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Abstract:

The aim of this study was to investigate the effects of
washing with tap water and different cooking process
on residue levels of shrimp treated with 4-hexylresor-
cinol. Dipping solutions of 4-hexylresorcinol in five
different concentrations (5-10-50-100-500 ppm) were
prepared using distilled water. The shrimps were
dipped into the solutions for 1-5-10- 30 min. Half of
the samples were washed with tap water. The residue
level of 4-hexylresorcinol in all samples were analysed
after frying and boiling process. The 4-hexylresorcinol
residual levels in unwashed and washed raw, fried and
boiled shrimp samples showed linear increases with in-
creasing dipping time and concentration. The best re-
sults were obtained for the treatment of 5 and 10 ppm
for 1-5-10-30 min.

Keywords: Shrimp, Parapenaeus longirostris, Black-
spot, Melanosis, 4-hexylresorcinol
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Introduction

The demand to fishery products is increasing each
passing day because of global warming and inef-
ficiencies in agricultural production. Capita fish
consumption per person in the world weight 1960s
9.9 kg, while increased in year 2012 to 19.2 kg.
Fish and fishery products play a critical role in
global food security and nutritional needs of peo-
ple in all world countries. In 2012, capture produc-
tion of shrimp species registered a new maximum
at 3.4 million tonnes and shrimp as a fishing prod-
uct has one of the highest economic value of world
(FAO 2014).

Deepwater pink shrimp (Parapenaeus longiros-
tris) is economically important fisherys resources
in Spain, France, Italy, Greece, Sicily and Tunisia,
all of the East Atlantic and Mediterranecan and
Marmara Sea.

Fisheries products help the consumer by life main-
tain good health with all essential nutrients com-
ponents. Shrimp is delicious seafood’s and im-
portant sources of protein, low in saturated fat, vit-
amin B12, selenium, ®-3 highly unsaturated fatty
acids (HUFA) and astaxanthin, a potent natural
antioxidant for human consumption worldwide
(Heu et al, 2003; Dayal Syama et al., 2013). How-
ever, this high value nutritional components
shrimp is perishable due to enzymatic and micro-
biological spoilage during post-mortem storage
(Nirmal and Benjakul 2010). Melanosis or black
spots occurs in shrimp (Figure 1.), lobster and oth-
ers Crustaceans during storage as a result of the
action of polyphenol oxidase (PPO) on tyrosine or
its derivatives (Martinez-Alvarez et al., 2009).
The active PPO catalyses the hydroxylation to
benzoquinones of o-dihydroxyphenols. Benzoqui-
nones react non-enzymatically with a variety of
compounds, like amines, amino acids, or O,, form-
ing melanin’s, responsible for black coloration
during storage (Nirmal & Benjakul, 2010; Zamo-
rano et al., 2009).

The appearance of melanosis during storage dras-
tically reduces their market value, nutritional
value and consumer acceptability (Martinez-Alva-
rez et al., 2005; Mayer, 2006; Erkan et al., 2007).
The refrigeration of shrimps or their storage on ice
can slow down this process, but not inactivate it.
The presence of black spots makes necessary the

use of antimelanotics. Therefore, addition of
chemicals is necessary to prevent melanosis in
shrimps. Many studies have focused on the pre-
vention of browning and microbial spoilage of
shrimp by naturally occurring and synthetic tyro-
sinase inhibitors (Martinez-Alvarez et al., 2007;
Nirmal & Benjakul 2011a; 2011b). Sodium meta-
bisulphite is the chemical most widely used to
control the melanosis of shrimps during the stor-
age. It acts by inactivating the enzyme polyphe-
noloxidase and combining with quinones to pre-
vent their polymerization in pigmented com-
pounds. Nonetheless, the treatment of food prod-
ucts with sodium metabisulphite can caused ana-
phylactic reactions to sulphite-sensitive individu-
als and bronchoconstriction to asthmatic patients.
Moreover, this chemical produces an alkaline pol-
lution of the environment that kills several aquatic
species. The use of alternative compounds is nec-
essary and is reported as good alternative 4-hexyl-
resorcinol (Guandalini et al., 1998; Montero et al.,
2001, 2004, 2005; Thepnuan et al., 2008). This
compound is considered GRAS (Generally Rec-
ognized As Safe) in many countries (Australia,
Brazil, Canada, USA, etc.). 4-hexylresorcinol ap-
proved as a food additive (E586) as defined by
Council Directive 89/107/EEC article 5 amending
Directive 95/2/EC. Fresh, frozen and deep-frozen
crustaceans to a maximum residue level of 2
mg/kg in crustacean meat. A single EC Regulation
1333/2008 on food additives has been adopted in-
tended to replace and repeat Directives
89/107/EEC and 95/2/EC. According to Directive
2003/89/EC, 4-hexylresorcinol is not subject to al-
lergen labelling. However, it is up to the discretion
of each individual country to adopt labelling
measures. According to Canada Food and Drug
Regulation 1078 (1998), the residues of 4-hexyl-
resorcinol in the edible portion of the uncooked
product not exceed 1.0 mg/kg. According to China
Food Additives Hygiene Standard (GB 2760-
1996), 4-hexylresorcinol were classified as antiox-
idant. Residue level for the prevent of browning in
shrimp were reported as <1 mg/kg (1ppm). Ac-
ceptable Daily Intake (ADI) "treatment of crusta-
cean at concentrations of up to 50 mg/L, resulting
in residue levels of approximately 1 mg/kg in edi-
ble portion, is not of toxicological concern*
(JECFA, 1995).
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Melanosis

Blackspot

Figure 1. Malanosis/Blackspot in shrimp (Foto: Ozkan Ozden)

In this study were investigated the residue levels
of shrimp treated with 4-hexylresorcinol in differ-
ent concentration/dipping time and the effect of
washing with tap water and frying and boiling pro-
cess in residue levels after dipping treatment.

Materials and Methods

Samples of deep-water pink shrimp (Parapenaeus
longirostris Lucas, 1846) was caught in the Mar-
mara Sea (Tuzla Kayikhanesi-Istanbul) by a com-
mercial fishing trawler. On board, the shrimp was
washed with seawater and were transported with
ice (shrimp/ice = 1/1 w/w) to the laboratory. Sam-
ples of deep-water pink shrimp (2500 g for each
group) were dipped for 1, 5, 10, 30 min in cold tap
water (7°C) solutions of 5, 10, 50,100, 500 ppm 4-
hexylresorcinol. Afterwards the shrimp was re-
moved, each group samples divided two group.

First groups were washed with tap water in 15 sec-
ond, other groups non washed. Washed an un-
washed shrimp samples were peeled. Samples for
each groups were divided three lot. The first group
of shrimp samples were not cooked. Second and
third lot samples were cooked by frying (in sun
flower oil at 180°C 3 min) and boiling (in boiling
water for 3 min). The process was repeated in new
captured shrimp samples after two days. Total 240
group samples (5 concentration (5-10-50-100-500
ppm) x 4 dipping time (1-5-10- 30 min) x first pro-
cessing (unwashed and washed) x second pro-
cessing (raw- frying - boiling) = 5x4x2x3=120 x
2=240 samples)) were also homogenized and
stored in sterile plastic sample containers at -20°C
until analysis of residues. 4-Hexylresorcinol anal-
ysis in each group sample was performed in three
duplicate. The results are presented as the mean of
the three measurements for each group (Figure 2).

CONCENTRATION

(CONSANT TEMP. 5-7°C) 5 ppm 10 ppm 50 ppm 100 ppm 500 ppm
I I I I
Dipping time 1 min 5 min 10 min 30 min
I I I I
[ [
WASHED UNWASHED
Process 1
I I
I I
FRIED BOILED
Process 2 RAW 180°C -3 min >=100°C -3 min
I |
120 SAMPLES

REPEAT |
240 SAMPLES FOR
ANALYSIS

Figure 2. Full factorial experimental design for residue of 4-Hexylresorcinol in shrimp
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The samples were analysed by high-performance
liquid chromatography (HPLC) (Shimadzu LC 10
AT Vp series pump, Shimadzu SIL 10AD Vp
cooling automatic sampling (4°C), Shimadzu RF
10AXL fluorescence detector (FLD), Shimadzu
CTO 10AV Vp, Shimadzu SCL 10A Vp, Class-
Vp 6.14 - Japan) with a fluorescence detector, with
the described method by Selguk and Ozden
(2014a, 2014b). The concentration of 4-hexylres-
orcinol was measured by comparing its retention

time with those of authentic standards (Acros Or-
ganics #197920250: 4-hexylresorcinol, 99%), and
the 4-hexylresorcinol content was calculated on a
weight basis:

4-hexylresorcinol (mg/kg) = HPLC value read
(ng/L) x 0.250 L / sample weight (g) (Figure 3.)

Statistical analysis

Statistical analysis of the data was performed in
STATISTICA 7 software (StatSoft Tulsa-USA),
with ANOVA post-hoc test (p < 0.05).

1007 Retertion Time

8,625

volts

T T T T T T T T T T
0 2 4 6 8 10
Mrutes

A. 4-hexylresercinol Standard

T T T T T T T T T T
0 2 4 6 8 10
Mrutes

B. 4-hexylresercinol in Shrimp

Figure 3. 4-hexylresercinol HPLC chromatograms
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Results and Discussion

In this study, the residue level in all samples
showed linear increase with dipping time and con-
centration of dipping solutions. The residual levels
of the samples treated with 4-hexylresorcinol are
presented in Table 1. The residue levels of washed
raw, fried and boiled samples were found lower
(p<0.05) compared to unwashed samples in all
concentrations and dipping times. According to,
The Scientific Committee of Food of the European
Commission and the proposal of the EU Commis-
sion were reported 2 ppm as the maximum limit
for the 4-hexylresorcinol residue in the consuma-
ble portion of crustaceans (Directive 95/2/EC).
The residue level in legal limit were found in
shrimp samples treated with 5-10 ppm of 4-hexyl-
resorcinol for 1-5-10-30 min and 50 ppm of 4-hex-
ylresorcinol for 1-5 min. Additionally, the residue
level in 50 ppm 4-hexylresorcinol for 10 min
treated washed raw, fried and boiled shrimp sam-
ples were found below 2 ppm. The 1 ppm legal
limit established for 4-hexylresorcinol residue
level in Canada Food and Drug Regulation, and
China Food Additives Hygiene Standard. Consid-
ering these values, in this study were found as safe
treatment with 5-10 ppm of 4-hexylresorcinol for
1-5-10-30 min for unwashed shrimp samples and
up to 50 ppm 1 min for washed shrimp samples.
Our results showed similar with earlier scientific
studies. Iyengar et al. (1991) found that the residue

level increased with the increment in the dipping
period. They detected the residue level as 0.6
mg/kg in the shrimp samples which were dipped
in % 0.005 4-Hexylresorcinol solution for 1 mi-
nute. They also observed that the residue level
rised to 1.0 mg/kg when they increased the dipping
period to 15 minutes. Guandalini et al. (1998)
found the residue level as 20, 42 ve 85 mg/kg in
pink shrimps which were subjected to 25, 50 and
100 ppm (mg/kg) concentration of 4-Hexylresor-
cinol solution. Montero et al. (2005) reported the
residue level as 2.73 ppm, 3.22 ppm, 2.57 ppm and
5.91 ppm in the 0.01% concentration of 4-Hexyl-
resorcinol in the 2th, 4th, 7th and 5th day respec-
tively. It was stated that the use of 4-Hexylresor-
cinol (0.1 % and 0.05 %) solutions can be a good
alternative to commercial sulphite based products
in order to prevent melanosis in Norway lobster.
Besides it was concluded in the same study that
the concentration of 0.05 % can prevent melanosis
for 12 days (Martinez-Alvarez et al., 2007). The
deep-water pink shrimp samples were dipped in
0.1% 4-Hexylresorcinol solution for 3, 30 and 60
minutes and were found the level of residue in the
samples as 5.5, 5.2 and 7.2 mg/kg, respectively. In
the same study, after dipped in 0.25% 4-Hexylres-
orcinol solution for 60 minute, the level of residue
was detected as 14.3, 19.3 and 22.0 mg/kg. After
the washing of samples in 5 liter water for 2
minutes, the level of residue showed an increase
(Mendes et al., 2006).

Table 1. The level of 4-hexylresorcinol residues in deep-water shrimps (ppm in wet weight).

Dipping Unwashed Raw  Washed Raw Unwashed Fried  Washed Fried Unwashed Washed
IConcentration Time Boiled Boiled
1 min 0.08 £0.0142 0.05 +0.004° 0.09 £0.0142 0.06 +0.014° 0.07 £0.0042 0.06 £0.014°
5 ppm 5 min 0.15+0.0182 0.12 +0.0282 0.13 +0.0182 0.12 +0.0182 0.12+0.0182 0.09 £0.018°
10 min 0.26 +0.00¢2 0.20 +£0.02¢* 0.23 +0.01¢ 0.19 £0.01¢> 0.19 +£0.01¢ 0.15 +0.01¢>
30 min 0.32 £0.03Pa 0.28 +£0.01P® 0.32 +0.01P= 0.25 +£0.01P® 0.32 +0.01Pa 0.24 +£0.01P°
1 min 0.22 +0.02F2 0.18 +£0.05¢ 0.19 +£0.01F2 0.11 £0.02B° 0.15+0.0182 0.12 £0.00%°
10 ppm 5 min 0.29 +0.02F2 0.25 £0.01F® 0.24 +0.02¢2 0.20 £0.01¢® 0.25 +0.03F2 0.20 £0.00™
10 min 0.45 +0.03% 0.36 £0.03" 0.42 +0.01F2 0.31 +£0.00%° 0.32 +£0.01Fa 0.28 +£0.006®
30 min 0.75 +0.10"a 0.60 £0.056° 0.55 +0.065 0.49 £0.01F2 0.59 +0.02Ga 0.48 +0.00"
1 min 1.15 £0.2212 0.84 +0.09"° 0.95 £0.08Ha 0.67 +0.106° 1.01 £0.03Ma 0.71 +0.03™
50 ppm 5 min 1.66 +0.06" 1.34 £0.12" 1.46 +£0.06™ 1.24 +0.031P 1.81 £0.06" 1.49 £0.05"
10 min 2.12 +0.13K2 1.76 £0.12"° 1.96 £0.07"2 1.69 +0.12" 2.27 £0.1172 1.73 £0.06%>
30 min 2.93 +0.04'2 1.64 £0.25Y° 3.37 +£0.08%2 2.43 £0.10°° 3.97 £0.15%2 2.85 £0.00'"
1 min 2.33 +0.03M2 2.69 +0.20%> 1.97 £0.03"2 1.43 £0.25® 2.06 +0.07’2 1.85 £0.03Mb
100 ppm 5 min 2.77 £0.12Nta 2.64 +0.07%2 2.76 +0.29'2 2.24 +0.17% 2.77 +£0.08'2 2.05 £0.07™°
10 min 3.89 £0.05°2 3.08 +0.35'0 3.68 +0.08M2 3.30 +£0.25K> 3.82 +£0.26%2 3.05 £0.08°°
30 min 4.87 £0.1192 4.22 +0.14M> 7.01 £0.41Na 4.78 +£0.66'° 6.57 £0.21M2 5.03 +0.340v
1 min 15.90 +0.89"2 12.48 +£0.42N0 11.46 +0.48°* 9.78 +1.02M> 13.81 £0.29N2 9.69 £0.16""
500 ppm 5 min 20.86 +0.19R2 19.01 £0.96°° 17.14 £0.7102 15.10 £0.53™° 19.34 +£0.03°2 16.13 £0.32RP
10 min ~ 24.51 £0.14%* 22.38 £0.370P 25.46 £0.30" 20.93 +2.3500 25.34 £0.490a 23.08 +0.385°
30 min  35.02 £4.21T2 27.10 +1.79%° 29.35 +0.43Ra 27.63 £1.11°° 34.26 £1.27% 30.03 £1.71™

Bold represents unacceptable residue levels for EU and China (grey line)

All values are the mean + standard deviation (n = 3)-Different letters (A,B,C) in the same column indicate significant differ-
ences (p<0.05)-Different letters (a,b,c) in the same line indicate significant differences (p<0.05)
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Conclusion

In all concentrations and dipping times, the resi-
due levels of washed (raw, fried and boiled)
shrimps were significantly lower (P<0.05) than
those for unwashed shrimp samples. The legal
limit (for EU and China regulation) for residue
level not exceeded in shrimp samples treated with
5-10 ppm of 4-hexylresorcinol for 1-5-10-30 min
and 50 ppm of 4-hexylresorcinol for 1 min only in
washed shrimps.
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Oz:

Temel besleyici 6zelliklerinin yaninda viicutta gosterdigi
bir veya birden fazla yararli hedef fonksiyon ile hastalik
riskini azaltip iyi hal ve saghig1 gelistirici etki gosterebilen,
giinliik beslenme plani icerisinde yer alip tiiketilebilen;
hap, kapsiil veya farkli sekillerde bir besin destegi olma-
yan besinlere fonksiyonel besinler adi verilmektedir.
Fonksiyonel bir besin olarak turunggiller, bilesiminde bu-
lunan askorbik asit, folik asit, lif, pektin, potasyum, mag-
nezyum, karotenoidler ve flavonoidler ile olumlu saglik
etkileri gosterebilmektedir. Bu bilesenlerin miktarlar: tu-
runcgil ¢esidine, olgunluguna, saklama kosullarina ve is-
leme yontemlerine gore degiskenlik gosterebilmektedir.
Turunggillerin saglik {izerine olumlu etkileriyle 6ne ¢ikan
bilesenleri naringin ve hesperidin flavonoidleridir. Hiper-
tansiyon, hiperglisemi, dislipidemi, protrombotik ve pro-
inflamatuvar faktorler, metabolik sendrom risk faktorleri
arasindadir. Turunggil flavanoidleri hiperglisemi, hiperli-
pidemi, hipertansiyon, inflamasyon ve viicut agirli1 dene-
timi tizerine olumlu etkiler gdsterebilmektedirler. Litera-
tiirde, turunggil flavonoid ekstraktlarinin kullanildig: hay-
van aragtirmalari ve turunggil tiiketiminin dislipidemik et-
kileriyle ilgili insan arastirmalar1 6ne ¢ikmaktadir. Bu ne-
denle giinliik beslenme planinda turunggil tiiketimi ve me-
tabolik sendromla ilgili 6nerilerin gelistirilebilmesi i¢in bu
konuda daha fazla epidemiyolojik ve deneysel arastirma-
lar gereklidir.

Anahtar Kelimeler: Turunggil, Abdominal obezite, Me-
tabolik sendrom, Hesperidin

Abstract:

CITRUS FRUITS AS A FUNCTIONAL FOOD
AND THE RELATION WITH METABOLIC
SYNDROME

Functional food is a food of daily diet which have at least
one target function in the body besides its’ nutritional pro-
perties and can decrease disease risk and improve health
and wellness. Functional food is not a pill, capsule or any
type of nutritional support. Citrus fruits as a functional
food have beneficial health effects related with their con-
ponents such as ascorbic acid, folic acid, dietary fiber, pec-
tin, potassium, magnesium, carotenoids and flavonoids.
The amount of these components depends on type of citrus
fruit, ripeness, storage conditions and process methods.
The prominent components of citrus fruits are known as
naringin and hesperidin flavonoids. Hypertension, hy-
perglycemia, dyslipidemia, protrombotic and proinflam-
matuary factors are the important risk factors of metabolic
syndrome. Citrus flavonoids have beneficial effects on hy-
perglycemia, hyperlipidemia, hypertension, inflammation
and body weight management. In the literatur, the studies
mostly featured on the animal studies related with citrus
flavonoid extracts and human studies on beneficial effects
of citrus fruits consumption on dyslipidemia. Therefore,
there is a need to more epidemiological and experimental
studies on citrus fruits consumption recommendations in
relation with metabolic syndrome.

Keywords: Citrus, Abdominal obesity, Metabolic synd-
rome, Hesperidin
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Metabolik sendrom (MeS), insiilin direnciyle bas-
layan abdominal obezite, hiperglisemi, dislipi-
demi, hipertansiyon ve koroner arter hastalig1 gibi
sistemik bozukluklarmin tiimiinii birlikte kapsa-
yan bir endokrinopatidir (Arslan ve digerleri,
2009). Abdominal obezitede viseral adipositler-
den salgilanan leptin, rezistin, interlokin (IL) - 6,
tiimor nekroz faktorii (TNF) - o ve plazminojen
aktivator inhibitor (PAI) - 1 gibi metabolik olarak
aktif molekiiller, insiilin direnciyle iligkili olup
metabolik sendrom i¢in énemli etmenlerdir. Ab-
dominal obeziteyle hiicrelerin insiilin aracilt gli-
koz alimi azalmakta, yag dokusundan esterlesme-
mis yag asidi salinimi olmakta, kas ve karacigerde
yaglanma meydana gelmekte boylelikle dislipi-
demi ve insiilin direncinin ortaya ¢ikmasi kolay-
lasmaktadir (Huang, 2009).

Uluslararasi Diyabet Federasyonu’nu 2005 yilinda
ATP III tanimlamasini giincelleyerek abdominal
obezite varligina ek olarak ATP III tanimlama lis-
tesindeki kriterlerden en az iki tanesinin daha var-
l1§1 durumunda MeS tanis1 konulabilecegini belir-
lemistir. Ayrica, abdominal obezite ile diger MeS
risk faktorleri arasindaki korelasyonda etnik fark-
liliklara da 6nem verilmistir. Buna gore bel ¢evre-
sinin her etnik grubun ortalama degerlerine gore
belirlenmesinin uygun olacagi belirtilmistir (Ars-
lan ve digerleri, 2009). Tiirkiye’de Eriskinlerde
Kalp Hastalig1 ve Risk Faktorleri Caligmasi 2003
yili sonuglarma goére MeS sikliginin >30 yas ka-
dinlarda %45.2, erkeklerde %27 dir. Tiirkiye Me-
tabolik Sendrom Arastirmasi 2004 y1li sonuglarina
gore, 20 yas ve lizerindeki eriskinlerde MeS siklig1
kadinlarda (%39.8) erkeklere (%28.0) gore daha
yiiksek oldugu belirlenmistir. Tiirkiye Kronik
Hastaliklar ve Risk Faktorleri Sikligi Calismasi
sonuglarma gore MeS sikligt >20 yas kadinlarda
%35.6, erkeklerde %16.7 olarak saptanmistir
(S6zmen, 2013).

Temel besleyici 6zelliklerinin yaninda viicutta
gosterdigi bir veya birden fazla yararli hedef fok-
siyon ile hastalik riskini azaltip iyi hal ve saglig
gelistirici etki gdsterebilen, giinliik beslenme plani
igerisinde yer alip tiiketilebilen; hap, kapsiil veya
farkli sekillerde bir besin destegi olmayan besin-
lere fonksiyonel besin ad1 verilmektedir (Coskun,
2005). Fonksiyonel bir besin olarak turuncgiller,
bilesiminde bulunan askorbik asit, folik asit, lif,
pektin, potasyum, magnezyum, karotenoidler ve
flavonoidler ile olumlu saglik etkileri gosterebil-
mektedir (Sanofer, 2014). Turunggil flavonoidle-
rinden naringin, naringenin, nobiletin, narirutin,

tangeretin ve hesperidinin; anti-inflamatuvar, anti-
allerjik, anti-karsinojenik, anti-diyabetik, anti-hi-
pertansif, anti-viral, anti-oksidatif ve hipolipide-
mik etki gosterebildikleri bildirilmektedir (Assini,
Mubhvihill & Huff, 2013; Alam ve digerleri, 2014).
Bu derleme yazida fonksiyonel bir besin olarak tu-
runggillerin bilesimi ve metabolik sendrom ile ilis-
kisinin degerlendirilmesi hedeflenmistir.

Turuncggiller

Turunggiller, Rutaceae familyasinin Aurantoideae
alt-familyasindandir. Bir¢ok tiirii olmasina rag-
men, tarimi yapilan en 6nemli turunggiller C. /i-
mon (limon), C. aurantifolia (misket limon), C.
aurantium (turung), C. sinensis (portakal), C. reti-
culata (mandalina), C. grandis ya da C. maxima
(pomelo), C. paradisi (greyfurt) ve C. bergamia
(bergamot)’dir. Kdkeni Giineydogu Asya olan tu-
runggillerin, ¢agdas anlamda iiretimi 19. ylizyilda
Amerika Birlesik Devletleri (ABD) nde baslamis
ve hizla yayillmistir. Turunggil yetistiriciligi diin-
yada 40 derece kuzey enlemi ile 40 derece giiney
enlemi arasinda yapilmaktadir. Turunggiller diin-
yada en cok yetistirilen ve tiikketilen meyve grubu
olarak bilinmektedir. Diinya turunggil tiretiminde
2014 yilinda Cin, Brezilya ve ABD ilk {i¢ sirada
olup, Tiirkiye 3782 milyon ton iiretimiyle seki-
zinci sirada yer almaktadir (Food and Agriculture
Organisation, 2015). Tiirkiye'de 2015 y1l1 turung-
gil {iretimi ise 3975 milyon ton olup turunggil tiir-
leri iiretim oran1 sirastyla portakal (%45.7), man-
dalin (9%29.0), limon (%18.8) greyfurt (%6.3) sek-
lindedir (Tiirkiye Istatistik Kurumu, 2016).

Turunggiller iyi bir C vitamini kaynagi olmasinin
yani sira lif, potasyum, folat, kalsiyum, tiamin, ni-
asin, B¢ vitamini, fosfor, magnezyum, bakir, ribof-
lavin, pantotenik asit ile karotenoidler ve flavono-
idler gibi ¢esitli fitokimyasallar1 icermekte ve bu
bilesenlerin miktarlar1 turunggil ¢esidine, olgunlu-
guna, saklama kosullarina, isleme yontemlerine
gore degiskenlik gdosterebilmektedir. Ortalama
100 gram portakal, greyfurt, mandalina ve limon
i¢in C vitamini degerleri sirasiyla 53-88 mg, 31-
61 mg, 27-72 mg, 29-61 mg arasinda degisirken,
A vitamini degerleri ise sirasiyla 17 pg, 58 pg, 46-
144 ng, 2-22 pg seklinde belirtilmistir (Turner &
Burri, 2013).

Turunggil Flavonoidleri

Flavonoidler, icerdikleri karbon halkasindaki de-
gisimlere gore flavonlar, flavanoller, flavanonlar,
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katesinler, antosiyanidinler ve isoflavonlar gek-
linde alt1 gruba ayrilabilir (Coskun, 2005). Flavo-
noid iskelet yapisi, iki aromatik halka ve bunlara
bagli piron veya hidroksipiron halkalarindan olus-
maktadir. Piron halkasina sahip olan flavon, hid-
roksipiron halkasina sahip olan flavanon olarak
adlandirilmaktadir. Turunggillerde bulunan flava-
non tiirleri, naringin, naringenin, narirutin, hespe-
ridin, eriositrin, taksifolin, neohesperidin, neoeri-
ositrin ve poncirindir. Naringin, narirutin ve narin-
gin glikozidleri en fazla greyfutta bulunurken hes-
peridin ve hesperidin glikozidleri portakal ve man-
dalinada; eriositrin ve hesperidin ise limon ve mis-
ket limonda yaygindir (Gattuso, Barreca, Gar-
giulli, Leuzzi & Caristi, 2007). Turung kabugu da
hesperidin, neohesperidin, naringin ve tangeretin
gibi flavonoidleri igermektedir. Bunun yaninda al-
koloid bilesikler sinefrin ve oktopamin, turungta
bulunan sirastyla epinefrin ve norepinefrin yapi-
sina benzeyen adrenerjik aktif bilesenlerdir (Pei-
xoto ve digerleri, 2012). Tablo 1’de turunggillerin
flavonoid igerikleri gosterilmistir (Gattuso, Bar-
reca, Gargiulli, Leuzzi & Caristi, 2007). Baz1 tu-
runggillerde bir ac1 tat varlig1 s6z konusudur. Bu
ac1 tat flavonoidler (naringin, neohesperidin) ve li-
monoidler (limonin, nomilin) ile ilgilidir. Narin-
gin, aci tat veren bir flavanon glikozit olup grey-
furt, pomelo ve turungta bulunmaktadir. Meyve
olgunlugunun artmasi ile birlikte naringin mikta-
rinda azalis oldugu bildirilmektedir (Yalim, Ozde-
mir & Ekiz, 2004).

Turuncgiller ve Metabolik Sendrom Tliskisi

Turunggiller ve metabolik sendrom arasindaki
iligski obezite, dislipidemi, hipertansiyon, hipergli-
semi bagliklar1 altinda irdelenebilmektedir. Bu ko-
nudaki insan ve hayvan arastirmalar1 Tablo 2 ve
3’te 6zetlenmistir.

Obezite iizerine etkileri

Obezite, alinan enerjinin harcanan enerjiden fazla
olmasi durumunda viicut yag kiitlesinin, yagsiz
viicut kiitlesine oraninin artmasi ile karakterizedir.
Obezitenin onlenmesi ve tedavisinde fonksiyonel
besinler ve bilesenler arasindaki iligkiyle ilgili ¢a-
lismalar yapilmaktadir (Choudhary & Grover,
2012). Fonksiyonel bir besin olarak turunggiller-
den limon polifenollerinin beyaz adipoz doku ve
lipit metabolizmasina olan etkisinin arastirildig
bir ¢aligmada erkek fareler diisiik yaglh beslenen,
yiiksek yagli beslenen ve diyetlerine limon polife-
nollerinin eklendigi yiiksek yagli beslenen olmak
lizere li¢ gruba ayrilarak 12 hafta izlenmistir. Buna

gore, limon polifenollerinin farelerdeki agirlik ka-
zanimini, yag depolanma yetenegini, hiperlipide-
miyi, hiperglisemiyi ve insiilin direncini baskila-
dig1 goriilmiistiir. Limon polifenolii verilen grupta
peroksizom proliferator ile aktive olan reseptor
(PPAR) - o seviyeleri ve karaciger ile beyaz adi-
poz dokuda asil CoA oksidaz seviyelerinde artig
ile yag oksidasyonu iizerine etkili oldugu belirlen-
mistir  (Fukuchi ve digerleri, 2008). Sicanlarda
yapilan alt1 haftalik bir ¢calismada ise ek naringe-
nin verilmesi adipoz dokudaki adiposit ve triglise-
rit icerigini diisiirlirken karacigerde PPAR-a, kar-
nitin palmitoil transferaz (CPT) - 1 ve mitokond-
riyal katlanmamis protein (UCP) - 2 proteinin gen
ekspresyonunu Onemli derecede yiikseltmistir
(Alam ve digerleri, 2014). Naringeninin, glikoz ve
lipit metabolizmasindaki roliinii incelemek i¢in 19
disi fare ile yapilan 11 haftalik bir arastirmada bir
gruba normal diyet verilirken diger gruba %3 ora-
ninda naringenin igeren diyet verilmistir. Naringe-
nin verilen grupta kontrol grubuna gore postpran-
diyal glikoz seviyesi ile insulin seviyesinin daha
diisiik oldugu belirlenmistir. Ayn1 zamanda intra-
abdominal ve subkutan yaglanma ile monosit ke-
motaktik protein (MCP) - 1 ve IL-6 diizeylerinde
azalig, hepatik steatozda iyilesme oldugu belirlen-
mistir (Ke ve digerleri, 2015). Naringeninin, 3T3-
L1 yag hiicrelerinden adiponektin saliimini des-
tekleyici MCP-1 ile yag dokudaki artigla iligkili
inflamatuvar degisikleri iyilestirebilecegi bildiril-
mektedir (Alam ve digerleri, 2014). Diger taraftan
stearoil-koenzim A desaturaz (SCD) - 1, insan-
larda tekli doymamis yag asidi sentezini sinirlayici
basamagini katalizlemesi ve trigliserid {iretiminde
rol almasi sebebiyle metabolik ve inflamatuar has-
taliklarin patogeneziyle iliskilendirilmektedir (Pe-
ter ve digerleri, 2009). Erkek rat karaciger
(HepG2) hiicrelerinde dort hafta siiren bir calis-
mada, hesperidin ve nobiletinin SCD-
1 seviyesindeki azaligla ilintili olarak plazma lipid
seviyelerini digiirdiigii, glikoz toleransini iyiles-
tirdigi ve obezite derecesini azalttig1 gosterilmistir
(Nichols, Jackson, Manthey, Shukla & Holland,
2011). Bunun yaninda 50 yetiskin birey ile on iki
hafta yapilan ¢ift kor bir ¢alismada turungta bulu-
nan p-sinefrinin (50 mg/giin), naringin (600
mg/giin) ve hesperidin (100 mg/giin) ile birlikte
dinlenme metabolik hizim1 artirdig1 belirtilmistir
(Stohs ve digerleri, 2011). Turung ve p-sinefrin ile
ilgili derleme bir ¢calismada ise on iki hafta turung
ekstrat1 ve/veya p-sinefrin aliminin metabolik hizi
artirdig1 ancak giivenli tiiketim miktarlarinin belir-
lenebilmesi i¢in daha fazla ¢aligmaya ihtiya¢ ol-
dugu bildirilmistir (Stohs, Preuss & Shara, 2012).
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Greyfurt tiiketiminin obezite ve metabolik send-
rom ile olan iligkisinin arastirildig1 bir calismada
ise 91 obez birey rastgele gruplandirilarak plasebo
kapsiil ve 207 ml elma suyu, greyfurt kapsiili ve
207 ml elma suyu, plasebo kapsiil ve 237 ml grey-
furt suyu, giinde 3 kez her 6glinden 6nce yarim
greyfurt tiiketmesi saglanmigtir. Buna gore, grey-
furt tiiketenlerde en fazla olmakla birlikte, grey-
furt kapsiilii ve greyfurt suyu tiiketenlerde viicut
agirligi kaybinin plaseboya gore daha fazla oldugu
saptanmistir (Fujioka, Greenway, Sheard & Ying,
2006). ABD Ulusal Saglik ve Beslenme Arastir-
mast 2003-2006 y1l1 sonuglarina gore %100 porta-
kal suyu tiiketen >19 yas yetiskin bireylerin tiike-
tim ortalamasinin 210 ml/giin oldugu ve %100
portakal suyu tiiketenlerin tiiketmeyenlere gore
daha diisiik beden kiitle indeksi (BK1), total koles-
terol, diisiik dansiteli lipoprotein (LDL) degerleri
ile %21 daha az obezite riskinin oldugu belirlen-
mistir (O’Neil, Nicklas, Rampersaud & Fulgoni,
2012).

Dislipidemi iizerine etkileri

Dislipidemi, obezitenin énemli komorbiditelerin-
den biri olup aterosklerotik hastaliklarin da major
risk faktorlerindendir. MeS patofizyolojisinde dis-
lipidemi merkezi bir role sahiptir. Dislipidemi du-
rumunda serbest yag asidi salinimindaki artig ve
cok diisiik dansiteli lipoprotein (VLDL) iiretimi ile
yiiksek dansiteli lipoprotein (HDL) katabolizma-
sindaki artig, insiilin direnci olusumunu etkile-
mektedir (Kolovou, Anagnostopoulou & Cokki-
nos, 2005). Ayrica dislipidemi ile birlikte serbest
radikallerin iiretimi artmakta ve antioksidan en-
zimlerin aktiviteleri de azalmaktadir. Normal di-
yet, yiiksek kolesterollii diyet ve %0.08 hesperidin
ilaveli yiiksek kolesterollii diyet olmak iizere ii¢
gruba ayrilan 30 ratin yirmi sekiz giin izlendigi bir
caligmada, hesperidin ilaveli grupta, kolesterol
(%34) ve LDL’de (%52) diislis, HDL (%22), anti-
oksidan enzimler olan siiperoksit dismutaz (SOD),
katalaz (CAT), glutatyon peroksidaz (GSH-Py) ve
glutatyon s-transferaz (GST) seviyelerinde artig
oldugu belirlenmistir (El-Shafey & Abd-Ellah,
2014). Naringeninin metabolik etkileri ve aterosk-
leroza etkisini inceleyen 12 haftalik bir calismada
ise yiiksek yagl-yiiksek kolesterollii ve diisiik
yagli-yiiksek kolesterollii beslenen 8-12 haftalik
hiperkolesterolemik erkek farelerin diyetlerine ek-
lenen %3 naringeninin hepatik lipogenezisi azaltip
yag asidi oksidasyonunu artirarak hepatik stea-
tozda ve asir1 hepatik VLDL salgilanmasini azal-
tarak dislipidemide iyilesme sagladig1 belirtilmis-

tir (Assini ve digerleri, 2013). Portakal suyu tiike-
timi ile ilgili bir calismada, normal trigliserit, yiik-
sek total kolesterol ve LDL kolesterol, diizeylerine
sahip 25 bireye dort hafta boyunca ii¢ 6giine bo-
linmiis olarak toplam 750 ml portakal suyu veril-
mistir. Calisma sonucuna gore, HDL, trigliserit ve
folat seviyelerinde sirasiyla %21, %30 ve %18
oraninda artig, LDL/HDL oraninda %16 oraninda
diisiis belirlenmistir (Kurowska ve digerleri,
2000). Uzun siire (>12 ay) portakal suyu tiikketimi-
nin etkilerini inceleyen bir arastirmada ise hiper-
kolesterolemisi olup portakal suyu tiiketenlerin or-
talama 480 ml/giin (26.4 mg hesperidin ve 7.4 mg
naringenin) portakal suyu tiikettigi ve bu birey-
lerde tiiketmeyenlere gore serum total koleste-
rolde %5, LDL’de %12 ve ApoB’de %12 diisiis
oldugu belirlenmistir (Aptekmann & Cesar,
2013). Randomize kontrollii ¢apraz bir ¢calismada
ise 50-65 yaglarinda 24 erkek bireye dort hafta,
500 ml/giin portakal suyu, 500 ml/giin hesperidin
eklenmis (292 mg) kontrol igecegi ile 500 ml/giin
plasebo icecek verilerek portakal suyu ve hesperi-
din eklenmis kontrol igeceginin anti-inflamatuvar
ve anti-aterojenik etkiler gosterdigi belirlenmistir
(Milenkovic, Deval, Dubray, Mazur & Morand,
2011). Dort hafta boyunca plasebo, naringin (500
mg/giin) ve hesperidin (800 mg/giin) verilen hi-
perkolesterolemik 194 birey ile yapilan bir ¢alis-
mada ise total kolesterol, HDL, LDL ve trigliserit
degerlerinde bir farklilik belirlenmemistir (De-
monty ve digerleri, 2010). Hiperkolesterolemik ve
saglikli 26 birey ile alt1 ay yiiriitiilen ¢ift kor pla-
sebo kontrollii bir calismada ise turunggil ekstrakti
(TE) ve C vitamini ile trigliserit diizeylerinde aza-
lis ve lipoprotein oksidasyonunu gecikme sagla-
mistir (Vinson & Jang, 2001).

Hipertansiyon iizerine etkileri

Portakal suyu ve onemli flavonoidlerinden olan
hesperidinin kan basinci iizerine olan etkisinin
arastirildigr 50-65 yas grubu kilolu 24 erkek bi-
reye dort hafta 500 ml/giin portakal suyu, 500
ml/gilin hesperidin eklenmis (292 mg) kontrol ige-
cegi ile 500 ml/giin plasebo igecek verilen rando-
mize kontrollii ¢apraz calismada, portakal suyu-
nun diastolik kan basmcim diisilirdiigli ve postp-
randiyal mikrovaskiiler endotel reaktiviteyi arttir-
dig1 belirlenmistir (Morand ve digerleri, 2011).
Taze portakal suyunun 22 saglikli birey iizerinde
kan basincina olan etkisinin arastirildig: bir diger
caligmada ise dort hafta bireylere giinde iki kez
500 ml portakal suyu verilerek kan basincinda or-
talama 3-4 mmHg azalis oldugu belirlenmistir
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(Asgary & Keshvari, 2013). Proliferasyon ve mig-
rasyonu diizenleyen vaskiiler diiz kas hiicreleri
(VSMCs), ateroskleroz ve hipertansiyonun pato-
genezinde olduk¢a Oneme sahiptir. Naringenin,
TNF-a ile uyarilan VSMCs proliferasyonu ile
migrasyonunu inhibe ettigi ve TNF-o’nin uyardigi
artmig reaktif oksijen tiirlerini bloke ettigi bildiril-
mektedir (Alam ve digerleri, 2014).

Hiperglisemi iizerine etkileri

Hiperglisemi ve insiilin direnci, MeS fizyopatolo-
jisinde oldukga 6nemli bir role sahiptir. Bes hafta-
lik 30 adet tip 2 diyabetik erkek fare ile yapilan bir
arastirmada bir gruba normal diyet, bir gruba 0.2
g/kg hesperidin ve bir gruba 0.2 g/kg naringin ek-
lenen diyet verilmistir. Bes haftanin sonunda na-
ringin ve hesperidin eklenen gruplarda kontrol
grubuna gore plazma glikoz, serbest yag asidi,
trigliserit, total kolesterol, hepatik trigliserit ve ko-
lesterolde azalig belirlenirken fekal trigliserit ve
kolesterolde artis belirlenmistir. Bu flavonoidle-
rin, hepatik glukokinaz aktivitesi ve hekzokinaz

Tablo 1. Turunggillerin flavonoid icerikleri

Table 1. Flavonoid contents of citrus fruits

aktivitesinin artiginda, hepatik-3-hidroksi-metil
CoA (HMG-CoA) rediiktaz ve asil CoA kolesteril
asil transferaz (ACAT) aktivitesi ile glikoz-6-fos-
fataz, fruktoz-1,6-bifosfataz ve glikojen fosforila-
zin azaliginda etkili oldugu aynm1 zamanda adipoz
dokuda GLUT-4 ekspresyonunu artirdig1 saptan-
mistir (Jung, Lee, Park, Kang & Choi, 2006). Na-
ringenin ve hesperidinin antidiyabetik etkisi, adi-
poz dokuda PPAR-y ekspresyonu ve adiponektin
seviyelerindeki artigsla da iliskilendirilmektedir.
Erkek ratlarla yapilan bir ¢aligsmada, ilk olarak iki
hafta siiresince bir gruba normal diyet verilirken
bir gruba yaglh diyet/streptotozin verilerek tip 2 di-
yabet gelisimi indiikklenmigstir. Daha sonra dort
hafta siiresince diyabetik ratlardan bir gruba diya-
betik diyet, bir gruba 50 mg/kg hesperidin eklen-
mis diyabetik diyet, bir gruba da 50 mg/kg narige-
nin eklenmis diyabetik diyet verilmigtir. Caligma
sonucunda hesperidin ve naringenin eklenmis
gruplarda HbA 1c diizeylerinde artis plazma insii-
lin diizeylerinde ise azalis saptanmistir (Mah-
moud, Ahmed, Abdel-Moneim & Ashour, 2013).

Portakal Greyfurt Mandalina  Misket Limon Limon Bergamot Turung
Flavonoidler Suyu Suyu Suyu Suyu Suyu Suyu Suyu
(mg/100mL) (C.Sinensis) (C.paradisi) (C.reticulata) (C.aurantifolia) (C.limon) (C.bergamia) (C.aurantium)
Eriositrin 0.31 0.41 0.31 0.29 16.7 - -
Neoeriositrin 0.59 0.32 0.05 - - 1.38 0.77
Hesperidin 28.6 0.93 24.3 1.77 20.5 - -
Neohesperidin - 1.21 - - - 1.60 0.87
Naringin 21.3 23.0 - - - 2.23 1.97
Naringenin - 2.70 - - - - -
Narirutin 5.2 7.60 3.92 - - -
Nobiletin 0.33 0.15 0.23 0.52 - - -
Tangeretin 0.04 0.12 0.26 0.18 - - 0.08
Luteolin - - - 0.61 0.08 - -
Taksifolin 0.03 - - 0.04 - - -
Poncirin 1.04 1.26 - - - 6.41
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Tablo 2. Turunggiller ve MeS ile Ilgili Hayvan Arastirmalari

Table 2. Animal Studies on Citrus Fruits and MeS

Arastirma plani Denekler Sonug Kaynak
12 hafta C57BL/6] erkek fare Limon polifenolii eklenen diyet: (Fukuchi ve
-diisiik yaglh diyet -Agirlik 1 digerleri,
-yliksek yagl diyet -Hiperlipidemi, hiperglisemi ve insiilin direncini baskilama 2008)
- yiiksek yagli limon polifenoli -PPAR-a seviyesi?t
(%0.5) eklenen diyet -Karaciger ve beyaz adipoz dokuda asil CoA oksidaz 1
11 hafta Overektomize disi fare Naringenin eklenen diyet: (Ke ve di-
-normal diyet -Tokluk glukoz seviyesi ve insiilin | gerleri,
-naringenin(%3) eklenen diyet -Intra-abdominal ve subkutan yaglanmada %50 | 2015)
-Lipogenesiz ve glukoneogenez |
-Hepatik steatozda iyilesme
12 hafta Ldlr" erkek fare Naringenin: (Assini J.
-yiiksek yagli-yiiksek kolesterollii Hepatik lipogenezisi | M. ve diger-
(%3) naringenin eklenmis diyet -Yag asidi oksidasyonunu 1 leri, 2013)
-diisiik yaglh yiiksek kolesterollii -TNF-a ve IL-1 |
(%3) naringenin eklenmis diyet -Hepatik steatozda iyilesme
-Apo B100 |
2 hafta tip 2 diyabetik erkek fare Naringin ve hesperidin: (Jung, Lee,
-normal diyet -Plazma glukoz seviyesinde | Park, Kang
-0.2g/kg hesperidin eklenen diyet -Bagirsaktan glukoz absorbsiyonunu | & Choi,
-0.2g/kg naringin eklenen diyet -Insiilin salinimi 1 2006)
-Adipoz dokuda GLUT-4 ekspresyonunu 1
-HMG-CoA rediiktaz aktivitesinde
-Plazma kolesterol seviyeleri |
4 hafta Swiss albino rat Hesperidin eklenen diyet: (El-Shafey
-normal diyet -Total kolesterol (%34), LDL (%52) | & Abd-El-
-yliksek kolesterollii diyet -HDL (%22) ve trigliserit 1 lah, 2014)

-%0.08 hesperidin eklenmis yiiksek
kolesterollii diyet

-SOD, CAT, GSH-Px ve GST 1

1 artis, |: azalig
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Arastirma Plani

Denekler

Sonug

Kaynak

Portakal suyu

ABD Ulusal Saglik ve Beslenme Arastirmas: 2003-2006

ortalama 210 mL/giin portakal suyu

8861 birey (>19 yas)

%100 portakal suyu tiiketimi
A vitamini, C vitamini, folat, potasyum ve magnezyum diizeyleri 1
Obezite riski %21 |

(O’Neil, Nicklas, Rampersaud
& Fulgoni, 2012)

Portakal suyu

4 hafta
3 dgiine bolinmiis 750 mL portakal suyu

25 hiperkolesterolemili birey (55 £11 yas)

HDL (%21), trigliserit (%30) 1, folat (%18) 1
LDL (%16) |
Homosistein —

(Kurowska ve digerleri, 2000)

Portakal suyu

>12 ay
ortalama 480 mL/giin portakal suyu

129 saglikli ve hiperkolesterolemili
birey (18-66 yas)

Saglikli bireyler:

%11, LDL (%18) ve ApoB (%12) |
hiperkolesterolemik bireyler:

LDL (%S5) ve ApoB (%12) |

Her iki grup:

C vitamini ve folat 1

Homosistein, HDL, Apo Al—

(Aptekmann & Cesar, 2013)

Portakal suyu 4 hafta 22 saglikli birey (18-59 yas) Bireylerin kan basinglarinda ortalama 3-4 mmHg | (Asgary & Keshvari, 2013)
2x500 ml/giin portakal suyu

Portakal suyu-Hesperidin 4 hafta 24 kilolu birey (50-65 yas) Vasiiler adezyon molekiilleri ve yag tasinmasinda etkili gen kont- (Milenkovic, Deval, Dubray,
500 mL/giin portakal suyu rolii ile anti-inflamatuvar ve anti-aterojenik etki Mazur & Morand, 2011)

500 mL/giin hesperidin eklenmis igecek
500 ml/giin plasebo igecek

Portakal suyu-Hesperidin

4 hafta

500 ml/giin portakal suyu

500 ml/giin hesperidin eklenmis icecek
500 ml/giin plasebo igecek

24 kilolu birey (50-65 yas)

Portakal suyu verilen grup:
Diastolik kan basinci |
Mikrovaskiiler reaktiviteyi iyilestirici etki

(Morand ve digerleri, 2011)

Hesperidin-Naringin

4 hafta (capraz ¢aligma)
Plasebo

Naringin kapsiil (500 mg/giin) Hesperidin kapsiil (800 mg/giin)

194 hiperkolesterolemik birey (18-75 yas)

Her iki grup:
Kolesterol, HDL, LDL ve trigliserit —

(Demonty ve digerleri, 2010)

Hesperidin-Naringenin-
p-Sinefrin

12 hafta
Plasebo
p-sinefrin (50 mg/giin)

p-sinefrin (50 mg/giin)+naringin (600 mg/giin)
p-sinefrin (50 mg/giin)+naringin (600 mg/giin)+hesperidin 100

5x10 birey

Tim gruplar:
Kalp atim hiz1 —
Kan basinc1 —

p-sinefrin (50 mg/giin)+naringin (600 mg/giin) verilen grup:

(Stohs ve digerleri, 2011)

mg/giin) metabolik hiz 1
p-sinefrin (50 mg/giin)+naringin (600 mg/giin)+hesperidin 1000
mg/giin)
TE-Vitamin C-Vitamin E 2 ay (¢apraz galigma) 26 hiperkolesterolemik ve saglikli birey TE + Vitamin C: (Vinson & Jang, 2001).
Placebo (53£10 yas) Trigliserit |
Vitamin C (2x500 mg) Lipoprotein oksidasyonunda gecikme

Vitamin E (2x400 IU/giin)
Vitamin C (3x330 mg + TE (3x 900 mg TE)
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Sonuc¢

Turunggiller, iyi bir C vitamini kaynag1 olarak
bilinmesinin yanisira lif, potasyum, folat, ka-
rotenoidler, flavonoidler gibi gesitli fitokim-
yasallar bakimindan da iyi kaynaklardir ve bu
bilesenlerin miktarlar1 turunggil ¢esidine, ol-
gunluguna, saklama kosullarina, isleme yon-
temlerine gore degiskenlik gosterebilmekte-
dir. Turuncgillerin saglik tizerine olumlu etki-
leriyle O6ne ¢ikan bilesenleri naringin ve hes-
peridin flavonoidleridir. Hipertansiyon, hi-
perglisemi, dislipidemi, protrombotik ve pro-
inflamatuvar faktorler, MeS risk faktorleri
arasindadir. Turunggil flavanoidlerinin hi-
perglisemi, hiperlipidemi, hipertansiyon ve
viicut agirligi denetimi iizerine olumlu etkileri
ile anti-inflamatuvar ve antioksidan etkileri
s6z konusudur. Literatiirde, turunggil flavo-
noid ekstraktlarinin kullanildig1 hayvan aras-
tirmalar1 ve turunggil tiiketiminin dislipide-
mik etkileriyle ilgili insan arastirmalar1 6ne
cikmaktadir. Bu nedenle giinliik beslenme
planinda turunggil tiiketimi ve metabolik
sendromla ilgili Onerilerin gelistirilebilmesi
icin bu konuda daha fazla epidemiyolojik ve
deneysel aragtirmalar gereklidir.
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Oz:

Teknolojinin gelismesi ile birlikte kullanimi artan birgok or-
ganik ve inorganik kirletici ile kimyasal kontaminantlar hem
biyolojik sistemi hem de insan sagligini tehdit edecek boyut-
lara ulagmaktadir. Fitalatlar plastik malzemelere dayaniklilik
ve esneklik vermesi amaciyla kullanilan insan yapimi bilesik-
lerdir. Gida ambalajlari, oyuncak, kozmetik, ev malzemeleri,
medikal aletler gibi bir¢ok alanda plastik materyallerin kulla-
nildig diisiiniildiigiinde fitalatlara ne kadar cok maruz kaldi-
g1miz ortaya ¢ikmaktadir. Birgok organik kirletici gibi fitalat-
lar da yagda ¢o6ziilmekte ve su, hava ve organik yapilar saye-
sinde taginabilmektedir. Plastik materyallere kovalent bag ile
baglanmadiklar i¢in iriinlerden g¢evreye yayilimi kolay ol-
maktadir. Saglik riski tasimasi nedeniyle gida ile temas eden
materyallerde plastik kullanimi ve fitalat esterleri icerigi ya-
sal diizenlemelerle sinirlandirilmistir. Su iirtinleri kalict tok-
sik bilesiklerin biyoakiimiilasyonu agisindan giivenilir bir in-
dikatordiir ve insanlarin maruz kalma diizeyinin tespit edil-
mesinde kullanilabilmektedir. Gergeklestirilen ¢aligmalarda
diger gida iirinlerinde oldugu gibi su iriinlerinin de gesitli
oranlarda fitalat esterleri igerdigi ortaya konulmustur. Far-
kinda olmadan yogun miktarda maruz kaldigimiz fitalat ve fi-
talat esterleri konusunda {iretici ve tiiketicilerde bilinglenme
saglanmasi gerekmektedir.

Anahtar Kelimeler: Fitalat, Fitalat esterleri, DEHP, BBP,
Su tiriinleri

Abstract:

PHTHALATE ESTERS AND THEIR STATUS IN
SEAFOOD CONSUMPTION

Many organic and inorganic pollutants and chemical contam-
inants, which are increasingly used together with the devel-
opment of technology, are threatening both biological system
and human health. Phthalates are man-made compounds
which are used for imparting durability and flexibility to plas-
tic materials. Considering the use of many inland plastic ma-
terials such as food packages, toys, cosmetics, household ma-
terials, medical equipment, it is obvious that human are ex-
posed to high levels of phthalates. Like many organic pollu-
tants, phthalates are dissolved in oil and transported by water,
air and organic structures. The propagation of phthalate esters
from products to the environment is easy due to not being co-
valently bonded to plastic materials. The use of plastics in
food contact materials is limited by legal regulations consid-
ering health risks of phthalate esters. Aquaculture is a reliable
indicator of bioaccumulation of persistent toxic compounds
and can be used to determine the exposure level of humans.
Studies have shown that fish products contain phthalate esters
in various proportions as in other food products. It is im-
portant to raise consciousness of producers and consumers
about phthalate and phthalate esters which we have been ex-
posed intensively.

Keywords: Phthalate, Phthalate esters, DEHP, BBP,
Seafood

JOURNAL OF FOOD AND HEALTH SCIENCE
E-ISSN: 2149-0473

3(2): 59-66 (2017) doi: 10.3153/JFHS17008
© 2015-2017 ScientificWebJournals (SWJ)



Journal of Food and Health Science, 3(2): 59-66 (2017)

Journal abbreviation: J Food Health Sci

Giris

Ulkemizde ve diinyada bir ¢ok gidanin ambalaj-
lanmasinda kullanilan plastikler yiliksek molekiil
agirlikli organik molekiillerden ya da polimerler-
den olusmaktadir. Polivinil kloriir (PVC) polimeri
gibi kolay kirilabilen plastiklere esneklik ve daya-
nikliligimi arttirmak amaciyla yiliksek miktarda
plastiklestirici (yumusaticilar, plastifiyan) madde
eklenmektedir. Ticari olarak en yaygin kullanilan
plastiklestirici fitalattir. Alkil zincirinin alkol bazli
olmas1 nedeniyle gida ambalajlar1, oyuncaklar,
kozmetik, farmasotik, ¢0zgen, yapistirici, boru
hatlari, boyalar, insektisitler, temizlik materyalleri
gibi bir ¢ok alanda kullanilmaktadir (Schettler,
2006). Gida ile temas eden materyallerde kulla-
nimu sinirl da olsa fitalatlarin gida igerisine niifuz
etmesi s6z konusudur. Yagda ¢oziinen bir madde
olmasi nedeniyle 6zellikle yagli gidalarda, yag ve
sos icerisinde depolanmig gida iiriinlerinde saglik
riski olusturacak boyutlara ulasabilmektedir.

Ozellikle PVC materyallerinde fitalat ya da fita-
lik asit esterleri kullanilmakta, yogun miktarda ve
yaygin kullanimi nedeniyle de dogada her yerde
bulunabilmektedir. Renksiz, kokusuz ve ugucu bi-
lesiklerdir. Yagda ¢oziiniirliikkleri yiiksektir. Poli-
mer matrikse kovalent bag ile baglanmadiklar
i¢in iirlinlerden g¢evreye yayilimi kolay olmakta-
dir. Yiizey sularinda, yer alt1 sularinda, igme su-
yunda, suda ve sedimentte gergeklestirilen calig-
malarda fitalat esterleri tespit edilmis, ozellikle
DEHP (dietilhekszil fitalat) ve DBP (dibiitil fita-
lat) varligi dikkat ¢ekici olmug ve mevsim degisik-
liklerinden etkilendigi gézlenmistir (Yuan ve ark.,
2002; Sirivithayapakorn ve Thuyviang, 2010; Liu
ve ark., 2013; 2014). Gida zincirine bulagma; sii-
ziilme, buharlagma, asinma, go¢ etme gibi yollarla
olmaktadir (Wittasek ve ark., 2011). insanlar basta
gida tirlinleri olmak {izere sindirim yoluyla, deri
temasiyla, solumayla ve damar i¢i medikal aletler
nedeniyle fitalatlara maruz kalmaktadir. Hatta
DBP ve DEHP’in oyuncaklarda ve gida ile temas
eden materyallerde yaygm kullanim1 nedeniyle
cocuklarin daha yiiksek fitalat dozlarina maruz
kaldig1 bilinmektedir (Alves ve ark., 2016). Gida
ile sindirilmesi, su i¢ilmesi, toz/toprak, hava solu-
numu ve deri temasi gibi yollarla viicuda alinan fi-
talat miktar1 glinde 70pug/kg olarak bildirilmekte-
dir (Net ve ark., 2015).

Fitalat esterleri

Fitalik asit diesterleri yaygin olarak fitalatlar ad1
altinda bilinmektedir. Insan yapimi1 organik bile-
siklerdir. Benzer kimyasal 6zelliklere sahip olma-
larina ragmen her bir fitalat esterinin kendine 6zgii

fiziksel ve kimyasal karakteristikleri olup, biyolo-
jik organizmalar farkli sekillerde etkilemektedir
(Kamrin, 2009). S1vi, kat1 ya da viskoz yapida, dii-
stik buhar basincina sahip kimyasallardir. Homo-
jen bir yap1 saglamak amaciyla polimerlerle fizik-
sel interaksiyon igerisinde bulunmakta, kimyasal
olarak baglanmadigi i¢in polimeri kolay terk ede-
rek ortama yayilmaktadir. Yaygin olarak kullani-
lan fitalat esterler Tablo 1°de sunulmustur.

Fitalatlar yiiksek molekiil agirlikli (YMA) ve dii-
stik molekdl agirlikli (DMA) olarak iki grupta si-
niflandirilmaktadir. PVC plastiklestiricisi olarak
yaygin kullanilan DEHP gibi YMA olan fitalatlar
az biyoakiimiilasyon faktoriine sahiptir. Diger
YMA fitalatlar BBzP, DiNP, DnOP ve DiDP’dir.
Yiiksek biyoakiimiilasyon faktoriine sahip DMA
fitalatlar ise DBP, DEP, DiBP’dir. DMA sicakliga
dayaniklidir, ancak YMA dayanimi daha azdir.
Her iki form da stabil degildir (Johns ve ark.,
2015; Mariana ve ark., 2016).

Gida ile temas eden maddelerde kullanimina izin
verilen baz fitalat esterlerinin 6zellikleri agagida
sunulmustur.

DEHP: Yillik iiretimi iki milyon tondan fazla olan
DEHP en yaygin kullanilan fitalat esteridir. Ureti-
len DEHP’nin %90°dan fazlasi1 PVC ig¢in plastik-
lestirici ajan olarak kullanilmaktadir. Gida tiretim
ekipmanlarinda, gida ambalajlarinda, yapistirici-
larda, medikal irlinlerde, oyuncaklarda ve
PVC’nin yer aldigi tiim alanlarda bulunmaktadir.
DEHP her yerde bulunabilen ¢evresel bir konta-
minanttir. Polimerlere kovalent bagla baglanmaz.
Hegzan ve mineral yaglarda ¢oziilmektedir, hidro-
fobiktir.

DEP: Bir¢ok kozmetik iiriin formiilasyonunda, as-
pirin kaplamasinda, dental materyallerde, gida ve
farmakolojik paketlerde yapistirici, plastiklestirici
ve yiizey kaydirici olarak kullanilmaktadir. Bu ne-
denle en ¢ok deri temasi ve sindirim yoluyla vii-
cuda alinmaktadir. Alkol, eter, aseton, benzen ice-
risinde ¢oziilmektedir.

BBP: Gida ambalajlari, boyalar, deodorant, mo-
bilya doseme, sentetik deri malzemelerinde kulla-
nilmaktadir. BBP’ye en ¢ok gidalar, 6zellikle yag
icerigi yiiksek olan iirlinler ile maruz kalinmakla
beraber hava ve sudan da ge¢is olmaktadir.

DiDP: Ev esyalar1 ve okul malzemeleri en ¢ok kul-
lanildig1 alanlardir. Son yillarda yapilan ¢aligma-
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larda DiDP’nin oyuncaklarda kullanilmadigi, gi-
dalarda ise dnemsenmeyecek diizeyde oldugu be-
lirtilmigtir (Kamrin, 2009).

DiNP: Yan zinciri 8 ile 10 karbondan olugsmus fi-
talatlarin karigimidir. Ev esyalari, gida ambalaj-
lar1, oyuncaklar, kiyafetler, boyalar, eldivenler vb.
igerisinde yer almaktadir. Solunum, sindirim ve
deri temasi ile viicuda alinmaktadir.

Fitalat esterleri ve saghk

Her alana yayilan plastik materyallerden insana
niifuz eden kimyasal maddelerin tespit edilmesi ve
saglik lizerine etkilerinin ortaya konulmasi 6nem
arz etmektedir. Ozellikle bisfenol-A iizerine egi-
len arastirmacilar, son yillarda fitalat esterlerinin
saglik iizerine olumsuz etkileri iizerine odaklan-
miglardir. Fitalat esterleri kisa yarilanma 6mriine
sahiptir ve monoesterlere, ileri oksidasyon iiriinle-
rine ve glukronik konjugatlara metabolize olmakta
ve birincil olarak iire ile atilmaktadir (Swan ve
ark., 2015). Fitalat metabolitlerinin insan tiikii-
riigli, amniotik sivi, anne siitli gibi sivilara gegisi
arastirmacilar tarafindan izlenmektedir (Jeddi ve
ark., 2016).

Fitalat esterleri endokrin-bozucu ajandir. Viicutta
molekiiler hedeflere baglanmakta ve hormonal
foksiyonlara miidalahe etmektedir (Marina ve
ark., 2016). Fitalat esterlerinin karaciger, bobrek
ve Ureme sistemine zarar verdigi bildirilmistir.
DEP’e maruz kalinmas: ile erkek iireme siste-
minde DNA yapisinda hasarin ortaya ¢ikmasi ara-
sinda iligki belirlenmigtir (Duty ve ark., 2003).
DEHP endokrin sisteme zarar vermekte, prema-
tiire dogumlara ve astima sebep olmaktadir. Fitalat
konsantrasyonundaki artis ile birlikte koroner kalp
hastaliklar1 riskinin de arttig1 bildirilmistir (Olsen
ve ark., 2012).

Fitalatlar Ozellikle cocuklarin iireme sistemine,
ndrolojik ve ergenlik donemi gelisimine zarar ver-
mekte ve obezite sorunu yaratmaktadir. Ayrica ev
tozlarinda bulunan fitalatlar alerji riskini arttir-
maktadir (Ait Bamai ve ark., 2016). DEHP ve
DEP ¢ocuklarda astima (Ku ve ark., 2015), BBP
ise rinit ve egzema olusumuna yol a¢cmaktadir
(Bornehgag ve ark., 2004). Ellerini agizlarina al-
malari, agirhiklarina gore genis yiizey alanlarina
sahip olmalari, yiiksek metabolik hizlar1 ve maruz
kaldiklari fitalat icerikli oyuncaklar nedeniyle ¢o-
cuklar, biiyiik aile bireylerine oranla daha fazla fi-
talata maruz kalmaktadir (Frederiksen ve ark.,
2007; Kim ve Park 2014; Ait Bamai ve ark.,
2015). Gergeklestirilen c¢aligmalar 15181 altinda,
basta gocuklar olmak iizere tiim bireylerin hayatin

olumsuz etkileyen fitalat esterlerinin kullanimina
yonelik yasal diizenlemeler yapilmaktadir.

Yasal diizenlemeler

Yarattig1 saglik riskleri nedeniyle Birlesik Devlet-
ler Cevre Koruma Ajansi (United States Environ-
mental Protection Agency, USEPA) fitalat ester-
lerini “endise yaratan kimyasallar” (chemicals of
concern) listesine eklemigtir (USEPA, 2007). Av-
rupa Kimyasal Ajansi (European Chemical
Agency, ECHA) tarafindan 10 fitalat diesteri kan-
ser yapici, mutajenik veya lireme i¢in toksik (Car-
cinogenic, Mutagenic, Reprotoxic, CMR) olarak
reprotoksik 1B kategorisinde siniflandirilmigtir.
Bu siniflandirma 4 ile 1 arasinda yapilmakta ve 1
en tehlikeli grup olarak degerlendirilmektedir.
DEHP, DiBP, DnBP ve BBzP reprotoksik 1B si-
nifinda yer almaktadir. Bu durum g6z oniine ali-
narak gida ile temasta olan materyallerle ilgili ya-
sal diizenlemeler yapilmaktadir (Cariou ve ark.,
2016).

Avrupa Birligi EU No10/2011 gida ile temas eden
materyallerde plastik kullaniminin diizenlenmesi
konusunda kullanim amacina gore plastiklestirici
ise %30 oraninda, teknik destek ajani ise
%0.1’den az miktarda fitalat kullanimina izin ver-
mektedir.

Gidalar ise yag igerigine gore siniflandirilmistir;

1. Yagh gidalar (fitalat yagda ve alkolde ko-
lay ¢6ziilmektedir)

2. Yagsiz gidalar (fitalat su i¢erisinde zor ¢o-
zlilmektedir)

3. Bebek mamalari

Belirtilen siniflandirma igerisinde 5 fitalat esteri-
nin (DEHP, DBP, BBP, DIDP ve DINP) kullani-
mina izin verilmistir. Sadece BBP, DIDP ve DINP
fitalatlarin yagsiz gida kategorisindeki bebek ma-
malarinda tek kullanimlik conta ve stre¢ film ma-
teryali i¢in plastiklestirici ajan olarak kullanimina
izin verilmektedir. En siirli kullanim alani olan
DBP ve DEHP yagsiz gidalarda plastiklestirici ve
destekleyici ajan olarak sirasiyla SML (spesifik
migrasyon limiti) 0.3 mg/kg ve 1.5 mg/kg dege-
rinde kullanilmalidir. Avrupa Birligi Gida Giiven-
ligi Otoritesi (European Food Safety Authority,
EFSA)’ne gore 60 kg bir birey i¢in giinliik tolere
edilebilir fitalat degeri Tablo 2’de verilmistir.

Ulkemizde fitalat esterlerinin gida ile temas eden
iriinlerde kullanimi Tiirk Gida Kodeksi ile siir-
landirilmaktadir (Tablo 3) (Anonim, 2008). Ko-
deksimiz Avrupa Birligi yasal diizenlemeleri ile
uyum gdostermektedir. Spesifik migrasyon limiti
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icin “fitalatlar i¢in spesifik migrasyon limitlerinin
dogrulanmasi sadece gida benzerleri ile gergekles-
tirilir. Ancak, spesifik migrasyon limitinin dogru-
lanmasi, gidanin madde veya malzeme ile heniiz
temas etmedigi ve fitalat i¢in spesifik migrasyon

Tablo 1. Yaygin olarak kullanilan fitalat esterler
Table 1. Commonly used phthalate esters

on testinde bulunan miktarin istatistiksel olarak
onemli olmadig1 veya tespit limitinden biiylik ya
da esit oldugu durumlarda, dogrudan gida ile ya-
pilabilir.” ifadesi yer almaktadir.

Kisa Adi Yaygin Adi CAS numarasi
BBzP Biitilbenzil fitalat CAS 85-68-7
DnBP di-n-biitil fitalat CAS 84-74-2
DEHP di-(2-etilhekzil) fitalat CAS 117-81-7
DEP Dietil fitalat CAS 84-66-2
DiBP di-izobiitil fitalat veya di-2-metilpropil fitalat CAS 84-69-5
DiDP di-izodesil fitalat CAS 26761-40-0
DiNP di-izononil fitalat CAS 28553-12-0
DMP di-metil fitalat CAS 131-11-3
DnHP di-n-hekzil fitalat CAS 84-75-3
DnOP di-n-oktil fitalat CAS 117-84-0
DnPP di-n-pentil fitalat CAS 131-18-0

Tablo 2. Fitalat esterleri i¢in kabul edilen giinliik alim miktar1 (EFSA, 2005)
Table 2. Acceptable daily intake of phthalate esteres (EFSA, 2005)

Fitalat Esterleri TDI (T.olerable Daily"Intakfe) tovlere.t'edilen giinliikk 69 kg.birey icin giinliik
alim miktar1 pg/kg viicut agirhgi/giin tiikketim sinir1

DEHP 50 3mg

DBP 10 0.6 mg

BBP 500 30 mg

DINP 150 9mg

DIDP 150 9mg

Tablo 3. Fitalat esterleri ile ilgili Tiirk Gida Kodeksi’nde yer alan diizenlemeler

Table 3. Table 3. Regulations of phthalate esters in Turkish Food Codex

alkollerle, %90’dan fazla
C10’lu

Fitalat Esterleri Kullanim Alani SML (Spes1fi}< .
Migrasyon Limiti)
a) kullanimi tekrarlanan ve yagsiz gidalarla temas eden madde
ve malzemelerde plastiklestirici olarak, .
DEHP (b) son iirtinde % 0.1’e kadar teknik yardimc1 madde olarak kul- 1.5 mg/kg gida benzeri
lantlir.
(a) kullanim tekrarlanan ve yagsiz gidalarla temas eden madde
DBP ve malzemelerde plastiklestirici olarak, 0.3 mg/kg gida benzeri
(b) son iiriinde poliolefinlerde % 0.05’e kadar olan derisimlerde
teknik yardime1 madde olarak kullanilir.
BBP 30 mg/kg gida benzeri
DiNP a) kullanimi tekrarlanan madde ve malzemelerde plastiklestirici
birincil doymus olarak,
dallanmig C8-C10 (b) TGK-Bebek Formiilleri, TGK-Devam Formiilleri ve TGK- 9 mg/kg gida benzeri
alkollerle, %60’dan fazla | Bebek ve Kii¢iikk Cocuk Ek Gidalari tebliglerinde tanimlanmis
C9lu olanlar hari¢ yagsiz gidalarla temas eden tek kullanimlik madde
DiDP ve malzemelerde plastiklestirici olarak,
birincil doymus C9-C11 (c) son iirtinde % 0.1’e kadar teknik yardime1 madde olarak kul- .
lamlir. 9 mg/kg gida benzeri
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Tiim gidalarda oldugu gibi su firiinlerinde de fita-
lat esterleri diizeyinin belirlenmesi ve saglik riski
yaratacak boyutlar ile karsilagtirilmas1 gerekmek-
tedir. Saglik acisindan bu kadar ciddi sorun yara-
tabilecek olan fitalat esterlerine maruz kalinma
diizeyleri iiretici, tiiketici ve diizenleyiciler tara-
findan bilinmesi gereken 6nemli bir husustur.

Su iiriinleri ile ilgili calismalar

Fitalat esterlerinin yogun kullanimi1 ve ¢evreye ko-
lay yayilmasi nedeniyle su ve sedimentte birik-
mekte, bu durum su canlilarina da yansimaktadir.
Atlantik Okyanusu kiyilarinda yapilan bir ¢alis-
mada balik orneklerinin yanisira yengec (Calli-
nectes sapidus), clam (Merccnaria), istiridye
(C.ariakensis) ve beyaz karides (Litopenaeus van-
namei) fitalat esterleri igerigi agisindan incelen-
mistir (Munshi ve ark., 2013). DEHP, BBP ve
DBP oranlari sirasiyla baliklarda 1.1, 0.22 ve 0.14
ug/g, kabuklu su iriinlerinde 1.2, 0.13 ve 0.09
ng/g olarak belirlenmistir. Calismada kullanilan
orneklerin fitalat iceriginin diisiik oldugu, birgok
Ornegin tespit sinirinin altinda degerler verdigi be-
lirlenmistir.

Fitalat esterleri balik gibi vertebralarda kolaylikla
metabolize edilmekte ve atilmaktadir (Barron ve
ark., 1995). Fourgous ve ark. (2016) Akdeniz la-
gunlarindan temin ettikleri 117 adet yilan balig
(Anguilla anguilla) kas dokusunda fitalat metabo-
litlerini tespit etmislerdir. Numunelerin %70’in-
den fazlasinda 9 fitalat metabolitine rastlanmistir.
Mart ve Haziran aylarinda belirlenen fitalat ester-
leri degerlerinin Ekim ayindan daha yiiksek ¢iktigi
bildirilmistir. Bunun sebebi olarak da ¢evresel sa-
limdaki mevsimsel degisiklikler ve/veya baliklar
tarafindan fitalatlarin metabolize edilmesi ileri sii-
rilmiistiir.

Son yillarda tiim diinya genelinde fitalat esterleri-
nin gidalar igerisinde yer almas ile iligkili calis-
malara yogunluk verilmistir. Farkl: iilkeler tiike-
time sunulan bir¢ok gida ¢esidinde fitalat esterleri
analizi yapmis, maruz kalinma diizeylerini belirle-
mistir. Ancak goriilecegi gibi su tiriinleri ile ilgili
caligmalar toplam gidalar igerisinde kiiciik bir yer
almakta ya da genel olarak et smiflandirmasi adi
altinda g6z ard1 edilmektedir.

Fierens ve ark. (2012a) ev ortaminda salmon bali-
gint farkli sekillerde pisirmis ve fitalat igerigini
tespit etmistir. Hammadde olarak kullandig: sal-
mon baliginda 153.85 pg/kg DEHP, 8.08 ug/kg
DnBP, 5.8 ug/kg DiBP, 1.36 pug/kg BBP ve diger
fitalatlar1 belirlemislerdir. Ozellikle aliiminyum
folyo ile 1zgarada pisirme sonrasinda 4253 ug/kg

DEHP, 9.62 pg/kg DnBP seviyelerine ¢ikildigi
goriilmiigtiir. Kizartma islemi ile fitalat iceriginde
hafif bir yiikselme tespit edilmistir.

Belgika marketlerinde satisa sunulan gida 6rnek-
leri igerisinde en yiiksek fitalat %81 ile DEHP,
%75 ile DiBP, %69 ile DnBP ve %58 ile BBP ile
ulasilmustir (Fierens ve ark., 2012b). Incelenen 18
adet balik ve balik iiriinlerinde medyan DEHP 86
ng/kg ve DEP 0.6 pg/kg belirlenmistir. Ayn1 yil
bir bagka arastirmaci tarafindan Belgika’da yapi-
lan ¢aligmada ise okul Oncesi ve yetigkin birey-
lerde DEP, DEHP, BBP ve DnBP agisindan saglik
riski bulunmadigi, bu fitalatlarin giinliik tolere
edilebilir sinir degerlerinin ¢ok altinda oldugu be-
lirlenmistir (Sioen ve ark., 2012). Ancak yapilan
ikinci ¢aligsmada su tiriinlerine yer verilmemistir.

Kambogya’nin li¢ farkli yerlesim yerinde tiiketilen
uriinlerde fitalat analizleri gerceklestirilmis ve
tiim gida {iriinlerinde en yliksek degere DEHP ve
DiBP ile ulagilmistir (Cheng ve ark., 2016). Bunun
sebebi olarak da PVC igerisinde plastiklestirici
olarak yaygm kullanilmasi nedeniyle direkt sali-
nim, sizma, evaporasyon, aginma ve migrasyon
yollar1 ile gida zincirine dahil olmasi 6ne siiriil-
mektedir.

Cesitli gidalarda fitalat analizinin yapildig: bir ¢a-
lismada 3 adet su tiriiniinde tespit edilen fitalat es-
terlerinin medyan degerleri sirastyla DEHP 96
ng/g, DiBP 9.59 ng/g, DBP 4.41 ng/g, DEP 3.23
ng/g ve DMP 0.47 ng/g’dir. Analize alinan tiim gi-
dalar dikkate alindiginda Cin’de tiilketime sunulan
gidalar icerisinde en yiiksek fitalat esteri DEHP’ye
ait olarak belirlenmistir (Guo ve ark., 2012).

ABD New York’ta satisa sunulan gidalar igeri-
sinde toplam 5 adet su iiriiniinde ¢alisma yapilmis-
tir. Plastik kapakla sarilmis kopiik tabak igerisinde
salmon, kagit igerisinde ton balig1 ve karides, me-
tal kaplar igerisinde dogranmus istiridye ve sar-
dalya orneklerinde fitalat analizli yapilmistir. Or-
neklerin %80’inde DEHP belirlenmis ve konsant-
rasyonu 39.6ng/g olarak tespit edilmistir. DBP o6r-
neklerin %40’inda 0.7 ng/g, DEP %60 orani ile
0.86 ng/g, DMP %40 ile 0.1 ng/g, BBP %40 ile
0.1 ng/g, DiBP %40 ile 0.1 ng/g medyan degerleri
tespit edilmistir (Schecter ve ark., 2013).

Fitalatlarin gida ile temas1 gidanin tiretildigi PVC
boru hattindan baglayarak paketlendigi ambalaj-
lar, kagit ve plastikler i¢in kullanilan yapigtiricilar,
sise kapaklarindaki miihiirler, etiket boyalarina
kadar ¢ok ¢esitli alanlarda gida ile temasa gecebil-
mektedir. Tsmura ve ark. (2001) DEHP igeren el-
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divenlerin yasaklanmasi sonrasi gidalarda yaptik-
lar1 fitalat analizlerinde DEHP ve BBP seviyeleri-
nin 6nemli oranda azaldigini tespit etmislerdir.

Sonuc¢

Tarim bakanlig1 verileri kisi basina yillik su {iriin-
leri tiiketimini 2015 yil1 igin 6.2 kg olarak belirt-
mektedir. Su Urinlerinin az tiiketilmesi, berabe-
rinde fitalat tiikketiminin de az olacagi anlami ta-
sisa da, her bir gida {irliniinden sindirim yoluyla
viicuda alman toplam fitalat esterleri diisiintildii-
giinde kiimiilatif etki nedeniyle sorunlar yasanabi-
lecegi unutulmamalidir. Bir birey ayni giin igeri-
sinde bir¢ok fitalata maruz kalmaktadir. Ayrica
yukarida da belirtildigi gibi fitalat esterleri sadece
sindirim degil, solunum ve deri temast gibi yol-
larla da viicudumuzda birikmektedir.

Gida firiinlerinin raf dmriiniin belirlenmesinde ge-
nelde gidanin bozulmasina, tiiketilemeyecek si-
nira ulagmasina gore degerlendirmeler yapilmak-
tadir. Oysa ki 6zellikle yagh ve soslu iiriinlerde
gida maddesine kimyasal madde gecisi de goz
oniinde bulundurulmalidir. Birgok plastik mater-
yalin igerisinde fitalat olmasina ragmen bu bilgi
etikette yer almamaktadir. Farkinda olunmadan
yogun miktarda maruz kaldigimiz fitalat ve fitalat
esterleri konusunda {iretici ve tiiketicilerde biling-
lenme saglanmas1 gerekmektedir. Yasal sinirla-
malar bulunmasina ragmen diizenli kontroller ya-
pilarak, fitalat esterlerinin kullanim oranlar1 ve
gida iiriinlerine niifuz etmeleri takip edilmelidir.
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Abstract:

The cookie stands out as a high sugar content product.
Recently, with the discussion of the adverse effects of
sugar on health, a high number of food materials have
been used as a sugar substitute. One of these is honey
which was also used as sweeteners in the past. Honey
might be regarded as a good alternative due to its natu-
ral origin, and its high content of vitamins, minerals and
antioxidants. In this study, the mixture of honey malto-
dextrin (60/40%) resulting from spray-drying was in-
corporated in different proportions (0, 20, 40, 60, 80,
100%) instead of sugar, so the target was both to mini-
mize the negative effect of sugar on health and to create
a functional food product, enriched by nutrients. In the
cookies produced, some physical, sensory, chemical
and nutritional properties were investigated. With the
substitution of honey powder, the diameter of the cook-
ies and spread ratio decreased, it was found that the
thickness values did not change. In addition, the hard-
ness and a* values have increased and L * and b * values
have decreased. In terms of chemical properties; mois-
ture, ash, mineral, total phenolic contents increased
with the increasing amount of honey powder but
there were not significant changes in water activity,
crude protein, crude fat values of cookie samples. Thus,
energy values were decreased. Consequently, it was

found that substitution of sugar with 100% honey pow-
der is suitable to improve cookies chemical and nutri-
tional characteristics and up to 60% is suitable to pro-
tect sensory and physical properties.
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Introduction

Biscuits and cookies have amazingly become one
of the most desirable desserts for both youth and
old people owing to low manufacturing cost, more
convenience, variety in taste, crispiness, digesti-
bility and longer shelf life (Akubor, 2003; Hooda
and Jood, 2005; Hussain et al., 2006; Jayasena and
Nasar- Abbas, 2011; Demir, 2014). Most bakery
products can basically be enriched and fortified
(Indrani et al., 2007). A large variety and quantity
of materials is produced industrially in powder
form (Fitzpatrick et al., 2004; Fitzpatrick et al.,
2007). Recently, additives have come into com-
mon usage in the baking industry. Lots of artificial
sweeteners, which are sweeter than sucrose and
nontoxic, have been developed and identified to
substitute of sugar. During development of sugar-
free formulations, the use of both an alternative
sweetener and a bulking agent is employed (Sa-
vitha et al., 2008).

Honey, a natural biological product evolved from
nectar and of great benefit to human beings both
as food and medicine (Hebbar et al., 2003), con-
tains high sugar such as fructose and glucose (80-
90%) (Bogdanov, 2011; Satvihel et al., 2013), and
water, in addition to small quantities of proteins,
minerals, organic acids, and vitamins (Hebbar et
al., 2003). It is consumed due to its unique aroma
and taste as well as its numerous health-promoting
properties (Alvarez-Suarez et al., 2010; Sam-
borska et al., 2015). Honey in its natural form has
several disadvantages as a result of high density
and viscosity which cause difficulties in transpor-
tation and dosage (Cui et al., 2008; Hebbar ef al.,
2008; Samborska et al., 2015), and also leading to
problems in mass production operations (Cui et
al., 2008; Samborska and Czelejewska, 2014). It
can change its properties as a result of cristaliza-
tion (Shi et al., 2013), which may contribute to the
development of osmophile yeast and fermentation
(Bhandari et al., 1999; Hebbar ef al., 2008; Sam-
borska et al., 2015).

Production of honey dry powder is difficult
mainly because of the high content of sugars and
organic acids (Truong et al., 2005; Rodriguez-
Hernandez et al., 2005; Zareifard et al., 2012;
Murugesan and Orsat, 2012; Samborska et al.,
2015). Dried honey, like the powders can be used
for direct consumption, applied as an additive to a
range of food products such as beverages, yogurts,
snacks, sauces, edible coatings, as well as dietary
supplements. The use of dried honey as an additive

for some bakery products enhance their attractive-
ness, improves their flavour, aroma, color, texture
and helps to maintain high product quality (Sam-
borska and Bienkowska, 2013). The honey pow-
der is frequently produced by adding ingredients
such honey, anti-caking agent, emulsifier, and
filler materials of high molecular weight to in-
crease glass transition temperature of a mixture
and to minimize the problem during drying (diffi-
cult to dry and sticky) (Bhandari and Howes,
1999). The filler materials used are carbohydrate
group such as starch, maltodextrin, carboxy me-
thyl cellulose, arabic gum, and protein group such
as gelatin (Barbosa-Céanovas et al., 2005). Honey
powder with its low moisture content has the ca-
pability to be easily mixed with other ingredients
apart from other advantages including conven-
ience, ease of handling, reduced storage space,
sanitation and storage for a longer period. Various
methods of drying honey have been used such as
spray drying, vacuum drying, tunnel drying and
solidification into blocks by crystallization (Cui et
al., 2008). Nevertheless, drying of honey poses
many problems such as low recovery rates be-
cause of its high sugar content (Wang and Lan-
grish, 2009) and also utilization of at least 50-70%
of additives to obtain a dried powder (Cui et al.,
2008). Spray drying of high sugar content liquids
like honey involves the use of additives that serve
as drying agents such as maltodextrin and gum Ar-
abic (Cano-Chauca et al., 2005; Wang and Lan-
grish, 2009). The conversion of liquid honey into
powder form by spray drying may have the prob-
lems of hygroscopicity and stickiness which is
mainly because of the presence of a high propor-
tion of low-molecular-weight sugars in honey
(Adhikari et al., 2007). The sticky problem leads
to important economic loss and operating prob-
lems during drying, and so limits the application
of spray drying for food and pharmaceutical mate-
rials (Maa et al., 1998; Boonyai et al., 2004).

Honey, which is one of widely consumed foods,
has considerable nutritional properties with re-
spect to sugar. In this study, honey, a natural
source of sugar, was used in the production of
cookies as a replacement of sugar. For this pur-
pose, honey was produced in granulated form and
the experiment was carried out with mixture of the
granulated form of honey and maltodextrin as a
carrier (60-40% v/w) using a spray-dryer unit.
Then, the obtained honey powder (HP) was used
as a replacement of sugar in different levels (0, 20,
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40, 60, 80 and 100%) for the production of cook-
ies. With the present study, it was aimed to deter-
mine the effect of HP addition on the physical,
chemical, nutritional and sensory properties of the
cookies.

Materials and Methods

Materials: Wheat flour, sodium bicarbonate and
ammonium bicarbonate were obtained from Golda
Biscuit and Food Industry A.S. (Karaman, Tur-
key). All-purpose shortening, skimmed milk pow-
der, salt, sugar and flower honey were procured
from local market in Konya, Turkey. High-fruc-
tose corn syrup (HFCS-F55) and maltodextrin
(Dry MD-01915) were purchased from Cargill
(Turkey). The samples were kept at +4°C till the
analysis.

Honey powder production: Honey and maltodex-
trin (as a carrier) (60-40% v/w) was spray dried by
Niro-Atomizer laboratory type pilot drying unit in
the plant of Enka Dairy and Food Products Co.,
Konya, Turkey. The procedure took 60 min with
an inlet air temperature of 200°C and an outlet air
temperature not exceeding 70°C. Particles sizes
were in the range of 5-25 um.

Production of cookies: The cookies were pre-
pared by modifying method 10-54.01 of AACCI
(AACCI, 2000). Following recipe was used for the
preparation of cookies in Table 1. HP was used as
a replacement of sugar in different levels (0, 20,
40, 60, 80 and 100%) for the production of cook-
ies. All ingredients used for cookie preparation
were kept at room temperature. Cookie dough was
mixed in Kenwood mixer (Kenwood KMX-50,
United Kingdom). The dough was sheeted to a
thickness of 5 mm and cut into round shapes using

Table 1. Formulation of cookies

a 55 mm diameter dough cutter. The dough was
transferred to aluminum trays and placed in a bak-
ing oven (LG MP-9485S, Seoul, Korea). These
were baked at 160°C for 10 min. Afterwards the
cookie samples were allowed to cool at room tem-
perature (22°C) and these samples were packaged
in polyethylene bags, until used.

Analysis methods: The AACC International
methods were used for the determination of mois-
ture (method 44-19.01), ash (method 08-01.01),
crude protein (method 46-12.01) and crude fat
(30-25.01) contents (AACCI, 2000). Water activ-
ity was measured with an Aqualab apparatus
(Decagon Devices Inc., Model series 3TE, USA).
Pure water (1.000 + 0.003%) was used as standard
for equipment calibration.

A digital micrometer (0.001 mm, Mitutoyo, Min-
oto-Ku, Tokyo, Japan) was used to measure the di-
mensions (diameter and thickness) of the cookie
samples (AACCI method 10-54.01). The spread
ratio was found using the following formula;

Spread ratio = Diameter (D) / Thickness (T)

The hardness of cookie samples after baking was
measured in Newton’s by a texture analyzer (TA-
XT plus, Stable Microsystems, UK) equipped with
3-point bend ring. Three cookies were selected
randomly and applied to the base of analyzer. Set-
tings included pre-test speed of 1mm/s, test speed
of 3mm/s, post-test speed 10mm/s, distance 5 mm,
trigger force 50g and load cell: 30 kg.

Carbohydrate values are calculated; CHO %=100
— (moisture % + crude protein % + crude fat % +
ash %). Energy values are calculated; energy
(kcal/100 g) = [4 x (CHO % + crude protein %) +
9 x (crude fat %)] (Karaagaoglu et al., 2008).

Ingredients Control 20% 40% 60% 80% 100%
Weight (g) HP  HP HP HP HP

Wheat flour 100

Sugar 42.0 33,6 252 16.8 8.4 0

Honey powder (HP) 0 8.4 16.8 25.2 33.6 42

All- purpose shortening 40.0

High fructose corn- syrup 1.5

Salt (NaCl) 1.25

Skimmed milk power 1.0

Sodium bicarbonate 1.0

Ammonium bicarbonate 0.5

Deionized water Variable

(13-17 mL)
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Color measurement was performed using Hunter
Lab Color Quest II Minolta CR 400 (Konica Mi-
nolta Sensing, Inc., Osaka, Japan). The color
measurements were determined according to the
CIELab color space system (Francis, 1998). Color
was expressed as L* (100 = white ; 0 = black), a*
(+, redness ; -, greenness), and b* (+, yellowness ;
-, blueness).

The mineral (Ca, Fe, K, Mg, Mn, P and Zn) con-
tents of the raw materials and cookie samples were
determined by inductively coupled plasma atomic
emission spectrometry (ICP-AES) (Vista series,
Varian International AG, Switzerland) with an au-
tomatic sampler system. Approximately 0.5 g of
the sample was put into a burning cup, and 5 mL
of HNOs +5 mL H,SO4 was added. The samples
were incinerated in a microwave oven (Mars 5,
CEM Corporation, USA). The solution was di-
luted to 100 mL with water. Concentrations were
determined by ICP-AES (Bubert and Hagenah,
1987).

Total phenolic content (TPC) was determined us-
ing the Folin-Ciocalteau method (Singleton and
Rossi 1965). The TPC was used a Hitachi-U1800
spectrophotometer (Hitachi High-Technologies,
Tokyo, Japan). The results were expressed as pg
gallic acid equivalents per g sample.

Sensory evaluation of cookies: The sensory eval-
uation was performed by a panel of panelists, con-
sisting of scientific staff of the department of Food
Engineering, Faculty of Engineering and Archi-
tecture, University of Necmettin Erbakan, chosen
for their experience in the sensory analysis of
food. Cookie samples were evaluated by ten pan-
elists, who are familiar with the characteristics of
cookies. Ages ranged from 21 to 55. Seven of
them were females. All panelists were non-smok-
ers. Instructions were given in full to panelists be-
forehand. The samples were brought to room tem-
perature before testing. The samples were coded
with letters and the order of sample presentation
was completely randomized for serving to the pan-
elists to guard against any bias. The panelists
cleansed their palates with water before rating
each sample. The panelists were asked to score the
cookie in terms of color, taste odor, appearance
and overall acceptability using a hedonic scale.
Each feature, a score between 1 and 5 (5: very
good; 4: good; 3: moderate; 2: poor; 1: very bad)
to be evaluated over Spoints.

Statistical analysis: A commercial software pro-
gram (Tarist, version 4.0; Izmir, Turkey) was used

to perform statistical analyses. Data were assessed
by analysis of variance. Means that were statisti-
cally different from each other were compared us-
ing Tukey-Q tests at 5% confidence interval.
Standard deviations were calculated using the
same software.

Results and Discussion

Analytical results: The investigated characteris-
tics of honey powder were: L * values 93.37 +0.47,
a*values -0.68 £0.03, b* values 9.80 +0.14, mois-
ture 3.47 £0.05%, ash 0.23 +£0.01%, water activity
0.30 £0.01, total phenolic content 0.58 £0.01 ug
GAE/g, calcium 24.93 +0.6 mg/100g, iron 1.57
+0.04 mg/100g, potassium 76.52+1.26 mg/100g,
magnesium 12.71 £1.70 mg/100g, manganese
0.25 +£0.01, phosphorus 122.63 £3.49 mg/100g
and zinc 0.54 £0.01 mg/100g. Also, the approxi-
mate composition of wheat flour used in this study
was L* a* b* values 93.14 £1.42, -0.72 £0.17,
9.20 £0.35 respectively, moisture 12.15 +1.07%,
ash 0.59 +0.01%, crude protein 10.48 +0.11%,
crude fat 0.45 +0.08%, water activity 0.51 £0.04
and total phenolic content 0.66 +£0.03 ug GAE/g.

Physical properties of cookies: The effect of HP
on physical characteristics of cookies including di-
ameter, thickness, spread ratio, hardness and color
(L*, a* and b*) were given in Table 2. According
to the Table 2, the addition of HP to the cookie
samples resulted in a slight increase in the product
thickness values. However, the cookie samples did
not have any significant effect (P < 0.05) thick-
ness values. Also, cookie diameter values de-
creased as levels of HP and this led to a reduction
in spread ratio. The lowest spread ratio (7.24 +
0.12) and the highest hardness (45.17 £ 0.16) val-
ues were obtained for the cookies made up with
100% HP. The lowest hardness values were deter-
mined for control group. According to these re-
sults, the use of HP led to more compact cookie
dough and cookies with harder characteristics.
Demir (2014) reported that pekmez powder in-
creased hardness of cookies. Color values of cook-
ies were presented in Table 2. According to the
Table 2; the brightness (L*) values of cookies pro-
duced with 100% S (control group) were found
higher. There were slightly decrease L* values and
increase a* values with HP addition, but the dif-
ferences were not statistically significant. Also,
the lowest b* values were determined in the cook-
ies made with 100% HP. Demir (2014) reported
that L* (brightness) values of cookies declined and
a* (redness) and b* (yellowness) values raised af-
ter the replacement of sugar with pekmez powder.
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Table 2. Physical, textural and color properties of cookie samples (mean values=SD)'.

Diameter

Thickness

Color values

Samples (D) (T) Spre]z;dTratio Hargness
Control (100% S) 64.72+0.40° 8.38+0.24° 7.72+0.172 28.274+7.14° 70.52+1.30° 3.49+0.13° 27.254+0.28%
80% S : 20% HP 63.56:+0.54% 8.29+0.29° 7.67+0.20%° 30.73£1.03¢ 66.32+0.96° 4.82+0.18° 27.1440.44*
60% S : 40% HP 62.57+0.83 8.51+0.16* 7.36+0.24% 32.98+5.04% 65.86+0.36° 4.884+0.19 27.09+0.91%
40% S : 60% HP 62.974+0.21% 8.31+0.08? 7.58+0.10%° 33.48+1.54%¢ 65.75+0.74° 4.97+0.76* 26.59+0.64%
20% S: 80% HP 62.13+0.49° 8.62+0.10% 7.21+0.14¢ 41.31£2.43% 64.77+1.10° 5.00+0.24% 26.08+0.89%
100% HP 62.09+0.01° 8.57+0.14 7.24+0.12° 45.174+0.76 64.01+0.94° 5.16+0.16 25.234+0.70°
! The means with the same letter in column are not significantly different (P<0.05). >S: Sugar, HP: Honey Powder
Table 3. Some chemical characteristics of cookie samples (mean values=SD)'.
Samples Moiosture Wa:lter activ- é}sh CrudeoProtein Cruf)le Fat Carbojlydrate Energy TOt?(lnll’th;::Ohc
% ity (aw) (%) (%) (%) (%) (kcal/ 100g) (ng GAE/g)
Control (100% S) 2.994+0.02¢ 0.24+0.05* 1.09+0.01° 6.3240.06 18.46+0.49* 71.15+0.56 475.97+2.38% 0.65+0.02¢
80% S : 20% HP 3.6840.25° 0.20+0.03* 1.1240.01° 6.34+0.06 18.05+0.64% 70.81+0.84° 471.01£2.19% 0.8540.02¢
60% S : 40% HP 3.9940.01° 0.21+0.03* 1.18+0.01¢ 6.3340.08° 18.224+0.28* 70.29+0.35 470.4041.44% 0.9240.02°
40% S : 60% HP 4.16+0.07% 0.22+0.01% 1.2240.01¢ 6.35+0.06* 18.33+0.42° 69.94+0.41° 470.1442.42% 1.00+0.02°
20% S: 80% HP 4.33+0.04% 0.20+0.012 1.26+0.01° 6.3440.08? 18.2740.69? 69.81+0.632 468.99+3.30% 1.074+0.03%
100% HP 4.49+0.01% 0.22+0.01° 1.3140.01° 6.34+0.05° 18.3440.78* 69.52+0.81° 468.50+3.96° 1.1740.03%

! The means with the same letter in column are not significantly different (P<0.05). Values are dry weight basis. 2S: Sugar, HP: Honey Powder

Table 4. Mineral content (mg/100g) of cookie samples (mean values+SD)'.

Samples’ Ca Fe K Mg Mn P Zn
Control (100% S) 31.28+1.4 1.58+0.01° 149.89+0.78" 28.90+1.03f 0.60+0.01" 216.04+7.17° 0.95+0.01°
80% S : 20% HP 33.66+0.1° 1.87+0.01¢ 159.18+0.66° 31.06+0.26° 0.66+0.01¢ 238.08+0.89° 1.03+0.03¢
60% S : 40% HP 37.68+0.2¢ 2.05+0.03¢ 175.21+1.48¢ 32.89+0.80¢ 0.73+0.01¢ 262.54+4.12¢ 1.15+0.01¢
40% S : 60% HP 41.73+0.3¢ 2.24+0.02¢ 188.96:+0.72° 35.73+0.21° 0.79+0.01¢ 278.22+1.52° 1.28+0.04¢
20% S : 80% HP 44.32+0.7° 2.45+0.03° 213.83+2.08° 37.96+0.16" 0.91+0.01° 304.77+0.91° 1.4240.02°

100% HP 47.99+0.7° 2.58+0.02° 226.73+1.47° 40.80+0.12° 1.03+0.02° 328.50+4.81° 1.58+0.04°

! The means with the same letter in column are not significantly different (P<0.05). Values are dry weight basis. 2S: Sugar, HP: Honey Powder
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Chemical properties of cookies: Moisture and wa-
ter activity of cookie samples were given in Table
3. Moisture and water activity values of the cookie
samples ranged between 2.99 +0.02 - 4.49 +0.01
and 0.20 £0.01 - 0.24 £0.05 respectively. Accord-
ing to Table 3, there were not statistically signifi-
cant changes in water activity, while moisture val-
ues significantly changed when sugar was re-
placed by HP (P<0.05). The moisture content of
cookies in control group produced with only sugar
(100% S) as sweetener were higher than the other
cookie samples, and moisture content of the cook-
ies increased when HP was used instead of sugar.

Also, some chemical properties of cookie samples
were given Table 3. Ash values of cookie samples
ranged between 1.09 +£0.01 and 1.31 +0.01 respec-
tively. Ash values significantly changed when HP
incorporated to the cookies. The highest ash val-
ues were determined in the cookies made with
100% HP, while cookies of control group had the
lowest ash content. This was an expected result,
because honey is a very rich nutrient product.
Crude protein, crude fat and carbohydrate content
were not statistically significant changes. Honey
protein values are low, but protein quality is high
(Alvarez-Suarez et al., 2010).

Carbohydrate content of the cookie samples
ranged between 69.52 +0.81 and 71.15 +0.56.
Also energy values were changed from 468.50
+3.96 to 475.97 £2.38. The highest energy values
were determined in the cookies made with 100%
S (control group). Total phenolic content were
changed ranged from 0.65 +£0.02 to 1.17 £0.03.
There were statistically significant changes (P<
0.05). The highest total phenolic content was de-
termined in the cookies made with 100% HP,
while cookies of control group had the lowest total
phenolic content. However, honey powder has
high total phenolic content, but in the spryer dryer,

some phenolic content may effect from tempera-
ture.

Mineral content of cookies: The changes in min-
eral content in cookie samples as a result of HP
addition are given in Table 4. According to Table
4, depending on HP addition levels Ca, Fe, K, Mg,
Mn, P and Zn showed increasing trend. In other
words, the replacement of S with HP and increas-
ing the ratios of this replacement raised mineral
content of the cookie samples. Cookie samples
containing 100% S (control) had the lowest values
of Ca, Fe, K, Mg, Mn, P and Zn minerals. Accord-
ing to the control, Ca, Fe, K, Mg, Mn, P and Zn
contents (mg/100g) increased from 31.28 £1.40,
1.58 £ 0.01, 149.89 £ 0.78, 28.90 +1.03, 0.60 +
0.01, 216.04 £7.17 and 0.95 £0.01 to 47.99 £0.70,
2.58 +0.02, 226.73 +1.47, 40.80 +0.12, 1.03
+0.02, 328. 50 +4.81 and 1.58 +0.04 in cookie
sample containing 100% HP, respectively. This
was an expected result. It was reported by many
studies that honey is a very rich source of major
and minor minerals (Alvarez-Suarez et al., 2010).

Sensory properties of cookies: The sensory scores
of cookie samples were presented in Table 5. The
highest addition level of HP (100% HP) decreased
all sensory scores of cookie samples compared to
control group (100% S). According to the results,
the cookies containing 80% S:20% HP combina-
tion had the highest scores for taste. HP addition
decreased odor score of cookie. But this decre-
ment was not found significant (P< 0.05). Also,
the samples containing HP levels more than 60%
had lower scores. Overall acceptability score of
cookie containing high HP was assessed with
lower sensory scores than containing high S by the
panelist. In conclusion, the most preferred cookies
in terms of sensory properties were the ones con-
taining 60% HP and 40% S.

Table 5. Sensory properties of cookie samples (mean values=SD)'.

Samples’ Taste Color Odor Appearance ?Z;:;:;lﬂ?t;-
Control (100% S)  4.50+£0.45® 4.50+0.50° 4.20+0.50°  4.90£0.22°  4.60+0.42°
80% S :20%HP  5.00+£0.45% 4.80+0.45* 4.70+0.45* 4.80+£0.45®  4.70+0.45
60% S :40% HP  4.60+0.55° 4.90+0.22° 4.20+0.45* 4.50+£0.50®  4.70+0.45
40% S : 60% HP  4.00+0.45* 4.00+0.71° 4.20+0.45° 4.20+0.45®  4.10+£0.74®
20% S : 80% HP  3.90+0.55° 2.90+0.55° 4.00+0.71°  4.10+0.55° 3.50+0.87°

100% HP 3.90+0.55°  2.40+0.55° 4.00+0.71*  4.10+0.55° 3.10+0.74°

' The means with the same letter in column are not significantly different (P<0.05). 2S: Sugar, HP: Honey Powder
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Conclusion

Sugar-free or reduced-sugar foods are very popu-
lar in the World. Cookies contain large amounts of
sugar and fat and are usually avoided by dieters.
Therefore the creation of low-fat and/or sugarless
cookies is a challenge for the bakery industry. In
this study, the use of powdered form of honey in-
stead of sugar in cookies was investigated. Ac-
cording to the results, moisture, ash, mineral, total
phenolic contents increased with the increasing
amount of honey powder but there were not sig-
nificant changes in water activity and crude fat
values of cookie samples. Also, carbohydrate val-
ues decreased, descriptively. Thus, energy values
were decreased. As a result, HP was successfully
incorporated in to cookie formulation. It was
found that substitution of sugar with 100% honey
powder is suitable to improve cookies chemical
and nutritional characteristics and up to 60% is
suitable to protect sensory and physical properties.
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Abstract:

The aim of this study was to determine the incidence of
vancomycin-resistant enterococci (VRE) in tap and ar-
tesian well waters and to detect the vancomycin re-
sistance genes and virulence genes of the isolates ob-
tained from the samples. For this purpose, 200 samples
(119 tap and 81 artesian well waters) were collected
from several water supplies during November 2013 and
June 2015 period in Bursa province. Seven isolates
were recovered from artesian well waters and con-
firmed as Enterococcus by PCR method. E-test per-
formed for vancomycin and teicoplanin MIC values in-
dicated that only two isolates had the intermediate-level
(8 ug/mL) resistance to vancomycin. No resistance was
observed to teicoplanin in any of these isolates by E-
test. All of 7 isolates were tested for vancomycin re-
sistance genes (vanA, vanB and vanC) and virulence
genes (gelE, agg, esp and ace). The results showed that
enterococci isolates had no these genes. The present
study suggested that the presence of the intermediate
level VRE in artesian well waters and, also the waters
from environmental supplies near human and animal
niches could be play a role as potential reservoirs for
enterococci having several types of resistance to van-
comycin. Also, vancomycin resistant strains can be

possible the spread in environment and also the trans-
mission to human and animals through contaminated
water sources.
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Introduction

Enterococci are natural inhabitants of humans and
animals gastrointestinal tract but are also appeared
in the water, soil, plants, and food (Strateva et al.,
2016). Besides being the hygiene quality indicator
for water, enterococci have been proposed as indi-
cator bacteria for antimicrobial resistance (Boehm
& Sassoubre 2014). Vancomycin is a antibiotic,
strongly affects Gram-positive bacteria for the
treatment of serious, life-threatening infections,
when other antibiotic treatment did not work
(Varela et al., 2013). Vancomycin resistance in
enterococci have been occured all over the world
since 1986 (Cetinkaya et al., 2013). Vancomycin
resistance was described six phenotypes as vanA,
vanB, vanC, vanD, vanE and vanG. VanA type
strains possess high-levels of resistance to vanco-
mycin and teicoplanin. VanB and vanC genes gen-
erate low-level resistance to vancomycin. VanC
phenotype differs from others to its species-spe-
cific characteristic. It has seen in only Enterococ-
cus casseliflavus and E. gallinarum strains (Messi
et al., 2006).

Enterococci is a well known bacteria to have vari-
ous virulence factors associated with hospital in-
fections. Enterococcal surface protein, encoded by
the esp gene has been related contributing with
colonization of urinary tract, and biofilm for-
mation. The collagen-binding protein gene, ace, is
involved in attachment and colonization of renal
tissue in animal models (Sidhu et al., 2014). The
aggregation substance (agqg) takes a part on adhe-
sion to eucaryotic cells and extracellular matrix
proteins. Gelatinase, encoded by gelE gene, hy-
drolyses diverse biological peptides such as gela-
tin, collagen and casein. Another virulence trait
cytolysin (cyl) is an extracellular toxin, which ly-
ses array of procaryotic and eucaryotic cells (Buy-
ukyoruk et al., 2014). Due to its antimicrobial re-
sistance and virulence factors, enterococci has
been not considered generally recognised as safe
(GRAS) bacteria and has been known as emerging
pathogen of humans. Enteroccocci plays a poten-
tial role in hospital associated infections (Cari-
olato et al., 2008). Entrococcus species has ad-
vanced active gene transfer mechanisms for trans-
mission of antibiotic resistance and virulence fac-
tor genes by plasmids (Chajecka-Wierzchowska et
al., 2016). Habitats such as water, soil and food
are considered as possible reservuars of antimicro-
bial resistance and virulence genes of Enterococ-
cus strains (Sidhu et al., 2014).

The presence of enterococci in aquatic environ-
ments can lead to infection, when water is utilized
for drinking water production, recreational activi-
ties, irrigation or shellfish harvesting. Treatment
of individual diseases, caused by antimicrobial re-
sistant bacteria, with drugs is trouble. Enterococci
have a natural tendency to transmit antimicrobial
resistance genes to other bacteria species by mo-
bile genetic elements (Servais & Passerat 2009).

The objective of this study was to estimate the fre-
quency of vancomycin-resistant enterococci
(VRE) contamination in tap and artesian well wa-
ters from various sources and to investigate its vir-
ulence traits and vancomycin resistance gene pro-
files.

Materials and Methods
Water Sampling

A total of 200 water samples including 119 tap and
81 artesian well waters (unchlorinated) were col-
lected from different sources in Bursa province
between November 2013 and June 2015. Seasonal
distribution of sample numbers was 31, 60, 39 and
70 in autumn, winter, spring and summer, respec-
tively. Tap waters were taken from taps in public
places (university, schools, cemetery, mosque,
fountain) and from indoor taps. On the other hand,
artesian well water samples were provided from
artesian pumps and taps without being connected
to public water system and supplied from villages
and their neighbourhoods. Samples were taken in
1000 mL sterile glass bottle and transported to the
laboratory under refrigerated conditions. All bac-
teriological analyses were carried out on the same
day.

The Isolation and Presumptive Identification of
Enterococci

100 mL water sample was shaken well to mix and
filtered through membrane filter (pore size, 0.45
um; diameter, 0.47 mm) and filter page was placed
in Enterococcal Broth supplemented with 6 pg/mL
vancomycin at 37 °C for 24 h. A loopful from each
enrichment was streaked on Enterococcal Agar
supplemented with vancomycin (6 pg/mL) and
plates were incubated at 37 °C for 24 h. Typical
black colonies were described as presumptive van-
comycin-resistant Enterococcus spp., and the iso-
lates were preserved in Brain Heart Infusion broth
containing 30% glycerol at —80 °C for further
analyses (Cortes et al., 2006).
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PCR Analysis of Enterococcus spp. Isolates

DNA extraction was performed using by Chelex
100 (Sigma Aldrich, USA). Enterococcus spp.
specific primer was used to amplify tuf gene dur-
ing the confirmation procedure of the isolates. The
presence of vancomycin resistance phenotyping
genes (vanA, vanB and vanC) and virulence trait
genes (gelE, ace, agg and esp) in the isolates were
investigated. While the vanA and vanB genes
were detected by multiplex-PCR technique, the
detection of the other genes was performed using
classical PCR method. The sequence of primers
used in this study is summarized in Table 1.
Briefly, samples (1 ul) of each extract were ampli-
fied in 25 pl of reaction mixture containing 10 mM
Tris-HCIL, pH 8.9, 22 mM KCl, 1.8 mM MgCl,,
200 uM each of dNTPs, 0.5 mM each primer and
1.25 U of Hot Start Taq DNA polymerase. PCR
amplification procedure of each gene was per-
formed by using thermal cycler (Runik SCM 96G)
according to description of references shown in

Table 1.

Determination of Vancomycin and Teicoplanin
MICs

The minimum inhibitory concentrations (MICs) of
vancomycin and teicoplanin were determined by
E-test according to the CLSI guidelines (CLSI,
2014). Each isolate was cultured on blood agar and
then a bacterial suspension equal to 0.5 McFarland
turbidity standards in Mueller Hinton Broth was
prepared and inoculated onto Mueller Hinton Agar
plates. After incubation at 35-37°C for 24 h, MICs
are measured on the test strip scale where the zone
of inhibition intersect the strip. The isolates that
had MICs of >32 pg/mL were considered resistant
for both antibiotics, MICs of 8-16 pg/mL and 16
pg/mL intermediately resistant, and MICs of <4
pg/mL and <8 pg/mL susceptible to vancomycin
and teicoplanin, respectively. Enterococcus fae-
calis ATCC 29212 was used as the control micro-
organism.

Table 1: List of oligonucleotide primer sequences used in this study

Gene Product size (bp) Oligonucleotid sequences (5°-3") Reference
TACTGACAAACCATTCATGATG

tuf 12 AACTTCGTCACCAACGCGAAC Keetal., 1999
CATGAATAGAATAAAAGTTGCAATA

vanA 1030 CCCCTTTAACGCTAATACGATCAA  Cversetal, 1993

vanB 433 GTGACAAACCGGAGGCGAGGA Handwerger et al.,
CCGCCATCCTCCTGCAAAAAA 1992

JanC - GGTATCAAGGAAACCTC Dutka-Malen et al.,
CTTCCGCCATCATAGCT 1995

agg 1553 AAGAAAAAGAAGTAGACCAAC Eaton & Gasson, 2001
AAACGGCAAGACAAGTAAATA

esp 430 TTACCAAGATGGTTCTGTAGGCAC  Shankar et al., 1999
CCAAGTATACTTAGCATCTTTTGG

olE 400 AGTTCATGTCTATTTTCTTCAC
g CTTCATTATTTACACGTTTG Mannu et al., 2003
ace 320 AAAGTAGAATTAGATCCACAC Mannu et al., 2003

TCTATCACATTCGGTTGCG
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Results and Discussion

Vancomycin-resistant enterococci are now recog-
nized as a major cause of nosocomial infections.
The presence of VREs in aquatic environments re-
sults from urban sewage or livestock faecal mate-
rial contamination (Nam et al., 2013). In the pre-
sent work, presumptive vancomycin-resistant en-
terococci isolates were obtained from 11 of 200
water samples. 7 out of these isolates were con-
firmed as Enterococcus spp. by PCR. All of 7 con-
firmed isolates were obtained from artesian well
water samples. None of the tap water samples
were observed to be contaminated with vancomy-
cin-resistant enterococci. The samples contami-
nated with Enterococcus spp. were collected from
different water supplies in west (3 samples),
south-east (2 samples) and south-west (2 samples)
sides of Bursa province. The sampling time of En-
terococcus positive isolates is summarized in Ta-
ble 2. A study conducted in Turkey showed that
13 (23%) out of 57 enterococci from different soil
and water samples, animals, raw vegetables and
fruits were of intermediate resistance to vancomy-
cin (Oryasin et al., 2013). Zdragas et al. (2008) re-
ported that 35 vancomycin gene-negative strains
from seawater in Northern Greece had low-level
vancomycin resistance but not high-level VRE.

MIC quantity survey showed that only 2 out of 7
isolates were resistant in the intermediate level (8
pug/mL) to vancomycin. Therefore, the contamina-
tion rate of vancomycin-resistant enterococci was

Table 2: MIC results of presumptive VRE isolates

considered to be 2.5% (2/81) in artesian well water
samples. On the other hand, one isolate had an
MIC value of 6 pg /mL and four isolates to MIC
of 4 pg /mL, and also these 5 isolates were re-
garded as susceptible to vancomycin, which is in
accordance with reports by other authors. Said et
al. (2015) suggested that 85 enterococci isolates
from 64 wastewater and 50 surface-water samples
was susceptible to vancomycin. Vancomycin-sus-
ceptible enterococci strains from waters used for
human and animal drinking has also been reported
from Portugal during 2006 and 2008 (Macedo et
al.,2011). Similarly, no VRE were detected in sur-
face waters by Rathnayake et al. (2012), in
unchlorinated water samples by Wilson &
McAfee (2002) and in river samples, municipal
and hospital wastewaters by Servais & Passerat
(2009). Conversely, a study performed by Varela
et al. (2013) demonstrated the detection of vanco-
mycin-resistant enterococci from hospital and ur-
ban wastewater samples. Again, the VRE preva-
lence was recorded as 12.9% in the aquatic envi-
ronmental samples in Korea by Nam et al. (2013)
and as 25.6% in superficial water samples by
Messi et al. (2006). Resistance to teicoplanin was
not found in any of the Enterococcus spp. isolated
in our study (Table 2). Some previously published
reports also suggested the susceptibility to
teicoplanin of enterococci isolates from drinking
waters (Macedo et al., 2011), wastewater and sur-
face water samples (Said et al., 2015) and river
samples, municipal and hospital wastewaters (Ser-
vais & Passerat, 2009).

Antimicrobial MICs (pg/mL)

Sample origin Sampling time Sample no Vancomycin Teicoplanin
Artesian well water December 2013 29 4 1.0
Artesian well water June 2014 133 8 0.50
Artesian well water July 2014 149 8 1.50
Artesian well water July 2014 151 4 0.75
Artesian well water March 2015 163 4 0.125
Artesian well water April 2015 174 6 1.50
Artesian well water June 2015 199 4 1.0
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All of two intermediate-level vancomycin-re-
sistant enterococci and five vancomycin-suscepti-
ble isolates were also analysed for the presence of
vancomycin resistance genes (vanA, vanB and
vanC) and virulence genes including gelatinase
(gelE), aggregation substance (agg), enterococcal
surface protein (esp), collagen binding protein
(ace). The results indicated that neither vanA,
vanB, and vanC genes nor gelE, agg, esp and ace
genes were found in any of the seven isolates. In
comparison to our work, studies performed by
Nam et al. (2013) showed that sixty-three and one
of 64 enterococci colonies, which were positive
for van genes, had the vanC-2/3 genotype and the
vanC-1 genotype, respectively. The same authors
reported the absence of the vanA and vanB types
which is in line with our observations. Contrary to
our findings regarding virulence genes, Rathna-
yake et al. (2012) noticed the presence of esp and
gelE genes in E. faecalis and E. faecium water iso-
lates. Recently, gelE, efaA, ace and asal genes
were reported to occur in Enterococcus isolates
from surface waters (Sidhu et al., 2014). A study
made by Messi et al. (2006) suggested that 3
(0.7%) isolates from superficial waters belonged
to the vanA, 53 (13.7%) to the vanB and 43
(11.1%) to the vanC phenotype.

Conclusion

People contact to water from different sources
every day. As well as artesian well water do not
drink to people, it is generally used on irrigation in
agriculture or washing in particularly rural areas.
These play an important role for transmission of
enterococci to human hands, skin or stuff. In this
way, antibiotic resistance genes and virulence
traits in enterococci can carry over big areas. The
present study revealed that only two isolates from
artesian well waters were intermediately resistant
to vancomycin, and none of the isolates were pos-
itive for the vancomycin resistance genes (vanA,
vanB and vanC) and virulence genes (gelE, ace,
agg and esp). But still, it must be considered that
these water sources could act as a reservoir for re-
sistant bacteria. Prevention efforts against the risk
of spread to and transmission of these genetic de-
terminants in the environment must be focused on
the prudent use of antimicrobial agents in
healthcare and livestock production.
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