vendors and con-
sumed or served fresh, cooked or preserved in many parts of
the world. Pineapple (4dnanas comosus [Linn.] Merr., Bro-
meliaceae) possess pleasant taste and aroma (Abbo et al.,
2006; Baruwa, 2013). It is the third most important tropical
fruit after Banana and Citrus (Bartolomé et al., 1995). The
succulent fruit is perishable and seasonal but contains sugar,
protein-digesting enzyme, bromelain, and good amounts of
citric and malic acids as well as vitamins, which contributes
to its flavour (Joy, 2010; Hemalatha and Anbuselvi, 2013).
The average composition of pineapple juice varies depend-
ing on geography, season, process and time of harvest
(FAO, 2004). The leftover after producing the juice is often
discarded, fed to livestock or converted into varieties of fin-
ished products. Green pineapple can be used in making pick-
les while the leaves are used as livestock feed. Some im-
portant byproducts of pineapples include alcohol, different
types of acids and vinegar. The reports of Sabahelkhier et
al. (2010) recommended pineapple in the treatment and con-
valescence of some diseased conditions.

The aim of this study is to comparatively assess the bacterial
composition and antibacterial characteristics of pineapple
fruit pulp and bark peels. Besides contributing to the current
database on the subject matter, this study will also highlight
the potential risk associated with consuming street vended
fruits thereby creating public awareness. This study is moti-
vated by the current amount of pineapple fruit juice availa-
ble in the market without sufficient scientific results to sup-
port their suitability for consumption. As well as the need to
investigate the anti-microbiological potential of these prod-
ucts and byproducts. More so, the bark peels are often dis-
carded as waste product, hence, the study may highlight pos-
sible use for this waste product, which happen to be substan-
tial. Furthermore, the present study aims to screen for the
potential presence of microbial contaminants (foodborne
pathogens) in the fresh fruit pulp used for juice or consumed
directly through microbial isolation and identification.

Materials and Methods

Source of Samples, Sample Collection and Experimental
Design

Nine pineapple fruits of varying sizes, prices and external
morphology were purchased from New Benin market,
Ikpoba Hill Benin City, Southern, Nigeria. The fruit samples
were immediately transported in sterilized polyethene bags
to the laboratory where they were rinsed with distilled de-
ionized water and then washed with 70 % ethanol. The pine-
apple fruits were fully matured, ripe and fresh. Taxonomic
identification was done by specialists in the Department of
Plant Biology and Biotechnology, University of Benin. The
fruits were procured at the same market but on enquiry about
their sources, the sellers said they were supplied from dif-
ferent farms in and around Edo state, Southern Nigeria.
They were transported in a different bags to Microbiology
Department laboratory, University of Benin, Nigeria for
subsequent study. Chemicals and reagents used in this study
were of analytical grades and verified by Laboratory techni-
cians in the Department of Microbiology, University of Be-
nin. The experimental design consist of three treatments
with three replicates each. The treatments consist of pineap-
ple fruits with different morphology. The fruit peels and
pulps will be accessed to determine their antibacterial char-
acteristics and bacterial composition.

Preparation of Samples and Preparation of Aqueous and
Ethanol Extract

The fresh fruits were hand peeled to separate the pulp from
the bark using a sterilized knife. Sterile gloves were worn
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at all times to prevent cross contamination, which were
changed after cutting each fruit. After cutting, they were
rinsed in warm distilled water and dried at room tempera-
ture. The fruits were weighed prior to cutting as well as gen-
eral morphological description of the fruits were carried
out. Hundred grams of the pulp and peel were used for the
study. These were air-dried for 14 days, ground into powder
and then sieved with a 0.50 mm mesh. The powdered ex-
tract were thereafter stored in clean bottles at 28 £2°C until
needed for use. We dispensed the powdered peels into 900
mL of distilled deionized water, stirred intermittently with
a sterile magnetic stirrer, filtered using a Whatman’s filter
paper and allowed to stand for 48 h. To obtain the solid
crude extract, we evaporated the filtrate at 40°C using a wa-
ter bath. This was also repeated for the ethanol extraction
but a rotary evaporator was used to obtain the extract. These
extracts were stored until required for use in a refrigerator.

Microbiological Assessment

To determine total viable bacterial count (TVBC), we used
nutrient agar (DifcoTM, USA, pH 7.0 - 7.4), which was pre-
pared as recommended by the manufacturer. With the ex-
ception of Salmonella-shigella, which was boiled for 15
mins., all the other media were sterilized by autoclave at
standard conditions. One hundred pl of homogenate from
each samples was inoculated using sterile pipette by using a
sterile glass spreader. Each inoculated plates was then held
at 37°C for 24 to 28 hours in an incubator. Plates with colo-
nies were counted after incubation and these were multiplied
with the dilution factor to get TVBC, which was expressed
as colony forming units per mL (CFU/mL) for fruit pulp and
peels of pineapple fruit.

Enumeration of Bacteria

To obtain pure culture of bacterial colonies, we streaked the
different bacterial colonies (based on their morphology) on
the respective media. Thereafter, the plates were incubated
at 37°C for 24 hours. These pure isolates were preserved and
identified on the basis of their morphological and biochem-
ical characteristics as enumerated in Cowan and Steel
(1965); Eklund and Lankford (1967); von der Osten et al.
(1989); Macfaddin (2000). Genera identification was done
using the recommended standards of Buchanan and Gibbons
(1974); Cowan (1974). At the end of incubation, colonies
were counted and expressed as colony forming unit per mL
of sample homogenates.

Source of Test Microorganisms

Pure cultures of Staphylococcus aureus, Streptococcus
faecalis, Pseudomonas aeruginosa, and Escherichia coli
were obtained from the Medical Microbiology Department,

University of Benin, Teaching Hospital, Benin City, Nige-
ria. They were subjected to biochemical tests to confirm
their identity according to Cheesbrough (2000), subcultured
in nutrient agar, and stored at 4°C until required for use.

Evaluation of Antibacterial Activity

The antibacterial analysis was done to evaluate the antimi-
crobial properties of the pineapple fruit pulp and peels using
the agar well diffusion technique of Cheesebrough (2000).
The organisms to be tested were inoculated into the sterile
nutrient agar and incubation for 24 h at 37°C. Thereafter,
an inoculum is transferred into 5 mL of nutrient broth,
which was then incubated for 2 h at 37°C. This served as
fresh suspension inoculum. Five mm diameter wells were
made with a sterile cork borer and inoculum containing test
bacteria spread on solid plates. The aqueous extract of pine-
apple peels were transferred into the wells. Control treat-
ment was done with sterile distilled water. After incubating
the plates for 24 h at 37°C, the zones of inhibition (if any)
were evaluated according to Girish and Satish (2008).

Determination of the Minimum Inhibitory Concentration

The lowest concentration of an antimicrobial that is capable
of inhibiting, control visible growth, or kill particular mi-
croorganisms is described as the minimum inhibitory con-
centration (MIC). MIC is regarded as a basic laboratory
measure of the potential strength of an antimicrobial agent.
In this study, four concentrations (i.e. 100%, 75%, 50%,
25%) of pulp and peels were prepared by diluting with dis-
tilled water and ethanol. After preparing, the nutrient agar
broth, 9 mL was added in each of the four test tubes labelled
100%, 75%, 50%, 25%, which contained 1 mL of each con-
centration of fruit pulp and peels and 0.1 mL of test patho-
gen suspension. These were held in a shaker incubator over-
night at room temperature. Results were recorded based on
turbidity and optical density observed at 600 nm on U.V.
Spectrophotometer.

Determination of Minimum Bactericidal Concentration

This was done using sterile Muller Hinton agar plates, which
were inoculated with each sample from the test of MIC that
had no visible growth. The plates were incubated for 24 h at
room temperature. The minimum concentration of extract
yielding no visible growth was then recorded as the mini-
mum bactericidal concentration for each test.

Results and Discussion

Results of the antibacterial and bacteria assessment of three
different pineapple pulps and barks are presented in Tables
1-8.
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The number of viable bacteria cells in the pineapple pulps is
presented in Table 1. The result suggest sample A had the
highest number of viable bacteria cells followed by sample
B while the least number of viable bacteria cells were ob-
tained from sample C.

The bacterial load represented by visibly viable community
formation from the three different pineapple barks are pre-
sented in Table 2. The result suggests that significant
amount of viable bacteria communities can be obtained from
pineapple bark. The highest amount of viable cells were ob-
tained from sample A followed by sample C whereas the
least amount of viable cells were obtained from sample B.

Characterization of bacteria isolates was conducted for the
three different pineapple peels. The result of the characteri-
zation is presented in Table 3. The following bacteria iso-
lates were found in the samples Staphylococcus aureus, Ba-
cillus species and Clostridium species the most diversity
was obtained in sample A with the three bacteria isolates. In
samples B and C only 2 bacteria isolates were found to be
present.

Table 4 show the results of bacteria isolates characterization
from the three different pineapple barks. The result suggests
the presence of the following bacteria isolates Staphylococ-
cus aureus, Streptococcus faecalis, Bacillus species and
Clostridium species The bark of samples B and C was more
diverse with three bacteria isolates found to be present

Table 1. Bacterial load of pulp of pineapple

whereas sample A had only 3 bacteria isolates obtained from
it.

Result of the zone of inhibition of pineapple juice extracted
from the peel against some clinical isolates using alcohol
extract is presented in Table 5. The result suggests no zone
of inhibition can be found within the range applied in the
study. The clinical isolates used included Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus faecalis.

Result of the zone of inhibition of pineapple bark against
some clinical isolates using water and alcohol extract is pre-
sented in Table 6. The result suggests no zone of inhibition
can be found within the range of water extract used in the
study but at 50 % alcohol extract concentration the zone of
inhibition ranged between 13 to 16 mm for the different
samples. The clinical isolates used included Escherichia
coli, Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus faecalis. The highest zone of inhibition of 16
mm was obtained for both Staphylococcus aureus and Strep-
tococcus faecalis.

Table 7 presents the minimum inhibitory concentration of
50 % alcohol extract on pineapple bark. The result suggests
that except for Pseudomonas aeruginosa 50 % alcohol ex-
tract of pineapple juice had good effect producing a neat cul-
ture with no visible growth of Escherichia coli, Staphylo-
coccus aureus and Streptococcus faecalis.

Sample Bacterial count (CFU/mL)
A 4.60 x 10*
B 1.19 x 10*
C 1.95 x 10*

Key, CFU/mL = colony forming units/milliliter.

Table 2. Bacterial load of the bark of pineapple

Sample Bacterial count (CFU/mL)
A 9.10 x 10*
B 2.35 x 10*
C 3.80 x 10*

Key, CFU/mL = colony forming units/milliliter.

Table 3. Bacterial isolated from the pineapple pulp

Sample Bacterial Isolates
A Bacillus species, Staphylococcus aureus, Clostridium species
B Bacillus species and Clostridium species

C Staphylococcus aureus and Bacillus species
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Table 4. Bacterial isolated from the pineapple bark

Sample Bacterial Isolates

A Clostridium species and Streptococcus faecalis

B Bacillus species, Clostridium species and Staphylococcus aureus
C Bacillus species, Clostridium species and Streptococcus faecalis

Table 5. Zone diameter (mm) of inhibition of pineapple juice extract against four clinical isolates

Alcohol extract concentration (mm)
Organisms 5% 10 % 50 % 100 %
Escherichia coli - - - -
Staphylococcus - - - -
aureus
Streptococcus - - - -
faecalis
Pseudomonas - - - -
aeruginosa
Key, - = no zone diameter of inhibition, Alcohol = 80 % ethanol, mm = millimeter

Table 6. Zone diameter (mm) of inhibition of pineapple bark extract against some clinical isolates

Water extract concentration (mm) Alcohol extract concentration (mm)
Organisms 5% 10 % 50 % 5% 10 % 50 %
Escherichia coli - - - - - 13
Staphylococcus - - - - - 16
aureus
Streptococcus - - - - - 16
faecalis
Pseudomonas - - - - - 14
aeruginosa

Key, - = no zone diameter of inhibition, Alcohol = 80 % ethanol, Water = Distilled ionized water and mm = millimeter

Table 7. Minimum inhibitory concentration (MIC) of the 50% Alcohol extracts of pineapple bark against some clinical

isolates
Organisms MIC of 50 % alcohol extract
Escherichia coli Neat
Staphylococcus aureus Neat
Streptococcus faecalis Neat

Pseudomonas aeruginosa 1/8
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Table 8 presents the minimum bactericidal concentration of
50 % alcohol extract on pineapple bark. The result suggests
that except for Pseudomonas aeruginosa 50 % alcohol ex-
tract of pineapple juice had good effect producing a neat cul-
ture with no visible growth of Escherichia coli, Staphylo-
coccus aureus and Streptococcus faecalis.

Table 8. Minimum bactericidal concentration (MBC) of 50
% alcoholic extract of pineapple bark against
some chemical isolates

Organisms MBC of 50 % alcohol
extract

Escherichia coli Neat

Staphylococcus aureus Neat

Streptococcus faecalis Neat

Pseudomonas aeruginosa Ya

The antibacterial characteristics and bacteria composition of
pineapple pulp and bark have been investigated using three
morphologically different pineapples. The three pineapple
samples were distinguished from one another using their
fruit morphology, which differed in size, shape, and colour-
ation. There is limited information on the isolation and char-
acterization of microorganism associated with pineapple.
More so, the antimicrobial potentials of the crop are not well
understood. Therefore, the results reported in this study will
fill that void by providing supporting evidence for bacterial
composition and antibacterial properties of pineapple. Pine-
apple is a tropical fruit with huge economic potential that is
currently expanding through application of technology in
their extraction and use. Hence, in future the fruit, its prod-
uct and byproduct may assume new roles besides conven-
tional use as food (Ogwu et al. 2013; 2016a).

Microorganisms associated with the samples were ex-
pressed as colony forming units per mL (CFU/mL) for fruit
juices in line with the report of Mahfuza et al. (2016). Re-
gardless of the use of fresh pineapple in the study, visible
bacteria colonies were obtained from the peel and bark in
the range of 1.19 x 10* t0 9.10 x 10* CFU/mL (Tables 1 and
2). More viable cells were obtained from the bark than from
the peel. This may be attributed to the exposed condition of
the bark to atmospheric microorganism. Previous reports by
Ogwu and Osawaru (2014); Osawaru et al. (2014) on eco-
nomic vegetables (okra [Abelmoschus] and jute [Corcho-
rus]) implicated the presence of airborne microorganisms on
their phylloplanes. These microorganisms have the potential
to alter the biochemical composition of the plant (Osawaru
et al., 2013). To this end, Raguati et al. (2015) suggested
that the stand out results in bacteria cultivation that was
marked by a higher number of colonies may be subcultured

to ascertain their longevity and biochemical effects in the
plant. Colony shape and size of the bacteria were varied and
depended on the type. In addition, each type also shows the
ability and resistance in the different environmental condi-
tions, such as resistance to heat, acid solution, salt content,
and so on (Rheinheimer, 1980). Generally, bacteria require
energy and other materials to build their cells for synthesis
their protoplasm or other parts of cell. The prime source to
fulfil these requirements may be their plant host. More so,
bacteria are dependent on the supply of oxygen substances
(which is sourced outside) for growing, survival and repro-
duction, then the nutrient carrier must contain elements of
energy sources, carbon, nitrogen and other inorganic ele-
ments, organic molecules, complexes, acid - a fatty acid ac-
ids - amino acids, and vitamins. Nutrients in fruids provide
energy to maintain body functions, activities and growth of
living things, such as water, energy sources, carbon source,
nitrogen source, sulfur source, a source of phosphorus, a
source of oxygen, a source of electron acceptors, mineral re-
sources, and growth factors (Haribi and Ratih, 2008). For
these reasons, Ogwu et al. (2016b), described vegetable and
fruits as protective foods, which are required for good health
and disease prevention. These essential materials have been
reported to be present in pineapple pulp and may be the main
reason why the fruit is consumed in large quantities all over
the world. Although, our results suggest the presence of and
possibly contamination by microorganisms. This may have
resulted from improper handling of the fruits. More so, it
may be due to the poor washing of fruits, utensils associated
with the handling of the fruits as well as personal hygiene of
the vendors (Tambekar et al., 2008a and b; Chukwu et al.,
2010). The results from this study also suggest that pineap-
ple pulp is associated with less number of bacteria compared
to the bark. This could be due to the highly acidic nature of
the pineapple peels (Mahfuza et al. 2016). In a related study,
Nwachukwu and Chukwu (2013) reported TVBC of 3.5 x
10° CFU/g in pineapple. Eni et al. (2010) also reported a
TVBC in the range of 1.3 x 10° to 3.0 x 10’ CFU/g. Another
study by Oranusi and Olorunfemi (2011) reported a TVBC
of 2.0 x 10° CFU/g in pineapple, which is much higher than
what we obtained from our experiment. The difference in
the results may be due to the different morphological vari-
ants used in the study as well as the growth and post-harvest
handling conditions.

Microorganisms related fruit spoilage often results from vis-
ible colony formation or of large-scale microbial growth i.e.
after proliferation. This will then produce off-aroma and
flavour due to sugar fermentation and soft-rot/water soak
and sliminess from enzyme interactions (Batholomew,
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2008; Barth ef al., 2009).Isolation of bacteria includes sev-
eral activities, among others, dilution at planting, incuba-
tion, purification, enrichment, and storage (Hadioetomo,
1993). In this study, different bacterial isolates were identi-
fied based on agar colony morphology and biochemical
characteristics. The four main microorganisms identified are
Staphylococcus aureus, Streptococcus faecalis, Bacillus
species and Clostridium species (Tables 3 and 4). The bark
had more diverse bacteria assemblage than the peel with all
the isolates occurring in samples found on bark whereas in
the peel only three isolates were found except for Strepto-
coccus faecalis. Mahfuza et al. (2016) obtained similar
group of microorganisms in fruits and vegetable vended in
public markets in Bangladesh. The presence of E. coli, Ba-
cillus species and Staphylococcus species, are commonly as-
sociated with poor sanitary practices (Oranusi et al., 2006;
Oranusi and Olorunfemi, 2011). This was also the case for
Streptococcus faecalis and Clostridium species, which can
be found in the soil, sewage and faeces. According to Bryan
(1977), ambient conditions may lead to the proliferation of
bacterial in fruit juices. More so, the results of Visvanathan
and Kaur (2001) had previously suggested the presence of
E. coli, Pseudomonas aeruginosa Salmonella, and Staphy-
lococcus sp. in vegetables and fruits whereas Braide et al.
(2012) recorded high microbial loads of Bacillus sp. and
Staphylococcus species in fruit. Gram-positive bacteria
were most abundant in the study. These bacteria are associ-
ated with several human diseases hence their presence in
pineapple pose a public health concern, which should be ad-
dressed early. Previous results by World Health Organiza-
tion (WHO) had implicated severe illness and deaths, espe-
cially among children in several countries, caused by E. coli
(WHO, 2002). The need for proper training, increased
awareness and improved personal hygiene practice may as-
sist in reducing the contamination of street vended fruits
(Vanderzant and Splittstoesser, 1992; Tambekar et al.,
2008a). Another possible source of fruit contamination may
be the growth substrate or environment (Ogwu et al., 2015;
Ogwu and Osawaru, 2015).

The antibacterial activities of pineapple peel and pulp
against four clinical bacterial isolates was examined in the
present study to ascertain their potency. Results of the zone
of inhibition of pineapple juice extracted from the peel
against some clinical isolates using alcohol extract (Table 5)
suggests no zone of inhibition can be found within the range
applied in the study. The clinical isolates used included
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, and Streptococcus faecalis. Results of the zone of
inhibition of pineapple bark against some clinical isolates
using water and alcohol extract (Table 6) also suggests no

zone of inhibition can be found within the range of water
extract used in the study but at 50 % alcohol extract concen-
tration the zone of inhibition ranged between 13 to 16 mm
for the different samples. The highest zone of inhibition of
16 mm was obtained for both Staphylococcus aureus and
Streptococcus faecalis. Plants are an important source of bi-
oactive compounds and many have not been investigated for
their antibacterial activity, which may hold key components
for novel antibacterial drugs (Nascimento et al., 2000). Ac-
cording to Panda and Bandyopadhyay (2013), bioactive
constituents of plant possess specific chemicals structures
that suggest their disease preventive and antimicrobial ac-
tivities. The antibacterial activities of peel extracts and juice
varied with the type of test organisms. Peel extracts revealed
stronger antimicrobial activity than the pulp against the bac-
teria isolates. Adham (2015) reported similar result for Ciz-
rus medica, where peel extracts were shown to have stronger
antimicrobial activity than the pulp against the bacteria iso-
lates. More so, in their study, Escherichia coli was inhibited
by peel extracts whereas gram-positive bacteria Staphylo-
coccus auricularis, Streptococcus mitis, Streptococcus
pneumoniae showed complete sensitivity against juice of
Citrus medica with zone of inhibition. The study of Ashik
et al. (2016) suggest pineapple extract was found to be
equally effective against both Gram-positive and negative
organisms tested when they measured the antibacterial ac-
tivity pineapple extract at different concentrations by agar
well diffusion technique.

The antibacterial and bioactive effects of fruit juices may be
associated with their mineral as well as biologically active
constituents. Therefore, fruit juices with pronounced bioa-
vailability and retention property of certain minerals may be
used as an alternative anti-infective agent in natural medi-
cine (Padmini ef al., 2010). Pineapple contains the protease
enzyme bromelain, which has several therapeutic properties
against conditions such as malignant cell growth, thrombus
formation, inflammation, control of diarrhoea, dermatolog-
ical and skin debridement (Tambekar and Dahikar, 2010).
The available evidence suggest the protease enzyme is ab-
sorbable orally and has therapeutic effects. In a study by
Bansode and Chavan (2013) pineapple fruit juices were sub-
jected to screening against enteric pathogens E.coli, Salmo-
nella paratyphyi and Shigella sonnei, there was significant
antimicrobial activity against the pathogens. There are also
reports implicating antimicrobial activity of crude extracts
from that inhibits various bacteria.

Minimum inhibitory concentration of 50 % alcohol extract
on pineapple bark was also assessed for organisms that
showed susceptibility (Table 7). None of the organisms had
any growth but when another species (Pseudomonas
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aeruginosa) was introduced, growth was observed. The re-
sult suggests that except for Pseudomonas aeruginosa 50 %
alcohol extract of pineapple juice had good effect producing
a neat culture with no visible growth of Escherichia coli,
Staphylococcus aureus and Streptococcus faecalis. More so,
minimum bactericidal concentration of 50 % alcohol extract
on pineapple bark was assessed and similar result was ob-
tained (Table 8). The result suggests that except for Pseu-
domonas aeruginosa 50 % alcohol extract of pineapple juice
had good effect producing a neat culture with no visible
growth of Escherichia coli, Staphylococcus aureus and
Streptococcus faecalis. This is an indication that pineapple
has good inhibitory and bactericidal activities against this
pathogen.

Conclusion

Microorganisms are naturally present on all foodstuff in-
cluding pineapple and can be brought in by wind, soil, wa-
ter, animals and humans. Results from this study suggest the
presence of bacteria such as Staphylococcus aureus, Strep-
tococcus faecalis, Bacillus species and Clostridium species
on pineapple pulp and bark, which may cause contamination
of the fruit, health risks to consumers or careless handlers of
the fruits and barks as well as changes in the storage ability
and marketability of the fruits. These microorganisms are
potentially capable of causing food borne infection or intox-
ication. As the shelf life may be extended or shortened by
the presence of these microorganisms. This is an area that
future research may explore to produce supporting evidence
for the effects of these microorganism on the storage condi-
tion of the pineapple fruit peels. The source of these isolates
may be from their growth environment, post-harvest condi-
tions including transportation out of the farm, improper fruit
handling, poor handler and environmental hygiene, pro-
longed preservation at ambient environment, and open-air
shops without basic safety features, etc. that may eventually
lead to their spoilage. It is, therefore, necessary that the
farmers and marketers should take necessary precautions in
preventing the contamination of the product to reduce their
spoilage and the health risk their consumption pose to the
consuming public. In addition, before consumption pineap-
ple peels should be washed in warm water. The peels on the
other hand due to the high amount bacteria may serve as a
good source of fertilizer. These peels should be properly dis-
posed to prevent cross-contamination of other food sources.
We also recommend that further study be carried out to elu-
cidate the phytochemical properties of pineapple peels.
These may reveal key utilization potential for that part of the
plant. Currently, these peels are discarded hence discovery

of a key need for them may lead to reduction of waste from
pineapple.

Necessary information, training, orientation, monitoring
and support facilities and programs for pineapple (and fruit)
vendors may help reduce these risks and provide safe and
good quality fruits for consumption. Moreover, health-re-
lated ministries, department and sectors should be mobilized
for quality improvement of street vended fruits in order to
avoid disease outbreaks through consumption of street
vended fruits. The antibacterial properties highlighted in this
study may also be further explore for the manufacture of an-
timicrobial drugs and products.
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ABSTRACT

Mushrooms could be used as a potential means of producing natural antioxidants and antimicrobials.
To obtain fungal biomass in submerged culture is an easy and rapid method. For this reason, bio-
masses of Pleurotus species which grown on liquid media were used to prepare hot water extracts
and their antioxidant and antibacterial properties were determined. The highest total phenolic con-
tent was determined in P. ostreatus extract (9.14 mg.g™! dry weight of extract) whereas Pleurotus
sajor-caju gave highest reading of total flavonoid content (3.10 mg.g! dry weight of extract). In the
scavenging effect of DPPH radical test, P. sajor-caju showed the highest activity potential (69.67%).
Mycelia extracts from Pleurotus species showed the antibacterial activity against the Gram negative
and Gram positive bacteria (plant and human pathogens). Based on the results obtained, each extract
from the five species Pleurotus (P. florida, P. citrinopileatus, P. sajor-caju, P. ostreatus and P.
eryngii) showed antioxidant and antibacterial properties, and could be used in the formulation of
nutraceuticals. Furthermore, the results presented in this work demonstrated that extracts were ca-
pable of inhibiting the in vitro growth of Helicobacter pylori.

Keywords: Antioxidant, Antibacterial, Mycelial extract, Pleurotus
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Introduction

Mushrooms synthesis a range of secondary bioactive mole-
cules (phenols, polysaccharides, pigments, tocopherols, ter-
penes and steroids) with high therapeutic value. These mol-
ecules have pharmacological activities such as antimicro-
bial, antiviral, antioxidant, antiinflammatory, antitumor, an-
tiallergic, antiaging, antidiabetic, anti-Alzheimer and hypo-
cholesterolemic (De Silva et al., 2013, Canli et al., 2016).
Among the metabolites, phenolic and flavonoid compounds
show excellent antioxidant capacity (Barros et al., 2007, De
Silvaetal., 2013, Yildiz et al., 2015). These metabolites can
be extractable (with water or different organic solvents)
from both mycelial biomass and fruit body of mushrooms
(Lee et al., 2007, Han et al., 2015) and they are sold as a
capsule or tablet for diseases prevention (De Silva et al.,
2013).

Pleurotus species are found throughout world and are among
the most widely-cultivated. It well known that Pleurotus
species produce bioactive molecules such as phenolic, pig-
ment, polysaccharide, and terpenoid (Diindar et al., 2013,
Corréa et al., 2016). Bioactive metabolites are usually pro-
duced with little efficiency and productions of these metab-
olites depend on the species and growth parameters. These
metabolites, obtained from Pleurotus, shows antioxidant
and antimicrobial activities (Carvajal et al., 2012, Reis et al.,
2012, Younis et al., 2015). Pleurotus species are mostly
grown on solid substrates to obtain fruit body. It is known
that the production of fruiting bodies take several months.
However, mushroom mycelia/biomass can be produced in a
short-time (a few weeks) using submerged fermentation.

Moreover, submerged fermentation facilitates compounds
extraction and purification, higher production of biomass by
reducing growth time and contamination. These species are
quite easily cultivated artificially in submerged medium
(Reis et al., 2012, Mukhopadhyay and Guha, 2015). Thus
mycelial is a cheap alternative and constant source to fruit
bodies. Because of their potential benefits of health to hu-
man body, mushrooms products (mushrooms extracts and
tablets) are available in market. There are growing demands
for natural antioxidants and antimicrobials due to restriction
in the use of synthetic ones. Because of these reasons, the
aim of this work is to investigate and compare the antibac-
terial and antioxidant properties of the hot water extracts ob-
tained from mycelia of Pleurotus species.

Materials and Methods
Fungal Cultures and Storage Conditions

The Pleurotus citrinopileatus, P. eryngii, and P. ostreatus
were obtained from Erkel Gida A.S., izmir, Turkey. P. sa-
jor-caju and P. florida were obtained from Dr. Abdurrah-
man Diindar, Mardin Artuklu University. The mushrooms
are stored on potato dextrose agar (PDA) at 4°C.

Media Preparation and Fermentation Conditions

The Pleurotus mushrooms were firstly grown on PDA petri
plates for at 25°C 10 days. Submerged fermentation was car-
ried out in 250 mL Erlenmeyer flasks, containing 100 mL of
liquid medium (Glucose 20 g.L"', peptone 2 g.L™!, yeast ex-
tract 3 g L', KHoPOs 1 g L', MgSO4 0.5 g.L'"). Each flask
was inoculated with five 5-mm agar plugs. Each flask was
maintained at 25°C and 150 rpm for 15 days. After growth,
the fungal biomasses were obtained from the aqueous me-
dium by filtration. The obtained biomasses were washed 4
times with sterilized distilled water, and then dried in the
oven.

Preparation of Pleurotus Extracts

To obtain hot water extraction, 5 g dry and powdered myce-
lial biomass was boiled with 100 mL deionized water for 30
min. and then cooled. The cooled solution was filtered
through Whatman filter paper (No. 4). To obtain dried ex-
tract, filtered solution evaporated in the oven (55 °C). The
dried extracts were dissolved in sterilized distilled water as
100 mg.mL"" and kept at 4°C for further studies (Figure 1).
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Figure 1. Obtaining the fungal extracts
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Determination of Total Phenolic and Flavonoid Content

Total phenolic and flavonoid amounts of hot water extracts
were estimated with using gallic acid (GAE) (Vamanu,
2012) and quercetin (QE) (Turkoglu et al., 2007) as stand-
ards, respectively.

Scavenging Activity of DPPH Radical

The radical scavenging activity of mycelia extracts was cal-
culated using 2,2-diphenyl-1-picryhydrazyl (DPPH) assay
(Reis et al., 2012; Barros et al., 2008). An aliquot of 270 pL
of 6x107° mol.L"' DPPH radical in methanol was added to a
test tube with 30 pulL of mycelia extract of various concen-
trations. The solution was mixed at room temperature and
after incubated for 30 min. in dark conditions. The absorb-
ance of the mixture was performed at 515 nm using Micro
plate Reader. The antioxidant capacity was calculated in fol-
lowing way:

Al’lthdeant aCthlty: [(Astample - Acontrol)/Astample] X 100
Microorganisms

Bacillus cereus BC-On (Ozdal et al., 2016a), Arthrobacter
agilis A17 (Ozdal et al., 2017), Pseudomonas aeruginosa
OG1 (Ozdal et al., 2016b), Xanthomonas campestris MO-
03 (Genbank accession number KF939142), Klebsiella oxy-
cota (clinical isolate), Helicobacter pylori (ATCC 43629)
were used in the study.

Antimicrobial Activity

The antimicrobial properties of the extracts were determined
by disk diffusion technique. One hundred milliliters (10®
cfu.mL™) of the tested bacterial suspensions were spread on
agar plates. Mueller—Hinton agar containing 5% sheep
blood plates for H. pylori, and Tryptic Soy Agar (TSA) for
other bacteria were used for antibacterial activities. H. pylori
plates were incubated under microaerophilic conditions in
anaerobic jars (Oxoid). Sterile paper disks (6 mm diameter)
impregnated with 2 mg, 4 mg and 6 mg of each extract (60,
120 and 180 pL of stock solutions) were placed onto agar
medium, and then incubated at 37°C for 48 hours. The discs
were dried for 24 hours before use. At the end of the time,
the diameter of the inhibition zone formed around each disc
was measured in millimeters.

Results and Discussion
Yield of Dried Mycelial Biomass and Crude Extracts

Maximum biomass yields were obtained from the species of
P. ostreatus (11.2 g.L'") and P. citrinopileatus (9.8 g.L'™).
The lowest biomass production was observed by P. eryngii
with 6.1 g.L"! (Table 1). Rosado et al. (2003) showed that
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production of mycelia biomass for P. ostreatoroseus was
16.8 g.L"" and for P. florida was 22.8 g.L"! in polysaccharide
production medium, after a 9-day incubation. Confortin et
al. (2008) obtained 8.18 g.L"' of mycelial biomass when cul-
tivating P. sajor-caju PS-2001. Sartori et al. (2015) reported
that the production of mycelial biomass for Pleurotus sajor-
caju, P. ostreatus, P. albidus and P. flabellatus were 12.73
gL' 1327 gL', 16.27 gL' and 8.20 g.L"! in vinasse for
15 days, respectively. As seen in Table 1, P. citrinopileatus
provided a higher extract yield (340 mg.g™") and P. eryngii
provided a lower extract yield (180 mg.g™).

Table 1. Dry weight of mycelia biomass and hot water ex-
traction yield of Pleurotus species

Pleurotus species ~ Mycelial Yield of  Appearance
biomass  extract
(gL  (mggh

P. eryngii 6.1+1.5 18045 Dark brown

P. sajor-caju 8.8+1.6 260+3 Dark orange/brown

P. citrinopileatus 9.8£1.9 340+4 Dark brown

P. ostreatus 11.242.1  300+4 Dark brown

P. florida 7.6+2.4 21043 Dark orange/brown

The appearance/consistency of the five extracts was similar
for P. sajor-caju, P. ostreatus and P. eryngii (dark brown
powder), however for P. florida and P. citrinopileatus, the
extracts were dark brown to orange powder.

Total Phenol and Total Flavonoids Contents

The maximum phenol content was obtained from P. os-
treatus (7.1 mg.g™' extract) and this was followed by P. sa-
Jjor-caju (7 mg.g™" extract) , P. citrinopileatus (5 mg.g”" ex-
tract), P. florida (4.5 mg.g"' extract) and P. eryngii (3.6
mg.g" extract). The maximum flavonoid content was ob-
tained from P. sajor-caju and this was followed by P. flor-
ida, P. eryngii, P. citrinopileatus, P. ostreatus (Figure 2).In
this study, total phenols of various Pleurotus species varied
from 3.6 to 7.1 mg GAE.g"' compared to the reported
amounts in other Pleurotus species such as P. eryngii (21.67
mg tannic acid g'), P. djamor (18.88 mg tannic acid g’ of
mycelium) (Mishra et al. 2013), P. eryngii (4.45 mg
GAE.g"), P. ostreatus (4.37 mg GAE.g™"), P. florida (4.56
mg GAE.g"), P. sajor caju (3.97 mg GAE.g") (Dundar et
al. 2013). Gonzalez-Palma et al. (2016) reported in aqueous
mycelium extracts (obtained by boiling) of P. ostreatus 4.09
mg GAE.g" and 0.192 mg QE.g"'. Lee et al. (2007) showed
that hot water extract from mycelia of P. citrinopileatus as
7.85 mg GAE.g"'. The production of extractable metabolites
produced by Pleurotus species may alter due to different
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growth media, different strains of mushroom and extraction
solvents.

Antioxidant Activity of Extracts

The hot water extracts were screened for antioxidant activ-
ity. For this purpose, DPPH free radical scavenging tech-
nique was applied (Figure 3). In the presence of 10 mg.mL"
"extract, P. sajor-caju (69.67%) showed the highest radical
scavenging effect and this followed by P. ostreatus
(66.12%), P. citrinopileatus (64.12%), P. florida (56.42%)
and P. eryngii (48.85%), respectively. As the extract con-
centration increased, the scavenging activity was also in-
creased. This means that there is a dose dependent DPPH
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scavenging efficiency of the mycelium extract. Similar re-
sults have been reported in previous studies. The obtained
results have been reported similarly in previous studies.
Dundar et al. (2013) mentioned that the ethanolic extracts
(obtained from mycelia) from P. eryngii, P. ostreatus, P.
florida and P. sajor-caju scavenged DPPH radicals with
68.01%, 71.29%, 61.97% and 62.82% at 10 mg.mL", re-
spectively. Antioxidant activity of the hot water mycelial
extract of P. salmoneo-stramineus, P. ostreatus, P. eryngii
and P. citrinopileatus was determined between 22% and
75% at 10 mg.mL"' (Smith 2014).
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Figure 2. The total phenolic and flavonoids content in mushroom extracts
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Figure 3. DPPH- scavenging capacity of Pleurotus species mycelial extracts
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Antimicrobial Activity

The hot water extracts (2 mg.disc”!, 4 mg.disc’ and 6
mg.disc) of the mycelia cells of five different Pleurotus
species were performed against two Gram positive (B. ce-
reus and A. agilis) and four Gram-negative (P. aeruginosa,
X. campestris, K. oxycota and H. pylori) bacteria by the disc
diffusion technique. As shown in Table 2, the concentration
of the extracts changes the antibacterial effect. Among all
bacteria, Xanthomonas campestris was the most sensitive to
extracts. The extracts of P. ostreatus and P. florida were
highly antibacterial against A. agilis and H. pylori. The ex-
tract of P. eryngii was highly antibacterial against K. oxy-
cota and X. campestris.

Mushrooms contain different natural antimicrobial com-
pounds such as anthraquinones, aromatic organic com-
pounds, benzoic acid derivatives, fatty acids, organic acids,
ribonuclease, peptides, polysaccharides, proteins, quino-
lines, steroids, terpenes, (Alves et al. 2012). Antibacterial
effects of mushroom extracts largely dependent on the
mushroom species, their strains and vegetative forms, culti-
vation conditions, method of extract preparation, methods
of evaluation and interpretation of the results (Yamag¢ and
Bilgili, 2006, Vamanu, 2012, Heleno et al., 2013, Dogan et
al., 2013, Canli et al., 2015). Pleurotus species have a vari-
ety of compounds at different concentrations, and this ex-
plains the difference of antibacterial activity. Many re-
searchers reported that extracts from the fruiting body or
mycelial biomass of Pleurotus species exhibited antibacte-
rial activity against different microorganisms (Table 3).

Table 2. Inhibition zones (mm) of crude extracts of Pleurotus species against bacteria

Concentration of crude extracts of Pleurotus species (mg.disc™)

Bacteria P. eryngii P. sajor-caju P. citrinopileatus  P. ostreatus P. florida
a b c a b c a b c a b c a b c
H. pylori - 71 84 - 64 73 - 62 73 75 98 124 81 10 13
X campestris 72 83 121 - 74 97 74 87 118 7 83 107 63 74 98
K. oxycota 11.2 134 152 - 82 103 - 78 98 - 82 108 - 8.6 11.6
P. aeruginosa - 7 88 - 72 9 - 6.8 81 - 73 94 63 8 9.7
B. cereus - 74 98 - 71 102 - 73 9.6 - 7 94 - 72 8.8
A. agilis - 8 104 - 84 112 - 72 95 11 15 18 74 93 121
a. 2mg.disc’, b. 4 mg.disc’!, c. 6 mg.disc’!; “-“: no activity observed.
Table 3. Pleurotus extracts with antimicrobial activity against microorganisms
Pleurotus spe- Bacterial species Extract-Solvent References
cies
P. ostreatus B. megaterium, E. coli, K. pneumoniae, Fruit body- Methanol Akyuz et
P. sajor-caju Candida glabrata, S. aureus al. 2010
P. eryngii B. megaterium, C. albicans,
C. glabrata, E. coli, S. aureus,
P. ostreatus K. pneumoniae, S. aureus, S. pyogenes, S. dysenteriae, =~ Mycelial biomass-water Younis et
al. 2015
B. subtilis, K. pneumoniae, S. aureus, Shigella dysen- Fruit body- water
teriae, Salmonella enterica, P. aeruginosa
P. eryngii, H. pylori Fruit body- Ethanol Shang et al.
P. ostreatus 2013
P. eryngii B. megaterium, S. aureus, E. coli, K. pneumoniae, Fruit body- Methanol Akyuz and
var. ferulae C. albicans, C. glabrata, Kirbag
Trichophyton spp., Epidermophyton spp. 2009
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Conclusion

In conclusion, this study showed the presence of antimicro-
bial and antioxidant activities in different species of Pleuro-
tus. The obtained mushroom extracts can be used in food
supplement products and medicinal products for health pro-
motion. The uses of antibiotics are known to be the main
control method for diseases but they are detrimental to the
human health and the ecosystem, and may contribute to the
development of chemical-resistant microorganisms. It is
well known that H. pylori which cause the ulceration of
stomach and then cancer. In this study, we found that P. sa-
Jjor-caju can be used as a medical food for recovering and
treatment of ulcer.
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ABSTRACT

Kashar is one of the most consumed traditional cheeses in Turkey. It is produced as fresh or mature,
which differ in ripening periods. Safe consumption period of kashar was investigated during refrig-
erated storage. Five samples of fresh and five samples of mature kashar cheeses collected from local
supermarkets in Turkey were analyzed. Changes in biogenic amines, pH and thiobarbituric acid
reactive substance of fresh and mature kashar cheeses were investigated during storage. Mature
kashar cheeses had higher biogenic amine concentrations than fresh kashar cheeses. During storage,
total biogenic amine contents of all samples increased significantly (p<<0.05). Total biogenic amine
contents of mature kashar cheeses were higher than maximum allowed limit of 1000 mg/kg and can
cause toxicity. It was found that fresh kashar cheeses were safer than mature kashar cheeses with
respect to the toxic limits of biogenic amines.

Keywords: Fresh kashar, Mature kashar, Cheese, Biogenic amines
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Introduction

Kashar, a semi-hard Turkish traditional cheese, is one of the
most consumed cheeses in Turkey (Koca & Metin, 2004).
According to Turkish Statistical Institute, total cheese pro-
duction of Turkey was 665580 tonnes in 2015, and semi-
hard cheese production was 191206 tones (Anonymous,
2005). The reasons of popularity are long shelf life and fla-
vor. It has similar characteristics with Caciocavalle, Provo-
lone, Regusono, Kashkaval cheeses and with the ‘Pasta
Filata’ type cheese such as Mozarella partially (Halkman &
Halkman, 1991). Some researchers mentioned similarity
between Cheddar and Kashar Cheese (Cetinkaya et al.,
2003).

According to Turkish Standards, Kashar cheese is classified
as “‘fresh’” and ‘‘old or mature’’ in terms of ripening (Turk-
ish Standards Institute, (TSI), 1999). Both types can be eaten
at breakfast; however the fresh cheese is also consumed in
toasted sandwiches or baked foods in the same way as Moz-
zarella cheese (Cetinkaya et al, 2003; Ugiincii 2004). Mature
kasar cheese is traditionally produced in 27-30 cm diameter
and 10-13 cm height and 6-10 kg weight. Traditionally,
kashar cheese is made from raw sheep or cows’ milk or their
mixtures without the addition of starter cultures. The tradi-
tional method involves renneting, curd forming, curd fer-
mentation (about pH 5.1-5.4), scalding and texturing of the
curd in hot water (65-80°C) containing 6-8% NacCl, shaping
of the scalded curd, pre-ripening at 15-20 °C and ripening at
2-4°C for at least 3 months (Aran, 1998). Mature Kashar
cheese is consumed after long term ripening, and it is be-
lieved that the cheese gains its characteristic flavour after 6
to 12 months. During this period dry salting is applied over
the surface of cheese. Production of mature kashar cheese
requires more labour force and time, reduce yield due to wa-
ter loss during ripening period (Sert et al., 2007).

Amino acids provide carbon, nitrogen and energy sources
for bacterial cells and play an important role in the develop-
ment of flavour in cheeses. Cheese is an ideal substrate for
amine production. It contains the high free amino acids con-
centration as a result of proteolysis, availability of amino
acid decarboxylase producing microorganisms, adequate
temperature, pH, cofactor and water activity (Benkerroum,
2016). Other factors affecting the production of biogenic
amines in cheeses include the presence of spoilage microor-
ganisms and the synergistic effects between microorgan-
isms. Moreover several extrinsic factors may also play an
important role, namely, pasteurization of milk, salt-in-mois-
ture levels and ripening time (Linares et al., 2013). In par-
ticular, the pH of cheese (5.0-6.5) is optimum for the activity
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of most decarboxylases and it has been found that the pro-
duction of biogenic amines is accelerated by high tempera-
tures during production and manufacture of cheese and by
the prolonged aging process (Spizzirri et al., 2013). Bio-
genic amines are organic, basic, nitrogenous compounds
(Sahin Ercan et al., 2013). Free amino acid decarboxylation
leads to biogenic amine formation (Flasarova et al., 2016).
Importance of biogenic amines in foods is mainly due to two
reasons; firstly, the intake of foods containing high content
of biogenic amines cause health hazard through the direct,
toxic effect of these compounds and their interaction with
some medicaments; secondly, they may have a role as indi-
cators of quality and/or acceptability in some foods (Shal-
aby, 1996; Ruiz-Capillas & Moral, 2001; Sahin Ercan et al.,
2013). The presence of low levels of biogenic amines in
cheeses and other foods is not considered as serious risk.
However, high amount of biogenic amine consumption may
result in various physiological effects (Koehler et al., 1978).
Several outbreaks of histamine poisoning have occurred fol-
lowing the consumption of cheese, particularly Swiss and
Cheddar, containing high levels of histamine (Vale & Glo-
ria, 1998). There is a term that is called “Cheese reaction” is
a hypertensive crisis. It’s characterized by a release of cate-
cholamines from the sympathetic nervous system and the
adrenal medulla, both causing an increase of the mean arte-
rial blood pressure (>180/120 mmHg) and heart rate by pe-
ripheral vasoconstriction, producing hypertensive crisis as
more dangerous consequence. Its certain symptom is severe
headache, has been observed after ingestion of foods rich in
tyramine (Vale & Gloria 1998; Linares et al., 2013).

To the best of our knowledge, any study about biogenic
amine contents of fresh and mature kashar cheeses during
storage period has not been found in the literature. The aim
of this study was to determine the changes in some quality
(pH, protein, ripening index (RI), total nitrogen (TN), water
soluble nitrogen (WSN), salt and moisture content) and
safety (thiobarbituric acid reactive substance and biogenic
amines) parameters of cheeses during storage period and
also to compare fresh and mature kashar cheeses.

Materials and Methods

Sampling

Ten randomly purchased commercial kashar cheeses pro-
duced in Turkey were analysed. Five of them were fresh (S1,
S2, S3, S4 and S5) and the other five were mature kashar
(S6, S7, S8, S9 and S10) cheeses. Kashar cheeses were
stored at 4 +1°C for three weeks and samples were taken for
analysis at 0, 1, 2 and 3" weeks of storage. Kashar cheeses
were analyzed for biogenic amines (cadaverine, histamine,
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phenylethylamine, tyramine, tryptamine, putrescine and
spermidine), pH, moisture content and TBARS values. Ini-
tial protein, WSN, TN and salt contents were also deter-
mined. The kashar cheeses were grated, homogenized using
the Waring blender thoroughly and analyzed immediately.
Each analysis was performed at least in dublicate.

Chemicals

1,1,3,3-Tetracthoxypropane (TEP) and 2-thiobarbituric acid
were obtained from Sigma (St. Louis, MO); B-phenylethyl-
amine hydrochloride, histamine dihydrochloride, cadaver-
ine dihydrochloride, spermidine, putrescine dihydrochlo-
ride, tryptamine hydrochloride and tyramine hydrochloride
were obtained from Sigma (St. Louis, MO) and were used
as biogenic amine standards; sodium hydroxide, 25% am-
monium and sodium bicarbonate were from Merck (Darm-
stadt, Germany), acetone from Reidel De Haen (Germany),
dansyl chloride from Sigma Co. (St. Louis, MO), ammo-
nium acetate from Merck (Darmstadt, Germany), and per-
chloric acid from JT Baker (Holland). All chemicals except
acetonitrile were analytical grade (extra pure) and acetoni-
trile was HPLC grade.

Determination of Cheese Characteristics

Moisture content, total nitrogen, water soluble nitrogen, rip-
ening index, salt contents and pH of cheese samples were
determined in triplicate runs. Moisture content of cheeses
was determined according to AACC, 1995 Approved Meth-
ods. The cheese samples were analysed for TN using
Kjeldahl method (AOAC, 1990) with digestion, distillation
and titration steps. The protein content of cheeses was cal-
culated by multiplying the total nitrogen content by 6.38.
WSN of kashar cheese samples were determined as de-
scribed by Butikofer et al, (1993). RI of samples was calcu-
lated from the ratio of water soluble nitrogen to total nitro-
gen (Butikofer et al., 1993). Salt content was determined by
the Mohr method (AOAC, 1990). pH value of kashar cheese
was determined using a pH meter (Jenway 3010; Jenway
Ltd., Essex, UK) equipped with an electrode (J95, 924001,
Jenway Ltd., Essex, UK).

Determination of TBARS (2-Thiobarbituric Acid Reactive
Substances) Values

TBARS of samples were determined by the spectrophoto-
metric method (Bozkurt & Erkmen, 2004). Two grams of
homogenized kashar samples were taken and TBARS were
extracted twice with 10 mL of 0.4 M perchloric acid. Ex-
tracts were collected and made up to 25 mL with 0.4 M per-
chloric acid and centrifuged for 5 min at 1790g. After cen-
trifugation, 1 mL of supernatant was pipetted into glass stop-
pered test tube. TBA reagent (5 mL) was added and the mix-
ture was heated in a boiling water bath for 35 min. After

cooling the absorbance of sample was read against the ap-
propriate blank at 538 nm. A standard curve was prepared
using 1,1,3,3-tetracthoxypropane (TEP). TBARS wvalues
were determined as mg malondialdehyde (MA)/kg sample.

Determination of Biogenic Amines

The chromatographic method (Eerola et. al., 1993) was used
for the determination of the biogenic amines. The HPLC
consisted of a Shimadzu gradient pump (Shimadzu LC
20AB, Shimadzu Solvent Delivery Module, Kyoto, Japan),
a Shimadzu auto injection unit (Shimadzu SIL20AHT,
Kyoto, Japan), a Shimadzu UV detector (Shimadzu SPD
20A, Kyoto, Japan) and a RP-18 guard column. The HPLC
column was Spherisorb ODS2, 200 pm and 4.6 mmx200
mm. Ammonium formate solution (0.4 M) prepared by ul-
tra-pure water (Millipore Elix 10UV and Milli-Q, Millipore
S.A.S. 67120 Molsheim, France) and acetonitrile were fil-
tered through a 0.45 pm millipore filter (Billerica, MA).
Ammonium formate and acetonitrile were used as the LC
mobile phases. A gradient elution program was used with
mobile phases of acetonitrile (solvent A) and 0.4 M ammo-
nium formate (solvent B), starting with 50% solvent A and
50% solvent B and finishing with 90% solvent A and 10%
solvent B after 35 min. The flow rate was 1.0 mL/min.

Two grams of sample was homogenized in 10 mL of 0.4 M
perchloric acid using a Waring blender. The sample was
centrifuged for 10 min at 1790g and filtered. The extraction
was repeated with a further 10 mL of 0.4 M perchloric acid
solution and the supernatants were combined and made up
to 25 mL with 0.4 M perchloric acid. One millilitres of ex-
tract was pipetted into glass stoppered test tube and 200 pL
of 2 N NaOH and 300 pL of saturated sodium bicarbonate
solutions were added. Two millilitres of dansyl chloride (10
mg/mL) solution was added to each sample and incubated
for 45 min at 40°C. Residual dansyl chloride was removed
by adding 100 puL of 25% ammonia. After 30 min, the solu-
tion was adjusted to 5 mL with acetonitrile, centrifuged for
5 min at 1790g, the supernatant filtered (0.45 pm) and 20
pL then injected onto the HPLC. The standard solution of
the dansylated derivatives was diluted to 1 mL with 0.4 M
perchloric acid to give concentrations from 0.5 to 10 pg/mL.

Statistical Analysis

The results were analyzed statistically using the SPSS 13.0
for Windows (SPSS Inc., Chicago, IL, USA). The one-way
analysis of variance (ANOVA test) and Duncan’s multiple
range test were performed. Values of p< 0.05 were used to
indicate significant differences.
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Results and Discussion
Cheese Characteristics

Table 1 shows the results obtained from the analysis of fresh
and mature kashar cheeses at the beginning of the storage
period. Salt content of cheeses were changed beetwen 1.3-
5.0%. The Turkish Food Codex (No: 2015/6) states that
fresh and mature kashar cheeses should have salt values up
to 3.0 and 4.0 %, respetively (Anonymous, 2005). Salt con-
tent of fresh kashar cheeses detected in this study is not
suited to the Turkish Food Codex. It was reported that
kashar cheeses contain an average of 2.54-5.24% salt Sert et
al. (2007). On the other hand, salt contents of fresh kashar
cheese were significantly higher (p<0.05) than the mature
kashar cheeses. This could be due to the differences in pro-
duction of mature and fresh kashar cheeses. Also, moisture
content range of both mature and fresh kashar cheese were
in the range of 37.9-46.1% which is suited to the reported
range of 29.18-57.29% (Sert et al., 2007). According to the
results, moisture contents of mature kashar cheeses (37.9-
41.6%) was lower than fresh kashar cheeses (43.3-46.1%).
This could be due to dry salting process over the surface of
mature kashar cheeses during the ripening period (6-12
months). Results showed that generally higher values of TN,
WSN, RI and protein were obtained for mature kashar
cheeses (Table 1). Obtaining higher values of TN, WSN, RI
and protein in mature kashar cheeses could be due to longer
proteolsis. Proteolysis is the most complex and important
biochemical event that occurs in most cheeses during ripen-
ing. It has direct influence on flavour and texture as soften-
ing of cheese during ripening (McSweeney, 2004). The evo-
lution of the WSN/TN could be interpreted as the level of
proteolysis (Sert et al., 2007) which correspounds to RI.

Changes of pH and TBARS Values

Changes of pH and TBARS values during the storage peri-
ods of kashar samples are given in Table 2. The pH values
of fresh and mature kashar cheese samples were not affected
significantly (p> 0.05) and remained almost constant during
refrigerated storage. TBARS values is used as a marker of
lipid oxidation. Degradation of polyunsaturated fatty acids
results in malonaldehyde formation. Lipid oxidation could
cause destruction of valuable nutrients, off-flavours and
production of toxic compounds (Medeiros et al., 2014).
Consequently, TBARS value is a critical parameter espe-
cially during storage period of foods that’s why it is detected
in this study. It could cause adverse sensorial results which
affects consumer acceptance. TBARS values were affected
significantly (p<0.05) by storage. As the storage period pro-
long, TBARS values of all cheese samples increased. Initial

doi.or

10.3153/FH19003

range of TBARS value of fresh kashar cheeses were 0.03-
0.18 mg/kg and increased to 0.20-0.39 mg/kg at the end of
the storage period. This range was 0-0.15 mg/kg and 0.23-
0.57 mg/kg for mature kashar cheeses at the beginning and
end of the storage period, respectively. Lipid oxidation leads
through formation of hydroperoxides to short chain alde-
hyde, ketones and other oxygenated compounds. They are
considered to be responsible for the development of rancid-
ity, cause undesirable flavour and related to heart disease
and cancer (Botsoglou et al., 1994). Change in the TBARS
values of mature kashar cheeses were higher than that in the
fresh kashar cheeses during the storage period. It was re-
ported that if the TBARS value is higher than 1 mg/kg, gen-
erally off-odors are formed and it is considered as the begin-
ing of organoleptic perception of lipid oxidation (Wu et al.,
1991). None of the samples exceed this limit during 2 weeks
refrigerated storage period.

Biogenic Amines Content
Changes in Histamine Concentration

Changes of histamine concentration and their statistical
analysis are given in Tables 3 and 4, for fresh and mature
kashar cheeses, respectively. Histamine concentration
changed significantly (p<0.05) with storage time. Initial his-
tamine concentration range of fresh and mature kashar
cheeses are 29.0-76.4 mg/kg (Table 3) and 52.8-1334.4
mg/kg (Table 4), respectively. At the end of the storage pe-
riod, this range changed as 45.4-145.9 mg/kg and 270.15-
3042.9 mg/kg for fresh and mature kashar cheeses, respec-
tively. Mean of initial histamine concentration of fresh
kashar cheeses (60.8 mg/kg) was similar to histamine con-
centration (63.5 mg/kg) in Gouda cheese (Silvana et al.,
1998), but mean of initial histamine concentration of mature
kashar cheeses (525.5 mg/kg) were high.

During the storage period, histamine concentration in-
creased (p<0.05) for both fresh and mature kashar cheeses
(Table 3 and 4). Substrate availability could be an acceler-
ating factor for histamine production in cheese (Joosten,
1998). Also, the use of raw milk or post-contamination in
cheese may result in high levels of histamine formation
(Stratton et al., 1992). It was reported that histamine intake
of 8-40 mg, 40-100 mg and higher than 100 mg may cause
slight, intermediate and intensive poisoning, respectively
(Nout, 1994). According to the results, consumption of fresh
kashar cheeses samples at the beginning of the storage pe-
riod may cause slight or intermediate poisoning with respect
to the their histamine levels. However, consumption of ma-
ture kashar cheeses at the beginning of storage period may
cause intensive poisoning.
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Table 1. Initial characteristics of kashar cheese samples before storage

Sample TN (%) WSN (%) Protein (%) Salt (%) RI (%) Moisture (%)
S1 4.240.2¢cd 0.9£0.04a 26.0+1.5bced 4.24+0.2a 21.4+0.3a 43.3+£0.7a
S2 3.7+0.2abc 0.9+£0.05a 23.4+1.5abc 4.8+0.5ab 24.3+3.2ab 45.6x0.1¢c
S3 3.4£0.1a 0.8+0.05a 21.4+0.6a 4.3+0.5a 23.54+2.1ab 45.1£0.2¢
S4 4.2+0.5¢d 1.1£0.05b 26.2+3.0cd 4.6+0.4ab 26.1+4.2b 44.0+0.5b
S5 3.840.1abc 0.8+0.0a 23.8+0.3abc 5.0+£0.1b 21.1£0.3a 46.1+0.4c
S6 3.5+0.3a 1.7£0.1cb 22.3+1.8a 3.3+0.2¢ 48.5+5.7¢c 41.6+0.1c
S7 4.340.1ab 1.9£0.01c 26.9+0.3b 1.9+0.4ab 44.1+1.2bc 40.5+0.1¢
S8 3.9+0.3a 1.3£0.0a 25.1+2.1ab 2.5+0.1b 33.3+1.9a 39.9+0.8a
S9 4.5+0.1b 1.9£0.01c¢ 30.2+0.6¢ 1.9+0.2ab 42.2+2.3b 39.4+0.1a
S10 4.5+0.1b 1.5+0.02b 28.4+0.6¢ 1.3£0.1a 33.3+5.1a 37.9+0.9b

Different small letters indicate statistical difference at a = 0.05 level in each column.

S1- S5 are fresh kashar and S6-S10 are old kashar cheeses.

Table 2. Changes of pH and TBARS values of fresh and mature kashar cheeses during storage.
Sample pH TBARS

0 1%t week 27 week 0 1% week 2" week

S1 5.68+0.28a  5.89+0.21a 5.76+0.24a 0.13£0.04a 0.26+0.00b 0.33+0.04b
S2 5.73+0.26a  5.81+0.18a 5.76+0.24a 0.05+0.00a 0.13£0.04ab 0.21+0.00b
S3 6.05+0.15a  6.16+0.18a  6.11+0.28a 0.05+0.00a  0.13£0.04ab 0.23+0.04b
S4 5.96+0.30a  6.07+0.19a  6.06+0.25a 0.03+0.01a  0.28+0.04b 0.36+0.00c
S5 5.39+40.27a  5.57+0.21a  5.54+0.19a 0.18+0.04a 0.28+0.04b 0.39+0.04c¢
S6 5.48+0.24a  5.54+0.23a 5.60+0.16a 0.05+0.00a 0.13+0.04ab 0.23+0.04b
S7 5.37£027a  5.48+022a 5.75+0.19a 0.10£0.00a  0.33+0.04b 0.41£0.00c
S8 5.34+0.24a  5.45+022a 5.60+0.19a 0.13£0.04a 0.23+0.04b 0.33£0.04c
S9 5.52+0.24a  5.76+0.18a  6.80+0.26a 0.15£0.00a  0.39+0.11b  0.57+0.00c
S10 5.50£0.18a  5.90+0.20a 5.94+0.21a 0.00+0.00a  0.15+0.00b 0.26+0.07b

Different small letters indicate statistical difference at o = 0.05 level in each column.

S1- S5 are fresh kashar and S6-S10 are old kashar cheeses.

Changes in Phenylethylamine Concentration

The level of phenyethylamine concentration was changed
significantly (p<0.05) during the storage period (Tables 3
and 4). Concentrations of phenylethylamine of fresh and
mature kashar cheeses increased simultaneously. From a
good manufacturing practice point of view, a level of 30
mg/kg of phenylethylamine concentration is regarded as ac-
ceptable (Nout, 1994). In this study, phenylethylamine con-
centration exceeded a concentration of 30 mg/kg even at the
beginning and end of the storage period for both fresh and
mature kashar cheeses. It was reported that phenylethyla-
mine was not detected in kashar (Andig et al., 2011), but was
found in 19 of 30 herby cheeses samples (Andig et al.,
2010a) and never exceeded a concentration of 30 mg/kg in
motal cheeses (Andig et al., 2010b).

Changes in Tyramine Concentration

Tyramine, one of the toxicologically important biogenic
amines, is formed in foods by the action of tyrosine decar-
boxylase produced by bacteria associated with the foods
(Silla-Santos, 1996). The allowable maximum level of tyra-
mine in food is 100-800 mg/kg. Concentrations of 1080
mg/kg of tyramine are toxic for humans (Shalaby, 1996).
Changes in tyramine concentrations and results of statistical
analysis during the storage period are given in Tables 3 and
4 for fresh and mature kashar cheeses, respectively. During
the storage period tyramine concentration increased signifi-
cantly (p< 0.05) for both fresh and mature kashar cheese
samples. The levels of tyramine conentrations in fresh
kashar cheeses were acceptable during the storage period.
However, mature kashar cheeses had higher tyramine con-
centration compared to fresh kashar cheeses. Tyramine con-
centration of mature kashar cheese sample S9 was found
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very high (>800 mg/kg) before and during storage period.
This could be due to the presence of high amount of tyrosine
and tyrosine decarboxylase activity and poor sanitation dur-
ing processing. It was reported that any food with free amino
acids, especially tyrosine and phenylalanine, are subject to
biogenic amine formation if poor sanitation and low quality
foods are used or if the food is subjected to temperature
abuse or extended storage time (Schirone et al., 2011). High
amounts of tyramine were found in Spanish traditional
cheeses (Roig-Sagues et al., 2002). It was reported that de-
spite the high concentrations of the precursor amino acid ty-
rosine in cheeses, they do not provide evidence of tyramine
in their biogenic amine inventory (Pintado et al., 2008). Dur-
ing fermentation and ripening, the environmental factors

that affect the activity of decarboxylating enzymes may be
more important than precursor availability (Schirone et al.,
2011). Tyramine levels in Tulum cheese ranged and was al-
most from 109.6 to 1575.5 mg/kg (Durlu-Ozkaya, 2000)
was almost higher than the tyramine range of fresh and ma-
ture kashar cheeses (except S9) in this study. It was reported
that the tyramine range of herby cheese changed as 18-
1125.5 mg/kg (Andig et al., 2010a), 212.5 mg/kg in Brazil-
ian cheese (Vale & Gloria, 1998) and 329.0 mg/kg in Turk-
ish tulum cheese (Oner et al., 2004). So it can be concluded
that consumption of kashar cheeses was generally safe with
respect to their tyramine levels.

Table 3. Changes of biogenic amine concentration (mg/kg) in fresh kashar cheeses during storage

Time (weeks) Kashar cheese types

S1 S2 S3 S4 S5
Histamine
0 49.5+£10.7aA 76.419.6aAB 29.0+£3.2aA 75.1£0.9aAB 74.1£10.0aAB
1 76.6+4.7bcAB 94.4+0bB 38.9+2.9bA 95.4+0.7bB 106.8+0.4bBC
2 78.0+8.8cAB 105.6+6.2bBC 45.4+2 5bA 103.3+0.4bABC ~ 145.940.4cC
Phenylethylamine
0 86.11+6.5abAB  35.2+1.1abA 43.1+8.6aA 63.4+6.5aAB 54.4+2.8aaAB
1 112.5+6.3abAB  42.6£1.2abcA 46.5+1.7aA 92.3+4.7bA 84.8+6.8cA
2 122.2+12.4bC 55.7+8.6cA 57.4+4.8bA 109.6+3.6cBC 65.6+3.5bcAB
Tyramine
0 46.9+8.2aBC 37.7+7.0abA 63.1+6.8aB 52.7+£2.0abAB 90.7+26.1aCD
1 50.3+6.5aB 57.0+0.5abA 76.2+4.6abAB  60.4+0.1abA 94.5+8.5aB
2 85.7+2.1abC 61.6£3.4bA 90.0+£9.6bA 79.4+8.7bA 125.2+0.4bA
Tryptamine
0 62.3+7.2aBC 37.1+£2.7aA 38.4+5.1aA 48.9+0.6aAB 47.5+0.8aAB
1 69.8+1.8aB 38.8+1.2aA 45.0+£1.1bA 67.6+3.7bB 51.1+2.7bA
2 65.8+9.2bC 40.1£2.3bA 42.8+3.4bA 63.7+2.2abC 59.4+9.3abBC
Putrescine
0 12.5+0.7aA 15.4+5.2aA 119.849.5aD 30.2+1.1aA 224.6+20.1aE
1 22.1+6.2abA 30.5+2.1bA 164.7£11.2bC ~ 41.5+2.6abA 274.6+13.2bD
2 20.1+2.8bA 51.4+4.4cAB 157.6£5.8abDE  61.4+4.3cABC 264.3+18.1abF
Cadaverine
0 100.6£36.3bBC ~ 9.2+3.7aA 51.543.5aAB 97.5+3.4aBC 45.6+£2.3aAB
1 93.6x11.2aC 20.1+£7.3abA 66.3+0.9bB 119.6+10.8bD 46.3£1.6aB
2 122.344.1abC 51.4+4.3cA 65.2+0.3bB 120.6+5.6bC 49.8+0.1aA
Spermidine
0 39.0+1.2aBC 11.5+£2.3aA 28.9+1.4aAB 61.2+1.5aD 19.6+4.5aA
1 59.5+5.7bB 38.5+4.2bA 28.242.6aA 69.8+1.8bB 29.24+4.2bA
2 57.9+6.4abB 47.2+0.6bB 57.6+4.5bBC 61.3+1.2aC 20.9+0.3aA

Different small letters indicate statistical difference at o. = 0.05 level in each column.
Different capital letters indicate statistical difference at o= 0.05 level among products at each time.
S1- S5 are fresh kashar and S6-S10 are old kashar cheeses.
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Table 4. Changes of biogenic amine concentration (mg/kg) in mature kashar cheeses during storage

Time (weeks) Kashar cheese types

S6 S7 S8 S9 S10
Histamine
0 834.3+7.6¢D 136.69+8.2cB 52.842.2abA 1334.4+31.4bE 269.4+23.6cC
1 1001.14£9.1dC 148.79+11.2¢C 406.7+15.0cE 2035.8+58.3¢G 300.8+2.5¢dD
2 1007.5+10.2dG ~ 270.15£9.5dD 362.2+0.5dE 3042.9+74.9¢eH 483.1+17.4¢F
Phenylethylamine
0 104.4+15.8aB 325.9434.1bCD  355.2+20.1bD 43.9+1.7dA 280.2+4.1cC
1 263.3+12.6bcC 479.4+56.1cD 480.5+8.5¢D 42.5+5.1dA 243.6+12.8bcBC
2 427.9+24 8dF 347.3+9.6bE 460.2+9.8aF 38.4+1.9cA 282.1+9.1cD
Tyramine
0 98.0+6.1aD 289.0+5.1¢E 71.246.4bcBC 4324.0+90.9bF 103.0+3.1bD
1 176.7+3.1bD 190.3+4.6¢D 129.0+7.2¢C 5771.0+17.0cE 190.3+13.8dD
2 256.4+9.2cB 253.0+0.4dB 99.843.3dA 6665.6+130.2dC  123.2+4.6cA
Tryptamine
0 375.1423.4cE 251.5+4.8eD 34.0+3.7abA 32.6+1.7bA 78.7+1.5¢C
1 421.0+4.3dE 125.3+6.8dC 74.3+15.6cB 42.444 2bcA 76.7+11.1dD
2 552.142.6¢F 125.3+6.8dE 62.7+0.8¢C 49.1+£6.1cdBC 90.1+1.2¢D
Putrescine
0 53.4+0.1aB 313.6+4.0cF 50.1+1.2¢B 384.443.5¢G 92.745.6bC
1 134.6+34.6abBC  326.4+5.4cE 100.5+8.4cB 440.2+2.7cF 147.7£9.0cC
2 206.1+6.1bE 255.4+21.5bF 86.7+5.6bBC 435.1+£8.9¢G 109.9+9.5dCD
Cadaverine
0 98.4+7.5bcdBC 167.0+4.5¢C 349.0+9.1bE 254.7+12.7aD 149.0£1.2¢C
1 95.544.8bcC 165.0+1.7cE 441.0+£9.3dG 239.3+15.6aF 150.1+7.5bD
2 179.0+5.4dD 131.0+7.4bcC 448.2+3.2dF 218.8+3.2aE 173.1+£6.3dD
Spermidine
0 48.9+0.7aCD 58.1%1.5bD 28.4+3.5abAB 132.7+1.3¢eF 109.5+1.5¢E
1 68.3+2.7aB 87.946.7¢C 33.6+5.1bcA 119.0+£5.4dD 138.6+1.3dE
2 96.3+2.9bE 178.3+1.2¢F 60.5+5.8dC 89.0+2.2¢cDE 79.6+6.2bD

Different small letters indicate statistical difference at oo = 0.05 level in each column.
Different capital letters indicate statistical difference at a= 0.05 level among products at each time.
S1- S5 are fresh kashar and S6-S10 are old kashar cheeses.

Changes in Tryptamine Concentration

Tryptamine was detected in all kashar cheese samples. The
highest tryptamine concentration was detected in sample S6
amoung all cheese samples. Tryptamine was found from
0.32 to 40.44 mg/kg in tulum cheese (Oner et al., 2004) and
in the range as 0-172.6 mg/kg in herby cheese (Andig et al.,
2010a). The toxic threshold level of tryptamine is not
known. During the storage period, tryptamine concentration
of fresh and mature kashar cheeses increased, decreased or
remain same. Decrease in tryptamine concentration could be
explained as the consumption of produced biogenic amines
by microorganisms as a nitrogen source. Also, some authors
have suggested that the decrease of biogenic amines during

ripening could be related to the activity of bacterial amine
oxidases (Leuschner et al., 1999).

Changes in Putrescine Concentration

The level of putrescine concentration significantly increased
(p<0.05) during storage period for all kashar cheese sam-
ples. S3 and S5 samples had higher putrescine concentration
at the beginning of storage period amoung fresh kashar
cheeses. S9 sample had also the highest putrescine concen-
tration in all samples. Enterobacteriaceae are generally con-
sidered as microorganisms with a high decarboxylase activ-
ity, particularly in relation to the production of putrescine
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(Suzzi et al., 2003). Presence of high concentrations of pu-
trescine in S3, S5 and S9 samples could be explained by
high decarboxylase activity of Enterobacteriaceae.

The biogenic amines most commonly found in fermented
dairy products are histamine and tyramine, but putrescine is
also frequently detected and can occasionally accumulate in
concentrations of up to 2.5 g per kg of cheese. Risk taking
into account that levels of 875 mg putrescine per kg have
been detected in cheeses (Fernandez et al., 2007). None of
the samples exceed this level in our study. But presence of
high amount of putrescine can increase the toxic effects of
other biogenic amines frequently present in fermented foods
and beverages, as histamine, tyramine and phenylethyla-
mine (Linares et al., 2013). On the other hand, high concen-
trations of putrescine affect the organoleptic quality of food
due to its foul odour (Ladero et al., 2012).

Changes in Cadaverine and Spermidine Concentration

Cadaverine concentration increased significantly (p<0.05)
during the two weeks of storage for all kashar cheese sam-
ples (Tables 3 and 4). Initially, cadaverine concentrations
changed as 9.2-100.6 mg/kg and 98.4-349.0 mg/kg for fresh
and mature kashar cheeses, respectively. During storage, ca-
daverine concentrations changed as 49.8-122.3 mg/kg and
131.0-448.2 mg/kg for fresh and mature kashar cheeses, re-
spectively. Cadaverine concentration was found as rela-
tively high levels in some samples. A wide variability of ca-
daverine concentration was detected and reported for differ-
ent cheeses. It could be due to the differences in the manu-
facturing process: type of milk (sheep or cow), heat treat-
ment of milk (such as pasteurization), ripening time, micro-
flora and cheese mass (Andig et al., 2010a). It was observed
that sample S1 had the highest cadaverine concentration at
the beginning of storage period amoung fresh kashar
cheeses. Also, initial highest cadaverine concentration
amoung mature kashar cheeses was detected in sample S8
(349.0 mg/kg). Cadaverine has less pharmacological activ-
ity than the aromatic amines but it is probably potentiators
of their toxicity (Joosten, 1988). Also, it could be used as
quality indicator for cheese making. Maximum levels of ca-
daverine were found as 1844.5 mg/kg in Herby cheese
(Andig et al., 2010a), 1110 mg/kg in Brazilian cheese (Vale
& Gloria, 1998) and reach levels >1000 mg/kg in Motal
cheese (Andig et al., 2010D).

Spermidine in kashar cheese were also detected and it was
observed that storage period was significantly (p <0.05) ef-
fective. Maximum initial spermidine concentrations were
found for samples S9 (132.7 mg/kg) and S4 (61.2 mg/kg)

doi.or

10.3153/FH19003

amoung in mature and fresh kashar cheese samples, respec-
tively. Spermidine concentration is not usually detected in
cheese samples. There is no any specified toxic value for
spermidine in cheese.

Total Biogenic Amine Contents of Fresh and Mature Kashar
Cheeses

Total biogenic amine contents were calculated by the sum-
mation of histamine, phenylethylamine, tyramine, tryptamine,
putrescine, cadaverine and spermidine contents of mature
and fresh kashar cheeses and the results were given in Table
5. Initiallly, total biogenic amine contents of fresh and ma-
ture kashar cheese samples were found in the range as
222.4-556.6 and 940.6-6507.5 mg/kg, respectively. During
storage, total biogenic amine contents of all samples in-
creased significantly (p<0.05). Total biogenic amine con-
tents of mature kashar cheese samples were higher than that
of fresh kashar cheese samples. An acceptable level of 1000
mg/kg for total biogenic amine content was proposed (Silla-
Santos, 1996) total biogenic amine contents of fresh kashar
cheese samples never exceed this limit during storage. But,
total biogenic amine contents of mature kashar cheese sam-
ples were higher than 1000 mg/kg level before and during
storage period. This could be due to the long ripening period
of mature kashar cheese and its consumption can cause tox-
icity.

Conclusion

The results of this study showed that storage period had sig-
nificant effect on formation of biogenic amines in all kashar
cheese samples. In general, the biogenic amine content of
cheese can be extremely variable and depends on the type of
cheese, the ripening time, the manufacturing process and the
microorganisms present. According to the results, mature
kashar cheese samples had higher biogenic amine content
than fresh kashar cheeses. Concentrations of biogenic
amines changed with the same trend almost in all samples
during the storage period. According to the toxic limits, ma-
ture kashar cheese samples should not be consumed. Also,
all mature kashar cheeses had critical toxic level of hista-
mine. In fresh kashar cheese, there were no toxicity risk with
respect to the biogenic amine. Mature kashar cheese gener-
ally prefferred due to its special flavor and taste but this
study showed that it is not safe with respect to biogenic
amine. Therefore, further research is needed to optimize
processing technology and ensure low amine levels for ma-
ture kashar cheeses.
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Table 5. Total biogenic amine contents of fresh and mature kashar cheeses

Time Kashar cheese types
(weeks)
S1 S2 S3 S4 S5
0 396.9£101.2aB 222.4+25.6aA 373.9+38.3aB 428.9+17.7aB 556.6+£20.6aC
1 484.4+8.5aB 322.0+£16.7bA 465.7+5.0bAB 546.7429.3bBC  687.3+£12.6bcC
2 552.1+41.0aBC 413.0+8.5cA 515.8+11.9bB 599.4+16.7bC 731.3£29.8bD
S6 S7 S8 S9 S10
0 1612.5+33.2aF 1541.9+66.5bF 940.6+14.3aD 6507.5+32.5aG 1082.5+80.1aE
1 2160.5+£115.9cF 1523.3+77.3bDE ~ 1666.7+114.3cE =~ 8691.2+6.8¢G 1427.9+119.8bD
2 2725.2442.5dG 1560.6+40.4bF 1580.5+9.7¢cF 10538.6+£55.8dH  1340.6+32.2bE

Different small letters indicate statistical difference at a = 0.05 level in each column.
Different capital letters indicate statistical difference at a= 0.05 level among products at each time.

S1- S5 are fresh kashar and S6-S10 are old kashar cheeses.

Compliance with Ethical Standard

Conflict of interests: The authors declare that for this article they
have no actual, potential or perceived conflict of interests.

References

AACC (1995). Approved Methods of the American Associ-
ation of Cereal Chemists. 9th edn., 45-48. Minnesota,
USA, The American Association of Cereal Chemists.

AOAC (1990). Offical Methods of Analysis of Association
of Offical Analytical Chemists. Edited by Kenneth Hel-
rich, Fifteenth ed., Arlington, Virginia, USA, pp. 74.

Andic, S., Gengcelep, H., Kdse, S. (2010a). Determination
of biogenic amines in herby Cheese. International
Journal of Food Properties, 13, 300-1314.

Andic, S., Gengceelep, H., Tunctiirk, Y., Kose, S. (2010b).
The effect of storage temperatures and packaging
methods on properties of Motal cheese. Journal of
Dairy Science, 93, 849-859.

Andig, S., Tungtiirk, Y., Gengcelep, H. (2011). The effect of
different packaging methods on the formation of bio-
genic amines and organic acids in Kashar cheese. Jour-
nal of Dairy Science, 94, 1668-1678.

Anonymous (2005). The Eight Five Year Development

Plan. Ankara, Turkey: The State Plannin Organization.
Aran, N. (1998). A microbial study of Kashar
cheese. Milchwissenschaft 53, 565-567.

Benkerroum, N. (2016). Biogenic Amines in Dairy Prod-
ucts: Origin, Incidence, and Control Means. Comphre-
hensive Reviews in Food Science and Food Safety, 15,
801-826.

Botsoglou, N.A., Fletouris, D.J., Papageorgiou, G.E., Vass-
ilopoulos, V.N., Mantis, A.J., Trakatellis, A.G. (1994).
Rapid, Sensitive, and Specific Thiobarbituric Acid
Method for Measuring Lipid Peroxidation in Animal
Tissue, Food and Feedstuff Samples. Journal of Agri-
culture and Food Chemistry, 42, 1931-1937.

Bozkurt, H., Erkmen, O. (2004). Effect of nitrate/nitrite on
the quality sausage (sucuk) during ripening and stor-
age. Journal of the Science of Food and Agriculture,
84, 279-286.

Butikofer, U., Ruegg, M., Ardo, U. (1993). Determination
of nitrogen fractions in cheese: Evaluation of a collab-
orative study. Lebensmittel Wissenschaft und Techno-
logie, 26, 271-275.

Cetinkaya, A., Yaman, H., Elmali, M., Karadagoglu, G.
(2003). A preliminary study of Kashar cheese and its
organoleptic qualities matured in bee wax. Interna-
tional Journal of Food Safety, 6, 1-4.

Durlu-Ozkaya, F. (2000). Biogenic amine content of some
Turkish cheeses. Journal of Food Processing Preser-
vation, 26, 259-265.

Eerola, S., Hinkkanen, R., Lindfors, E., Hirvi, T. (1993).
Liquid chromatographic determination of biogenic
amines in dry sausage. Journal of AOAC International,
76, 575-717.

27


https://doi.org/10.3153/FH19003

28

Food and Health, 5(1), 19-29 (2019) e

https:

Fernandez, M., Linares, D.M., del Rio, B., Ladero, V., Al-
varez, M.A. (2007). HPLC quantification of biogenic
amines in cheeses: correlation with PCR-detection of
tyramineproducing microorganisms. The Journal of
Dairy Research, 74, 276-282.

Flasarova, R., Pachlova, V., Bunkova, L., Mensikova, A.,
Georgova, N., Drab, V., Bunka, F. (2016). Biogenic
amine production by Lactococcus lactis subsp. cremo-
ris strains in the model system of Dutch-type cheese.
Food Chemistry, 194, 68-75.

Halkman, K., Halkman, Z. (1991). Studies on the different
combinations of Kashar Cheese starter cultures. Gida,
16, 99-105.

Joosten, H.M.L.J. (1988). Conditions Allowing the For-
mation of Biogenic Amines in Cheese. 3. Factors Influ-
encing the Amounts Formed. Netherlands Milk and
Dairy Journal, 41, 329-357.

Koca, N., Metin, M. (2004). Textural, melting and sensory
properties of low-fat fresh kashar cheeses produced by

using fat replacers. International Dairy Journal, 14,
365-373.

Koehler, P.E., Eitenmiller, R.R. (1978). High pressure lig-
uid chromatographic analysis of tyramine, phe-
nylethyla- mine and tryptamine in sausage, cheese and
chocolate. Journal of Food Science, 43, 1245-1247.

Ladero, V., Canedo, E., Perez, M., Martin, M.C., Fernandez,
M., Alverez, M.A. (2012). Multiplex qPCR for the de-
tection and quantification of putrescine-producing lac-
tic acid bacteria in dairy products. Food Control, 27,
307-313.

Leuschner, R.G.K., Kurihara, R., Hammes, W.P. (1999).
Formation of biogenic amines by proteolytic entero-
cocci during cheese ripening. Journal of Science Food
and Agriculture, 79, 1141-1144,

Linares, D.M., del Rio, B., Ladero, V., Redruello, B., Mar-
tin, M.C., Fernandez, M., Alvarez, M. A. (2013). The
putrescine biosynthesis pathway in Lactococcus lactis
is transcriptionally regulated by carbon catabolic re-
pression, mediated by CcpA. International Journal of
Food Microbiology, 165, 43-50.

doi.or

10.3153/FH19003

Medeiros, B.G.S., Souza, M.P., Pinheiro, A.C., Bourbon,
A.L, Cerqueira, M.A., Anténio A. Vicente, A.A., Car-
neiro-da-Cunha, M.G. (2014). Physical Characterisa-
tion of an Alginate/Lysozyme Nano-Laminate Coating
and Its Evaluation on ‘Coalho’ Cheese Shelf Life. Food
Bioprocess Technology, 7, 1088-1098.

McSweeney, P.L.H. (2004). Biochemistry of cheese ripen-
ing. International Journal of Dairy Technology, 57,
127-144.

Nout, M.J.R. (1994). Fermented foods and food safety.
Food Research International, 27, 291-298.

Oner, Z., Sagdic, O., Simsek, O. 2004. Lactic acid bacteria
profiles and tyramine and tryptamine contents of Turk-

ish tulum cheeses. Furopen Food Research and Tech-
nology, 219, 455-459.

Pintado, A.LLE., Pinho, O., Ferreira, LM.P.L.V.O., Pintado,
M.M.E., Gomes, A.M.P., Malcata, F.X. (2008). Micro-
biological, biochemical and biogenic amine profiles of
Terrincho cheese manufactured in several dairy farms.
International of Dairy Journal, 18, 631-640.

Roig-Sagues, A.X., Molina, A.P., Hernandez-Herrero,
M.M. (2002). Histamine and tyramine-forming micro-
organisms in Spanish traditional cheeses. Europen
Food Research and Technology, 215, 96-100.

Ruiz-Capillas, C., Moral, A. (2001). Production of biogenic
amines and their potential use as quality control indices
for hake (Merluccius merluccius, L.) stored in ice.
Journal of Food Science, 66, 1030-1032.

Sert, D., Ayar, A., Akin, N. (2007). The Effects of Starter
Culture on Chemical Composition, Microbiological
and Sensory Characteristics of Turkish Kasar Cheese
during Ripening. Internet Journal of Food Safety, 9, 7-
13.

Schirone, M., Tofalo, R., Mazzone, G., Corsetti, A., Suzzi,
G. (2011). Biogenic amine content and microbiological

profile of Pecorino di Farindola cheese. Food Microbi-
ology, 28, 128-136.

Shalaby, A.R. (1996). Significance of biogenic amines to
food safety and human health. Food Research Interna-
tional, 29, 675-690.


https://doi.org/10.3153/FH19003

Food and Health, 5(1), 19-29 (2019) e

https:

Silla-Santos, M.H. (1996). Biogenic amines: their im-
portance in foods. International Journal of Food Mi-
crobiolology, 29, 213-231.

Silvana, V.M., Glhia, A. (1998). Biogenic amines in Brazil-
ian cheeses. Food Chemistry, 63, 343-348.

Spizzirri, U.G., Restuccia, D., Curcio, M., Parisi, O.1,
Iemma, F., Picci, N. (2013). Determination of biogenic
amines in different cheese samples by LC with evapo-
rative light scattering detector. Journal of Food Com-
position and Analysis, 29, 43-51.

Stratton, J.E., Hutkins, R.W., Summer, S.S., Taylor, S.L.
(1992). Histamine and histamine-producing bacteria in
retail Swiss and low-salt cheeses. Journ! of Food Pro-
tection, 55, 435-439.

Suzzi, G., Schirone, M., Martuscelli, M., Gatti, M., For-
nasari, M.E., Neviani, E. (2003). Yeasts associated
with Manteca. FEMS Yeasts Research, 3, 159-166.

doi.or

10.3153/FH19003

Sahin-Ercan, S., Bozkurt, H., Soysal, C. (2013). Signifi-
cance of Biogenic Amines in Foods and Their Reduc-
tion Methods. Journal of Food Science and Engineer-
ing, 3, 395-410.

Turkish Standards, (TS) (1999). Kashar cheese, No. 3272.
The Institute of Turkish Standards, Ankara.

Ucgiincii, M. (2004). Milk Technology. 1. Part, Milk Com-
position and Technology. Ege Universitesi Basimevi,
Bornova, Pzmir, Tiirkey.

Vale, S. & Gloria, M.B.A. (1998). Biogenic amines in Bra-
zilian cheeses. Food Chemistry, 63, 343-348.

Wu, W.H., Rule, D.C., Busboom, J.R., Field, R.A., Ray, B.
(1991). Starter culture and time/temperature of storage
influences on quality of fermented mutton sausage.
Journal of Food Science, 56, 916-919.

29


https://doi.org/10.3153/FH19003

iy

R
S/, oot

Research Article

E-ISSN: 2602-2834

LINOLEIK ASIDIN SAFLASTIRILMASINDA DUSUK SICAKLIK
KRISTALIZASYON YONTEMININ ETKINLIGI

Hakan Erin¢'”', 1. Hakki Isler'”', Fatma Salur

Cite this article as:

Ering, H., Isler, I.H., Salur, F. (2019). Linoleik Asidin Saflastirilmasinda Diisiik Sicaklik Kristalizasyon Yénteminin Etkinligi. Food and Health, 5(1), 30-

38. https://doi.org/10.3153/FH19004

Nigde Omer Halisdemir Universitesi,
Miihendislik Fakiiltesi, Gida
Miihendisligi Boliimii, 51240 Nigde,
Tiirkiye

Submitted: 23.01.2018
Accepted: 30.03.2018

Published online: 14.08.2018

Correspondence:
Hakan ERINC
E-mail: herinc@ohu.edu.tr

©Copyright 2019 by ScientificWebJournals

Available online at
http://jfhs.scientificwebjournals.com

(074

Bu ¢aligmada linoleik asidin saflagtirilmas1 amaciyla diisiik sicaklik kristalizasyon yonteminde farkli
¢oziiciilerin ve sicakliklarin etkinligi aragtirilmigtir. Bu amagla aspir yagi sabunlastirildiktan sonra
asitlendirilerek serbest yag asitleri elde edilmis, farkli ¢oziiciiler (petrol eter, izooktan, hekzan, ase-
ton, izopropil alkol, metanol ve etanol) ve farkl sicaklik degerleri (-40, -55 ve -70°C) kullanilarak
linoleik asidin saflastirilmasi gergeklestirilmistir. Yapilan ¢aligma sonucunda, -70°C’de kristalles-
meyen fazin ¢dziicii olarak aseton kullanimi ile %98.17 £1.91 ve hekzan kullanimi ile %92.61 £1.63
saflikta linoleik asit igerdigi belirlenmistir. Hekzan kullanimi ile verim %63.99 £1.19 iken aseton
kullaniminda bu oran %47.60 £1.38 olarak belirlenmistir. Diger ¢oziiciilerin ise aspir yagindan dii-
stik sicaklik kristalizasyon yontemi ile linoleik asidin saflastirilmasinda ¢ok fazla etkin olmadigi
belirlenmistir.

Anahtar Kelime: Linoleik asit, Saflastirma, Coziicii, Diisiik sicaklik kristalizasyon
ABSTRACT

EFFECTIVENESS OF LOW TEMPERATURE CRYSTALLIZATION METHOD FOR
PURIFICATION OF LINOLEIC ACID

In this study, the efficiency of different solvents and temperatures was investigated in the low tem-
perature crystallization method in order to purify linoleic acid. For this purpose, the safflower oil
was saponified and then acidified to produce free fatty acids (FFA) solution. Purification of linoleic
acids from FFA solution has been carried out by low temperature crystallization method. FFA solu-
tion in different solvents (petroleum ether, isooctane, hexane, acetone, isopropyl alcohol, methanol
and ethanol) were crystallized at several temperatures (-40, -55 and -70°C). As a result of this study,
it was determined that liquid phase contained 97.1 £1.91 % linoleic acid using acetone and 92.61
+1.63 % using hexane at -70°C. The yield was 63.99 £1.19 % and 47.60 +1.38 % with using hexane
and acetone, respectively. Other solvents were not found to be very effective for the purification of
linoleic acid by low temperature crystallization of safflower oil.

Keywords: Linoleic acid, Purification, Solvent, Low temperature crystallization
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Giris

Linoleik asit (LA) olarak adlandirilan 9,12 oktadekadienoik
asit viicutta sentez edilememesinden dolay1 insanlar igin
esansiyel yag asitlerinden ve omega-6 (m-6) yag asidi olarak
smiflandirilir. LA, misir yagi, aspir yagi, pamuk yagi ve
benzeri tohum yaglarinda bol miktarda bulunmaktadir.
LA’dan karbon zincirinin uzamasi ve ¢ift bag sayisinin art-
mas1 sonucu bir diger esansiyel yag asidi olan arasidonik
asit meydana gelmektedir (Watkins, 1991). Diger taraftan
LA anti-kanserojen ve anti-obezite etkileri kanitlanmig olan
(Viladomiua vd., 2016; Fernie vd., 2003; Riserus vd., 2001)
yine bir yag asidi olan konjiige linoleik asit {iretiminde bas-
langi¢ maddesi olarak kullanilmaktadir.

Omega yag asitlerinin bagisiklik sisteminin giiglenmesi, be-
yin gelisimi, koroner kalp hastaliklarinin 6nlenmesi gibi
fonksiyonel 6zellikleri vardir. Bu yag asitlerinin yetersizlik-
lerinde artritis, bazi1 deri hastaliklari, astim, biiylimede geri-
leme ve 6grenme eksikligi goriilmektedir (Lewis vd., 2000).
Ayrica bu yag asitleri dogal kan inceltici olup, kalp krizine
yol acabilen kan pihtilasmasini onleyebildigi bildirilmekte-
dir. Bu yag asitleri barsak sistemi boyunca uzanan hiicrele-
rin yapisim etkiledigi, besinlerin daha iyi ve alerjenlerin
daha az emilimini sagladigi belirlenmistir. Ayrica esansiyel
yag asitlerinin hayvanlarda kanser hiicrelerini bloke ettigi
bir¢ok arastirma sonucunda belirlenmistir (Leaf & Weber,
1988).

Son yillarda gida artiklarinin degerlendirilmesi neredeyse
gidalarin Giretiminden daha 6nemli bir duruma gelmistir. Ar-
tiklarin degerlendirilmesi ile hem gida sanayine hem de iilke
ekonomisine onemli katkilar saglanabilmistir. Ozellikle
yaglarin kimyasal rafinasyonu esnasinda serbest yag asitle-
rinin giderilmesi (noétralizasyon) asamasinda ham maddeye
bagli olarak yag asitlerinden olusan sabun elde edilmektedir.
Ayrica yag sanayi artiklarindan bir digeri olan kiispe yakla-
sik olarak %?2-5 oraninda yag igermektedir. Bu 6rneklere di-
ger gida iirlinleri sanayinden de 6rnekler vermek miimkiin-
diir.

Gida sanayi artiklariin énemli bir kismi1 hayvan yemi ola-
rak degerlendirilir. Oysaki bu artiklardan uygun yontemler
kullanilarak yag elde edilebilir ve bu yaglardan da saflas-
tirma yoluyla serbest yag asitlerinin eldesi ile gida sanayine
daha degerli yan triinler tiretilebilir. Gida endiistrisinde ilgi
konusu bir iiriin olan yag asitlerinin tiretiminde diisiik sicak-
likta kristallestirme (fraksiyone kristalizasyon) yontemi kul-
lanilmaktadir. Bu islem yiiksek erime noktali bilesiklerin so-
gutma islemi ile katilagtirilmasi yoluyla gergeklestirilir
(Gunstone vd., 2012).

Serbest yag asitlerinin erime sicakliklar1 yapisal 6zellikle-
rine bagl olarak birbirlerinden farklidir (Gunstone vd.,
2012; Akoh, 2005). Bu nedenle, diisiik sicakliklarda, yiiksek
erime noktasina sahip yag asitleri (doymus yag asitleri) kris-
tallesir ve diisiik derecede erime noktasi olan yag asitleri
(coklu doymamus yag asitleri) sivi fazda kalirlar (Wanasun-
dara vd., 2005). Birkag fraksiyonel kristalizasyon ¢esidi ara-
sinda, ¢oziicii fraksiyone kristalizasyon en sik kullanilan
yontemdir (Cunha vd., 2009; Haraldsson, 1983). Coziiciile-
rin bireysel kristal olusumunu tesvik ettigi (Lee & Foglia,
2001) ve kristallerin verimini ve safligim arttirdig bildiril-
mektedir (Gunstone vd., 2012).

Coziicti kullanilarak gerceklestirilen kristallesmeyi kontrol
eden baslica degiskenler sunlardir: (i) yag bilesimi, (ii) kris-
tallesme sicakligi, (iii) yagdaki bilesenlerin cesitliligi (¢6-
ziicii polaritesinden etkilenir), (iv) yag: ¢oziicli oran1 ve (V)
sogutma orani1 (Lopez-Martinez vd., 2004). Yag bilesimi,
yalnizca doymamigligin derecesine (doymus, ¢oklu doyma-
mis, tekli doymamis) degil ayn1 zamanda lipitlerin sinifina,
yani triagilgliserol, serbest yag asidi ya da ester olmasi du-
rumuna baglidir. Aspir yaginda bulunan yag asitleri ¢esitli-
ligi triagilgliserollerin heterojen bir bilesimine neden olur.
Dolayisiyla, triagilgliserollerin hidrolize edilmesi ya da es-
terlestirilmesi, fiziksel olarak daha kolay ayrilabilen serbest
yag asitleri ya da yag asitleri metil/etil esterlerin iiretilmesi
icin tercih edilir (Lembke, 2013). Vazquez & Akoh (2011),
stearidonik asit (C18: 4 ®-3) eldesi i¢in serbest yag asitleri-
nin kullaniminin, esterlerin kullanimindan daha etkili oldu-
gunu belirtmislerdir. Kristalizasyon sicaklig ile ilgili olarak
sicakligin diismesi ile s1vi fraksiyonda ¢oklu doymamis yag
asidi konsantrasyonunun ylikseldigini gosteren bir¢ok ca-
lisma yapilmistir (Rubio-Rodriguez vd., 2010; Shahidi &
Wanasundara, 1998; Wanasundara, 1996).

Bazi arastirmacilar (Lopez-Martinez vd., 2004; Vazquez &
Akoh, 2011; Wanasundara, 1996) yag asitlerinin saflastiril-
masinda organik c¢dziiciilerin (hekzan, aseton, dietil eter
veya izobutanoliin) etkinligini incelemislerdir. Vazquez &
Akoh (2011) ayn1 zamanda hekzan ve aseton karigimlarini
kullanmislar ve yiiksek konsantrasyonlara yalnizca hekzan
kullanarak ulasildigmi bildirmislerdir. Ote yandan ¢éziicii:
yag orani ne kadar diisiik olursa s1vi fazda diisiik erime nok-
tasma sahip fraksiyonun safliginin ve veriminin daha yiik-
sek oldugu bildirilmistir (Lopez-Martinez vd., 2004;
Vazquez & Akoh 2011). Bununla birlikte yiiksek miktarda
organik ¢oziicli kullanimi1 ekonomik bir dezavantaja sahip-
tir. Dolayisiyla rafine yagin se¢imi: ¢dziicii orani, sabit ma-
liyeti ve istenen ¢oklu doymamis yag asidi zenginlestirme-
sini dengeleyerek yapilmalidir. Coklu doymamis yag asidi
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konsantresi iiretimi {lizerinde c¢esitli degiskenlerin etkisini
aragtirmak amaciyla birgok ¢alisma yapilmistir. Bu ¢aligsma-
larin birinde ¢oziicii ile serbest yag asitleri arasindaki pola-
rite farkin diisiik sicaklik kristalizasyon islemi sirasinda ¢ok
onemli oldugunu bildirmislerdir (Vazquez & Akoh, 2011).
Bu nedenle, sunulan bu ¢aligmada -6 yag asidi olarak bili-
nen LA’nin saflagtirilmasi amaciyla diisiik sicaklik kristali-
zasyon yonteminde farkli polariteye sahip ¢oziiciilerin ve
farkli sicakliklarin etkinligi arastirilmstir.

Materyal ve Metot

Calisma kapsaminda kullanilan aspir yag1 yerel bir market-
ten, 37 FAME (C4-C»4) karigimi Supelco'dan (Bellefonte,
PA, ABD) temin edilmistir. Tiim ¢6ziiciiler ve kimyasallar
kromatografik saflikta kullanilmistir.

Aspir Yaguin Hidrolizi

Yag asitlerinin hidrolize edilmesinde Gunstone vd. (1976)
tarafindan belirtilen yontem modifiye edildikten sonra kul-
lanilmistir. Bu amagla 500 g aspir yagi 115 g potasyum hid-
roksit (400 mL etanolde) ve 125 mL saf su ile karistirilmig
ve 1 saat geri sogutucu altinda mantolu 1sitictda (MTops
MS-E104) kaynatilarak sabunlagtirilmistir. 1 saat sonunda
sogutma islemi i¢in igerisine 0,5 L buz eklenmis, daha sonra
iizerine 600 mL siilfiirik asit (4 M) eklenerek pH 2-3 arali-
gina diistiriilmiis ve ayirma hunisine alinip faz ayrimi sag-
lanmistir. Faz ayrimindan sonra eter (2x100 mL) kullanila-
rak ekstraksiyon yapilmis olup ekstraksiyon isleminden
sonra eter vakum altinda rotary evaporatdrde (Heidolph
Hei-vap) ucurulup yine vakum altinda 50°C’de 5 saat daha
kalint1 eterin ugmasi saglanmistir. Bu sayede serbest yag
asitleri elde edilmistir.

Diistik Sicaklik Kristalizasyon Yontemi ile Yag Asitlerinin
Saflastiriimast

Bu asamada, Frankel vd. (1943) tarafindan belirtilen yontem
modifiye edilerek kullanilmis olup bu amagla hidrolize edil-
mis yag asitleri karisim farkli polariteye sahip ¢oziiciiler
(petrol eter, izooktan, hekzan, aseton, izopropil alkol, meta-
nol ve etanol) iginde ¢oziindiiriildiikten (50 g/L) sonra -40,
-55 ve -70°C’deki derin dondurucuda ¢ok yavas sekilde ka-
ristirtlarak (24 saat) doymus yag asitlerinin kristallesmesi
saglanmigtir. Daha sonra kaba filtreden siiziilerek elde edi-
len kat1 ve s1v1 fazlar birbirlerinden ayrilmistir. Bdylece -40,
-55 ve -70°C’de kristallesen ve kristallesmeyen yag asitleri
olmak iizere toplam 14 adet {irtin elde edilmistir. Tiim bu
islemler iki paralel olacak sekilde yiiriitiilmiistiir.

Yag Asitlerinin Transesterifikasyonu ile Metil Esteri Eldesi

Christie (1989) tarafindan bildirilen ve Kim & Liu (1999)
tarafindan degistirilen yag asitlerinin asidik ortamda tran-
sesterifikasyon yontemi modifiye edilerek serbest yag asit-
lerinin metil esterleri olusturmustur. Bu amagla 2 mg 6rnek
tizerine 0,125 mL %]1°lik siilfiirik asit (metanolde hazirlan-
mig) ilave edilmis ve 70°C’de 2 saat bekletilmistir. Daha
sonra lizerine %5’lik sodyum kloriir ¢6zeltisinden 0,150 mL
ilave edilmis ve 70°C’de 10 dk daha bekletildikten sonra
ayirma hunisinde 15 mL hekzan ile 2 kez ekstraksiyon ya-
pilmistir. Hekzan faz1 {izerine %4’liik 0,125 mL potasyum
bikarbonat ilave edilip sodyum siilfat varliginda filtre edile-
rek yag asitlerinin metil esterleri elde edilmistir.

Yag Asitlerinin Miktar ve Izomer Analizi

Hidrolize aspir yaginin ve diisiik sicaklik kristalizasyonunda
elde edilen iiriinlerin metil esterleri elde edildikten sonra gaz
kromatografi (Shimadzu GC-2010) cihazinda DB-23 kapi-
ler kolon (60 m uzunluk x 0,25mm i¢ ¢ap, 0,25 pm film ka-
linlig1) kullanilarak yag asidi bilesimleri belirlenmistir. Ko-
lon firini, enjeksiyon blogu ve dedektdr (Alev iyonlagtirmali
dedektor) sicakliklar sirasiyla 190, 230 and 240 °C olarak
belirlenmistir. Split oran1 80:1 olup tastyic1 gaz olarak 1,0
mL/dk akig hizinda helyum kullanilmistir.

Istatistiksel Analiz

Calisma kapsaminda elde edilen verilerin istatistiksel deger-
lendirilmesinde SPSS (SPSS Inc., Chicago, IL) paket prog-
rami1 kullanilmis olup ANOVA analizi uygulanmustir.

Bulgular ve Tartisma

Eksi 40°C’de gerceklestirilen kristalizasyon igleminin so-
nuglar1 Tablo 1’de sunulmustur. Tablodan da goriildiigi
tizere ¢Oziicii olarak petrol eter kullanildiginda -40°C’de yag
asitlerinin ~ %15.24 £0.76’smin  katilagtigi, %=84.76
+1.23’{iniin katilagmadig1 gozlenmistir. Katilagsan yag asit-
lerinin ise diger ¢oziiciilere oranla daha yiiksek oranda pal-
mitik asit (%40.53 £2.03), stearik asit (%15.73 £0,78) ve
arasidik asit (%2.02 £0.10) igerdigi belirlenmistir. Ayrica
katilasmayan yag asitlerinin %76.05 +1.83 oraninda LA’dan
olustugu gozlenmistir.

Petrol eter ile benzer polariteye sahip olan izooktan ve hek-
zan kullaniminda da polaritesi yiiksek ¢oziicililere oranla
-40°C’de katilagmanin daha az oldugu (%22.96 +1.14 ve
%30.61 £0.53) belirlenmistir. Hekzanin ¢dziicii olarak kul-
laniminda -40°C’de katilasan fazin digerlerine oranla yiik-
sek miktarda oleik asit (%57.07 +£1.85) icerdigi, katilasma-
yan fazin ise %69.39 +1.47 verimle %90.74 £1.53 LA ige-
rigine sahip oldugu goriilmektedir. Izooktan kullaniminda
ise katilasmayan fazin ise %77.04 +1.85 verimle %84.23
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+1.21 LA igerigine sahip oldugu belirlenmistir. Diger taraf-
tan petrol eter, izooktan ve hekzan’dan daha yiiksek oranda
polariteye sahip olan aseton kullanimimda %59.33 +1.96 ve-
rimle %90.37 £1.51 saflikta LA eldesi saglanabilmistir
(Tablo 1).

Eksi 40°C’de yag asitlerinin en fazla katilasma gosterdigi
¢oziicli metanol olarak belirlenmis olup, %51.18 +1.55 ora-
ninda kristal olusumu gézlenmistir. Katilasan bu yag asitle-
rinin yiiksek oranda (%60.30 +£1.01) LA icerdigi belirlen-
mistir. Benzer sekilde etanol kullaniminda da yiiksek oranda
(%58.99 £1.94) LA igeren yag asitlerinin %47.43 +£1.37 ve-
rimle katilagtig1 belirlenmistir. Etanol ve metanole benzer
sekilde yiiksek polariteye sahip izopropil alkol kullaniminda
da yag asitlerinin neredeyse yarisinin kristallestigi ve yiik-
sek oranda (%52.41 £1.62) LA icerdigi belirlenmistir
(Tablo 1).

Tablo 2’den goriildiigii tizere ¢oziicii olarak petrol eter kul-
lanildiginda -55°C’de yag asitlerinin %19.92 £0.99, izook-
tan kullanildiginda ise %28.81 +1.44 oraninda katilagtigi
gozlenmistir. Katilagan yag asitlerinin ise diger ¢oziiciilere
oranla daha yiiksek oranda doymus yag asitlerini icerdigi
belirlenmistir. Ayrica katilasmayan yag asitlerinin sirasiyla
%76.80 +1.84 ve %83.28 +1.16 oraninda LA’dan olustugu
gbzlenmistir. Bu ¢oziiciilerle benzer polariteye sahip olan
hekzan kullaniminda da polaritesi yiiksek ¢oziiciilere oranla
-55°C’de katilagmanin az oldugu (%33.33 +0.66) ve katilas-
mayan fazin %66.67 +1.33 verimle %91.14 +£1.55 LA igeri-
gine sahip oldugu goriilmektedir. Polaritesi nispeten yiiksek
olan aseton kullaniminda ise %54.53 £1.72 verimle %92.44
+1.62 saflikta LA eldesi saglanabilmistir. Bu sicaklikta en
fazla katilagma gosteren ¢oziicii metanol olarak belirlenmis
olup -55°C’de yag asitlerinin %61,76+1,08 oraninda kristal-
lestigi gozlenmistir. Katilasan bu yag asitlerinin yiiksek
oranda (%61.42 +1.07) LA igerdigi, benzer sekilde etanol
kullaniminda da yiiksek oranda (%61.21 £1.06) LA igeren
yag asitlerinin %60.75 £1.03 verimle katilagtig1 belirlenmis-
tir. Etanol ve metanole benzer sekilde yiiksek polariteye sa-
hip izopropil alkol kullamiminda da yag asitlerinin nere-
deyse yarisinin kristallestigi ve %56.40 +1.82 oraninda LA
icerdigi gozlenmistir. Bu sicaklikta gerceklestirilen kristali-
zasyon isleminde arasidik asidin tiim ¢oziiciilerde kristalles-
tigi, palmitik ve stearik asidin ise petrol eter, izooktan, hek-
zan ve aseton kullaniminda kristal olugturdugu belirlenmis-
tir (Tablo 2).

Diger sicakliklarda oldugu sekilde -70°C’de en fazla krista-
lizasyon ¢oziicii olarak polarite indeksi diger ¢oziiciilere
oranla daha yiiksek olan metanol (%63.38 +2.27) ve etanol
(%62.94 £2.65) kullaniminda gerceklesirken en diisiik kris-
talizasyon ise polarite indeksi diisiik olan petrol eter

(%24.59 +0.83), izooktan (%31.49 £1.07) ve hekzan
(%36.01 +£0.80) kullanimu ile gergeklesmistir. Kristallesme-
yen s1vi fazin ise en yiiksek LA igerigi ¢oziicii olarak aseton
kullanimi ile ger¢eklesmis olup saflik degeri %98.17 +1.91
olarak belirlenmistir. Yiiksek polariteye sahip olan izopropil
alkol, etanol ve metanol kullaniminda ise sirasiyla %80.95
+1.07, %79.34 +£1.86 ve %80.30 +1.22 saflik degerlerinde
ancak diisik verimde (%41.19 £1.06, %36.62 +0.73 ve
%37.06 £0.85) LA eldesi saglanmigtir. Kullanilan ¢oziicii-
lerin polaritesinin 6zellikle doymus yag asitlerinin kristali-
zasyonundan dnemli bir etken oldugu, polarite farkinin art-
mastyla kristalize olan yag asitleri miktarinin arttig1 belir-
lenmistir. Nitekim Vazquez & Akoh (2011) ¢oziicii ile ser-
best yag asitleri arasindaki polarite farkinin diisiik sicaklik
kristalizasyon iglemi sirasinda ¢ok onemli oldugunu, ¢ok
diisiik polariteli bir ¢oziicii kullanimi ile doymus yag asitle-
rinin s1v1 fraksiyonda ¢oziiniirligiiniin azaldigini ve islemin
seciciliginin arttigim1  bildirmislerdir. Diger taraftan
-70°C’de gergeklestirilen kristalizasyon igsleminde doymus
yag asitlerinin tamami kristallesmis olup sivi fazda tespit
edilememistir (Tablo 3). Bu durum diisiik sicaklik kristali-
zasyon isleminde sicakligin en 6nemli etkenlerden oldu-
gunu ortaya koymaktadir (P <0.05).

Calisma kapsaminda elde edilen veriler iizerinden yapilan
istatistiksel degerlendirme sonucunda, ¢6ziicii olarak kulla-
nilan kimyasallarin polarite indeks degerlerinin ve diigiik si-
caklik kristalizasyon isleminde kullanilan sicaklik degerle-
rinin istatistiksel olarak P <0.05 diizeyinde 6nemli oldugu
belirlenmistir.

Literatiirde bulunan bir aragtirma sonucunda iire kristalizas-
yon yontemi ile aygigek yagindan %87.80 oraninda LA ige-
ren iriin elde edilebilecegi belirlenmistir (Wu vd., 2008).
%76.4 LA igeren aspir yagi kullanilarak iire kristalizasyon
yontemi ile LA eldesi saglanan bir diger caligmada ise
%95’in lizerinde saflik degerine sahip tiirlin elde edilebildigi
gbzlenmis olup LA konsantrasyonu yaklasik olarak %25
oraninda artirilmistir (Ma vd., 1999). 1937°de yapilan bir
arastirmada ise pamuk yagindan % 85’in iizerinde saflik de-
gerine sahip LA’ nin, diisiik sicaklik kristalizasyon yontemi
ile ¢oziicii olarak aseton ve -60°C sicakliga maruz birakil-
masi ile elde edildigi bildirilmistir (Brown & Stoner, 1937).
Sunulan bu g¢alisma sonuglarindan goriildiigii tizere diisiik
sicaklik kristalizasyon yontemi ile aspir yagindan elde edi-
len yag asitlerinin LA igerigi yaklasik olarak %40-45 ora-
ninda artirilarak %67,30 LA iceren aspir yagindan onceki
caligmalara oranla daha yiiksek saflikta (%98) LA igeren bir
iriin yaklasik %47 verimle elde edilmistir.
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Tablo 1. Eksi 40°C’de gergeklestirilen kristalizasyon sonuglart
Table 1. Crystallization results at -40 °C

Palmitik

Stearik

Oleik

Linoleik

Linolenik

Arasidik

Polarite ‘;’j ajzlizr; Asit (%) Asit (%) Asit (%) Asit (%) Asit (%) Asit (%) V(‘f;‘)m
indeksi ty Palmitic Acid Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid Arachidic Acid Yieol d
Coziicii Polarity Aspir Yagi
o Inder Safffower O 6.30+£0.15 2412022 23.54+1.12 67.30+1.25 0.1220.01 0.3340.01
Kati faz 40.53£2.03  15.73+0.78  26.39+1.32 15.29+0.76 0.05+0.00 2.02£0.10  15.24+0.76
Petrol eter 0.01 Solid phase
Petroleum ether Sivifaz 0.15+0.01 0.01£0.00  23.03+1.15 76.05+1.83 0.13+0.07 0.03£0.00  84.76+1.23
Liquid phase
. Kat faz 2739+137 10464053  50.38+1.51 10.49+0.52 0.03+0.00 1.2540.06  22.96+1.14
Izooktan 0.01 Solid phase
Isooctane Sivifaz 0.02+0.00 0.0120.00  15.54+0.77 84.23+1.21 0.15+0.00 0.06£0.00  77.04+1.85
Liquid phase
Kati faz 20.22+1.01 7504037  57.07+1.85 14.15+0.70 0.03+0.00 1.03£0.05  30.61£0.53
Hekzan 0.01 Solid phase
Hexane Swvifaz 0.16+0.01 0.17+0.01  8.75+0.43 90.74+1.53 0.16+0.01 0.02+0.00  69.39+1.47
Liquid phase
Kati faz 15.31+0.77 5844029  44.41+122 33.64+1.68 0.02+0.01 0.77£0.03  40.67+1.03
Aseton 355 Solid phase
Acetone Sivifaz 0.12+0.01 0.06£0.00  9.23+0.46 90.37+1.51 0.19+0.01 0.0120.00  59.33+1.96
Liquid phase
. , Kati faz 15.34+0.77 549027  26.69+1.33 52.41+1.62 0.010.00 0.01£0.00  48.36+1.01
Izopropil alkol 546 Solid phase
Isopropyl alcohol Sivifaz 0.18+0.01 033£0.01  21.41+1.07 77.38+1.86 0.19+0.01 0.5120.02  51.64+1.98
Liquid phase
Kati faz 13.04+0.65 4.49+022  22.73+1.13 58.99+1.94 0.10+0.01 0.65£0.03  47.43+137
Etanol 6.54 Solid phase
Ethanol Sivifaz 0224001  0.53+0.027 24.27+121 74.80+1.74 0.14+0.00 0.04£0.00  52.57+1.62
Liquid phase
Kati faz 12.10+0.61 463023  22.30+1.11 60.30+1.01 0.04+0.00 0.63£0.03  51.18+1.55
Metanol 762 Solid phase
Methanol Sivifaz 0.22+0.01 0.09£0.00  24.84+1.24 74.64+1.73 0.21£0.01 0.01£0.00  48.82+1.44
Liquid phase

TE, tespit edilemedi, Not detected
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Tablo 2. Eksi 55°C’de gerceklestirilen kristalizasyon sonuglari

Table 1. Crystallization results at -55 °C

Yas asitleri Palmitik Stearik Oleik Linoleik Linolenik Arasidik Veri
Polarite oo o0 ASit(%)  Asit(%)  Asit(%)  Asit(%)  Asit(%) Asit (%) %y
indeksi y Palmitic Acid  Stearic Acid Oleic Acid Linoleic Acid Linolenic Acid Arachidic Acid }(’ieolz:’
Coziicii Polarity Aspir Yag:
ooy Index Safffower Ol 6.30+£0.15 2412022  23.54+1.12 67.30+1.25 0.1240.01 0.33+0.01
Kati faz 31504157  12.07+0.60  25.64+1.28 29.10+1.45 0.15+0.01 1.55£0.07  19.920.99
Petrol eter 0.01 Solid phase
Petroleum cther Sivifaz TE TE  23.02+1.15 76.80+1.84 0.110.00 TE  80.08+1.00
Liquid phase
. Kati faz 21.86+1.09 836£0.41  40.87+1.04 27.82+1.39 0.03+0.00 1.06£0.05  28.81+1.44
Izooktan 0.01 Solid phase
Isooctane Sivifaz TE TE  16.53+0.82 83.28+1.16 0.1620.01 TE  71.19+3.56
Liquid phase
Kati faz 18.62::0.93 6.91£036  53.85+1.69 19.62+0.98 0.03+0.00 0.97+0.04  33.33+0.66
Hekzan 0.01 Solid phase
Hexane Sivi faz TE TE  8.39+0.41 91.14+1.55 0.16+0.01 TE  66.67+1.33
Liquid phase
Kati faz 13.78+0.69 530£026  43.00£1.15 37.15+1.85 0.07+0.00 0.70£0.03  45.47+127
Aseton 355 Solid phase
Acetone Swvifaz TE TE 731036 92.44+1.62 0.16:0.01 TE  54.53+1.72
Liquid phase
. , Kati faz 12.48+0.62 4584022  26.43+1.32 56.40+1.82 0.0240.00 0.61£0.04  50.28+1.51
Izopropil alkol 546 Solid phase
Isopropyl alcohol Sivifaz 0.05+0.00 0212001  20.62+1.03 78.3241.91 0.22+0.01 TE  49.72+1.48
Liquid phase
Kati faz 10.29+0.51 3.65+0.18  24.22+121 61.21+1.06 0.09+0.00 0.54+0.02  60.75+1.03
Etanol 6.54 Solid phase
Ethanol St faz 0.13+0.00 0.48+0.02  22.48+1.12 76.73+1.83 0.17+0.01 TE  39.25+0.96
Liquid phase
Katr faz 10.20+0.51 3.89+0.19  23.92+1.19 61.42+1.07 0.04+0.00 0.5320.02  61.76+1.08
Metanol 762 Solid phase
Methanol Sivifaz 0.110.00 0.03£0.00  22.92+1.14 76.79+1.84 0.25+0.01 TE 38240091
Liquid phase

TE, tespit edilemedi, Not detected
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Tablo 3. Eksi 70°C’de gergeklestirilen kristalizasyon sonuglari

Table 1. Crystallization results at -70 °C

Yas asitleri Palmitik Stearik Oleik Linoleik Linolenik Arasidik Veri
Polarite ooyl ASit(%)  Asit(%)  Asit(%)  Asit (%) Asit (%) Asit (%) erim
indeksi 4 Palmitic Acid  Stearic Acid  Oleic Acid  Linoleic Acid Linolenic Acid  Arachidic Acid 1(/1';1211
Coziicii Polarity  Aspir Yag
oo Index. Safflower O 6.30£0.15  2.41£022 23.54+1.12  67.30+1.25 0.12+0.01 0.33+0.01
Kati faz 25.62+1.28  9.78+0.49 30.46£1.52  32.65+1.63 0.22+0.01 0.84+0.00 24.59+0.83
Petrol eter 001 Solid phase
Petroleum cther St faz TE TE 2128:1.06  78.60+1.93 0.09+0.01 TE 75414177
Liquid phase
. Kati faz 15.1740.79  5.812029 35.01£1.75  42.66=1.13 0.04+0.00 0.79+0.04 31.49+1.07
Izooktan 001 Solid phase
Isooctane i TE TE 1641077  82.77+1.24 0.18+0.01 TE 68.51+2.92
Liquid phase
Kati faz 17.46+0.87  6.69+0.34 51.99+1.60  22.33+1.11 0.03+0.00 0.91£0.05 36.01:£0.80
Hekzan 001 Solid phase
Hexane Syt faz TE TE  7.53+037  92.61+1.63 0.17+0.01 TE  63.99+1.19
Liquid phase
Kati faz 12.0140.61  4.60+023 4291+1.15  39.26£0.96 0.09+0.01 0.61£0.03  52.40+1.62
Aseton 355 Solid phase
Acetone Sivifaz TE TE  1.78+0.11  98.17+1.91 0.16:0.01 TE 47.60+1.38
Liquid phase
. , Kati faz 10.69+0.55  4.05£020 27.39+137  57.74+1.88 0.02+0.00 0.57£0.01 58.81+1.94
Izopropil alkol 5 46 Solid phase
Isopropyl alcohol i TE TE 18.04£0.90  80.95+1.07 0.26+0.01 TE  41.19+1.06
Liquid phase
Kati faz 9.63£0.48  3.68£0.18 23.75+1.18  60.98+1.09 0.09+0.00 0.49+0.02  63.3842.27
Etanol 6.54 Solid phase
Ethanol Syt faz TE TE 23.15+1.15  79.34+1.86 0.18+0.01 TE  36.62+0.73
Liquid phase
Kati faz 8.64+0.43  3.29+0.16 26.15£1.31  60.99+1.05 0.04+0.00 0.45+0.02  62.94+2.65
Metanol 762 Solid phase
Methanol St faz TE TE 19.49+0.82  80.30+1.22 0.31£0.02 TE 37.06:0.85
Liquid phase

TE, tespit edilemedi, Not detected
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Sonug¢

Tiim bu sonuglardan goriildiigii lizere ¢oziicliniin polaritesi-
nin artmasina bagh olarak tiim sicakliklarda kristallesme
daha yiiksek oranlarda gergeklesmekte ve sivi fazin miktar
azalmaktadir. Diger taraftan benzer polariteye sahip ¢ozii-
ciiler (petrol eter, izooktan ve hekzan) kullanilarak farkli ve-
rimlerde ve farkli saflikta LA eldesi saglanmistir. Bu durum
kristalizasyon isleminde ¢oziiciiniin polaritesinin en 6nemli
etken oldugunu gosterse de sadece polarite farkliligr ile
aciklanamamistir. Ancak ¢Oziicliniin polaritesinin artmasi
ile yag asitlerinin ortamda daha az ¢6ziindiigii anlasilmakta-
dir. Bununla birlikte, nispeten yiiksek polariteye sahip olan
aseton ve apolar 6zellikli hekzan kullaniminda yiiksek saf-
likta LA elde edilmistir. Ancak son iiriin verimi aseton kul-
laniminda diisiik, hekzan kullaniminda ise yiiksek bulun-
mustur. Bu durum LA’nin saflastirilmasinda hekzanin ol-
dukea etkin bir ¢oziicii oldugunu gostermektedir. Sunulan
bu c¢alisma sonucunda LA saflastirilmasinda ¢oziicii olarak
hekzan (50 g/L) ve sicaklik olarak -70°C kullaniminin yiik-
sek saflikta ve yiiksek verimde iiriin eldesine uygun oldugu
tespit edilmistir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya
algilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.

Finansal destek: Bu calisma TUBITAK (Proje no: TOVAG
2130129) tarafindan desteklenmistir.
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ABSTRACT

The aim of this study was to determine total phenolic and total flavonoid contents, antioxidant and
anticholinesterase activities of the hexane, acetone and ethanol extracts prepared from mantle, rose-
mary, thistle, mallow and nettle commonly consumed for medicinal and nutraceutical purposes in
Turkey and all around the world. DPPH free radical, ABTS cation radical and superoxide anion
radical scavenging assays, and Ellman method were used to establish the antioxidant and anticholi-
nesterase potential of the extracts, respectively. Total phenolic and total flavonoid contents of the
mantle ethanol extract were found to be the richest extract among the others. Mantle ethanol and
thistle hexane extracts in DPPH free radical scavenging method (88.03% and 88.07%, respectively),
and acetone and ethanol extracts of mantle and rosemary in ABTS cation radical scavenging assay
showed the highest inhibition (88.60% and 89.73%, respectively) at 100 pg/mL concentration. None
of the extracts exhibited superoxide anion radical scavenging activity. Nettle ethanol extract indica-
ted higher butyrylcholinesterase inhibitory activity (92.68%) than galanthamine, mallow acetone
extract as galanthamine, mantle hexane, mallow hexane and ethanol, and nettle acetone extracts
almost as galanthamine. To our knowledge, ABTS cation radical and superoxide anion radical sca-
venging activities, and anticholinesterase potential of the extracts prepared from mantle leaves and
flowers, anticholinesterase effect of thistle seeds extracts, ABTS cation radical scavenging activity
and butyrylcholinesterase inhibitory activity of the extracts prepared from mallow leaves and
flowers were investigated for the first time in this study.

Keywords: Medicinal Plant, Total Phenolic, Total Flavonoid, Antioxidant, Anticholinesterase
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Introduction

Reactive oxygen species (ROS) are intermediates of the res-
piration process, which in excess can damage proteins, li-
pids, and DNA. The harmful effects of ROS cause oxidative
stress. Oxidative stress is generated when the reduction of
ROS is not balanced by the antioxidative defense mecha-
nisms such as radical scavenging enzymes and cellular anti-
oxidants. Oxidative stress has been considered as the cause
of aging and some serious health problems like diabetes
mellitus, cataracts, cancer, neurodegenerative, and cardio-
vascular diseases. Therefore, it has gained attention to find
ways accomplishing the prevention of excess ROS genera-
tion for a healthy biological system (Dudonné et al., 2009;
Bogaetal.,2011). A diet including fruits and vegetables has
been suggested for protection against oxidative stress
sourced diseases. Dietary antioxidants have positive effects
on cellular defences and oxidative stress to cellular compo-
nent by scavenging free radicals and possibly reducing oxi-
dized fatty acids or mutagens (Reische et al., 2002; Wong et
al., 2006).

Antioxidants are also utilized in food industry to extend the
shelf life and prevent degradation. Generally synthetic anti-
oxidants such as butylated hydroxyanisole (BHA) and bu-
tylated hyrdroxytoluene (BHT) are used for this purpose. On
the other hand, it has been revealed that synthetic antioxi-
dants and their by-products might cause some health issues
(Boga et al., 2016). Therefore, searching for antioxidants
from natural sources has become an important study field,
including identification of new active compounds. In addi-
tion, these naturally occurring antioxidants can be formu-
lated as nutraceuticals (Dudonné et al., 2009).

Antioxidants in plants, such as vitamins (e.g., ascorbic acid,
a-tocopherol), minerals (e.g., selenium, zinc) and organic
compounds (e.g., phenols, terpenes, organosulfurs), not
only neutralize ROS by giving up electrons, but also have
roles in other biological mechanisms. Galanthamine, which
is isolated from daffodils, is an acetylcholinesterase (AChE)
inhibitor and currently used to control Alzheimer’s disease
(AD) (Hartman, 2009). AD is a neurodegenerative disease
which especially affects the elderly population. Fifty percent
to 60% of dementia cases in people over 65 years is caused
by AD. Although the main reason of AD is not still eluci-
dated completely, it is associated with a loss of the presyn-
aptic markers of the cholinergic system in memory and
learning areas of the brain. AD is characterized by the pres-
ence of amyloid deposits and neurofibrillary tangles in the
brain (Piazzi et al., 2008). Generally two approaches are fol-
lowed in the treatment of AD to enhance the cholinergic sys-
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tem as stimulation of the cholinergic receptors and inhibi-
tion of acetylcholine hydrolysis by AChE (Howes et al.,
2003).

Medicinal plants have been used for treatment of various
diseases since ancient times. Biologically active compounds
isolated from these plants are still important sources for
modern drug formulations and nutraceuticals (Samuelsson,
1999; Nasri et al., 2014). Natural products are known to
have fewer or no side effects compared to synthetics which
makes them more preferable (Ertas et al., 2014). Mantle
(Aphanes arvensis L.), rosemary (Rosmarinus officinalis
L.), thistle (Silybum marianum L.), mallow (Malva syl-
vestris L.), and nettle (Urtica dioica L.) are medicinal plants
used in Turkey and all around the world. All of them have
been used for digestive system diseases as traditional medi-
cines (Baytop, 1984). In this study, antioxidant and anticho-
linesterase activities of the hexane, acetone and ethanol ex-
tracts of these plants were determined with their total phe-
nolic and flavonoid contents. DPPH free radical, ABTS cat-
ion radical and superoxide anion radical scavenging assays
were applied for the evaluation of the antioxidant effects,
whereas the anticholinesterase activities were determined
by the Ellman method.

Materials and Methods

Chemicals

Quercetin,  pyrocatechol, 1,1-diphenyl-2-picrylhydra-
zyl (DPPH), BHA, potassium iodide (KI), 5,5-dithiobis(2-
nitro benzoic acid) (DTNB), nicotineamide adenine dinucle-
otide (NADH), phenazine methosulfate (PMS), nitroblue te-
trazolium (NBT), a-tocopherol (a-Toc), gallic acid, potas-
sium peroxydisulfate (K»S,0s), 2,2-azinobis (3-ethylbenzo-
thiazoline-6-sulfonic acid) (ABTS) were purchased from
Sigma (USA). Hexane, acetone, aluminum nitrate
(AI(NO3)3.9H,0), potassium acetate (CH3;COOK) were
from Merck (Germany). Sodium hydrogen phosphate
(Na,HPO4.2H,0),  sodium  dihydrogen  phosphate
(NaH2P04.2H,0), galanthamine hydrobromide, (+)-cate-
chin (Cat), AChE (498,3498 U) and butyrylcholinesterase
(BChE) (11,4 U) were purchased from Sigma-Aldrich
(USA). Acetylcholine iodide (Acl) and Folin-Ciocalteu rea-
gent (FCR) were from Applichem (Germany). Butyrylcho-
line iodide (Bul) was from Fluka (Switzerland). Sodium car-
bonate (Na;COs) was from Riedel-de-Haén (Germany).

Instrumentation

Spectrophotometric analyses were performed by a Power
Wave XS microplate spectrophotometer (BioTek, USA).
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Plant Material

Mantle (leaves and flowers), rosemary (leaves), thistle
(seeds), mallow (leaves and flowers) and nettle (leaves)
samples were purchased from local market in Istanbul in
February, 2014.

Plant Extracts

Plant materials were pulverized. Five grams of the grounded
plant material was macerated triplicate with hexane, acetone
and ethanol for one hour. The solvent was evaporated under
reduced pressure. Classification of the extracts, and the ex-
traction yields were given in Table 1.

Total Phenolic and Total Flavonoid Contents

The calibration curve was prepared with standard pyrocate-
chol solutions in the concentration range of 0.5-4.0 pg/mL.
The sample solutions were prepared at a concentration of
1000 mg/L with ethanol. A volume of 4.0 pL of the sample
solution was mixed with 180 pL of distilled water, 4.0 uL
FCR and 12.0 pL of 2% Na>COj solution. The mixture was
kept at ambient temperature for 2 hours. The absorbance of
the sample was measured at 760 nm and the total phenolic
content results were expressed as pyrocatechol equivalents
(PE) (Slinkard and Singleton, 1977).

The calibration curve of quercetin was prepared in the con-
centration range of 5-40 pug/mL for the determination of to-
tal flavonoid content. A volume of 20 puL. of sample solution

was mixed with 172 pL of 80% ethanol and 4 pL of 1.0
mol/L CH3COOK solution. After 1 minute, 4 pL of 10%
Al(NO3)s solution was added to the mixture. The absorbance
was measured at 415 nm after 40 minutes. The total flavo-

noid contents were expressed as quercetin equivalents (QE)
(Park et al. 1997).

Total phenolic and total flavonoid contents were calculated
according to the following equations, respectively:

Absorbance = 0.0341 (pg pyrocatechol) + 0.0420
R?=0.9945

Absorbance = 0.0269 (ug quercetin) + 0.0211
R*=0.9950

DPPH Free Radical Scavenging Assay

Four milligrams of DPPH was dissolved in 100 mL of etha-
nol and the solution was mixed for half an hour in the dark
to prepare the DPPH radical solution. Different volumes of
sample solution (2, 5, 10, 20 uL) taken from stock solution
(1000 mg/L) were completed to 40 puL with distilled water
and mixed with 160 uL. of DPPH radical solution. The ab-
sorbance was measured at 517 nm after 30 min of incubation
at ambient temperature. BHA and o-Toc were used as the
standards. The results were expressed as inhibition % (Blois,
1958).

Table 1. Classification of the extracts and the extraction yields

Plant material Extract Code Extraction yield (%)
Mantle Hexane extract MNH 0.63
Aceone extract MNA 2.31
Ethanol extract MNE 4.10
Rosemary Hexane extract RH 18.00
Aceone extract RA 14.99
Ethanol extract RE 20.97
Thistle Hexane extract TH 12.90
Aceone extract TA 18.18
Ethanol extract TE 18.03
Mallow Hexane extract MH 0.70
Aceone extract MA 2.20
Ethanol extract ME 2.37
Nettle Hexane extract NH 0.65
Aceone extract NA 0.91
Ethanol extract NE 2.45
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ABTS Cation Radical Scavenging Assay

The ABTS cation radical solution was prepared by dissolv-
ing 19.2 mg of ABTS and 3.3 mg of K;S,03 in 5 mL of dis-
tilled water. The solution was kept in dark for 16 hours at
ambient temperature and then diluted to fix its absorbance
to approximately 0.70 at 734 nm. Different volumes of sam-
ple solution (2, 5, 10, 20 pL) taken from stock solution
(1000 mg/L) were completed to 40 puL. with distilled water
and mixed with 160 uL of ABTS cation radical solution. Af-
ter 6 minutes of incubation at ambient temperature, absorb-
ance was measured at 734 nm. BHA and (+)-catechin (Cat)
were the standards. The results were given in terms of inhi-
bition % (Pellegrini et al., 1999).

Superoxide Anion Radical Scavenging Assay

Stock solutions of the samples were prepared at 2500 mg/L
with ethanol. Volumes of stock solution as 0.88, 2.2, 4.4 and
8.8 uL were completed to 10 puL with distilled water. Then,
100 pL of NBT solution (156 uM), 100 pL of NADH solu-
tion (468 uM) and 10 pL. of PMS solution (60 uM) were
added. Sample was kept at 25 °C for 5 minutes and absorb-
ance was measured at 560 nm. Gallic acid was used as the
standard. The results were calculated as inhibition % (Nishi-
kimi et al., 1972).

Anticholinesterase Assay
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The anticholinesterase activities of the samples were deter-
mined by the Ellman method as their AChE and BChE inhi-
bition potentials. The sample solutions (4000 mg/L) were
prepared in ethanol. Volumes of 130 mL of 100 mmol/L
phosphate buffer (pH 8.0), 10 pL of sample solution and 20
pL of AChE (or BChE) solution were mixed and incubated
for 15 min at 25°C. Aliquot of 20 pL of DTNB solution (pre-
pared by 2.0 mL of pH 7.0 and 4.0 mL of pH 8.0 phosphate
buffer, 1.0 mL of 16 mg/mL DTNB solution and 7.5 mg/mL
NaHCOs in pH 7.0 phosphate buffer) was added. The reac-
tion was initiated by the addition of 20 uL Acl (or Bul). The
hydrolysis of these substrates was monitored at 412 nm
(Ellman et al., 1961). Galanthamine was used as the stand-
ard. The results were given in inhibition %.

Statistical Analysis

All of the analyses were performed in triplicate measure-
ments and given as the mean + standard deviation (SD).
Data were analyzed using Microsoft Excel 2016.

Results and Discussion
Total Phenolic and Total Flavonoid Contents

Total phenolic and total flavonoid contents of the hexane,
acetone and ethanol extracts of five medicinal plants were
calculated as pyrocatechol and quercetin equivalents, re-
spectively (Table 2). It was determined that MNE had the
highest phenolic and flavonoid contents. In addition, MNA,
MA and NE were found to be particularly rich in flavonoids.

Table 2. Total phenolic and total flavonoid contents of the plant extracts?

Extracts Total phenolic content Total flavonoid content
(ng pyrocatechol/mg extract)® (ng quercetin/mg extract)*

MNH 5.38 +£0.05 18.67 £ 1.69

MNA 46.92 +3.88 81.37+£2.57

MNE 164.22 +1.47 114.36 + 2.69

RH 66.47 +1.69 31.437+2.42

RA 13.68 +2.24 1520+ 0.74

RE 22.48 +£0.85 21.40+0.77

TH 7.82 £1.05 47.05+1.27

TA 7.82 +0.85 40.11 £1.83

TE 11.73 +0.00 33.29+1.41

MH 20.53 £ 1.47 25.36 £0.56

MA 17.59 £ 2.54 87.82 +2.84

ME 11.24 £1.39 29.70 £0.37

NH 12.21 £2.24 27.84 +1.28

NA 17.59 + 1.47 54.36 + 1.54

NE 13.19+ 1.72 83.97+3.17

@ Mean of triplicate measurements + standard deviation

b Phenolic content in terms of pyrocatechol equivalents per gram of dry extract (y = 0.0341x + 0.0420 R? = 0.9945)
¢ Flavonoid content in terms of quercetin equivalents per gram of dry extract (y = 0.0269x + 0.0211 R? = 0.9950)
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Antioxidant Activity Assays

Antioxidants react with radicals by mechanisms as hydro-
gen atom transfer (HAT), single electron transfer (SET), or
both, mainly. In HAT mechanisms, the free radical removes
one hydrogen atom of antioxidant, and the antioxidant itself
becomes a radical. In SET mechanisms, the antioxidant pro-
vides an electron to the free radical and then itself becomes
a radical cation (Liang and Kitts, 2014). ABTS cation radi-
cal scavenging is a mixed-mode assay since ABTS can be
neutralized by both SET and HAT. DPPH free radical scav-
enging assay depends on SET mechanism (Craft et al.,
2012).

In the present study antioxidant capacities of the hexane, ac-
etone and ethanol extracts of the selected medicinal plants
were investigated. The radical scavenging potentials were
determined by DPPH free radical, ABTS cation radical and
superoxide anion radical scavenging assays. To the best of
our knowledge, ABTS cation radical and superoxide anion
radical scavenging activity and anticholinesterase potential
of the mantle leaves and flowers extracts, anticholinesterase
activity of thistle seeds extracts, ABTS cation radical scav-
enging activity and BChE inhibitory activity of the extracts
prepared from mallow leaves and flowers were investigated
for the first time.

DPPH free radical scavenging assay is based on a color
change, (the purple color of unstable DPPH to the yellow
color of stable DPPH-H) by capturing hydrogen. The scav-
enging effects of the extracts were investigated at four dif-
ferent concentrations (10, 25, 50, 100 pg/mL) (Figure 1).
The results were compared with BHA and a-Toc which
were used as the standard antioxidants. At 50 and 100
ug/mL concentrations, MNE, TH and TA had higher DPPH
free radical scavenging activity (> 80% inhibition) than the
other extracts, which were similar to inhibition % of BHA
and a-Toc. MH and NA showed almost the same effect with
the standards at 100 pg/mL.

ABTS cation radical assay is based on the reduction of
ABTS cation radical by antioxidants of the extracts. The
ABTS cation radical scavenging activity of the extracts were
determined at 10, 25, 50, 100 pg/mL (Figure 2). MNE ex-
hibited higher scavenging effect than the other extracts at
10, 25, 50 pg/mL concentrations. MNA, MNE, RA and RE
had approximately the same ABTS cation radical scaveng-
ing potential (~ 90% inhibition) with BHA and Cat which
were the standard compounds at 100 pg/mL concentration.
While RH showed 85% inhibition at the same concentration,
other extracts indicated below 80% inhibition.

The superoxide anion radical scavenging activity of the ex-
tracts were investigated at four different concentrations (10,
25, 50, 100 pg/mL). Gallic acid was used as the standard
compound. None of the tested extracts showed superoxide
anion radical scavenging activity. Giilgin et al. also revealed
that water extract of nettle had no superoxide anion radical
scavenging effect (Giilgin et al., 2004).

MNE was determined as a potent antioxidant source, since
it showed high radical scavenging effect similar to the stand-
ard antioxidant compounds in both DPPH and ABTS assays
with highest total phenolic and total flavonoid contents.
Hamad et al. investigated the DPPH free radical scavenging
activity of methanol extract of mantle leaves and obtained
similar potentials with those of trolox and vitamin C
(Hamad et al., 2010). MNA, RA and RE had particular
ABTS cation radical scavenging activity. In another study,
ethanol extract of rosemary tea indicated relatively high an-
tioxidant potential in both DPPH and ABTS assays (Oh et
al., 2012). Benso et al. investigated the DPPH free and
ABTS cation radical scavenging effects of mallow leaves
extracts (aqueous, ethanol, ethyl acetate, chloroform and
hexane) in terms of ICsg and trolox equivalent, respectively
(Benso et al., 2016). Distinctly, antioxidant effect of etha-
nol, acetone and hexane extracts of mallow leaves and flow-
ers together were determined as inhibition % in the present
study.

Anticholinesterase Assay

The anticholinesterase activity of the hexane, acetone and
ethanol extracts were determined by Ellman method at 200
ug/mL concentration. This method depends on the absorb-
ance measurement of the yellow color occuring as a result
of the thio anion produced by the enzymatic hydrolysis of
the substrate (Acl or Bul) reacting with DTNB (Ellman et
al., 1961). The results were compared with the standard
drug, galanthamine. None of the extracts had high AChE in-
hibition effect. Orhan et al. also reported that petroleum
ether, chloroform, ethyl acetate and methanol extracts of
rosemary had no AChE inhibition effect (Orhan et al.,
2008). In addition, researchers found out that methanol ex-
tract of mallow flowers and ethanol extract of the aerial parts
of mallow were inactive in AChE inhibition assay
(Gholamhoseinian et al., 2009; Ferreria et al., 2006). On the
other hand, mallow was found to be an important BChE in-
hibitor since all of the mallow extracts had similar activities
with galanthamine. Moreover, NE showed higher BChE in-
hibition than galanthamine (Table 3).
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Figure 1. DPPH free radical scavenging activity of the plant extracts, BHA and a-Toc*
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Figure 2. ABTS cation radical scavenging activity of the plant extracts, BHA and Cat*
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Table 3. Anticholinesterase activity of the plant extracts®

10.3153/FH19005

Samples ACHhE Inhibition (%) BChE Inhibition (%)
MNH NAP 83.29 +2.33
MNA 1.30+0.26 66.22 +£0.38
MNE NA 69.70 £2.95
RH 17.73 £1.93 72.64 +£1.59
RA 5.01 £0.07 77.41 £2.31
RE 4.19+0.61 72.64 £1.59
TH 26.88+1.85 79.96 £2.20
TA NA 71.00 £ 1.64
TE NA 64.60 £2.68
MH 30.59 £ 1.96 84.15+2.27
MA 47.83 +£1.23 88.73 £ 0.88
ME 20.71 £2.49 81.89+2.25
NH 11.61 £1.13 65.08 £2.21
NA 38.63 £2.21 84.78 £3.06
NE 4475 +1.36 92.68 £3.89
Galanthamine® 82.51+£0.25 88.44 £ 0.50

2 Mean of triplicate measurements + standard deviation
> Not active
¢Standart drug

Conclusion

Antioxidants and their protective effects against many dis-
eases have been examined in several studies. In the present
work, five plants, which have been used as traditional med-
icines for digestion system problems and nutraceuticals,
were investigated in terms of total phenolic and total flavo-
noid contents, antioxidant capacities and anticholinesterase
potentials. Their antioxidant activities could be related with
their positive effects in the treatment of digestion system
diseases, which may be enlightened by further pharmaco-
logical studies. Also phytochemical studies may be per-
formed to isolate active compounds from the extracts exhib-
iting high antioxidant and anticholinesterase potentials.
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oz

Son yillarda hububat iiriinlerinin insan saglig1 i¢in temel gida maddeleri olmalarinin ¢ok &tesinde faydalar sag-
ladig1 anlasilmistir. Tiiketimi bugdaya goére daha diisiik olan yulaf (4vena sativa L.) son zamanlarda, antioksi-
dan, anti-enflamatuar, hipoalerjenik ve antikarsinojenik ozellikleriyle dikkat gekmektedir. Ekmek, en 6nemli
hububat {iriinii olmasinin yaninda, farkli hammaddelerin kullanimina uygun yapisi ile fonksiyonel bilesenlerin
en fazla kullanim buldugu {irlinlerdendir. Bu ¢alismada; ekmeklik bugday ununa %40 gibi yiiksek bir oranda
yulaf unu katilarak ekmek iiretilmistir. Uretimdeki yogurma, fermentasyon ve pisirme asamalarmin fenolik
bilesiklere ve antioksidan aktivite lizerine etkilerinin ve bu bilesiklerin bu islemler sirasinda ne derece korun-
dugunun belirlenmesi amaglanmistir. Elde edilen sonuglara gore; toplam fenolik madde miktarinin, yulaf ek-
meginde kontrol bugday ekmegine gore dnemli diizeyde yiiksek oldugu belirlenmistir (sirasiyla 53.9 +7.3 ve
41.0 £3.4 mg GAE/100g KM, p<0.05). Her iki ekmek ¢esidinde de, fermentasyon isleminin fenolik bilesik
icerigini arttirdig1, pisirme isleminin ise diislirdiigii goriilmiistiir. Pisirme sonrasinda yulaf ekmegindeki toplam
flavonoid miktar: (529.9 +114.7 mg RE/100g KM) kontrol ekmegine gore daha yiiksektir (452.9 +74.3 mg
RE/100g KM). Antioksidan aktivite sonuglarina gore ise sdz konusu iki ekmek arasindaki fark onemli diizeyde
bulunmamustir (p>0.05).

Anahtar Kelimeler: Yulaf unu, Ekmek, Fenolik madde, Fermentasyon, Yogurma, Pisirme

ABSTRACT

EFFECTS OF PROCESSING STEPS ON THE PHENOLIC CONTENT AND
ANTIOXIDANT ACTIVITY OF OAT BREADS

Recently, cereal products have been displayed to provide health benefits far beyond being only staple food-
stuffs. Oats (Avena sativa L.), which are consumed less than wheat, have recently attracted attention for their
antioxidant, anti-inflammatory, hypoallergenic and anticarcinogenic properties. Bread is not only the most sig-
nificant, but also the most suitable cereal product for functional components incorporation, structurally. In this
study; breads were prepared by adding oat flour to bread wheat flour at a level as high as 40%. It is aimed to
determine the effects of mixing, fermentation and baking processes on phenolic compounds and antioxidant
activity. According to the results, total amount of phenolics was significantly higher in oat bread than the control
wheat bread (53.9 £7.3 and 41.0 +£3.4 mg GAE/100g dry matter, respectively p<0.05). In both types of bread,
fermentation process increased the amount of phenolics while baking decreased. Total flavonoids content in
oat bread after baking (529.9 £114.7 mg RE/100g dry matter) was higher than control bread (452.9 +74.3 mg
RE/100g dry matter). According to the antioxidant activity results, difference between two different breads was
not significant (p>0.05).

Keywords: Oat flour, Bread, Phenolics, Fermentation, Mixing, baking
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Giris

Glinlimiizde artan niifusla birlikte saglikli gida kaynaklar
azalmakta ve toplumlar sagliksiz gidalara yonelmektedir.
Son yillarda, diinyada 6zellikle gelismemis veya gelismekte
olan iilkelerde alim giiciiniin kisithi olmas1 sebebiyle, sag-
likl1 gidalara ulagsmak daha da zor bir hal almistir. Bazi gi-
dalar ise, faydalar1 bilinmedigi i¢in kullanimi ekonomik ol-
masina ragmen ilgi gérmemektedir.

Epidemiyolojik caligmalar ve ortaya konan biyolojik meka-
nizmalar 15181nda, hububat iirlinlerinin diizenli tiikketiminin
saglik {izerindeki olumlu etkileri kanitlanmistir. Bu etkiler
arasinda kan sekerinin diizenlenmesi, obezitenin ve &zel-
likle ileri yaslarda kardiyovaskiiler rahatsizliklarin engellen-
mesi ve kolon kanseri riskinin azalmasi en 6nemlileridir
(Sahyoun ve dig., 2006). Saglikli yagsam bilincinin artmasi
ile tam bugday, ¢ok tahilli ve fonksiyonel bilesen igeren ek-
meklerin giderek daha yaygin hale geldigi goriilmektedir.
Tiiketimi bugday ve pirince nazaran daha diigiik miktarlarda
olmasina ragmen, yulaf (4vena sativa L.) son zamanlarda,
sahip oldugu antioksidan, anti enflamatuar, hipoalerjenik ve
antikarsinojenik 6zelliklerinden dolay1 yiiksek oranda ilgi
cekmektedir (Bei ve dig., 2017). Yulafin (Avena sativa L.
ve Avena nuda L.) igerigindeki ¢oziiniir diyet lifi, doymamis
yag asitleri, B-glukan, bir¢ok vitamin, mineral ve iyi denge-
lenmis protein kompozisyonu islenmis gidalarda kullani-
mina olan ilgiyi arttirmistir. Yulaf, ayn1 zamanda bol mik-
tarda tokol (tokoferol ve tokotrienol), sterol, fenolik bilesik-
ler ve fitik asit gibi antioksidan 6zellikte bilesikler de igerir
(Chen ve dig., 2015).

Son zamanlarda; yiiksek lif igerigine sahip olmasi nedeniyle
yulafin dolasim sistemindeki sorunlari iyilestirdigi gozlem-
lenmistir (Liu ve dig., 2004). Yapilan yeni ¢aligmalarda; yu-
laf icerigindeki fenolik bilesikler ve antioksidan aktiviteye
dikkat cekilmistir. Bunun yaninda, yulaf icerigindeki E vi-
tamini gibi antioksidanlarin yanisira in vitro/in vivo olarak
kuvvetli antioksidan aktivite gosteren ¢ok ¢esitli fenolik bi-
lesikler (bazi sinamik asit tiirevleri, avenalumik asit ve av-
enantramid) bulundugu da belirtilmektedir (Cai ve dig.,
2011; Viscidi ve dig., 2004). Bir¢ok ¢aligsma, yulaftaki feno-
lik bilesiklerin miktarinin ve antioksidan kapasitelerinin de-
polama, fermentasyon, ¢imlendirme, 1s1 uygulamasi ve
farkli proses metotlarindan 6nemli derecede etkilendigini de
ortaya koymaktadir (Cai ve dig., 2011).

Diger hububatlara benzer olarak yulaflarda da fenolik bile-
sikler serbest veya bagli formda bulunabilirler. Diisiik mo-
lekiil agirlikli, ¢oziinebilen “serbest fenolik™ bilesikler (to-
koferol, tokotriyenol, flavanoid, hidroksisinamat, vb.) ve
kovalent baglariyla bagli, kompleks yapida, yiiksek molekiil
agirhigina sahip, ¢oziinmeyen hiicre bileseni “bagli fenolik”

bilesikler (lignin, hiicre duvari polisakkaritleri, yapisal
ve/veya depo proteinleri, vb.) olarak ikiye ayrilmaktadirlar.
Serbest fenolikler kolaylikla insan diyetinde absorbe edile-
bilen antioksidan kaynagi iken; bagli fenolikler gastrointes-
tinal yolda emilimden 6nce daha ileri bir metabolizma siireci
gerektirdikleri i¢in uzun siireli yararlart mevcuttur. Diger ta-
hillara gore farkli olarak, yulaflar kendine 6zgii, diisiik mo-
lekiil agirligina sahip, diger tahillarda bulunmayan aven-
antramid adinda ¢dzilinebilen bir fenolik bilesik igerir. Sen-
tetik avenantramidler, canli dis1 ortamda kuvvetli antioksi-
dan 6zellik gosterirler ve ekstraktlarda antioksidan aktivitesi
ile avenantramid arasinda korelasyon oldugu gézlemlenmis-
tir. Yulaf tanesinin en temel fenolik maddesi olan avenant-
ramidler tane igerisindeki dis bolgelerde (6rnegin; kepek ve
alt aléron tabakalarda) nispeten daha yiiksek konsantrasyon-
larda bulunurlar (Liu ve dig., 2004).

Yulaf unu ile yapilmig ekmekler igeriklerindeki diyet lifi,
antioksidanlar ve diger fitokimyasallar ile yiiksek besin ka-
litesi yaninda findik benzeri, eksiligi giderilmis hos bir tada
da sahiptir. Mitkemmel su tutma O6zellikleri ile ekmegin
daha uzun siire taze kalmasini saglarlar (Hiittner ve dig.,
2010). Son zamanlarda yapilan ¢aligmalar, ayn1 zamanda
¢Olyak hastaligi olan bir¢ok insanin yulafi tolere edebildi-
gini de gdstermistir (Hoffenberg ve dig., 2000). Buna karsin,
yulaf unu ile yapilan ekmekler diigiik kalitede ve ozellikle
de diisiik ekmek hacmindedirler. Bu nedenle, yapilan calisg-
malarda genel olarak yulaf ununun %10’dan %51’e kadar
degisiklik gosteren miktarlarda bugday unu ile ikame edil-
digi ve bu degisikligin hamur 6zellikleri ve ekmek kalitesi
izerindeki etkisinin arastirildigi goriilmektedir (Hiittner ve
dig., 2010). Kalite 6zelliklerinin iyilestirilmesine yonelik di-
ger caligmalarda ayrica oksidatif (glukoz oksidaz ve lakkaz)
ve proteolitik (protez) enzimlerin yulaf unu ile birlikte kul-
lanilmas1 (Renzetti ve dig., 2010) veya piring unu ve yulaf
ununun birlikte kullanimi (Hager ve dig., 2014) gibi farkli
denemeler yapilmistir. Uygulanan ikamelerin kalite 6zellik-
lerini bir miktar iyilestirmesinin yanisira iiretilen ekmekle-
rin yulafin raf 6mrii tizerindeki olumlu 6zelliklerini tasidig:
da goriilmiistiir. Bugiine kadar, ¢esitli 1s1l islemlerin toplam
fenolik madde igerigi, toplam antioksidan aktivite ve/veya
fenolik madde kompozisyonu lizerindeki etkilerini incele-
yen pek cok caligma yapilmis olup (Santiago ve dig., 2018;
Chen ve dig., 2017; Tomas ve dig., 2017) bu islemlerin top-
lam antioksidan aktivite ve toplam fenolik madde miktar1
lizerindeki olumlu etkileri dikkat ¢cekmistir.

Bunlarin yaninda, ekmek iiretim prosesleri de farkli calis-
malarda ele alinmis ve birbirinden farkli bulgular elde edil-
mistir. Ornegin yapilan bir calismada; yagi almmis bug-
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dayda Bacillus subtilis ile gerceklestirilen fermentasyon so-
nunda serbest fenolik bilesiklerin ve peptitlerin degisimi ve
aralarindaki sinerjistik interaksiyonun antioksidan 6zellik-
lere etkisi arastirilmis ve uygulanan fermentasyon islemi
sonrasinda yagi alinmis bugday tanelerindeki serbest feno-
lik bilesik miktari artig gosterirken, bagli fenolik bilesiklerin
azaldig1 gézlenmistir (Liu ve dig., 2017). Buna karsin; ¢av-
dar unu ile tiretilen ekmekte, ekmek yapim asamalar1 esna-
sinda toplam fenolik miktarinda 6nemli derecede bir diisiis
tespit edilmistir. Son fermentasyon asamasi en yiiksek dii-
slise sebep olurken, uygulanan yogurma ve pisirme islemle-
rinin de toplam fenolik madde iceriginde azalmaya neden
oldugu raporlanmistir (Boskov ve dig., 2002). Buna karsin,
bugday unuyla elde edilmis ekmekte pisirme islemlerinin
antioksidan aktiviteye etkisini arastirmay1 amaclayan bir ¢a-
lismanin sonucunda ise; uygulanan islem tipinin antioksidan
aktiviteyi etkiledigi belirtilmistir. Serbest fenolik asitlerin
antioksidan aktivitesinin yogurma ile azaldig:1 fakat daha
sonra fermentasyon ve pisirme ile artig gosterdigi ifade edil-
mistir. Fenolik asitlerin pigirme agamasindan sonra antiok-
sidan aktivitelerini siirdiirebildikleri ve bunun da tiiketici
icin sagliga potansiyel fayda sagladig1 belirlenmistir (Han
ve Koh, 2011).

Bu ¢aligmanin amaci; %40 gibi yiiksek bir oranda (bu ¢a-
lisma i¢in ekmegin tad1 ve istenilen kalite 6zelliklerinin ka-
bul edilebilir oldugu maksimum diizey) yulaf unu igeren ek-
meklerin iiretiminde yer alan yogurma, fermentasyon ve pi-
sirme asamalarinin fenolik bilesiklere ve antioksidan akti-
vite iizerine etkilerini belirlemek ve bu bilesiklerin bu islem-
ler sirasinda ne derece korundugunu arastirmaktir. Diger bir
amag ise; yulaf unu ilavesiyle firincilik iiriinlerinin fonksi-
yonel etkilerinin gelistirilmesini saglamaktir. Caligsma so-
nunda,iilkemizde de yetistirilen ve yukarida da agiklandig:
iizere besin degeri bakimindan son derece zengin olan bir
hammaddenin, temel bir gida ile toplumun beslenmesinde
daha fazla yer almas1 hedeflenmistir.

Materyal ve Metot
Materyal

Ekmeklerin yapiminda tam yulaf unu (Tito Un, Istanbul,
Tiirkiye) ve genel amagh bugday unu (Eris Un, Tiirkiye )
kullanilmistir. Ekmek yapiminda kullanilan diger malzeme-
ler; margarin (Sana), tuz (Billur tuz, iyotlu), kristal toz seker
(Bal Kiipii), su (Erikli), instant kuru maya (Dr. Oetker) mar-
ketten temin edilmistir. Tiim deneyler iki iglem tekrarl or-
neklerde, paralel ekstraksiyonu takiben tiger analiz tekrar
olarak gergeklestirilmistir.

Kimyasallar

Ekstraksiyon i¢in kullanilan metanol (>%99,9), hidroklorik
asit (HCI, %37), siilfirik asit (H,SO4, %95) ve spektrofoto-
metrik analizler i¢in kullanilan sodyum karbonat (Na,COs3),
bakir (IT) kloriir (CuCl,), amonyum asetat (NHsAc), sodyum
nitrit (NaNO), sodyum hidroksit (NaOH) Merck
KGaA’dan (Darmstadt, Almanya) tedarik edilmistir. Spekt-
rofotometrik analizler i¢in kullanilan gallik asit, Folin-Cio-
calteu fenol ajani, rutin, etanol (EtOH, >%99,8), neokuprin
(Ne), 1,1 — difenil-2-pikril hidrazil (DPPH) Sigma-Aldrich
Chemie GmbH’den (Steinheim, Almanya) tedarik edilmis-
tir. Spektrofotometrik analizler i¢in kullanilan aliiminyum
kloriir (AICIl3) ve 6-hidroksi-2,5,7,8-tetrametilkroman-2-
karboksilik asit (Troloks) ise Fluka Chemie’den (Buchs, Is-
vigre) tedarik edilmistir.

Orneklerin Hazirlanmasi

Yulaf unu ilaveli ekmekler i¢in kullanilan ekmek formiilas-
yonu Tablo 1’de verilmistir. Yulaf unu icerecek ekmegin
formiilasyonuna karar verebilmek i¢in; bugday ununun %40
(Sekil 1a ve Sekil 1b) ve %60 diizeylerinde yulaf unu ile
ikameleri ile 6n denemeler yapilmistir. Deneme sonucunda
%60 yulaf unu ikamesi ile iiretilen ekmegin kalitesinin ye-
tersiz diizeyde bulunmasi nedeniyle kabul edeilebilir nite-
likte olan %40 yulaf unu ikamesi ile devam edilmesine karar
verilmistir. Karsilastirma amaciyla ise %100 beyaz bugday
un kullanilarak kontrol ekmekleri iiretilmistir. Uretilen ek-
meklerin goriintiileri Sekil 1 ve Sekil 2°de verilmistir.

Al

Sekil 1. Yulaf ekmegi denemeleri: a. %40 yulaf unu ve
%60 bugday unu ile, b. %60 yulaf unu ve %40
bugday unu ile

Figure 1. a. Oat bread trials: with 40% oat flour and 60% wheat
flour b. with 60% oat flour and 40% wheat flour
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Sekil 2. a. Yulaf ekmegi i¢i b. Kontrol ekmegi i¢i ¢. Yulaf ekmegi yukaridan goriiniim

Figire 2. a. Oat bread crumb b. Control bread crumb c. Oat bread crust

Tablo 1. Ekmek formiilasyonlari

Table 1. Bread formulations

Ekmek cesidi

Bilesenler Kontrol | %40 yulaf unu ikamesi iceren ekmek
Yulaf unu (g) - 112
Bugday unu (g) 280 168
Su (ml) 195 195
Yag (ml) 10 10

Seker (g) 8 8

Tuz 6.2 6.2
Maya 3.4 3.4

Ekmek yapimu i¢in kii¢lik 6lgekli ekmek yapma makinasi
(Argelik K2715, Tiirkiye) kullanilmigtir. Olusturulan ekmek
receteleri ekmek yapma makinasinin kilavuzunda yazan re-
cetelerden modifiye edilerek olusturulmustur. Ekmek ya-
pimu i¢in (Standart 1) numarali program secilmis, sicaklik
orta derece olarak ayarlanmis (180°C), ekmek boyutu ¢iftli
olarak secilmistir.

Es zamanli yapilan iki ekmegin birinden yogurma ve fer-
mentasyon islemlerinin numuneleri alinirken ikinci ekmek-
ten pigirme islemi i¢in 6rnekleme yapilmistir. Cihazin ek-
mek yapimi esnasinda, yogurma ve fermentasyon islemle-
rinin bitiminde hamurlardan numune alinmistir. Alinan ha-
mur numuneleri, petri kaplar1 iizerine yayilarak yerlestiril-
mistir. Pigirilen ekmek, pisme islemi sonrasinda dilimlene-
rek sogumaya birakilmistir. Fenolik madde ve antioksidan
aktivitesi analizleri i¢in 6rnekler -20°C’de dondurularak bir
giin boyunca bekletilmistir. Pigsirme numuneleri, sivi azot al-
tinda ogiitiiciide (IKA A11 basic) 6giitiilmiis ve daha sonra

petri kaplarina konulmustur. Petri kaplarindaki numunele-
rin hepsi, dondurularak kurutulmak iizere, dondurarak kuru-
tucuya (Freeze-dryer Christ Alpha 1-2 LD plus) yerlestiril-
mistir. Numunelere cihazda 16 saat boyunca vakum altinda
kurutma islemi uygulanmaistir. 16 saatin sonunda numuneler
cihazdan alinip 6rnekler sivi azot altinda 6giitiiciide un ha-
line gelene dek ogiitiilmisgtiir. Biitiin petri kaplarmin ku-
rutma oncesi ve sonrasi tartimlari yapilmistir.

Serbest Fenolik Bilesiklerin Ekstraksiyonu

Tartilan 10 g 6rnek tizerine 20 ml hekzan eklenmis ve 4 dk
vorteks karistiricida karigtirllmistir (IKA Vortex Genius 3).
Ultrasonik homojenizatér (VWR Ultrasonic Cleaner) ile
yaglarindan arindirilmistir. Bu islem 30°C’de, 10 dakika bo-
yunca iki kez tekrarlanmistir. 20’ser mL HCI, metanol ve su
¢oOzeltisi (1:80:10) eklenmistir. Tekrar vorteks karistiricida
karigtinlmistir. Calkalayicida 150 rpm kosullarinda 2 saat
boyunca g¢alkalama islemine tabi tutulmustur. Daha sonra
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faz ayrimini saglamak i¢in; 4000 rpm’de 10 dk, 4°C’de sant-
rifiij (Hettich Zentrifugen, Universal 32R) edilmistir. Uze-
rindeki s1vi kisim aliarak -20°C’de depolanmak {izere don-
durucuya kaldirlmistir (Kilci ve Go¢men, 2014).

Bagl Fenolikler Bilesiklerin Ekstraksiyonu

Serbest fenolik ekstraksiyonu sonucunda dibe ¢oken tortu
tizerine 20 mL H,SO4 ve metanol ¢ozeltisi (1:10) eklenmis-
tir. Daha sonra 85°C’de 20 saat boyunca su banyosunda bek-
letilmistir. Bu siire sonunda drnekler alinip sogutulmus ve
son olarak da 3500 rpm’de 10 dk, 4°C’de santrifiij edilmis-
tir. Ekstraktlar kullanilana kadar -20°C’de depolanmustir
(Kilci ve Gogmen, 2014).

Toplam Fenolik Madde Tayini

Toplam fenolik madde igerigi i¢in Folin-Ciocalteau metodu,
bu calismadaki 6rnek ¢esidine gore kiiclik modifikasyonlar
uygulanarak kullanilmigtir (Spanos ve Wrolstad, 1990).

Yapilacak analiz i¢in; Folin-Ciocalteau reaktif maddesi 1:10
oraninda seyreltildikten sonra doymus Na)COs; (sodyum
karbonat) ¢ozeltisi (%7.5) hazirlanmistir. Standart igin ise
gallik asit kullanilmistir.

Ornek (100uL) iizerine 900 pL metanol eklendikten sonra;
750 uL Folin ¢ozeltisi eklenip vortekslenen ornekler 5 da-
kika karanlikta bekletilmistir. Uzerine 750 pL sodyum kar-
bonat ¢ozeltisi eklenerek vortekslenen ornekler 90 dakika
tekrar karanlikta bekletilmistir. Bekleme siiresi sonunda ab-
sorbanslar 765 nm’de spektrofotometre cihazinda (Phar-
maSpec UV-1700, UV-invisible spektrofotometer, Shi-
madzu) okunmustur (Spanos ve Wrolstad, 1990). Sonuglar
100g kuru maddede (k.m.) gallik asit esdegeri (GAE) olarak
ifade edilmistir.

Toplam Flavonoid Madde I¢erigi Tayini

Toplam flavonoid madde igeriginin belirlenmesi i¢in %5’°lik
NaNO; ¢ozeltisi. %10°luk AICI;.6H,O ¢ozeltisi ve 1 M
NaOH hazirlanmistir (Chlopicka ve dig., 2012).

250 pl ornek iizerine 75 pL. NaNO; ¢ozeltisi eklenip 6 dk
beklendikten sonra 150 pL AlCI3.6H,O ¢ozeltisi eklenip 5
dk beklenmistir. Siirenin sonunda 500 pL NaOH c¢ozeltisi
eklenip toplam hacmi 2,5 mL’ye tamamlamak igin 275 pL
saf su eklenmistir. Absorbans degerleri 510 nm’de spektro-
fotometrede okunmustur. Sonuglar, 100 g k.m. rutin esde-
geri (RE) olarak ifade edilmistir (Chlopicka ve dig., 2012).
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Toplam Antioksidan Aktivite Tayini

DPPH (1, I-difenil-2-pikrilhidrazil) radikal yakalama
metodu

Yapilacak analiz i¢in; 0,0039 g DPPH tartilip 100 mL me-
tanol i¢inde ¢Ozlilmistiir. Standart olarak, Trolox kullanil-
mistir. Orneklerin her birinden 100 pL alindiktan sonra
tizerlerine, 2 mL DPPH ¢o6zeltisi eklenmis ve 10 sn vorteks-
lenmistir. 30 dk boyunca karanlikta bekletildikten sonra;
517 nm’de absorbans degerleri spektrofotometre cihazinda
okunmustur (Kumaran ve Karunakaran, 2006; Rai ve dig.,
2006). Sonuglar, 100g k.m. Troloks esdegeri (TE) olarak
ifade edilmistir.

CUPRAC (Bakir(Il) Iyonu Indirgeme Esash Antioksidan
Kapasite) metodu

Antioksidan kapasitesini aragtirmak icin; Apak ve dig.’nin
(2004) galismalarinda belirtilen metot, bu ¢aligmadaki nu-
munelerin reolojik 6zelliklerine gére modifikasyonlar uygu-
lanarak kullanilmustir.

Bakir (IT) Klorid ¢ozeltisi, 0.4262g CuCl,.2H,O tartilarak
H,O iginde ¢oziildiikten sonra 250 mL’ye tamamlanmistir.
Amonyum asetat (NHsAc) ise, 19.27 g tartildiktan sonra 250
mL’ye su ile seyreltilmistir. Bu ¢o6zelti ortamin pH’simni
ayarlamak i¢in tampon ¢ozelti (pH 7) olarak hazirlanmgtir.
Son olarak, Neocuproine (Nc) ¢ozeltisi (7,5x) hazirlamak
i¢in 0.039g Nc tartilmis ve 25 mL %96°1ik EtOH iginde sey-
reltilmigtir.

Tiipe alman O6rnek (100 pL) tizerine, hazirlanan 1 mL
CuCl,.2H0 ¢ozeltisi, 1 mL NHsAc ¢ozeltisi, 1 mL Nc ¢o-
zeltisi ve 1 mL saf su eklenmistir. Cozelti eklenen tiipler ka-
ranlik ortamda 30 dk boyunca bekletilmis ve absorbans de-
gerleri 450 nm’de spektrofotometre cihazinda okunmustur.
Sonuglar, 100g k.m. Troloks esdegeri (TE) olarak ifade edil-
mistir (Apak ve dig., 2004).

Fenolik madde profili analizi

Numunelerdeki fenolik bilesiklerin profili, Capanoglu ve
dig. (2008)’nin metoduna gore belirlenmistir. Ekstraktlar
0.45 pm membran filtreler ile filtre edilmistir. Waters 600
kontrol iinitesi, Waters 996 fotodiyot dizileri (PDA) dedekt-
oOriine sahip olan HPLC sistemi ile analiz edilmistir. Luna 3
p C18 150x4.60 mm kolon (Phenomenex, Torrance, CA,
USA) kullanilmistir. Mobil fazda solvent A, distile-deiyo-
nize su ile %0.1 (v/v) trifloroasetik asit (TFA), ve solvent B,
asetonitril ile %0,1 (v/v) TFA icermistir. Lineer gradyen su
sekilde kullanilmigtir: 0. dakikada, %95 solvent A ve %5
solvent B; 45. dakikada %65 solvent A ve %35 solvent B;
47. dakikada %25 solvent A ve %75 solvent B; ve 54. daki-
kada ilk kosullara geri doniilmiistiir. Akis hizi 1 mL/dk’dur.
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Olgiimler 280, 312, 360 ve 512 nm dalga boylarinda yapil-
mistir. Tanimlama, alikonma siiresi ve karakteristik UV
spektrumu esas alinarak, hesaplama ise harici standart egri-
ler yardimi ile yapilmaistir.

Istatistiksel Analiz

Deney sonuglari istatistiksel olarak SPSS (Statistical Pac-
kage for the Social Sciences siiriim 24.0) yazilim programi
ile analiz edilmistir. Istatistik analizler %95 6nem diize-
yinde gerceklestirilmistir. Tiim o6rnekler, islemler ve ham-
maddeler arasinda farkliliklar tek yollu varyans analizi
(ANOVA) ile degerlendirilmistir. Farkliliklarin 6nemli bu-
lundugu durumlarda ortalamalar Duncan Coklu Aralik testi
kullanilarak analizlenmistir.

Bulgular ve Tartisma
Hammaddelerin Fenolik Madde Icerikleri

Ekmek tiretiminde kullanilan yulaf unu ve bugday unu igin
serbest, bagli ve toplam fenolik madde igerikleri Tablo 2°de
verilmistir. Yulaf unundaki serbest fenolik madde miktari
82.1 mg GAE /100g k.m. iken, bagli fenolik madde igerigi
14.3 mg GAE /100g k.m. olarak belirlenmistir. Yulaf unu-
nun serbest fenolik madde igeriginin bugday ununa gore
(35.8£0.5 mg GAE / 100g k.m.) yaklasik 2 kat daha yiiksek
oldugu goriilmektedir (p<0.05). Bagh fenolikler agisindan
da yulaf unu bugday unundan bir miktar daha yiiksek sonug-
lar vermistir.

Bulunan degerlerin literatiir ile uyumlu oldugu goriilmekte-
dir. Chen ve dig. (2018)’nin 9 adet yulaf ¢esidi (tam tane)
ve 4 adet yulaf kepeginde yaptiklari ¢aligmada; toplam fe-
nolik madde miktarinin yulaf ¢esidine gore degiskenlik gos-
terdigi ve 528 ile 812 mg GAE/100g k.m. arasinda degistigi,
ayrica tam tane yulafa gore yulaf kepeginde daha yiiksek
miktarlarda fenolik madde oldugu belirlenmistir (Chen ve

dig., 2018). Kavuzsuz yulaf ve arpa, cavdar, ekmeklik ve
makarnalik bugday 6rneklerinin bagli, serbest ve toplam fe-
nolik madde miktarlar1 ve toplam flavonoid miktarlarinin
belirlendigi bir ¢alismada; kavuzsuz yulaf 6rneklerindeki
toplam fenolik madde miktar1 286 mg katesin/100g k.m.
olarak belirlenmis olup bu miktar, tiim hububat Grnekleri
arasinda kavuzsuz arpadan sonra ikinci sirada gelmektedir
(Zilic ve dig., 2011). Bagh fenolik madde miktarinin ise top-
lam fenolik madde miktarinin yaklasik yarisini olusturdugu
(115.9 mg katesin/100g k.m.) goriilmektedir. Bagh fenolik
madde miktarimin toplam fenolik madde miktarina orani bu
caligmaya oranla daha yiiksek bulunmustur.

Bir diger calismada, yulaftaki toplam fenolik madde miktar
283 mg gallik asit/100g k.m., buna karsin bugday i¢in 286
mg gallik asit/100g k.m. olarak raporlanmistir (Deng ve
dig., 2012).

Ekmek Uretim Islemlerinin Fenolik Madde Icerigine
Etkileri

Yulaf ekmegi ve beyaz bugday unundan yapilan kontrol ek-
meginin serbest, bagli ve toplam fenolik madde sonuglar
Tablo 3’te verilmistir. Tablodan da goriilecegi iizere, yo-
gurma sonrasi yulaf ekmegi hamurunda 52.8 mg GAE/100g
km diizeyinde olan serbest fenolik madde miktari, fermen-
tasyon bitiminde yaklasitk 1.3 kat artarak 68.8 mg
GAE/100g km diizeyine ¢ikmis, pisirme sonrasi ise dnemli
oranda azalma gdstererek 37.3 mg GAE/100g km diizeyine
diismiistiir (p<0.05).

Uretilen yulaf ve kontrol ekmeklerinde &lgiilen serbest fe-
nolik madde miktari, bagli fenolik madde miktarindan daha
yiiksektir. Olgiilen toplam fenolik madde miktarinin iiretim
asamalarinin hepsinde, yulaf ekmeginde kontrol bugday ek-
meginden Onemli diizeyde yiiksek oldugu belirlenmistir
(p<0.05).

Tablo 2. Kullanilan unlarin serbest, bagli ve toplam fenolik madde igerikleri

Table 2. Free, bound and total amounts of phenolics in flour types

Yulaf Unu Bugday Unu
mg GAE (gallik asit es- | mg GAE (gallik asit egde-
degeri) /100g k.m. geri) /100g k.m.
Serbest fenolik madde 82.1 +8.4° 35.8 +0.5"
Bagh fenolik madde 14.3 £0.4° 11.5+0.0°
Toplam fenolik madde 96.4 £8.8° 47.3 £0.6°

Degerler 2 ekstraksiyon ve 3 tekrarli analizin ortalama + standart sapma degerleri olarak verilmistir. Ayni siitunda farkli harfler arasindaki

fark istatistiksel olarak 6nemli diizeyde farklidir (p<0.05)
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Tablo 3. Ekmek iiretim asamalarinin ekmeklerin serbest, bagli ve toplam fenolik bilesiklerine etkileri.

Table 3. Effects of breadmaking processes on the amounts of free, bound and total phenolics

Yogurma Fermentasyon Pisirme
mg GAE (gallik asit mg GAE (gallik asit | mg GAE(gallik asit
esdegeri)/100g km esdegeri)/100g km | esdegeri)/100g km
Yulaf unu | Serbest fenolik 52.8 +5.6" 68.8 +15.7° 37.3 £6.4°
ekmegi | Bagh fenolik 16.0 £1.4° 18.6 +1.1° 16.6 £0.9°
Toplam fenolik 68.8 +7.0° 87.4 £16,8" 53.9 £7.3°
y Serbest fenolik 29.2+1.4° 35.6 +£3.2° 28.9 +3.1°
Bugday  Bagh fenolik 15.6 +1.4° 19.5 £0.9° 12.9£0.3"
unu ekmegi : = : : : =
Toplam fenolik 449 £2.8 55.1 +4.12 41.0+3.4

“Degerler iki iglem tekrari, iki ekstraksiyon tekrar1 ve iig tekrarl analiz sonuglarina ait ortalama degerler + standart sapma olarak veril-
mistir. Her bir ekmek numunesi kendi iginde ayni satir igerisinde farkli harflerle gosterilen degerler birbirlerinden istatistiksel olarak

o6nemli diizeyde farklidir (p<0.05).

Angioloni ve Colar (2011)’1n ¢alismasinda; un kaynagi ola-
rak sadece yulaf unu kullanilarak yapilan ekmekteki toplam
fenolik madde miktar1 64.3 mg/100g olarak bulunmus olup,
belirlenen bu miktar mevcut ¢alismadan (53.9 mg/100g) bir
miktar yiiksektir. Bu beklenen bir sonug¢ olup ayni c¢alis-
mada; yulaf, cavdar, karabugday ve bugdaydan elde edilen
unlar karigtirilarak hazirlanan ¢ok tahilli bir ekmegin (91.6
mg/100g), kontrol olarak referans alinan ve sadece bugday
unundan {iretilen ekmege oranla daha yiiksek diizeyde feno-
lik madde miktarlarina (59.2 mg/ 100g) sahip oldugu belir-
lenmistir. Cok tahilli ekmek icerisindeki bugday unu igeri-
ginin yerine diger tahil unlar1 eklendikge ¢ok tahilli ekmegin
toplam fenolik madde seviyesi daha da fazla artis sergile-
mistir (Angioloni ve Collar., 2011). Bir diger ¢calismada ise,
eksi maya ile ¢cavdar ekmegi yapiminda uygulanan; ¢imlen-
dirme, 6giitme, fermentasyon ve pisirme islemlerinin biyo-
aktif bilesikler tizerindeki etkisi aragtirilmigtir. Cimlendirme
ve eksi maya pisirilmesi iglemlerinde fenolik bilesiklerin
kolayca ekstrakte edilebilmesi nedeniyle artis gosterdigi
sOylenmistir. Cimlendirme esnasinda en yiiksek artig
25°C’de goriilmiistiir. Fermentasyon isleminin ise kolayca
ekstrakte edilebilen fenolik bilesik miktarini iki katindan
daha fazla arttirdig1 gozlemlenmistir. Sonug olarak; tam
tane ¢avdarda bulunan biyoaktif bilesiklerin bir ¢ogunun
gida isleme esnasinda stabil kaldigi belirlenmistir. Buna ek
olarak uygun islemler ile bahsi gegen biyoaktif bilesiklerin
seviyelerinin artabilecegi soylenmistir (Liukkonen ve dig.,
2003).

Mevcut bulgulara paralel olarak, fermentasyon isleminin
yulaf igerigindeki toplam fenolik madde miktarini arttirdig
daha onceki calismalarla da belirlenmis olup, fermentasyon
sirasindaki maya/fungal kaynakli enzimlerin yulaf igeri-

ginde bulunan ve ¢ogunlukla yulaf kepegine bagli ester ya-
pida olan fenolik bilegenlerin serbest hale gelmesinde etkili
oldugu o6ne siiriilmiistiir (Cai ve dig, 2012). Benzer sekilde
bir diger calismada, fermentasyonun 6zellikle gallik asit ve
diger molekiiller arasindaki baglar1 koparmak suretiyle gal-
lik asidi serbest birakabildigi ve bu degisikligin fenolik
madde miktarini olumlu yonde etkileyebildigi ortaya konul-
mustur. Ancak ayni arastirmacilar, fermente edilmis hamur
ornekleri ile ekmek 6rneklerinin toplam fenolik madde mik-
tarlar1 arasinda 6nemli bir azalma gozlenmedigini bildirmis-
tirler (Han ve Koh, 2011).

Hammaddelerin Flavonoid Madde Icerikleri

Kullanilan unlar i¢in serbest, bagli ve toplam flavonoid ige-
riklerine iligskin bulgular Tablo 4’te gdsterilmis olup, toplam
flavonoid miktar1 tayini sonucunda; yulaf ununda serbest
flavonoidler bugday ununa gore 4.5 kat fazla bulunurken,
bagl flavonoid miktarinin bugday ununa gore 1.5 kat daha
fazla oldugu belirlenmistir. Toplam flavonoid igerigi ise yu-
laf ununda bugday ununa kiyasla yaklasik 2.5 kat daha faz-
ladir. Yulaf unu ile bugday unundaki serbest, bagl ve top-
lam flavonoid madde igerikleri istatistiksel olarak birbirin-
den 6nemli diizeyde farklidir (p<0,05).

Bu caligmadaki mevcut bulgular, literatiirde bulunan ilgili
diger baz1 ¢aligmalarla da paralellik tagtmaktadir. Ornegin,
kavuzsuz yulaf ve arpa, ¢avdar, ekmeklik ve makarnalik
bugday orneklerinin toplam flavonoid miktarlarinin belir-
lendigi bir caligmada, kavuzsuz yulaf 6rneklerindeki toplam
flavonoid madde miktar1 7.4 mg katesin/100g k.m. olarak
hesaplanmig olup yulaftan sonra ikinci en yiiksek flavonoid
miktarina sahiptir (Zilic ve dig., 2011). Aym ¢alismada ek-
meklik bugdaydaki toplam flavonoid madde miktar1 ise 3.5
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mg katesin/100g k.m. olarak belirlenmistir. Ekmeklik bug-
daym, makarnalik bugday ile birlikte, incelenen hububatlar
arasindaki en diisiik flavonoid igerigine sahip oldugu goriil-
miistiir. Yulaftaki toplam flavonid miktarinin ekmeklik bug-
daydaki flavonoid miktariin 2 katindan fazla oldugu goriil-
miistiir.

Tablo 4. Kullanilan unlarin serbest, bagh ve toplam flavo-
noid bilesik igerikleri.

Table 4. Free, bound and total amounts of flavonoids in flour

types
Yulaf Unu Bugday Unu
mg RE (rutin esde- | mg RE (rutin esde-

geri)/100g km geri)/100g km
Serbest
flavonoidler 331.0 £23.3° 76.2 £14.8
Bagh
flavonoidler 317,8+66,3 182.4 +£24.1°
Toplam
flavonoidler 648.8 £89.6° 258.6 £38.9°

Degerler 2 ekstraksiyon ve 3 tekrarli analizin ortalama + standart sapma
degerleri olarak verilmistir. Ayni siitunda farkli harfler arasindaki fark is-
tatistiksel olarak 6nemli diizeyde farklidir (p<0.05)

Islemlerin Flavonoid Madde Icerigine Etkileri

Serbest, bagli ve toplam flavonoid igerik sonuglari, yulaf ek-
megi ve geleneksel beyaz ekmek i¢in, Tablo 5’te hem islem-
ler arasinda hem de birbirleri arasinda kiyaslanmistir.

Toplam flavonoid igerigi incelendiginde; bagli flavonoid
miktar1 serbest flavonoide gore her iki ekmek i¢in de yliksek
cikmustir. Islemler yulaf ekmegi icin kendi icinde kiyaslan-
diginda, fermentasyon isleminin serbest, baghi ve toplam
flavonoid miktarin1 pozitif yonde etkiledigi goriilmustiir.
Yapilan istatistik analiz sonucunda, ekmek ile iglem arasin-
daki interaksiyonun Onem teskil ettigi belirlenmis olup
(p<0.05), islem etkisinin 6nemli 6l¢iide flavonoid igerigini
etkiledigi belirlenmistir.

Yulaf, milet ve sorgum unlarinin farkli oranlarda bugday
unu ikamesi olarak kullanildig1 bir ¢aligmada, %60 oraninda
yulaf unu ikamesi igeren ekmek orneklerindeki toplam fla-
vonoid miktar1 69 mg katesin/100g 6rnek olarak rapor edil-
mis olup, bugday ekmeklerinde Sl¢iilen toplam flavonoid
miktar1 ise 46 mg katesin/ 100g 6rnek olarak hesaplanmistir
(Angioloni ve Collar, 2012). Buna gore, yulaf unu ikamesi-
nin toplam flavonoid miktari iizerindeki olumlu etkisi mev-
cut ¢aligmayla benzerlik tagimaktadir.

Fermantasyon sonucunda bagli flavonoid miktarindaki artig
literatiirdeki benzer calismalarda da tespit edilmis olup,

farkli fungal kaynaklarla fermente edilen yulaf 6rneklerinde
Olciilen toplam flavonoid miktarinin 6nemli diizeyde arttig1
goriilmiistiir (Cai ve dig, 2012). Literatiirde bulunan ¢alig-
malarda, soya unu ile iiretilen ekmekte; flavonoid igeriginin
ekmek yapim asamalar1 esnasinda degistigi fakat degradas-
yona ugramadigi sdylenmistir (Zhang ve dig., 2015). Giin-
cel ¢alismada ise; toplam flavonoid miktari, fermentasyon
ile artig gosterirken, pisirme asamasi sonrasinda azalmstir.
Pisirme sonrasinda azalmasi agisindan soya unu ile elde edi-
len ekmek ile yapilan ¢alismaya (Zhang ve dig., 2015) ben-
zerlik gostermistir. Pigsme esnasinda flavonoid miktarinda
yasanan azalmanin muhtemel sebebinin ise; termal bozulma
veya geri doniisii olmayan bir sekilde diger ekmek bilesen-
lerine baglanilmasi oldugu diistiniilmektedir.

Toplam Antioksidan Aktivite Tayini (DPPH ve CUPRAC)
Hammaddelerin toplam antioksidan aktiviteleri

Ekmek yapiminda kullanilan iki ana hammaddenin sahip ol-
dugu serbest, bagl ve toplam antioksidan aktivitesi DPPH
metodu ile Tablo 6a’da, CUPRAC metodu ile elde edilen
sonuglar ise Tablo 6b’de kiyaslanmistir. DPPH radikali ile
Ol¢iilen sonuglara gore; yulaf unu ve bugday ununun serbest,
bagl ve toplam antioksidan aktivite diizeyleri arasindaki
fark istatistiksel olarak Oonemli bulunmamistir (p>0.05).
Buna karsin, CUPRAC metodu ile 6l¢iilen antioksidan akti-
vite degerleri karsilastirildiginda, DPPH radikali ile yapilan
antioksidan olgiimiine benzer sekilde yulafin baglh ve ser-
best fraksiyonlarindaki antioksidan aktivite ve toplam anti-
oksidan aktivite degerlerinin yulafta bugdaya gore daha
yiksek oldugu goriilmektedir. Farkin, CUPRAC metodu 61-
¢limlerinde 6nemli diizeyde yliksek oldugu belirlenmistir
(p<0.05).

Elde edilen bu bulgular daha 6nce yapilan arastirmalarla da
benzerlik teskil etmektedir. Zilic ve dig. (2011) tarafindan
yapilan ¢alismada; DPPH radikalinin %50 oraninda yaka-
lanmas: igin gerekli miktarlarin belirlendigi metoda gore,
aralarindaki fark ¢ok yiiksek olmasa dahi, daha az miktarda
yulaf numunesinin (7.67 mg k.m.), ekmeklik bugday numu-
nelerinin gosterdigi antioksidan aktivite degerini gosterebil-
digi (9.37 mg k.m.) belirlenmistir (p<0.05).

Her iki un i¢in de bagh fraksiyondaki antioksidan aktivitesi
daha yiiksek ¢ikmakla birlikte, yulaf ununun toplam antiok-
sidan aktivitesi bugday ununa gore yiiksek ¢ikmistir. Yulaf
tanelerindeki antioksidan aktivitenin yuksek olusu taninle-
rin diger hububat tanelerinden daha fazla oranda polivinil-
polipirolidon bilesenlere baglanmis halde olmasi ile iligki-
lendirilmistir (Zilic ve dig., 2011).

Tablo 5. Ekmek {iretim asamalarinin ekmeklerin serbest, bagl ve toplam flavonoid bilesiklerine etkileri
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Table 5. Effects of bradmaking processes on the free, bound and total flavonoids

Yogurma Fermentasyon Pisirme
mg RE (rutin esde- mg RE (rutin esde- | mg RE (rutin esde-

geri)/100 g km geri) /100 g km geri) /100 g km
Yulaf Ekmegi-Serbest 172.6 £22.4™ 200.1 +11.8° 167.2 £15.3¢
Yulaf Ekmegi-Bagh 331.0 £62.1° 417.6 £90.0° 362.7 £99.3%
Yulaf Ekmegi-Toplam 503.6 £84.4° 617.7 +101.8° 529.9 +114.7°
Kontrol Ekmegi-Serbest 131.2 £24.4* 131.2 £8.7% 83.9 £10.6°
Kontrol Ekmegi-Bagh 280.0 £9.4° 346.9 £32.1* 369.0 £63.7°
Kontrol Ekmegi-Toplam 411.2£33.9° 478.2 £40.8% 452.9 £74.3

“Degerler iki islem tekrari, iki ekstraksiyon tekrar ve iig tekrarli analiz sonuglarma ait ortalama degerler + standart sapma olarak verilmistir. Her bir
ekmek numunesi kendi i¢inde ayni satir igerisinde farkli harflerle gosterilen degerler birbirlerinden istatistiksel olarak dnemli diizeyde farklidir
(p<0.05).

Tablo 6.a. Kullanilan unlarin DPPH radikal yakalama metodu ile serbest, bagl fraksiyonlardaki ve toplam antioksidan
aktivitesi.

Table 6.a. Free, bound and total antioxidant activities of measurements in flour types used, with DPPH radical scavenging method

Yulaf Unu Bugday Unu
DPPH mg TE/100 g km mg TE/100 g km
Serbest fraksiyon AA 46.0 +£5.1° 38.3 £0.4°
Bagh fraksiyon AA 49.0 +0.7° 46.3 £0.2°
Toplam AA 94.9 £5.8° 84.6 0.6

Degerler 2 ekstraksiyon ve 3 tekrarli analizin ortalama ve standart sapma degerleri olarak verilmistir. Ayni siitunda farkli harfler arasindaki fark
istatistiksel olarak dnemli diizeyde farklidir (p<0.05)

Tablo 6.b. Kullanilan unlarin CUPRAC metodu ile serbest, bagl fraksiyonlardaki ve toplam antioksidan aktivitesi.
Table 6.b. Free, bound and total antioxidant activities of flour types with CUPRAC method

Yulaf Unu Bugday Unu
CUPRAC mg TE/100g km mg TE/100g km
Serbest fraksiyon AA 59.4 £0.5° 48.2 £1.0°
Bagh fraksiyon AA 60.8 +£0.4° 56.7 £0.7°
Toplam AA 120.1 £0.9* 104.8 +1.6°

Degerler 2 ekstraksiyon ve 3 tekrarli analizin ortalama ve standart sapma degerleri olarak verilmistir. Ayni siitunda farkli harfler arasindaki fark
istatistiksel olarak onemli diizeyde farklidir (p<0.05)
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Islemlerin antioksidan aktivite iizerine etkileri

Ekmek iiretim iglemlerinin serbest ve bagli fraksiyonlardaki
antioksidan aktivitelerine ve toplam antioksidan aktiviteye
olan etkilerinin DPPH radikali yakalama metoduna gore 6l-
ciilen sonuglar yulaf ekmegi ve sadece bugday unu kullani-
larak iiretilen ekmekler i¢in Tablo 7°de verilmistir.

Fermentasyon igleminin her iki ¢esit ekmekte de calisilan
tiim fraksiyonlar i¢in antioksidan aktiviteyi istatistiksel ola-
rak onemli diizeyde arttiric1 6zellikte oldugu goriilmiistiir
(p<0.05). Yulaf ekmegi i¢in serbest ve bagh fraksiyonlar-
daki antioksidan aktivite arasinda 6nemli bir fark goriilme-
mekle birlikte, sadece bugday unu kullanilarak iiretilen ek-
meklerde bagl fraksiyondaki antioksidan aktivite serbest
fraksiyona gore daha yiiksektir.

Pisirme basamaginin tiim fraksiyonlarda, fermentasyon son-
ras1 Olgiilen antioksidan aktiviteyi dnemli diizeyde diisiir-
digi (p<0.05), ozellikle serbest fraksiyondaki antioksidan
aktivite diislisliniin bagh fraksiyonlara gore daha yiiksek ol-
dugu belirlenmistir. Buna gore, islem etkisi DPPH radikal
yakalama metodu ile 6lgiilen antioksidan aktiviteyi dnemli
diizeyde etkilemekte olmasina karsin (p<0.05), ekmek ce-
sidi istatistiksel olarak Onemli bir role sahip degildir
(p>0.05).

Han ve Koh (2011) tarafindan yapilan ¢alismada; iki asa-
mal1 yogurma islemi uygulanmistir. Birinci yogurma isle-
minde antioksidan aktivite %16.9 ile ifade edilirken kosul-
lar1 agirlagtirarak uygulanan yogurma islemi sonrasinda an-
tioksidan aktivitesi %13.9’a diismiistiir. Her ikisi de kulla-
nilan hammaddenin baslangigta sergiledigi antioksidan ak-
tivitesine (%28) gore az olmakla birlikte, karigtirma kosul-
lar1 agirlastik¢a azalan antioksidan aktivitesi yliksek hizda
uygulanan yogurma isleminin glutendeki disiilfid baglarini
kirarak tiyol serbest radikaller olusturmasi ile agiklanmaistir.
Bu durum; ferulik, fumarik asit ve serbest radikal temizleyi-
cilerinin yogurma esnasinda hamurdaki yikimi hizlandir-
mast ile desteklenebilir. Cok fazla karistirilan hamur; feno-
lik asitlerin tiyol serbest radikalleri ile daha fazla interaksi-
yona girmesi ile optimum kosullarda karistirilan hamura
gore daha diisiik antioksidan aktivite sergilemistir. Fermen-
tasyon islemi ile hamurdaki toplam antioksidan aktivite
%26.3’e ¢ikmistir. Bu artis; antioksidanlarin baglarinin fer-
mentasyon ile hidrolize olarak serbest radikalleri temizleye-
cek olan antioksidanlar1 ortaya ¢ikarmasindan kaynaklani-
yor olabilir. Ekmek pigirme agamasinda ise fermente ha-
mura gore ¢ok az bir miktar antioksidan aktivitede artis sag-
lamistir (Han ve Koh, 2011).

Serbest, bagl ve toplam antioksidan aktivitenin CUPRAC
metodu sonuglari, yulaf ekmegi ve geleneksel beyaz ekmek
icin, Tablo 8’de islemler arasinda kiyaslanmigtir. Serbest fe-
nolik bilesiklerin antioksidan aktivitesi yulaf unu i¢eren ek-
mekte fermentasyon iglemi ile yaklagik 1.5 kat artarken, pi-
sirme islemi sonrasinda 3 kat azalmistir. Yulaf ekmeginde
bulunan bagl fenolik bilesiklerin sergiledigi antioksidan ak-
tivite, serbest fraksiyondaki kadar degiskenlik gosterme-
mekle birlikte fermentasyon sonrasinda bir miktar artis gos-
termistir.

[statistik analiz sonucunda CUPRAC analizinde; ekmek
iretim islemlerinin ¢ikan sonuclarda istatistiksel olarak
onem teskil ettigi belirlenirken (p<0.05) yulaf ekmegi ve
kontrol ekmegi arasindaki fark oOnemli ¢ikmamistir
(p>0.05).

Elde edilen sonuglara uygulanan istatistik analiz sonucunda
ekmek cesidi ve islem etkisinin 6nemli oldugu tespit edil-
mistir (p<0.05).

Fermentasyon isleminin yulafin antioksidan aktivitesi tize-
rindeki arttirict etkisi daha dnce de farkli caligmalarla ortaya
konmustur (Cai ve dig., 2011; Cai ve dig., 2012).

Benzer sekilde, un igerigindeki antioksidan bilesenlerin ek-
mek pisirme agamasinda 1s1l etki nedeniyle hasar gorebile-
cegi veya bozulmaya ugrayabilecegi bilinmektedir (Dewet-
tinck ve dig., 2018). Literatiirdeki baz1 diger ¢calismalarda
ise; yogurma /hamur sekil verme ve pisirme agamalarinda
da antioksidan aktivitede bir miktar diisiis goriilebilecegi be-
lirtilmektedir (Han ve Koh, 2011). Bu diisiisiin genellikle,
mevcut caligmaya benzer sekilde, fermentasyon sirasinda
tekrar yiikseldigi raporlanmis olup, bu artisin fermentasyon
isleminin antioksidan bilesenlerde bulunan baglarin fermen-
tasyon etkisiyle hidrolize olarak antioksidanlar1 serbest
forma doniistiirmesi mekanizmasi ile agiklanmaktadir (Han
ve Koh, 2011).

Yulafin antioksidan kapasitesi gogunlukla; tokoferol, tokot-
rienol, fitik asit, flavonoid ve flavonoid olmayan fenolik bi-
lesiklerden (6rnegin; avenantramidler) kaynaklanmaktadir.
Yulaf antioksidanlarimin, diisiik-yogunluklu lipoproteinlerin
oksidasyonunu inhibe ettigi ve reaktif oksijen gesitlerini te-
mizledigi daha dnceki galigmalarda belirtilmigtir (Emmons
ve Peterson, 1999). Bunun yaninda, ekmeklerin antioksidan
aktivitesi ekmek liretiminde kullanilan bilesenlerde bulunan
aktif oksidatif enzimler tarafindan veya ortamdaki oksijen
tarafindan oksitlenen bilesikler ile degistirilebilir (Chlo-
picka ve dig., 2012). Bu baglamda, bugday ununda bulunan
askorbik asitin (C Vitamini) kontrol ekmegindeki yiiksek
antioksidan aktivitede rol oynadig1 da diisiiniilmektedir.
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Tablo 7. Ekmek iiretim basamaklarinin ekmeklerin serbest, bagl fraksiyonlardaki ve toplam antioksidan aktiviteleri {ize-
rindeki etkileri (DPPH radikal yakalama metodu).

Table 7. Effects of breadmaking processes on the free, bound fractions and total antioxidant activities of breads (DPPH radical sca-
venging method)
Yogurma Fermentasyon Pisirme
DPPH mg TE/100g km mg TE/100g km mg TE/100g km
Yulaf Ekmegi-Serbest fraksiyon AA 31.4+2.1° 38.8 +1.2° 20.7 £1.2°
Yulaf Ekmegi-Bagh fraksiyon AA 30.4 +1.0° 37.0 £1.6° 30.1 +£1.5°
Yulaf Ekmegi-Toplam AA 61.8 £3.1° 75.9 £2.8° 50.8 £2.7¢
Kontrol Ekmegi-Serbest fraksiyon AA 31.0 +2.1° 38.2 +2.2° 21.9 £3.6°
Kontrol Ekmegi-Bagh fraksiyon AA 45.4 +0.6° 50.5 £1.2° 45.8 £0.7°
Kontrol Ekmegi-Toplam AA 76.4 +2.8° 88.7 £3.4° 67.6 £4.3¢

"Degerler iki islem tekrari, iki ekstraksiyon tekrar1 ve ii¢ tekrarl analiz sonuglarina ait ortalama degerler + standart sapma olarak veril-
mistir. Her bir ekmek numunesi kendi i¢inde ayn1 satir igerisinde farkli harflerle gosterilen degerler birbirlerinden istatistiksel olarak
onemli diizeyde farklidir (p<0.05).

Tablo 8. Ekmek iiretim basamaklarinin ekmeklerin serbest, bagl fraksiyonlarda ve toplam antioksidan aktivitesi tizerine
etkileri (CUPRAC methodu).

Table 8. Effects of breadmaking processes on the free, bound fractions and total antioxidant activities of breads (CUPRAC method)

Yogurma Fermentasyon Pisirme
CUPRAC mg TE /100g km mg TE /100g km | mg TE/100g km
Yulaf Ekmegi-Serbest fraksiyon AA 43.9 £0.7° 60.2 £0.7° 28.9 £0.9°
Yulaf Ekmegi-Bagh fraksiyon AA 52.1 £0.7¢ 59.9 +0.8° 55.6 £0.5"
Yulaf Ekmegi-Toplam AA 95.9 +1.4° 120.0 £1.6* 84.5 £1.4¢
Kontrol Ekmegi-Serbest fraksiyon AA 46.3 £0.7¢ 55.7 £0.6° 473 +1.3°
Kontrol Ekmegi-Bagh fraksiyon AA 57.2 +0.5° 59.9 +1.2° 56.7 +0.5¢
Kontrol Ekmegi-Toplam AA 103.4 £1.1° 115.6 +1.8% 104.0 £1.9°

*Degerler iki islem tekrar, iki ekstraksiyon tekrari ve ii¢ tekrarli analiz sonuglarma ait ortalama degerler + standart sapma olarak verilmistir. Her bir
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ekmek numunesi kendi iginde ayni satir igerisinde farkli harflerle gosterilen degerler birbirlerinden istatistiksel olarak 6nemli diizeyde farklidir

(p<0.05).

Fenolik Madde Profili
Hammaddelerin fenolik madde profili

Hammadde olarak kullanilan yulaf ve bugday ununun, ser-
best ve bagli fenoliklerinin profil sonuglar1 Tablo 9a’da gos-
terilmigtir. Yulaf ununda en yiiksek miktarda serbest halde
bulunan fenolik asit gallik asit (34.46 mg/g) olarak belirlen-
mistir.

Bugday ununda tespit edilen fenolik bilesiklerden sadece si-
ringik asitin yulaf unu ile kiyaslandiginda daha yiiksek mik-
tarda oldugu goriilmiistiir. Bugday ununun fenolik madde

profili incelendiginde kafeik asidin olduke¢a diisiik miktar-
larda oldugu goriilmiistiir. Baglh fenolik bilesiklerin profili
incelendiginde ise; yulaf ununda en yiiksek miktarda bulu-
nan fenolik madde rutin (23.87 mg/g) olarak belirlenmistir.
Bugday ununun bagli fenolik madde igerigi ise serbest feno-
lik madde profilinde oldugu gibi ferulik asit, gallik asit, ka-
feik asit ve giringik asit olarak tespit edilmistir. Bagl fenolik
profilinde her iki un i¢in de kafeik asit (yulaf ununda 0.57
mg/g, bugday ununda 0.46 mg/g) miktar1 oldukca diigiik
miktarda gozlemlenmistir. Literatlirde ad1 gegen avenantra-
midlerin, yulaf unu igeriginde hem bagli hem de serbest
formlarda var oldugu diigiiniilmektedir.
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Hitayezu ve dig. (2015)’nin yaptig1 calismada da bahsedil-
digi gibi avenantramidler 280 nm’de 25 ile daha sonrasin-
daki alikonma siirelerinde goriiliirler (Hitayezu ve dig.,
2015). Yulaf icerisinde en baskin olarak goriinen bilesikler
olmakla birlikte olusturduklar1 pikler oldukea biiyiik alana
sahiptir. Yapilan ¢alismadaki 6rneklerde de 280 nm’de yu-
laf unun sergiledigi pikler incelendiginde en biiyiik alana sa-
hip olan piklerin avenantramid oldugu diistiniilmektedir.

Tahil taneleri fenolik asit, saponinler, fitodstorojenler ve fla-
vonidleri i¢cermektedir. Serbest fenolik asitler arasinda en
yaygin olarak bulunanlar ise; ferulik, vanilik ve p-kumarik
asittir (Sivam ve dig., 2010). Ferulik asit hububatlarda en
yaygin olarak bulunan fenolik asit olup, 6zellikle misir, bug-
day, yulaf ve piringte bagli fenolik asit olarak bulundugu ra-
porlanmistir (Adom ve Liu, 2002).

Ferulik asit diger arastirmacilar tarafindan bugday unundaki
ana serbest fenolik asit olarak bildirilmektedir (Hatcher ve
Kruger, 1997). Buna kargin, bir diger ¢aligmada incelenen
11 bugday cesidinin toplam ferulik asit igeriginin birbirin-
den 6nemli Olgiide farkli oldugu belirlenmistir (Adom ve

dig., 2003). Diger bir ¢alismada ise; kuru maddede gallik
asit miktariin 14.39-70.45 pg/g, p-hidroksi benzoik asit
miktarinin 6,76- 37,48 pg/g, vanilik asit miktarinin 3,65-
42,75 ng/g, kafeik asit miktarinin 0,95- 7.02 ng/g, ferulik
asit miktariin 1,43- 18,98 ng/g arasinda degiskenlik gos-
terdigi gozlemlenmistir. Bu degiskenligin sebebi de yulaf
cesitlerinin farkli kosullarda yetismesi olarak agiklanmistir
(Chen ve dig., 2018).

Islemlerin fenolik profil iizerine etkisi

Yulaf unu igerikli ekmek ve sadece bugday unu kullanilarak
iretilen ekmeklerin ekmek yapim asamalarindaki serbest ve
bagli fenolik profil analiz sonuglar1 Tablo 9b ve Tablo 9¢’de
gosterilmistir. Bu tablolara gdre; yulaf unu iceren hamurda
yogurma asamasinda en ¢ok goriilen serbest fenolik asit gal-
lik asit (99.64 mg/g) olarak belirlenmistir. Fermentasyon
asamasi ile bu miktar yaklagik 5,5 katina ¢ikmis ve daha
sonra pisirme agsamasinda uygulanan sicaklik ile 22 kat azal-
mistir.

Tablo 9. a. Yulaf ve bugday unlarinin serbest ve bagh fenolik madde icerikleri

Table 9. a. Free and bound phenolics in oat and wheat flours

| Ferulik | Gallik | Kafeikasit | P-kumarik | Vanilikasit | T-sinamik | Rutin | DK | ggingi .
Un Cesidi . . . . benzoik asit Avenantramid
asit (mg/g) | asit(mg/g) | (mg/g) | asit(mg/g) | (mg/g) | asit(mg/g) | (mg/g) (mg/g) (mg/g)
Serbest Fenolik Madde
14.87 34.46 4.38 27.67 10.39 18.02 11.28 9.61 15.34
Yulaf Unu | +0.49 +0.28 +022 +0.19 +0.47 +0.60 +0.77 £0.05 +0.05 Var
Bugday 7.73 2.42 0.37 2131
Unu +0.33 +0.19 +0.02 - - - - - +0.05 Yok
Bagli Fenolik Madde
16.54 6.69 0.57 16.09 29.14 23.87 14.88 45.93
Yulaf Unu | £0.87 +0.04 +0.007 +0.08 +0.09 - £2.36 £0.10 +0.19 Var
Bugday 1.24 5.15 0.46 2.59
Unu +0.10 +0.12 +0.003 - - - - - +0.06 Yok
Tablo 9. b. Ekmeklerde farkli ekmek iiretim asamalar1 i¢in 6lgulen serbest fenolik madde igerikleri
Table 9. b. Free phenolics contents measured at different steps of breadmaking
Ekmek fslen Ferulik | Gallik Kafeik | P-kumarik | Vanilik | T-sinamik | Rutin li)er}:;?)jl(ik:sllt Siringik | Avenant-
Cesidi asit (mg/g) | asit (mg/g) | asit (mg/g) | asit (mg/g) | asit(mg/g) | asit (mg/g) (mg/g) (mg/g) (mg/g) ramid
5 1.74 99.64 1.48 16.97 9.59 5.57 7.67 6.47 4.52
9 Yogurma +0.11 +2.46 +0.08 +0.29 +0.26 +0.31 +0.25 +0.24 +0.13 Var
é 19.06 550.59 9.66 23.71 10.60 6.32 8.96 8.99 17.56
% | Fermentasyon £2.61 £25.72 £0.12 £0.19 +0.41 £0.06 +0.20 +0.11 +0.49 Var
= 4.35 25.00 0.35 3.12 7.76 1.07 0.61 5.45 14.68
s Pigirime +0.29 +1.32 +0.05 +0.08 +0.17 +0.03 +0.07 +0.16 +0.08 Var
) 2.79 3.55 2.11 7.80
£ | Yogurma £0.19 £0.10 +0.08 - - - - - +0.18 Yok
m 1.94 5.18 0.29 22.44
é‘ Fermentasyon +0.16 +0.14 +0.02 - - - - - +0.26 Yok
2D 1.18 3.44 0.64 12.63
A | Pigirime +0.08 +0.12 £0.02 - - - - - £0.12 Yok
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Tablo 9. c. Ekmeklerde farkli ekmek iiretim asamalari i¢in 6l¢iilen bagli fenolik madde icerikleri

Table 9. c. Bound phenolics contents measured at different steps of breadmaking

Bkmek | Ferulik | Gallikasit| Kafeik | Pkumarik | Vanilik | Smamik opg, | PeHidoksi- ik | Avenantra-
o I[slem . . . . asit (mg/g) benzoik .
Cesidi asit (mg/g) (mg/g) asit (mg/g) | asit(mg/g) | asit (mg/g) (mg/g) ssit (mg/g) (mg/g) mid
22.60 15.65 0.18 8.57 1.54 - 14.03 19.73 11.06
w Yogurma +0.51 +0.05 +0.004 +0.07 +0.05 +0.12 +0.09 +0.18 Var
S 9 23.33 18.10 0.25 29.76 2.96 - 34.83 14.50 49.39
>? E Fermentasyon +0.31 +0.41 +0.01 +0.11 +0.05 +0.14 +0.09 +0.06 Var
- 1.32 4.54 0.39 28.95 26.35 - 11.41 26.42 46.46
Pigirime +0.11 +0.10 +0.003 +0.09 +0.34 +0.17 +0.09 +0.07 Var
1.21 2.48 2.09 - 1.78
o..= | YoSurma +0.07 +0.08 +0.009 - - - - +0.05 Yok
< )?én 25.19 2.96 2.10 - 3.59
%ﬂ = Fermentasyon +1.08 +0.05 +0.004 - - - - +0.06 Yok
2.20 4.06 0.61 - 3.35
Pigirime +0.11 +0.06 +0.007 - - - - +0.05 Yok
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Bugday ekmegi i¢in yogurma asamasinda serbest halde bu-
lunan gallik asidin yulaf ekmegine gore oldukca diisiik ol-
dugu goriilmiistiir. Yulaf ekmeginde; fermentasyon agsamasi
ile 10 kat artarak en ¢ok artig1 gosteren serbest haldeki feno-
lik asit ferulik asit olarak belirlenmistir. Yulaf ekmeginde;
degerlendirilen fenolik asitler arasinda en diisiik miktarda
bulunan serbest fenolik asidin kafeik asit (1.48 mg/g) ol-
dugu belirlenmistir. Her {i¢ asamada da yulaf ekmeginde
avenantramidlere rastlanirken, bugday ekmeginde avenant-
ramid bulunmamistir. Bugday ununda; degerlendirilen fe-
nolik asitler arasindan siringik asit (7.8 mg/g) en yiiksek
miktarda goriilmekle birlikte en yiiksek artig orani yaklagik
2.5 kat artig gosteren siringik asitte yogurma ve fermentas-
yon agamalari sirasinda yaganmustir.

Bagh fenolik asit profili incelendiginde ise; yulaf ekme-
ginde yogurma asamasinda en yiiksek miktarda bulunan
bagl fenolik asit ferulik asit olarak belirlenmistir. Literatiir
ile paralel olarak, fermentasyon islemi bagli fenolik asit pro-
filinde artis meydana getirirken, en yiiksek artig1 2.5 kat ar-
tan rutin ve p-kumarik asit sergilemistir. Pisirme agamasi, p-
hidroksibenzoik asit, kafeik asit, vanilik asitte (8 kat) artig
meydana getirmistir. Bugday ekmeginin bagl fenolik asit
profili incelendiginde ise; serbest fenolik asit profilinde ol-
dugu gibi p-kumarik, vanilik, t-sinamik, p-hidroksi benzoik
asit ve rutine rastlanmamustir. Degerlendirilen bagh fenolik
asitler arasinda, bugday ekmeginde yogurma asamasinda en
yiliksek miktarda goriilen fenolik asidin gallik asit oldugu
belirlenmistir. Hitayezu ve dig.’nin aragtirmasinda yulaf ek-
meklerinde hem serbest hem de bagli formlarda avenantra-
mid varlig1 incelendiginde, 280 nm’de bahsedilen alikonma
zamanlarinda avenantramidlerin var oldugu diisiiniilmekte-
dir (Hitayezu ve dig., 2015). Avenantramidlerin miktari
standart kalibrasyon egrisi olmadig1 i¢in belirlenememistir.

Literatiirde ekmek {iretim proseslerinin farkli fenolik bile-
senler lizerinde degisik etkiler olusturabilecegi raporlanmig-
tir. Bugday ekmegi yapim agsamalarinda (yogurma, fazla yo-
gurma, fermentasyon, pisirme) fenolik asit profil degisimle-
rini inceleyen bir ¢calismada; kafeik asit miktarinin istatistik-
sel olarak onemli derecede degisim gostermedigi fakat ra-
kamsal olarak fermentasyon ve pisirme asamalarinda arttig
gbzlemlenmistir. Ferulik asidin, normal yogurma ve fazla
miktarda yogurma asamalar1 arasinda onemli derecede de-
gisim gostermedigi sOylenirken, fermentasyon agamasinda
ciddi bir artis gozlemlenmistir. Gallik asit miktarinda, nor-
mal ve fazla yogurma arasinda 6nemli derecede bir fark goz-
lenmemis olup fermentasyon asamasina gecerken cok az
miktarda bir artig gézlemlenmistir. Pisirme agsamasi sonra-
sinda ise dnemli derecede gallik asit miktarinda diislis go-
rildigi belirtilmigtir. Siringik asit i¢in ise; fermentasyon
asamasinda onemli bir artis ve pigsirme agamasinda ¢ok az
miktarda azalma gozlemlendigi sdylenmistir (Han ve Koh,
2011).

Undan baglayarak ekmek orneklerine kadar gecen asama-
larda vanilik asit ve sinapik asit gibi bazi fenolik asit icerik-
lerinde Olgiilen artiglar daha 6nce yapilan aragtirmalarda da
acikea goriilmiistiir (Lu ve dig, 2014). Fermantasyonun fe-
rulik asit gibi baz1 fenolik asitlerin miktarlar1 tizerindeki et-
kisi daha 6nce diger arastirmacilar tarafindan da dile getiril-
migstir (Moore ve dig., 2009). Lu ve dig, (2014) tarafindan
yapilan ¢alismada, ekmek kabugu drneklerinde vanilik, ka-
feik, sinapik, ferulik asit ve toplam fenolik seviyesi en yiik-
sek miktarda iken, ayni bugdayin ununda bu bilesenler ol-
dukga diisiik miktarda bulunmustur. Bu nedenle, arastirma-
cilar, ekmek pisirme agamasinda bu fenolik asitlerin hidro-
lizi veya kimyasal yapisindaki diger degisiklikleri bu feno-
lik bilesiklerin artisinin nedeni olarak 6ne stirmiiglerdir (Lu
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ve dig., 2014). Onceki bir calismada, 6lciilen katesin mikta-
rindaki kaybin, oksidasyon, izomerizasyon / epimerizasyon
ve ekmek yapimi sirasinda bozunmanin birlesik etkisi ile
iligkili oldugu ileri siiriilmiistiir (Wang ve Zhou 2004).

Han ve Koh (2011), kafeik asit, ferulik asit, siringik asit ige-
ren bugday ununa karistirilan gallik asidin (4.44 pmol/gr)
fermentasyondan sonra konsantrasyonda artig gosterdigini
ortaya koymustur. Diger fenolik asitlerin varliginda fermen-
tasyonun gallik asit ve diger molekiiller arasindaki baglari
koparmak suretiyle gallik asidi serbest biraktigini gdsterir
(Han ve Koh, 2011). Diger bir ¢aligmada da; ferulik, sirin-
gik, vanilik ve p-kumarik asitler gibi bazi fenoliklerin 1s1
stresi ile konsantrasyonunun artabildigi veya baz1 fenolikle-
rin 1s1 etkisiyle agiga ¢ikabildigi belirtilmistir (Chen ve dig.,
2017).

Sonug¢

Yapilan ¢alismanin ¢ikis noktasi firincilik sektoriine fonksi-
yonel bir {irlin 6nerisinde bulunarak fenolik bilesik igerigi
ve antioksidan aktivitesi arttirilmis ulagilabilir gidalarin sa-
yisin1 arttirmaktir. Ekmeklik bugday ununa %40 oraninda
yulaf unu katilarak tiretilen yulaf ekmeginin ozellikle sahip
oldugu fenolik asit ¢esitliligi ile sagliga yararmin yiiksek
olacag diisiiniilmektedir. Fermentasyon asamasinda fenolik
maddelerin miktarinda artis ve doniisiimler oldugu agiktir.
Pigirme agamasinda azalan fenolik bilesik, flavonoid igerigi
ve antioksidan kapasitesini tolere edebilecek optimum kosul
ve sicakliklardan bahsedilebilinmesi i¢in ekmek yapim asa-
malarmin optimizasyonu {izerine daha fazla aragtirma yapil-
masinin gerektigi goriilmiistiir.

Etik Standart ile Uyumluluk

Cikar catismasi: Yazarlar bu yazi igin gergek, potansiyel veya
algilanan ¢ikar ¢atismasi olmadigini beyan etmiglerdir.

Kaynaklar

Adom, K.K., Liu, R.H. (2002). Antioxidant activity of gra-
ins. Journal of Agricultural and Food Chemistry,
50(21), 6182-6187.

Adom, K.K., Sorrells, M.E., Liu, R.H. (2003). Phytochemi-
cal profiles and antioxidant activity of wheat varieties.
Journal of Agricultural and Food Chemistry, 51(26),
7825-7834.

Angioloni, A., Collar, C. (2011). Nutritional and functional
added value of oat, Kamut, spelt, rye and buckwheat
versus common wheat in bread making. Journal of the
Science of Food and Agriculture, 91, 1283-1292.

Angioloni, A., Collar, C. (2012). Effects of pressure treat-
ment of hydrated oat, finger millet and sorghum flours
on the quality and nutritional properties of composite
wheat breads. Journal of Cereal Science, 56, 713-719.

Apak, R., Giiclii, K., Ozyiirek, M., Karademir, S.E. (2004)
Novel Total Antioxidant Capacity Index for Dietary
Polyphenols and Vitamins C and E, Using Their Cupric
Ion Reducing Capability in the Presence of Neocupro-
ine: CUPRAC Method. Journal Agricultural and Food
Chemistry, 52(26), 7970-7981.

Bei, Q., Liu, Y., Wang, L., Chen, G., Wu, Z. (2017). Impro-
ving free, conjugated, and bound phenolic fractions in
fermented oats (Avena sativa L.) with Monascus anka
and their antioxidant activity. Journal of Functional
Foods, 32, 185-194.

Boskov Hansen, H., Andreasen, M.F., Nieclsen, M.M., Lar-
sen, L.M., Bach Knudsen, K.E., Meyer, A.S., Christen-
sen, L.P., Hansen, A. (2002). Changes in dietary fibre,
phenolic acids and activity of endogenous enzymes du-
ring rye bread-making. European Food Research and
Technology, 214, 33-42.

Cai, S., Huang, C., Ji, B., Zhou, F., Wise, M.L., Zhang, D.,
Yang, P. (2011). In vitro antioxidant activity and inhi-
bitory effect, on oleic acid-induced hepatic steatosis, of
fractions and subfractions from oat (4dvena sativa L.)
ethanol extract. Food Chemistry, 124, 900-905.

Cai, S., Wang, O., Wu, W., Zhu, S., Zhou, F., Ji, B., Cheng,
Q. (2012). Comparative study of the effects of solid-
state fermentation with three filamentous fungi on the
total phenolics content, flavonoids, antioxidant activi-
ties of subfractions from oats (4vena sativa L.). Journal
of Agricultural and Food Chemistry, 60(1), 507-513.

Chen, D., Shi, J., Hu, X., Du, S. (2015). Alpha-amylase tre-
atment increases extractable phenolics and antioxidant
capacity of oat (Avena nuda L.) flour. Journal of Ce-
real Science, 65, 60-66.

Chen, X., Li, X., Mao, X., Huang, H., Wang, T., Qu, Z.,
Miao, J., Gao, W. (2017). Effects of drying processes
on starch-related physicochemical properties, bioactive
components and antioxidant properties of yam flours.
Food Chemistry, 224, 224-232.

Chen, C., Wang, L., Wang, R., Luo, X., Li, Y., Li, J., Li, Y.,
Chen, Z. (2018). Phenolic contents, cellular antioxidant

61


https://doi.org/10.3153/FH19006

62

Food and Health, 5(1), 48-63 (2019) e

https:

activity and antiproliferative capacity of different vari-
eties of oats. Food Chemistry, 239, 260-267.

Chlopicka, J., Pasko, P., Gorinstein, S., Jedryas, A.,
Zagrodzki, P. (2012). Total Phenolic and total flavo-
noid content, antioxidant activity and sensory evalua-
tion of pseudocereal breads. LWT-Food Science and
Technology, 46, 548-555.

Capanoglu, E., Beekwilder, J., Boyacioglu, D., Hall, R.H.,
de Vos, R. (2008). Changes in antioxidant and metabo-
lite profiles during production of tomato paste. Journal
of Agricultural and Food Chemistry, 56, 964-973.

Deng, G.F., Xu, X.R., Guo, Y.J., Xia, E.Q., Li, S., Wu, S.,
Chen, F., Ling, W.H., Li, H.B. (2012). Determination
of antioxidant property and their lipophilic and hydrop-
hilic phenolic contents in cereal grains. Journal of
Functional Foods, 4(4), 906-914.

Dewettinck, K., Van, Bockstaele, F., Kithne, B., Van de
Walle, D., Courtens, T.M., Gellynck, X., (2008). Nut-
ritional value of bread: Influence of processing, food

interaction and consumer perception. Journal of Cereal
Science, 48(2), 243-257.

Emmons, C., Peterson, D.M. (1999). Antioxidant Activity
and Phenolic Contents of Oat Groats and Hulls. Cereal
Chemistry, 76(6), 902-906.

Hager, A.S., Bosmans, G.M., Delcour, J.A. (2014). Physical
and molecular changes during the storage of gluten-
free rice and oat bread. Journal of Agricultural and
Food Chemistry, 62, 5682-5689.

Han, H., Koh, B. (2011). Antioxidant activity of hard wheat
flour, dough and bread prepared using various proces-
ses with the addition of different phenolic acids. Jour-
nal of the Science of Food and Agriculture, 91, 604-
608.

Hatcher, D.W., Kruger, J.E. (1997). Simple phenolic acids
in flours prepared from Canadian wheat: relationship to
ash content, color, and polyphenol oxidase activity. Ce-
real Chemistry, T4(3), 337-343.

Hitayezu, R., Baakdah, M.M., Kinnin, J., Henderson, K.,
Tsopmo, A. (2015). Antioxidant activity, avenanthra-
mide and phenolic acid contents of oat milling fracti-
ons. Journal of Cereal Science, 63, 35-40.

doi.or

10.3153/FH19006

Hoffenberg, E.J., Haas, J., Drescher, A., Barnhurst, R., Os-
berg, 1., Bao, F., Eisenbarth, G. (2000). A trial of oats
in children with newly diagnosed celiac disease. The
Journal of Pediatrics, 137(3), 361-366.

Hiittner, E.K., Bello, F.D., Arendt, E. (2010). Rheological
properties and breadmaking performance of commer-
cial whole grain oat flours. Journal of Cereal Science,
52, 65-71.

Kilci, A., Gocmen, D. (2014). Phenolic acid composition,
antioxidant activity and phenolic content of tarhana
supplemented with oat flour. Food Chemistry, 151,
547-553.

Kumaran, A., Karunakaran, R.J. (2006) Antioxidant and
free radical scavenging activity of an aqueous extract
of Coleus aromaticus. Food Chemistry, 97, 109-114.

Liu, F., Chen, Z., Shao, J., Wang, C., Zhan, C. (2017). Effect
of fermentation on the peptide content, phenolics and
antioxidant activity of defatted wheat germ. Food Bi-
oscience, 20, 141-148.

Liu, L., Zubik, L., Collins, F.W., Marko, M., Meydani, M.
(2004). The antiatherogenic potential of oat, phenolic
compounds. Atherosclerosis, 175, 39-49.

Liukkonen, K.H., Katina, K., Wilhelmsson, A., Myllymaki,
0., Lampi, A.M., Kariluoto, S., Piironen, V., Heinonen,
S.M., Nurmi, T., Adlercreutz, H., Peltoketo, A., Pih-
lava, J.M., Hietaniemi, V., Poutanen, K. (2003). Pro-
cess-induced changes on bioactive compounds in
whole grain rye. Proceedings of the Nutrition Society,
62, 117-122.

Lu, Y., Luthria, D., Fuerst, E.P., Kiszonas, A.M., Yu, L.,
Morris, C.F. (2014). Effect of processing on phenolic
composition of dough and bread fractions made from
refined and whole wheat flour of three wheat varieties.
Journal of Agricultural and Food chemistry, 62(43),
10431-10436.

Moore, J., Luther, M., Cheng, Z., Yu, L. (2009). Effects of
baking conditions, dough fermentation, and bran par-
ticle size on antioxidant properties of whole-wheat
pizza crusts. Journal of Agricultural and Food Che-
mistry, 57, 832-839.

Rai, S., Wahile, A., Mukherjee, K., Saha, B.P., Mukherjee,
P.K. (2006). Antioxidant activity of Nelumbo nucifera
(sacred lotus) seeds. Journal of Ethnopharmacology,
104, 322-327.

Renzetti, S., Courtin, C.M, Delcour, J.A., Arendt, E.K.
(2010). Oxidative and proteolytic enzyme preparations
as promising improvers for oat bread formulations:


https://doi.org/10.3153/FH19006

Food and Health, 5(1), 48-63 (2019) e

https:

doi.or

10.3153/FH19006

Rheological, biochemical and microstructural backgro-
und. Food Chemistry, 119, 1465-1473.

Santiago, E., Dominguez-Fernandez, M., Gid, C., Pena, M.
(2018). Impact of cooking process on nutritional com-
position and antioxidants of cactus cladodes (Opuntia
ficus-indica). Food Chemistry, 240, 1055-1062.

Sahyoun, N.R, Jacques, P.F, Zhang, X.L, Juan, W,
McKeown, N.M. (2006). Wholegrain intake is inver-
sely associated with the metabolic syndrome and mor-
tality in older adults. American Journal of Clinical Nut-
rition, 83, 124-133.

Sivam, A.S., Sun-Waterhouse, D., Quek, S., Perera, C.O.
(2010). Properties of bread dough with added fiber
polysaccharides and phenolic antioxidants: A review.
Journal of Food Science, 75(8), 163-174.

Spanos, G.A., Wrolstad, R.E. (1990). Influence of Proces-
sing and Storage on the Phenolic Composition of
Thompson Seedless Grape Juice. Journal of Agricultu-
ral Food Chemistry, 38, 1565-1571.

Tomas, M., Beekwilder, J., Hall, R.D., Sagdic, O., Boyaci-
oglu, D., Capanoglu, E. (2017). Industrial processing
versus home processing of tomato sauce: Effects on
phenolics, flavonoids and in vitro bioaccessibility of
antioxidants. Food Chemistry, 220, 51-58.

Viscidi, K.A., Dougherty, M.P., Briggs, J., Camire, M.E.
(2004). Complex phenolic compounds reduce lipid oxi-
dation in extruded oat cereals. LWT-Food Science and

Technology, 37, 789-796.

Wang, R., Zhou, W. (2004). Stability of tea catechins in bre-
admaking process. Journal of Agriculture and Food
Chemistry, 52(26), 8224-8229.

Zilic, S., Sukalovic, V.H., Dodig, D., Maksimovic, V., Mak-
simovic, M., Basic, Z. (2011). Antioxidant activity of
small grain cereals caused by phenolics and lipid so-
luble antioxidants. Journal of Cereal Science, 54, 417-
424,

Zhang, Y.C., Lee, J.H., Vodovotz, Y., Schwartz, S.J. (2015).
Changes in distribution of 1soflavones and B-glucosi-
dase activity during soy bread proofing and baking. Ce-
real Chemistry, 81(6), 741-745.

63


https://doi.org/10.3153/FH19006

Research Article

E-ISSN: 2602-2834

TRANSGALACTOSYLATION FOR GALACTOOLIGOSACCHARIDE
SYNTHESIS USING PURIFIED AND CHARACTERIZED RECOMBINANT
a-GALACTOSIDASE FROM Aspergillus fumigatus IMI 385708
OVEREXPRESSED IN Aspergillus sojae

Siimeyra Giirkok'

Cite this article as:

, Ziimriit B. Ogel®

Giirkdk, S., Ogel, Z.B. (2019). Transgalactosylation for galactooligosaccharide synthesis using purified and characterized recombinant alpha-galacto-
sidase from Aspergillus fumigatus IMI 385708 overexpressed in Aspergillus sojae. Food and Health, 5(1), 64-76. https://doi.org/10.3153/FH19007

Ataturk University, Faculty of
Science, Department of Biology,
25240 Erzurum Turkey

Konya Food and Agriculture
University, Faculty of Engineering
and Architecture, Department of
Food Engineering, 42080 Konya
Turkey

Submitted: 15.03.2018
Accepted: 26.07.2018

Published online: 25.10.2018

Correspondence:
Siimeyra GURKOK
E-mail: sumeyrag@gmail.com

© Copyright 2019 by ScientificWebJournals

Available online at
http://jfhs.scientificwebjournals.com

ABSTRACT

Galactooligosaccharides are well-known functional food ingredients with prebiotic properties. Re-
cent trend for the use of galactooligosaccharides in the food industry leads the search for new en-
zymes for their production. a-Galactosidase from Aspergillus fumigatus IMI 385708, possessing a
highly efficient debranching ability on polymeric substrates, is also able to perform transgalactosyl-
ation. In this study, recombinant a-galactosidase produced by Aspergillus sojae Tal was purified
18.7-fold using anion exchange and hydrophobic interaction chromatography with an overall yield
of 56% and 64.7 U/mg protein specific activity. The Vi and Ky, values for the hydrolysis of pNP-
Gal were 78 U/mg protein and 0.45 mM, respectively. Optimum pH (pH 4.5) and temperatures (50-
60°C) for recombinant a-galactosidase activity were determined. For the synthesis of oligosaccha-
rides, purified and characterized recombinant a-galactosidase was used in the transgalactosylation
of various mono- and disaccharides using pNPGal (p-nitrophenyl-a-D-galactopyranoside) as galac-
tose donor. Di- and trisaccharides obtained by transgalactosylation were analysed by TLC, ESI-MS,
and HPLC analysis. Among 12 acceptor candidates, a-galactosidase transgalactosylated galactose,
glucose, mannose, cellobiose, lactose, maltose, and sucrose efficiently, however, did not transgalac-
tosylate xylose, arabinose, fucose, fructose, and melibiose.

Keywords: a-Galactosidase, Aspergillus, Characterization, Transgalactosylation, Galactooligosac-
charides, Prebiotics
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Introduction

a-Galactosidase (EC 3.2.1.22; alpha-D-galactoside galacto-
hydrolase) is an exo-glycosidase that catalyses the hydroly-
sis of terminal, non-reducing a-1,6-linked-D-galactose resi-
dues from simple galactose-containing oligosaccharides
such as melibiose, raffinose, and stachyose in addition to the
more complex polysaccharides including galactomannans
and galactoglucomannans (Dey and Pridham, 1972). The
enzyme has many biotechnological, medical, and industrial
applications with its hydrolytic activity (Dey et al., 1993;
Katrolia et al., 2014). Currently, glycosyl hydrolases have
gained interest with their transgalactosylation activities for
research and industrial applications (Wang et al., 2014).

Galactooligosaccharides (GOS), which are not digested by
human gastrointestinal tract due to the lack of a-galacto-
sidase enzyme, are one of the most important oligosaccha-
rides, which fulfil the criteria for prebiotics. These undi-
gested oligosaccharides are selectively fermented by gastro-
intestinal microbiota and beneficially affect the human
health by promoting the growth of the beneficial bacteria
like Bifidobacterium and Lactobacilli (Gibson and
Roberfroid, 1995). Although there are some GOS prebiotics
on the market currently, there is still great interest in the re-
liable production and improvement of new prebiotic and
novel glycan-based drugs candidates.

The synthesis of GOS via enzymatic ways has advantages
over the chemical approaches, which are usually laborious
and expensive due to the protection and de-protection steps.
Glycosyl transferases and glycosidases are employed to gly-
cosylate carbohydrate substrates. Glycosyl transferases cat-
alyse the transfer of the glycosyl residue to the acceptor ef-
ficiently and selectively, however, they require for a com-
plex glycosyl donor and glycosyl transferases are not avail-
able as the glycosidases. In contrast, the glycosidases, which
are readily available and inexpensive, use simpler glycosyl
donors. Its main disadvantage is that regioselectivity may
not be observed in all cases (Crout and Vic, 1998). Glyco-
sidases are used for the synthesis of glycosides in two ways.
In the thermodynamic procedure (reverse hydrolysis), the
hydrolysis is reversed by the conversion of the equilibrium
of the reaction from hydrolysis towards synthesis. In this ap-
proach, free monosaccharides are used as substrate without
any activation. In the kinetic way (transglycosylation), acti-
vated glycosyl donors with poor nucleophilicity, which
bears an aglycone moiety with good leaving groups are em-
ployed. The enzyme-glycoside intermediate is then attacked
by a nucleophilic molecule other than water and a new gly-
coside is formed. As the yields of glycoside synthesis is
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higher, transglycosylation approach is preferred over the re-
verse hydrolysis (Kurt, 2011).

Some a-galactosidases have the transgalactosylation activ-
ity that has been performed using either melibiose or pNP-
o-D-galactopyranoside as the donor, resulting in the synthe-
sis of various galactooligosaccharides (Hashimoto et al.,
1995; Hinz et al., 2005; Van Laere et al., 1999). 4. fumigatus
a-galactosidase was previously shown to catalyse unique
transgalactosylation reaction to a variety of monosaccha-
rides, disaccharides, and oligosaccharides including the
maltooligosaccharides, cellooligosaccharides, and man-
nooligosaccharides (Puchart and Biely, 2005). However, the
efficiency was very low with monosaccharide and disaccha-
ride acceptors. 4. fumigatus a-galactosidase, having novel
glycosylation activity by transferring the galactosyl units to
internal sugar units of acceptor molecules, is worth to be
studied in more detail for mono- and disaccharide transga-
lactosylation. As it is an opportunistic human pathogen, A.
fumigatus is not suitable for such applications. Therefore, in
our previous study, cloning, heterologous expression, and
optimization of the heterologous production of a-galacto-
sidase from A. fumigatus were reported in A. sojae (Gurkok
et al., 2010; Gurkok et al., 2011).

Here, together with the hydrolytic activity, the transgalacto-
sylation activity of 4. fumigatus o-galactosidase was inves-
tigated after purification and characterization of the extra-
cellular enzyme produced in 4. sojae Tal. Different mono-
and disaccharides were tested as acceptor in a-galactosidase
mediated transgalactosylation in the presence of pNPGal
donor and the results were analysed by TLC, ESI-MS, and
HPLC. Enzymatic formation of galactosyl-galactose, galac-
tosyl-glucose, galactosyl-mannose, galactosyl-cellobiose,
galactosyl-lactose, galactosyl-maltose, and galactosyl-su-
crose was successfully achieved with a-galactosidase from
A. fumigatus o-galactosidase.

Materials and Methods
Strain, Media, and Cultivation

Recombinant A. sojae (A. sojae Tal) expressing a-galacto-
sidase of 4. fumigatus (IMI 385708) was cultivated on mod-
ified YpSs broth (4g/L yeast extract, 1g/L K;HPO4, 0.5g/L
MgSO47H,0, and 20g/L glucose). The cultivations were
carried out in 250 mL Erlenmeyer flasks with 100 mL work-
ing volume and incubated at 30 °C in a shaker incubator at
155 rpm for three days (Gurkok et al., 2010).
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Purification of Recombinant a-Galactosidase

Purification of recombinant a-galactosidase (r-a-galacto-
sidase) was performed with the AKTA Prime FPLC system,
(Amersham Biosciences, Sweden) according to a two-step
purification technique including anion exchange and hydro-
phobic interaction chromatography. Supernatant was with-
drawn from the third day of cultivation and was filtered
through pre-weighed Whatman no. 1 filter paper to remove
mycelia. Supernatant filtrate (crude extract) and all liquids
used for purification were filtered through 0.45 pm-pore-
size membrane (Millipore, USA) before use.

Anion exchange chromatography (AEC) was performed in
a 20 mL prepacked, ready to use HiPrep™ 16/10 Q XL Col-
umn (Amersham Biosciences, USA). The culture filtrate
was applied to the column, previously equilibrated with 50
mM sodium phosphate buffer, pH 6.0 (buffer A). 5 mL frac-
tions were collected during elution at the flow rate 0.5
mL/min with a salt gradient in the range of 0-0.5 M sodium
chloride, prepared in buffer A. All fractions were checked
for a-galactosidase activity by standard assay conditions.

a-Galactosidase active fractions of AEC were pooled, and
directly applied to hydrophobic interaction chromatography
(HIC) conducted in a 53 mL prepacked, ready to use
HiPrep™ 26/10 Desalting Column (Amersham Biosciences,
USA). Column was previously equilibrated with 1.3 M
(NH4)2SO41n buffer A. Elution was done at the flow rate of
0.3 mL/min and 3 mL fractions were collected. Adsorbed
proteins were liberated from the carrier with linear decreas-
ing gradient of 1.3-0 M (NH4)>SOj4 in buffer A. a-Galacto-
sidase active fractions were pooled and specific activities,
yields, and degree of purification were calculated.

The concentration of total protein was measured by the
Lowry Method (Lowry et al., 1951) with bovine serum al-
bumin as standard protein.

Purity and molecular weights of the proteins were assessed
by means of sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) performed according to the
standard protocol of Laemmli (Laemmli, 1970) using Serva
BlueFlash S, 15 cm x 28 cm x 8.5 cm electrophoresis sys-
tem. Later the gels were stained with Coomassie Brillant
Blue G-250. PageRuler™ Prestained Protein Ladder Plus
(Fermentas Life Sciences, USA) was used as molecular
weight standard.

a-Galactosidase Activity Assay

a-Galactosidase activity towards para-nitrophenyl-a-D-ga-
lactopyranoside (pNPGal) was measured as described ear-
lier (Gurkok et al., 2010). Specific activity of the enzyme
was expressed in units of enzyme activity per milligram of
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protein. The data presented for all a-galactosidase activity
determinations were mean values of triplicate assays, in
which the standard deviations always lay under 10%.

N-Deglycosylation of the Recombinant a-Galactosidase

N-Deglycosylation was performed by the N-Glycanase en-
zyme (Peptide-N-Glycosidase F) (ProZyme, USA). 100 pg
of purified a-galactosidase sample was prepared in 45 uL. of
1 X reaction buffer. 2.5 uL of SDS / -mercaptoethanol (fi-
nal reaction concentration 0.1% SDS, 50 mM B-mercap-
toethanol) solution was added and the mixture was dena-
tured by heating at 100°C for 5 minutes. After cooling, 2.5
pL Tergitol-type NP-40 (final concentration 0.75% NP-40)
and 2.5 uL N-Glycanase were added to the reaction mixture
and incubated overnight at 37°C. NetNGlyc 1.0 Server pro-
gram was used for the prediction of N-glycosylation sites
(N-X-S/T) (Gupta et. al., 2004).

Kinetic Analysis

Kinetic studies were performed using pNPGal substrate at
concentrations ranging from 0.1 to 3.5 mM prepared in 100
mM phosphate buffer (pH 4.5). Enzyme activity was meas-
ured under standard assay conditions and the kinetic con-
stants Ki, and Vinax were determined from Lineweaver-Burk
plot using the nonlinear regression analysis program of the
GraphPad Prism v5 trial version.

Effect of pH, Temperature, and Chemical Reagents

Optimum pH of a-galactosidase was determined by per-
forming activity assays at a pH range of 2.5-8.0 with buffers
at concentration of 50 mM. The buffer systems used were
sodium citrate for pH 2.5-3.0, sodium acetate for pH 4.0—
4.5, and sodium phosphate for pH 4.0-8.0. Temperature, en-
zyme concentration, and substrate concentration were kept
constant as stated in the standard assay condition. To deter-
mine pH stability, enzyme solutions were incubated at a pH
range of 2.5-8.0 for 2 h and 4 h. The residual activities were
determined by the standard assay conditions and reported as
the ratio of enzyme activity after pH treatment to the initial
maximum activity at pH 4.5.

Optimum temperature of a-galactosidase was determined at
a temperature range of 20 to 80°C. Enzyme concentration,
substrate concentration, and pH were kept constant as stated
in standard assay condition. Temperature stability of a-ga-
lactosidase was determined by measuring residual a-galac-
tosidase activity after the enzyme solution was pre-incu-
bated at temperatures ranging from 20 to 80°C for 1, 3, and
5 h. The residual activities were determined by the standard
activity assay conditions and reported as the ratio of the en-
zyme activity after temperature treatment to the initial max-
imum activity at 50°C.
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a-Galactosidase was pre-incubated in the presence of 1 mM
of various metal ions and chemicals for 90 min at room tem-
perature. After incubations, the residual activities were de-
termined by the standard activity assay and reported as the
ratio of the enzyme activity to the initial maximum activity
obtained in the absence of these chemicals.

Error bars in the figures related to activity measurements
represent the standard deviations from the mean of three in-
dependent experiments.

Transgalactosylation Reaction

L-Arabinose, L-fucose, D-fructose, D-xylose, D-galactose,
D-glucose, D-mannose, cellobiose, lactose, maltose, melibi-
ose, and sucrose were used as acceptors. The donor sugar
was pNPGal. As the donor sugar is more expensive than ac-
ceptor sugars, acceptor sugars were used in excess amounts
to push the reaction towards synthesis instead of hydrolysis.
Purified a-galactosidase was used in all transgalactosylation
experiments. 0.5 U/mL purified a-galactosidase, 1 M accep-
tor sugar and 0.25 M donor sugar were mixed in 100 mM
sodium phosphate buffer, pH 4.5 and incubated at 50°C for
1 hour and terminated by heating at 95°C for 5 minutes.

Analysis of Transgalactosylation Products

After enzyme inactivation, the transgalactosylation reaction
mixtures were monitored by thin layer chromatography
(TLC) on silica-coated aluminium sheets (Merck, Darm-
stadt, Germany). The heated mixtures were diluted 50-fold
with 100 mM sodium phosphate buffer, pH 4.5 and 1 pL
diluted aliquot was loaded onto the TLC plate. n-Buta-
nol:Ethanol:Water (10:8:7) solvent system was used as mo-
bile phase. In order to visualize sugar spots, the TLC plates
were dipped into the jar containing 0.2% (m/V) recorcin in
10% (V/V) H2S0y4 in ethanol and dried 10 minutes at 100 °C
(Puchart and Biely, 2005).

To confirm the transgalactosylation, 10 pl of the diluted al-
iquot was completely dissolved in 50:50 solution of water:
ACN containing 0.1% formic acid and analysed by elec-
trospray ionization-time of flight mass specrometry (ESI-
TOF MS). ESI-TOF MS was performed using Waters LCT
(Waters Corporation, MA. USA). Samples were injected us-
ing a Waters Alliance auto-sampler in the mobile phase of
50:50 solution of water: ACN containing 0.1% formic acid
at 0.1 mL/hour flow rate. MS detection was performed in
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positive mode keeping the capillary voltage at 3 kV and ca-
pillary temperature of 200 °C. The data was analysed with
Waters OpenAccess and Masslynx software.

Quantitative analysis of transgalactosylation reaction was
carried out by Varian Prostar HPLC system on Varian Met-
aCarb 87H Column (300 X 7.8 mm) coupled to ProStar 350
Refractive Index Detector. 0.008 N H,SO4 was used as mo-
bile phase. 50 uL. samples were injected and eluted at a flow
rate of 0.5 mL/min at 35 °C. Varian Star Workstation Soft-
ware processed data obtained from HPLC. Quantitative
analysis was carried out using calibration curves of the cor-
responding acceptor as the reference. The yield was calcu-
lated as the ratio of transgalactosylated acceptor amount to
initial acceptor amount.

Results and Discussion

Purification and N-Deglycosylation of Recombinant
a-Galactosidase

A two-step column chromatography technique, including
anion exchange and hydrophobic interaction, was used for
the purification of extracellular recombinant o-galacto-
sidase from Aspergillus fumigatus 385708 expressed in A.
sojae Tal, under the control of the gpdA (glyceraldehyde-
3-phosphate dehydrogenase) promoter. In Figure 1, results
of the purification steps are shown by SDS-PAGE.

The summary of the purification steps of the recombinant a-
galactosidase produced in 4. sojae Tal was given in Table
1. Extracellular enzyme was purified 18.7 fold with an over-
all yield of 56% and the specific activity was 64.7 U/mg
protein. In a previous study, native a-galactosidase pro-
duced by Aspergillus fumigatus 385708 on locust bean gum,
was purified by diethylamino ethyl (DEAE)- Sepharose and
Phenyl Sepharose chromatography and the yield was 17.8%
with 1596-fold purification (Puchart et al., 2000). This dif-
ference may be attributed to the fact that native a-galacto-
sidase was produced on complex medium containing locust
bean gum (LBG). LBG as an inducer was required for o-
galactosidase production by A. fumigatus. In this study, re-
combinant a-galactosidase was constitutively produced un-
der the control of the gpdA promoter on glucose as the sole
carbon source without the need of an inducer like LBG. As
the simple medium was clearer and the purification was eas-
ier, lower degree of purification was enough and the yield
was high.
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Figure 1.SDS-PAGE of the recombinant a-galactosidase after staining with Coomassie Brilliant Blue G-250. Purification
steps of recombinant a-galactosidase; lane M: Marker protein ladder; lane C: Culture supernatant, lane 1: anion
exchange chromatography, lane 2: hydrophobic interaction chromatography.

Table 1. Summary of the purification of recombinant a-galactosidase from A. sojae Tal by anion
exchange chromatography (AEC) and hydrophobic interaction chromatography (HIC).

Volume Protein  Total Activity "Specific

Total 2Yield 3'Purification

Steps (mL) Conc. Protein (U/mL) Activity Activity (%) (Fold)
(mg/mL)  (mg) (U/mg) (V)
Crude 5, 176 1003 6.1 3.46 347 100 1
Extract
AEC 30 0.14 4.2 6.8 48.6 204 58.8 14
HIC 30 0.1 3 6.47 64.7 194 56 18.7

"Specific Activity (U/mg): a-Gal activity (U/mL) / Protein concentration (mg/mL)
2Yield (%): [Total a-gal activity (U/mL) / Crude total a-gal activity (U/mL)] x 100
3*Purification (Fold): 0-Gal specific activity (U/mg) / Crude a-gal specific activity (U/mg)

a-Galactosidase from 4. fumigatus (Acc. No. ACO72591)
has a molecular mass of 49 kDa with 4 potential N-glyco-
sylation sites, based on the translated amino acid sequence
data. The molecular mass of the native enzyme (Puchart et
al., 2000), was reported as 57 kDa. Indeed, the recombinant
enzyme also appeared as 57 kDa on SDS-PAGE, however,

after treatment with N-glycanase, the molecular mass of the
protein band was decreased to ¢.50 kDa (Figure 2.) support-
ing the presence of N-glycosylation, and indicates that the
recombinant a-galactosidase produced in 4. sojae Tal has
undergone posttranslational processing similar to that of the
native enzyme.
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Kinetic Analysis of Recombinant a-galactosidase

Figure 2. N-deglycosylation of recombinant a-galacto-
sidase; lane 1: purified recombinant a-galacto-
sidase, lane 2: purified recombinant a-galacto-
sidase after N-glycanase treatment.

Kinetic analysis of recombinant a-galactosidase revealed
that the enzyme obeys Michaelis-Menten kinetics. Simple
Michaelis-Menten kinetics has been reported for several en-
zymes of Aspergilli (Zapater et. al., 1990, Neustroev et. al.,
1991). The Vmax and Ky, values of recombinant a-galacto-
sidase for the hydrolysis of pNPGal were 78 £2 U/mg pro-
tein and 0.45 +£0.04 mM, respectively. In the native enzyme
the Vmax was found to be 52.4 U/mg protein and the K., was
0.5 mM (Puchart et al., 2000). The differences between the
native and the recombinant a-galactosidase may result from
the impurities coming from the different purification proce-
dures.

Effects of pH and Temperature on Recombinant
a-Galactosidase Activity and Stability

The effect of pH on recombinant a-galactosidase activity
and stability were determined over a pH range of 2.5-8.0 un-
der standard assay conditions. a-Galactosidase was most ac-
tive between pH 4-6. The highest a-galactosidase activity
was observed at pH 4.5, as shown in Figure 3.a. This slightly
acidic pH optimum is characteristic for fungal glycosyl hy-
drolases (Dey and Pridham, 1972).

Figure 3.b shows the retained a-galactosidase activity after
2 h and 4 h incubations at different pH values. a-Galacto-
sidase was most active around pH 4.5 and retained c. 60%
of its activity in the range of pH 4-6, after 2 h incubation.

However, after 4 h incubation the retained activity was only
within the range of 12-27 %.

The effect of temperature on recombinant a-galactosidase
activity and stability were determined over a temperature
range of 20-80°C, under standard assay conditions. a-Galac-
tosidase was most active at 50-60°C, as shown in Figure 3.c.

Figure 3.d shows the retained a-galactosidase activity after
1, 3, and 5 h incubations at different temperatures. More
than 60% of activity was retained up to 50°C even after 5 h
incubation. Above this temperature, recombinant a-galacto-
sidase rapidly lost its stability. Although recombinant a-ga-
lactosidase was most active at 50-60°C, it could preserve
only 8% of its activity after 1 h incubation at 60°C. On the
other hand, the retained activities were around 75% even af-
ter 5 h incubation at lower temperatures, up to 40°C.

The observed temperature optimum and temperature stabil-
ity of the recombinant enzyme were similar to those re-
ported for the native enzyme (Puchart et al., 2000), and were
high in terms of thermostability, compared to other fungal
a-galactosidases (Kotwal et. al., 1998; Mi et. al., 2007).
However, thermostability of the enzyme was lower than o-
galactosidases from the extremophilic bacteria Thermotoga
neapolitana (Duffaud et al., 1997) and T. maritima (Liebl et
al., 1998).

Effects of Chemical Reagents on Recombinant
o-Galactosidase Activity

The effects of metal ions and different protein denaturing
agents on recombinant a-galactosidase activity were ana-
lysed by measuring the residual activity after incubation of
the enzyme with 1 mM of different reagents for 90 minutes
(Figure 4).

Recombinant a-galactosidase activity was not significantly
affected by Ca®’, Sr**, Zn**, Cu*?, Co?**, Cd*, Ba*", Cr’",
B*, as well as the metal chelating agent, EDTA and the de-
tergent, SDS. The fact that recombinant a-galactosidase ac-
tivity was not affected by EDTA, suggests that a-galacto-
sidase is not a metalloenzyme. Ag'' and Hg*" extremely in-
activated a-galactosidase activity with 16 and 18% residual
activities, respectively. The inhibition of a-galactosidases
with Ag"' and Hg*" was reported previously (Zapater et al.,
1990) and suggests reaction with thiol groups and/or car-
boxyl, amino and imidazolium group of histidine in the ac-
tive site (Dey and Pridham, 1972). Fe*" also highly inhibited
the activity up to 36% residual activity. However, Mg'?,
Li*!, Pb*2, Mn"?, biotin and I"' enhanced the activity of r-o-
galactosidase reaching up to 29% enhancement in the pres-
ence of Mg*%. Activation by Mg*? and Mn"? agreed with the

69


https://doi.org/10.3153/FH19007

70

Food and Health, 5(1), 64-76 (2019)

e https://doi.org/10.3153/FH19007

results obtained for a-galactosidase from Thermomyces la-
nuginosus (Rezessy-Szabo et al., 2007). The cysteine-inhib-
itor, B-mercaptoethanol and a reactive chemical element,
Al" slightly inhibited a-galactosidase activity (82% and
78%, respectively).

Transgalactosylation Activity of a-Galactosidase

The ability of recombinant a-galactosidase to perform trans-
fer reaction in addition to hydrolysis was studied. a-Galac-
tosidase from A. fumigatus previously shown to catalyse ef-
ficient transgalactosylation reaction with oligosaccharides,
especially with -1,4-manno-series acceptors, yielded low
level of transfer ability to a variety of monosaccharide and
disaccharides (Puchart and Biely, 2005). In this study, dif-
ferent monosaccharides and disaccharides were tested as ac-
ceptor in a-galactosidase mediated transfer reactions and the
results were analysed by TLC, ESI-MS, and HPLC.

In the presence of high acceptor concentrations (1 M), puri-
fied recombinant a-galactosidase (0.5 U/mL) catalysed the
transfer of a-D-galactosyl residues from pNPGal (0.25 M)
on to monosaccharide (galactose, glucose, and mannose)
and disaccharide (cellobiose, lactose, maltose, and sucrose)
acceptors, as monitored by TLC (Figure 5). On the other

hand, the monosaccharides, xylose, arabinose, fucose,
which do not possess the 6-hydroxymethyl group, the ke-
tose, fructose and the disaccharide, melibiose did not prove
to be good acceptors for a-galactosidase-mediated transga-
lactosylation.

Transgalactosylation reaction mixtures, obtained after an
hour reaction at 50°C, were also analysed more sensitively
using electrospray ionization-time of flight mass spectrom-
etry (ESI-TOF MS) in positive mode. The ESI-MS showed
m/z of 365, 486, 527, and 648 corresponding to the calcu-
lated values of the Na" adduct of a-D-galactobiose (Gal,),
pNP-0-D-galactobioside (pNPaGal,), a-D-galactotriose
(Gal3) and pNP-a-D-galactotrioside (pNPaGals), respec-
tively with the galactose ( [M+Na]" at m/z 203) as acceptor
(Figure 6.a). The products except Gal, was in trace amount
that they could be detected only by ESI-MS but not by TLC
and HPLC.

In the case of glucose acceptor ((M+Na]" at m/z 203), only
the m/z of 365 corresponding to a calculated values of the
Na" adduct of a disaccharide (GalGlc and Galy) was ob-
served by ESI-MS analysis (Figure 6.b). Unlike galactose
and mannose acceptors, trisaccharide or pNP-trisaccharide
formations were not observed with glucose acceptor.
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Figure 3. pH-dependence of recombinant a-galactosidase activity (a) and stability (b); tem-
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In addition to a-D-disaccharide (GalMan and Gal,) peak
(m/z of 365) and pNP-a-D-disaccharide peak (m/z of 486),
m/z of 648 corresponding to the calculated values of the Na*
adduct of pNP-a-D-trisaccharide, was also detected by ESI-
MS, when mannose was used as the acceptor (Figure 6.c).
The formation of Gal, in the reaction mixtures containing
glucose and mannose as acceptor sugars also takes place by
the autocondensation reaction of galactose units liberated
from pNPGal hydrolysis. These disaccharides could not be
differentiated by ESI-MS due to the equal molecular
weights of the disaccharides. On the other hand, the amounts
of Gal, were negligible as the Gal, spots could not be de-
tected by TLC analysis as shown in Figure 5 (Glc® and
Man®). Excess amounts of acceptors, glucose and mannose,
obviously changed the preference of the reaction towards
glucose and mannose acceptors than the galactose.

After 1 h incubation with a-galactosidase, trisaccharides
were synthesized from cellobiose, lactose, maltose, and su-
crose, by the addition of a galactose unit as shown by TLC
analysis (Figure 5). ESI-MS analysis gave mvz signals of 527
corresponding to the calculated molecular masses of the Na*
adduct of galactosyl-cellobiose, galactosyl-lactose, galacto-
syl-maltose, and galactosyl-sucrose (Figure 6 d, e, f, g).

ESI-MS analysis of reactions with xylose, arabinose, fucose,
fructose, and melibiose acceptor did not give any positive
signal corresponding to transgalactosylation products.

While the stereoselectivity on synthesis is rigid for either o
or B configuration in the anomeric centre, glycosidases gen-
erally lack the regioselectivity for the formation of glyco-
sidic bond. Consequently, isolation of the desired regioiso-
mer from the reaction mixtures is difficult. Two principal
factors, the sources of the enzyme and the kinds of sub-
strates used, affecting the regioselectivity of glycosidases
have been reported previously (Homann and Seibel, 2009;
Miyasato and Ajisaka, 2004; Usui et al., 1996).

As known from the previous NMR analyses of the transga-
lactosylated products carried out by Puchart and Biely
(2005), a-Galactosidase of 4. fumigatus specifically forms
a-galactosidic linkage between galactosyl unit and the ac-
ceptor sugar and transgalactosylates the oligosaccharide ac-
ceptors at primary C-6 hydroxymethyl groups. In addition,
autocondensation of pNPGal with galactosyl residue was

e https://doi.org/10.3153/FH19007

found to take place predominantly at positions O-6 and O-
3.

Apart from being one of the most important groups of prebi-
otic oligosaccharides, galactooligosaccharides with a-D-ga-
lactosidic linkages, especially the various positional isomers
(a-1,2, 0-1,3, a-1,4, and o-1,6) of a-galactobiose (a-Galy),
participate in various biological processes (Yamashita et al.,
2005).

Quantitative analysis of a-galactooligosaccharide formation
with the donor pNPGal, which has a good leaving group,
was performed by HPLC and the results are given in Table
2 and Figure 7. Galactose, glucose, and mannose were found
to be efficiently transgalactosylated among the monosac-
charides. After 1-hour reaction, 46% of initial galactose,
33.4% of initial glucose and 26% initial mannose were ga-
lactosylated. In the reaction mixtures containing disaccha-
rides as acceptor, Gal, formation was preferred over trisac-
charide formation and cellobiose, lactose, maltose, and su-
crose were transgalactosylated with lower yields ranging be-
tween 1.2-4%.

After 1-hour reaction at 50°C, galactose (Figure 7.a) and
glucose (Figure 7.b) acceptors were transgalactosylated by
a-galactosidase with 46% and 33.4% yields, respectively.
As galactose and mannose had the same retention time on
chromatogram (Figure 7.a and c), HPLC could not separate
them. However, the yield of transgalactosylation reaction
containing mannose acceptor was estimated to be lower than
the yield of reaction with galactose acceptor (46%) and
higher than the yield of reaction with glucose acceptor
(33.4%) based on visual evaluation of TLC chromatograms
(Figure 5). The trisaccharides detected by ESI-MS analysis
of reaction mixtures with galactose (Figure 6.a) and man-
nose (Figure 6.c) acceptors were not detected and quantified
by HPLC.

In the transgalactosylation reaction mixtures containing di-
saccharides as acceptor, Gal, formation was preferred over
the trisaccharide formation and cellobiose (Figure 7.d), lac-
tose (Figure 7.e), maltose (Figure 7.f), and sucrose (Figure
7.g), were transgalactosylated with low yields, 1.2, 2.2, 4,
and 2.5%, respectively (Table 2).
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Figure 6. ESI-MS analysis of transgalactosylation mixtures containing different acceptors;
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Figure 7. HPLC analysis of transgalactosylation mixtures containing different acceptors; a:Galactose;
b:Glucose; ¢: mannose; d:cellobiose; e: lactose; f:maltose; e:sucrose. 1:monosaccharide; 2:di-

saccharide; 3: trisaccharide (* used to specify reaction products).
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Table 2. Yields of transgalactosylation reactions analysed
by the HPLC.

Acceptors

Transgalactosylated
product (%)

Monosaccharides

Arabinose nd
Fructose nd
Fucose nd
Xylose nd
Galactose 46
Glucose 33.4
Mannose 33.4<x<46
Disaccharides
Cellobiose 1.2
Lactose 2.2
Maltose 4
Melibiose nd
Sucrose 2.5

nd: not detected.

Efficient transgalactosylation activity was obtained with
higher oligosaccharide acceptor and transfer reaction to the
internal units of oligosaccharide acceptors, which is unique
among glycoside hydrolases, was achieved with the native
a-galactosidase enzyme. However, the observed yields in
the present study are significantly higher than those obtained
for the native enzyme. The yields with the same mono- and
disaccharide acceptors were lower than 1% with the native
enzyme. The only exception was with cellobiose acceptor,
which resulted in an almost 3-fold higher yield with the na-
tive enzyme (Puchart and Biely, 2005). The reaction mix-
tures applied in this study was different from the previous
study carried on by native enzyme. In this study, excess
amount of acceptor sugars over the donor sugar was used
whereas excess amount of donor sugar over the acceptor
sugars was used with the native enzyme. As the yield was
calculated by the ratio of transgalactosylated acceptors to
the initial amount of acceptor and excess amounts of accep-
tors were used, the obtained yields are actually higher than
the observed.

Despite their importance in biological processes, increasing
demand, and potential applications, large-scale synthesis of
oligosaccharides are unavailable. Unlike protein or oligonu-
cleotide synthesis, oligosaccharide synthesis is challenging
due to their complex structure and unavailable universal
route for their synthesis. A number of methods have been
developed to meet the needs. In order to improve the
transgalactosylation yield, glycosynthases were introduced
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(Mackenzie et al., 1998; Moracci et al., 1998). Glycosyn-
thases are mutant glycosidases in which the active site nu-
cleophilic residue is replaced with a non-nucleophile. These
mutant glycosidases are able to synthesize the oligosaccha-
rides more efficiently without hydrolysing the newly formed
oligosaccharides. Although several glycosidases active on
B-O-linked sugars have been converted to glycosynthases
(Perugino et al., 2004; Honda and Kitaoka, 2006; Shaikh
and Withers, 2008), few numbers of a-glycosynthases, like
L-fucosidase (Cobucci-Ponzano et al., 2009; Wada et al.,
2008) are available. Recently, Cobucci-Ponzano et al.,
(2011) reported a-glycosynthase derived from a prokaryotic
a-galactosidase from Thermotoga maritime. They achieved
33% yield in a-Gal-(1-6)-0-Glc-4NP synthesis with 4NP-a-
Glc acceptor, 40% yield in a-Gal-(1-2)-a-Xyl-4NP synthe-
sis with 4NP-0-Xyl and 38% yield in a-Gal-(1-4)-0-Xyl-
4NP synthesis with 4NP-B-Xyl and 51% yield in a-Gal-o-
Man-4NP synthesis with 4NP-a-Man acceptor. As in the
synthesis of oligosaccharides up to 46% yield with mono-
saccharide acceptor (Gal) by recombinant a-galactosidase
and up to 38.5% yield with oligosaccharide acceptor (Man4)
by native a-galactosidase from A4. fumigatus could be
achieved without any mutation, it is worth putting forward
a-galactosidase from A. fumigatus as a promising and low
cost biocatalysts for the synthesis of galactooligosaccha-
rides.

Conclusions

a-Galactosidase of 4. fumigatus IMI 385708 having unique
transgalactosylation activities was produced heterologously
in 4. sojae Tal. The recombinant enzyme was more effi-
ciently purified by a two-step anion-exchange and hydro-
phobic interaction chromatography method by means of
the gpdA promoter, allowing the use of glucose as the car-
bon source instead of LBG and resulting in higher produc-
tion. The heterologous enzyme was similar to the native
enzyme in terms of thermostability, pH stability and N-gly-
cosylation. Recombinant a-galactosidase from 4. fumiga-
tus IMI 385708 efficiently transferred galactosyl residues
to glucose, galactose, mannose, maltose, lactose, and su-
crose using pNPGal and proved to be a promising tool for
the synthesis of new galactooligosaccharides which can
find new usages as prebiotics easily.
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